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ABSTRACT: Filleting yield of Nile tilapia Oreochromis niloticus (L.) is low (30%) and generates large amount
of wastes that may turn into environmental and economic problem. However, these wastes can be used for the
extraction of minced fish (MF) which can be used in the preparation of sausages. The objective of this study
was to assess the quality of sausages prepared with 0, 20, 40, 60, 80 and 100% of MF from Nile tilapia filleting
waste during storage at 0±0.3ºC. Alterations in the instrumental color (L*, a* and b*), lipid oxidation
(TBARS), total volatile nitrogenous bases (TVB-N), pH, microbiological condition (pathogenic bacteria and
aerobic psychrotrophic bacteria), and sensory attributes (color, odor, flavor, texture and overall acceptability)
were evaluated for up to 40 days. The addition of MF to sausages increased TBARS values and decreases TVB-
N, L*, a* and b* values. Acceptability of color attribute decreased with increasing MF; best flavor, texture and
overall acceptability scores were registered for sausages containing 40 and 60% MF; best odor was registered
for 100% MF. Pathogenic microorganisms were not detected, but decrease in pH and proliferation of aerobic
psychrotrophic bacteria which, however, did not compromise sensory evaluation of sausages were registered
throughout storage. Sausages prepared with MF from tilapia filleting waste have a shelf-life of 40 days when
stored at 0±0.3ºC, and the maximum recommended MF inclusion to maintain good sensory quality is 60%.
Key words: Fish sausage, lipid oxidation, filleting waste, shelf-life, sensory acceptability

Qualidade de salsichas elaboradas com carne mecanicamente separada
de tilápias do Nilo e armazenadas sob refrigeração

RESUMO: O rendimento de filetagem da tilápia do Nilo, Oreochromis niloticus, Linnaeus, é considerado
baixo (30%) gerando conseqüentemente uma grande quantidade de resíduos que podem causar perdas econômicas
e problemas ambientais. Estes resíduos podem ser utilizados para a obtenção de carne mecanicamente separada
(CMS) e utilizado na elaboração de salsichas. Avaliou-se a qualidade de salsichas elaboradas com 0, 20, 40, 60, 80
e 100% de inclusão de CMS de resíduos de filetagem de tilápias do Nilo armazenadas a 0±0,3ºC. As alterações
de cor instrumental (L*, a* e b*), oxidação lipídica (TBARS), bases nitrogenadas voláteis totais (TVB-N), pH,
microbiológicas (bactérias patogênicas e aeróbias psicrotróficas) e sensoriais (cor, odor, sabor, textura e aceitação
global) foram avaliadas por até 40 dias. A adição de CMS em salsichas causou aumento nos valores de TBARS
e diminuição nos valores de BNV, L*, a* e b*. A aceitação do atributo cor diminuiu com o incremento de CMS.
O melhor sabor, textura e aceitação global foram obtidos em salsichas que continham 40 e 60% de CMS, e o
odor com 100% de CMS. Não foi detectada presença de bactérias patogênicas. Durante o período de estocagem
houve diminuição no pH e multiplicação das bactérias aeróbias psicrotróficas, porém não comprometendo na
avaliação sensorial das salsichas. Portanto, salsichas elaboradas com CMS de resíduos de filetagem de tilápia
apresentam vida de prateleira de 40 dias, quando estocadas a 0 ± 0,3ºC, e o máximo de inclusão de CMS
recomendado, mantendo a boa qualidade sensorial, é de 60%.
Palavras-chave: Salsicha de pescado, oxidação lipídica, resíduos de filetagem, vida de prateleira, aceitação sensorial

Introduction

Nile tilapia, Oreochromis niloticus (L.) is a tropical fish
with good growth rate rusticity, tasty, white-color meat
devoid of “Y”-shaped, intramuscular bones. However, the
species’ filleting yield (30 to 35%) is considered low
(Garduño-Lugo et al., 2003), generating large amounts of
waste that may turn into environmental and economic

problems. However, these wastes can also be used for the
extraction of minced fish (MF) (Kristbergsson and Arason,
2007) or fish meal (Szenttamásy et al., 1993); MF can be
used as a raw material for the preparation of various types
of fisheries products, sausages included (Daley et al., 1979;
Hu et al., 2008; Park et al., 1978).

To obtain MF, flesh muscle is ruptured increasing
the tissue surface exposed to temperature, favoring lipid
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oxidation (Kelleher et al., 1992) and contamination by
microorganisms (Tenuta-Filho and Jesus, 2003). In addi-
tion, blood pigments can spread to and darken minced
mass, hampering the use of large proportions of MF in
meat products for it may cause color, odor, texture and
flavor alterations (Trindade et al., 2005). Thus, evaluat-
ing the inclusion of MF and the shelf-life of products
prepared with this raw material becomes important. Sini
et al. (2008), for instance, studied the shelf-life of sau-
sages produced with MF from rohu, Labeo rohita,and re-
ported that preparing sausages from rohu’s MF is fea-
sible, given the good physicochemical characteristics and
shelf-life of up to 16 days when that raw material is
stored at 5°C. Although fish meat is known to be of
good nutritional quality and sausages are widely con-
sumed, there only a few studies evaluate the develop-
ment and shelf-life of sausages produced with MF.

The objective of this study was to assess the quality
of sausages prepared with inclusion levels of MF (0, 20,
40, 60, 80 and 100%) from Nile tilapia filleting waste in
substitution of the fillet, and evaluate its physicochemi-
cal, microbiological and sensory alterations when stored
at 0 ± 0.3°C for a period of up to 40 days.

Material and Methods

Nile tilapia filleting wastes (150 kg) - headless verte-
bral column spines, skin and viscera - were supplied fro-
zen by a filleting company and transported insulated
boxes to the laboratory. Approximately 24 h before pro-
cessing, wastes were thawed, washed, trimmed to re-
move excess fat and passed through an industrial fish
deboning machine, yielding 53% MF - 75.47 ± 0.18%
moisture, 12.76 ± 0.61% protein, 10.54 ± 0.66% lipids,
1.14 ± 0.17% ash - which was packed into 500-g plastic
bags and quick frozen (ultra-rapid plate freezer; -40°C).
Tilapia fillets (40 kg) - 78.85 ± 2.69% moisture, 18.74 ±
1.09% protein, 1.28 ± 0.89% lipids, 1.05 ± 0.13% ash -
were acquired from a packing plant.

Sausages formulations and processing: formulations
were designed to produce 12 kg of sausage, substituting
tilapia fillet by 0, 20, 40, 60, 80 and 100% MF. Remain-
ing formulations’ ingredients had the same proportions:
4% isolated soy protein, 2% cassava starch, 1% salt,
0.25% curing salt, 0.5% antioxidant, 0.25% stabilizer, 1%
sausage seasoning, and 2% natural onion. The raw ma-
terials (MF and fillet) were thawed for 24 h, weighed,
comminuted and emulsified in the cutter with the other
ingredients for 5 min. The temperature of emulsified
mass at the cutter output was 1ºC. Emulsions were then
filled (pneumatic sausage filler) into commercial, 25-mm
cellulose casing , hand tied and cooked in an oven un-
der direct steam until internal temperature reached
72ºC (i.e. 1h20) (Uyhara et al., 2008). Sausages were then
cooled (cold water spray) until the internal temperature
droped to 40°C. After manual removal of casings, sau-
sages were vacuum packaged in 15 X 35 X 0.018 mm
polyamide/polyethylene bags, mean barrier to oxygen
and water vapor, (Selovac, São Paulo, SP) and stored un-

der refrigeration (0±0.3ºC) until analyzed. Analysis
were done triplicate six sausages packs (240 g) pre-ho-
mogenized in a food processor, at 5, 12, 19, 26, 33 and 40
days of storage.

Lipid oxidation was determined using the
thiobarbituric acid reactive substances method (TBARS)
(Vyncke, 1970). Homogenate sub-samples (5 g) were
mixed with 25 mL of trichloroacetic acid solution (7.5%
TCA, 0.1% EDTA and 0.1% propyl gallate), homog-
enized for 1 min and filtered through filter paper. In a
test tube, 4 mL of the filtrate were mixed with 1 mL of
7.5% TCA solution and 5 mL of 0.02 M TBARS solu-
tion. Tubes were boiled in a water bath for 40 min,
cooled under running water and taken to optical den-
sity (OD) reading in spectrophotometer at 538 nm.
TBARS values were calculated against a standard curve
(y = 54.134× + 0.0008) obtained with
tetramethoxypropane and results expressed as mg
malonaldehyde kg–1 sample.

For determination of total volatile nitrogenous bases
(TVB-N; Howgate, 1976), approximately 10 g of homo-
genate were sampled and homogenized with 60 mL of
10% TCA solution for 1 min and set to rest for 2 h. The
sample was then filtered through filter paper; 25 mL of
the filtrate + 1 g of magnesium oxide were transfered
to a flask and fitted into the nitrogen distillation appa-
ratus, where the contents were distilled with 15 mL of
methyl red plus bromocresol green mixed indicator and
titrated with 0.02 N HCL. The values were expressed as
mg 100 g–1. The instrumental color was determined with
the aid of a portable colorimeter previously calibrated
with black and white standards before each analysis, op-
erating with a D65 light source, observation angle of 10º
and 30 mm opening of the measuring cell (Garcia et al.,
2000). The color was expressed using the CIELab sys-
tem color standard - “Commission Internationale de
L’Eclairage”: L* (lightness), a* (red-green color inten-
sity) and b* (yellow-blue color intensity). The pH was
measured in a pHmeter with the electrode immersed in
a mixture of 10 g of sample plus 40 mL of distilled wa-
ter.

Microbiological tests were performed according to
APHA (1992). The presence of total coliforms, Salmo-
nella spp., Staphylococcus aureus and the aerobic
psychrotrophic count were determined in the sausages
at 5 or 40 days of storage. For the determination of aero-
bic psychrotrophic microorganisms, 0.1 mL of a 10–1 di-
lution was added to a Petri dish containing PCA agar.
Plates were then inverted and incubated at 7±0.3ºC for
ten days and results were expressed in CFU (colony-
forming units) per gram of sample. To determine the
population of total coliforms, 1 mL of the 10–1 dilution
was transferred to each of three test tubes containing 10
mL of lauryl sulphate broth and an inverted Duran tube.
The tubes were incubated at 35±0.3ºC for 48 h and the
most probable number (MPN) was determined with the
aid of a specific table in the case of positive tubes, i.e.,
those with the presence of gas. The rapid method was
used in the analysis of Salmonella spp. after a pre-enrich-



Quality assessment of sausage using minced Nile Tilapia 185

Sci. Agric. (Piracicaba, Braz.), v.67, n.2, p.183-190, March/April 2010

ment and for the analysis of Staphylococcus aureus, 0.1
mL of a 10–1 dilution was added to a Petri dish contain-
ing Baird-Parker agar enriched with egg yolk emulsion.
The inoculum was spread over the agar surface, and the
plates inverted and incubated at 35 ± 0.3ºC for 24 h.

The sensory evaluation of the sausages was carried
in individual booths with white fluorescent light. In ac-
cordance with Resolution 196/96 of the Brazilian Min-
istry of Health, this study was approved by the Com-
mittee of Ethics in Research (FMRP-USP, under proto-
col number 0190/2006). The affective acceptability tests
were performed using methodology described by
Meilgaard et al. (1999) at 5, 19, 33 and 40 days of stor-
age. Samples were evaluated using a 9-point hedonic scale
(1 - “disliked extremely” to 9 - “liked a lot”) for the at-
tributes flavor, texture, color, odor and overall accept-
ability. Sixty untrained panelists of both sexes and age
groups participated in the acceptability test. All panel-
ists presented the habit of regular consumption of fish-
eries products. Sausage samples were presented to the
panelists in a monadic way under a completely random-
ized blocks experimental design, panelists representing
blocks. Sausages were heated for 5 min in boiling wa-
ter, cut into 2 cm-long pieces and kept in a warm oven
(approximately 40ºC) and served to the panelists in dis-
posable plastic containers, along with water and cream
crackers. Trials were set up in a completely randomized
experimental design with two factors and cross classifi-
cation. The factor MF (0, 20, 40, 60, 80 and 100% of MF)
and factor Storage (5, 12, 19, 26, 33 and 40 days) were
arrangement in a 6x6 factorial scheme (n = 2). Data were
analyzed using ANOVA; a regression analysis and
Pearson’s correlation coefficients were applied when-
ever differences were found (p = 0.05). All statistical tests
were performed using SAS (2002) statistical software, ver-
sion 9.1.3.

Results and Discussion

The ANOVA for TBARS detected only principal ef-
fects for Storage and MF. Despite the differences de-
tected with time for the TBARS values during storage
(p < 0.05), no trend of values could explained by a
simple regression model up to the 3rd degree. TBARS
values ranged on 0.75 to 1.08 mg kg–1. However, an in-
crease in the TBARS values during storage at 2 to 4ºC
was observed in other studies with sausages containing
MF (Daley et al., 1979; Park et al., 1978; Panpipat and
Yongsawatdigul, 2008).

Sausages differed (p < 0.05) regarding TBARS val-
ues (Figure 1). TBARS values increased, from 0.67 mg
kg–1 (no MF added) to 1.24 mg kg–1 (100% MF) with in-
creasing MF percentage in the sausages. The lower
TBARS values recorded for sausages with less MF seem-
ingly resulted from the lower lipids contents in these
sausages, since the tilapia fillet raw material used in the
formulation had fewer lipids than MF (1.28 and 10.54%
of lipids, respectively). Lipid oxidation of sausages may
be related to the quantity of lipids and fatty acids present

in the products (Murphy et al., 2004). Furthermore, the
process of obtaining MF can cause disruption of muscle
membranes, facilitating interaction of the oxidizing
agents with polyunsaturated fatty acids, resulting in the
propagation of oxidative reactions (Estévez et al., 2007;
Gray et al., 1996). Trindade et al. (2005) also registered
increased TBARS values, from 0.15 to 0.56 mg kg–1, with
increasing percent inclusion of mechanically separated
layer hen meat in mortadella sausage. Brazilian legisla-
tion does not indicate a limit for lipid oxidation as mea-
sured by the TBARS for fisheries products; however, oxi-
dized foods are more prone to the formation of toxic
compounds such as aldehydes, ketones, alcohols, acids
and hydrocarbons (Summo et al., 2006).

TVB-N values of the sausages did not vary (p > 0.05)
during the 40-day storage, probably as a result of the good
storage conditions. In contrast, López-Caballero et al.
(2005), Ravishankar et al. (1992), Raju et al. (2003) and
Sini et al. (2008) reported increased TVB-N values for
sausages prepared with MF from cod, Gadus sp., sardine,
Sardinella longiceps, Japanese threadfin bream,
Nemipterus japonicus, and rohu, Labeo Rohita, after 25,
26, 30 and 13 days storage at 2, 6, 2 and 5ºC, respectively,
and related this increase in the TVB-N values to the de-
velopment of enzymatic and microbial activity in prod-
ucts developed with MF.

TVB-N values decreased linearly (p < 0.05) with in-
creasing MF contents in the sausages, from 13.68 mg 100
g–1 (no MF added) to 8.24 mg 100 g–1 (100% of MF) (Fig-
ure 2). This reduction in the TVB-N values with the in-
creasing MF contents can be explained either by the
lower amount of protein in the sausages prepared with
larger amounts of MF, although no reports corroborat-
ing this statement could be found in the literature, or
by the better quality of the filleting waste in relation to
the tilapia fillet used in the experiment.

TVB-N is built up by ammonia, trimethylamine and
dimethylamine originated from the breakdown of nucle-
otides and from the deamination of amino acids by mi-
croorganisms (Contreras-Guzmán, 2002). Therefore, the

Figure 1 - Values of thiobarbituric acid reactive substances
(TBARS) in sausages prepared with inclusion levels
of minced fish (MF) from Nile tilapia filleting waste
and stored for 40 days at 0 ± 0.3ºC.
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higher the percentage of protein (amino acids) in a given
product, the greater the possibility of high TVB-N val-
ues for the product. The Brazilian legislation (Brasil,
2000) establishes that fresh fish intended for human con-
sumption must present a maximum of 30 mg 100 g–1 of
TVB-N, and thus TVB-N values for all treatments re-
mained within acceptable limits, i.e., <13.68 mg 100 g–1.

L*, a* and b* values during the 40-day storage did
not differ (p > 0.05), meaning that sausages were pro-
cessed and stored under good conditions, since factors
such as MF processing and excessive incidence of light
and oxygen during storage result in lipid and pigment
oxidation, causing changes in product color (Olivo,
2006). López-Caballero et al. (2005) also observed no
changes in the L* and b* values in sausages containing
MF from cod after 25 days of storage at 2°C. However,
the L*, a* and b* values of the sausages decreased (p <
0.05) with increasing MF contents (Figure 3). The L* val-
ues of sausages decreased linearly (p < 0.05) with in-
creasing MF: 68.1 for no MF added to 65.13 for 100%
MF (Figure 3a). This phenomenon can be explained by
the darker color of MF in comparison to tilapia fillet.
The a* values of the sausages showed a quadratic de-
crease (p < 0.05) with increasing MF inclusion, from
2.95 (no MF added) to 2.25 (100% MF) (Figure 3b). This
phenomenon may have occurred because the MF shows
little red color, presenting a more grayish color (visual
assessment) as a result of the presence of fins in the fil-
leting waste. Other authors also found a reduction in the
a* values with the addition of bovine-heart surimi in sau-
sages (Desmond and Kenny, 1998) and of mechanically
separated layer hen meat in mortadella sausage
(Trindade et al., 2005). The b * values of the sausages
decreased in a quadratic trend (p < 0.05) with increas-
ing inclusion of MF, from 16.55 (no MF added) to 11.45
(100% MF) (Figure 3c). Sausages produced with lower
percentages of MF showed a more yellowish color, prob-
ably as a result of the neutral color of the fillets, enabling
the expression of the color of the non-meat ingredient
added in higher percentage, i.e. isolated soy protein,

which had a yellowish color. On the other hand, sau-
sages prepared with higher percentages of MF high-
lighted the darker color of MF in relation to the isolated
soy protein. Desmond and Kenny (1998) also reported a
decrease in the b* values with the inclusion of 0% (11.4)
to 15% (10.4) of bovine-heart surimi in sausages.

The pH values of sausages did not vary (p > 0.05)
between treatments, but decreased in a quadratic way
(p < 0.05) during the storage, from 6.48 (day 5) to 6.27
(day 40) (Figure 4). Decreases in pH during refrigerated
storage were also reported for sausages prepared with
MF from Japanese threadfin bream, (Raju et al., 2003),

Figure 2 - Mean total volatile nitrogenous bases (TVB-N) in
sausages prepared with inclusion levels of minced
fish (MF) from Nile tilapia filleting waste and stored
for 40 days at 0 ± 0.3ºC.
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prepared with inclusion levels of minced fish (MF)
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chicken (Horng et al., 2002) and beef (Candogan and
Kolsarici, 2003). This phenomenon may be associated
with the acidification of the medium by lactic bacteria,
psychrotrophic microrganisms resistant to nitrite action
and competitors of the pathogenic bacteria, ordinarily
found in vacuum-packed meat products stored under re-
frigeration (Franz and Holy, 1996).

Pathogenic microorganisms (Staphylococcus aureus
and Salmonella sp) were not detected and the population
of total coliforms in the sausages, evaluated by the Most
Probable Number method (MPN), was < 3 MPN g–1

sample at both the initial (day 5) and final point (day
40). The aerobic psychrotrophic bacteria present in the
sausages showed a fairly pronounced multiplication af-
ter 40 d of storage (Table 1). In sausages elaborated with
MF from sardine (Ravishankar et al., 1992), Japanese
threadfin bream (Raju et al., 2003) and a mixture of sar-
dine Sardinops sagax and mullet Mugil cephalus (Rado and
Oba, 1984), an increase in the aerobic psychrotrophic
bacterial count was also observed during 26, 30 and 36

days of storage at 2, 6 and 5ºC, respectively. No logical
trend for the multiplication of this type of bacteria was
detected, and it ranged from 3.4 × 105 to 6.0 × 107 CFU
g–1. In a study with levels of inclusion of mechanically
separated layer hen meat in mortadella sausage, no dif-
ferences were also observed regarding counts of aero-
bic psychrotrophic bacteria (Trindade et al., 2005). In
accordance with the standards established by the Bra-
zilian legislation (Brasil, 1997), fresh fish may have the
following limits for bacterial contamination: fecal
coliforms, maximum of 102 NMP g–1; Staphylococcus
aureus, maximum of 103 CFU g–1; Salmonella, absence in
25 g sample, with no limits for total coliforms and the
total count aerobic psychrotrophic bacterial count.
Therefore, all the sausages remained within limits es-
tablished by this legislation during the 40-day storage.

For sensory attributes of flavor, texture, odor and
overall acceptability, only principal effects for MF
were detected. However, an interaction between MF
and storage was detected for sensory attribute color.

Table 1 - Total Count of aerobic psychrotrophic bacteria
of sausages prepared with inclusion levels of
minced fish (MF) from Nile tilapia filleting
waste after 40 days of storage at 0 ± 0.3ºC.

)FM%(stnemtaerT
egarotsfosyaD

5 04

gUFC –1

0 01< 2 01×4.3 5

02 01< 2 01×1.2 6

04 01< 2 01×9.1 5

06 01< 2 01×3.4 6

08 01< 2 01×0.6 7

001 01< 2 01×1.3 6

Table 2 - Product-moment Pearson correlation coefficients (r) between pH values, total volatile bases nitrogenous (TVB-
N), instrumental color (L*, a* and b*), lipid oxidation (TBARS) and sensory evaluation (color, flavor, texture,
odor and overall acceptability) of sausages prepared with inclusion levels of minced fish (MF) from Nile tilapia
stored at 0 ± 0.3ºC for 40 days.
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Figure 4 - Mean pH values in sausages prepared with inclusion
levels of minced fish (MF) from Nile tilapia filleting
waste and stored for 40 days at 0 ± 0.3ºC.
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The sensory acceptability by panelists did not vary
(p > 0.05) during the 40 day storage period regarding
all sensory attributes. This is regarded a positive as-
pect, because a variation in the sensory characteristics
during the shelf-life is reflected in the rejection by the
panelists, who detect changes in the sensory attributes,
mainly caused by the development of deteriorating
bacteria and oxidation of lipids (Bloukas et al., 1999).
In contrast, a decrease in overall acceptability from
eight (8) to four (4) on a 9-point hedonic scale, of sau-
sages prepared with MF from sardine was observed
during refrigerated storage (2ºC) for 26 days by
Ravishankar et al. (1992). Sausage prepared with MF
from Japanese threadfin bream also presented a de-
crease in the scores for the attributes of color (9 to 6),
texture (8 to 6), flavor (8 to 6) and overall acceptability

(8 to 6) on a 9-point hedonic scale during refrigerated
storage (6°C) for 30 days, as reported by Raju et al.
(2003).

Acceptability of the sensory attributes of color,
flavor, texture, odor and overall acceptability of the
sausage differed (p < 0.05) - Figure 5. Scores for the
sensory attribute of color decreased from 6.4, “liked
slightly”, in sausages prepared without the addition
of MF, to 4.4, “disliked slightly, in sausages prepared
with 100% MF (Figure 5a). The sensory color of the
sausages showed a positive correlation with the b* val-
ues (r = 0.78, p < 0.001) (Table 2), i.e., the best re-
sults for color were registered for more yellowish sau-
sages, i.e., those with the lowest amounts of MF. The
scores relating to the odor of the sausages showed a
linear increase (p < 0.05) with the addition of MF, from

Figure 5 - Mean scores in the sensory evaluation for color (a), odor (b), texture (c) flavor (d) and overall acceptability (e) of sausages
prepared with inclusion levels of minced fish (MF) from tilapia filleting waste stored at 0 ± 0.3ºC for 40 days.
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5.7 (“neither liked / nor disliked”) at 0% MF, to 6.2
(“liked slightly”) at 100% of MF (Figure 5b). This could
be explained by the preference of the panelists for a
strong fish odor in sausages prepared with higher per-
centages of MF, probably as a result of the higher lipid
contents.

The scores for the attribute of texture of the sau-
sages showed a quadratic variation (p < 0.05) with the
addition of MF (Figure 5d). The maximum score for
this attribute was registered at 54.6% of MF inclusion,
in other words, between treatments with 40 and 60%
MF (6.2 and 6.3 - “liked slightly”). Sausages from treat-
ments without the addition of MF were evaluated as
quite “chewy” by many panelists, receiving therefore
low scores (3.7 - “disliked moderately”). However, pan-
elists regarded sausages prepared with 100% MF as hav-
ing excessive tenderness, yielding a 4.5 score (“disliked
slightly”). Daros et al. (2005) also reported the texture
of the sausages as increasingly softer with increasing
contents of mechanically deboned poultry meat (from
0 to 100%).

The flavor of the sausages had a quadratic variation
(p < 0.05) with increasing inclusion of MF (Figure 5c).
The maximum score for this attribute was registered at
55.9% MF inclusion, i.e., between treatments with 40%
(6.3 - “liked slightly”) and 60% MF (6.4 - “liked slightly).
Sausages regarded as least tasty were those formulated
without the addition of MF (5.2 - “neither liked / nor
disliked”), reported as having a weak fish flavor. This
may have occurred because the tilapia fillet is a mild
flavored, low fat fisheries product. Sausages elaborated
with 100% of MF (5.7 - “neither liked / nor disliked”),
were regarded by many panelists as having a too-strong
fish flavor.

The overall acceptability of the sausages presented
a quadratic variation (p<0.05) with the inclusion of MF
(Figure 5e). The maximum score for this attribute was
registered at 52.9% MF inclusion, including treatments
with the addition of 40 and 60% of MF (6.1 - “liked
slightly”). The least accepted sausages were those for-
mulated with 0% of MF (4.7 - “disliked slightly”) and
100% of MF (5.0 - “neither liked nor disliked). The over-
all acceptability of the sausages was positively correlated
with texture (r = 0.95, p < 0.001) and flavor (r = 0.89, p
< 0.001) (Table 2), indicating that the higher the scores
for texture and flavor, the better the overall acceptabil-
ity. The treatment showing the highest overall accept-
ability (60% MF) was in accordance with the Brazilian
legislation (Brasil, 2000), which limits addition of MF
to 60% in regular sausages.
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