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Slaughtering procedures on the flesh quality of frozen stored pacu1

Procedimentos de abate sobre a qualidade da carne de pacu armazenado sob congelamento

Pamela Jenny Montes Girao2, Paulo Roberto Campagnoli de Oliveira Filho3, Mariza Pires de Melo4, Humber 

Agrelli de Andrade3 and Elisabete Maria Macedo Viegas2*

ABSTRACT - Pacu (Piaractus mesopotamicus) is one of the most important fish farmed species in Brazil due to its hardy, 
fast growing, omnivorous feeding behavior, and good consumers acceptance. However, studies on the effect of different 
slaughtering procedures on quality of frozen pacu fillets have not been carried out. Therefore, this study aimed to evaluate 
the effect of electrical stunning, CO

2
 narcosis, or water/ice immersion on the quality (lipid oxidation - TBARS, protein 

oxidation - carbonyl and thiols, protein denaturation, and instrumental color – L*, a*, and b*) of frozen (-18 °C) pacu fillets 
stored for up to 6 months. Electrical stunning became the fillets darker and red, besides leading to higher protein oxidation 
(carbonyl and thiols), and protein denaturation. CO

2
 narcosis resulting in more pale flesh, with higher protein oxidation. 

The slaughtering by water/ice immersion was the best alternative for obtaining high quality frozen pacu fillets with lower 
oxidation and protein denaturation. A quality loss was observed for all pacu fillets stored at -18 °C over the months, as 
evidenced by the increase in lipid and protein oxidation, color changes, and higher protein denaturation. Additionaly, a 
maximum storage period of 3 to 4 months is recommended for frozen pacu fillets.
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RESUMO - O pacu (Piaractus mesopotamicus) é uma das espécies de peixes cultivados no Brasil de maior importância 
devido a rusticidade, crescimento rápido, hábito alimentar onívoro e boa aceitação pelo consumidor. No entanto, ainda 
não foram realizados estudos sobre o efeito de diferentes procedimentos de abate sobre a qualidade de filés congelados de 
pacus. Portanto, o objetivo deste estudo foi avaliar o efeito do atordoamento elétrico, narcose por CO

2
 ou imersão em água 

e gelo sobre a qualidade da carne (oxidação lipídica – TBARS, oxidação das proteínas – carbonilas e tiois, desnaturação 
das proteínas e cor instrumental – L*, a* e b*) de filés de pacus armazenados congelados (-18 °C) por até 6 meses. O 
atordoamento elétrico tornou os filés mais escuros e vermelhos, além de causar maior oxidação (carbonilas e tiois) e 
desnaturação das proteínas. A narcose por CO

2
 resulta em carne mais pálida, com maior oxidação de proteínas. A morte 

por imersão em água e gelo foi a melhor alternativa por obter filés congelados de alta qualidade com baixa oxidação e 
desnaturação das proteínas. Os filés de pacus perdem a qualidade com o passar dos meses, como observado pelo aumento 
da oxidação lipídica e proteica, pelas mudanças na cor e aumento da desnaturação das proteínas. Além disso, recomenda-se 
um período máximo de armazenagem de 3 a 4 meses para filés de pacus congelados.
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INTRODUCTION

Cold shock by ice water immersion is a slaughtering 
method widely used by fish processing industries in Brazil, 
and has been the subject of studies about flesh quality of 
fresh water (OLIVEIRA FILHO et al., 2015), and marine 
fish species (ALVAREZ et al., 2008). Another slaughtering 
procedure studied is the immersion in CO

2
 saturated water 

(OLIVEIRA FILHO et al., 2015; VARGAS et al., 2013). 
This technique keeps the flesh quality, but causing 
rapid and violent reaction and an attempt to escape 
(POLI et al., 2005). Electrical stunning, which consists of 
passing electric current in water or directly through fish until 
complete loss of consciousness, is also an alternative for 
fish stunning (GASCO et al., 2014; MORZEL; SOHIER; 
VAN DE VIS, 2002; OLIVEIRA FILHO et al., 2016). This 
technique leads to unconsciousness almost instantaneously. 
However, to prevent damage on flesh quality, optimization 
of variables is required (NORDGREEN et al., 2008; 
OLIVEIRA FILHO et al., 2016).

After slaughtering, freezing has been widely 
used to keep longer the nutritional and sensory 
quality of fish. However, fish flesh becomes highly 
susceptible to lipid oxidation during frozen storage 
(ARANDA; MENDOZA; VILLEGAS, 2006). The 
oxidation products, mainly aldehydes, react with amino 
acids, inducing denaturation of myofibrillar proteins 
(CHAIJAN et al., 2007) and protein oxidation, which 
can damage the flesh texture. In addition, the lipid oxidation 
can also affect color, with a negative effect on the organoleptic 
properties (BARON et al., 2007). Thus, studies on lipid 
and protein oxidation, and protein denaturation are of great 
importance for assessing the quality of frozen fish.

Pacu (Piaractus mesopotamicus) is a Brazilian 
native species that shows great rusticity, omnivorous 
feeding behavior, satisfactory growth in captivity and good 
acceptance in the consumer market. Pacu has been studied 
in several areas such as biology (COSTA; MATEUS, 2009) 
and physiology (CUNHA BASTOS et al., 2007). However, 
studies on the effect of different slaughtering procedures 
on quality of frozen pacu fillets have not been carried out. 
Therefore, the aim of this study was to evaluate the effect 
of slaughtering methods on physicochemical variables of 
pacus fillets kept frozen at -18 °C for up to 6 months.

MATERIAL AND METHODS

One-hundred and fifty pacu (mean ± SD = 580.1 
± 113.2 g) were purchased from a commercial fish 
farm near the laboratory, transported alive, and housed 
in three 5,000-liter capacity masonry tanks with the 
following water quality parameters: dissolved oxygen 

of 6.1 ± 0.1 mg L-1, temperature of 22.4 ± 0.2 °C, and 
pH 6.1 ± 0.4. Fish were fasted for 48 hours prior to the 
experiments.

The three slaughtering procedures were performed on 
the same day. The water volume of all tanks was reduced by 
half and fish were quickly captured and transferred to three 
plastic boxes (120 L), one for each slaughtering procedure. 
All 50 fish per treatment were slaughtered at the same time.

For electrical stunning (ES), water with 
salinity was adjusted with sodium chloride to contain 
approximately 700 µS cm-1 conductivity according 
to Lambooij et al. (2008). The natural water quality 
parameters were: dissolved oxygen 6.0 mg L-1, 
temperature of 23 °C and pH 6.3. For the formation 
of the electric field, two aluminum plates (65 cm long 
x 35 cm wide) were placed near the box walls with 
a distance of 49 cm between them. In each plate, an 
electrode was attached to a machine specifically 
designed for this purpose, capable to perform the 
electrical discharge from 0 to 220 V. Fish were exposed 
to alternating electric current (AC) of 50 Hz, 200 V for 180 
seconds according to Oliveira Filho et al. (2016).

For CO
2
 narcosis (CN), pacu were transferred to 

plastic tanks (120 L) containing water at room temperature, 
and CO

2
 gas was immediately injected (2 kgf cm-2) into the 

water until total apparent stunning of animals, which 
occurred 30 min after CO

2
 injection (OLIVEIRA 

FILHO et al., 2015). The variables related to water 
quality before and after CO

2
 injection were: dissolved 

oxygen before and after stunning = 6.4 mg L-1, temperature 
before = 21.3 °C; temperature after = 21.1 °C; pH 
before = 6.6; and pH after stunning = 4.5.

For slaughtering by ice/water immersion (IW) (1:1), 
fish were placed simultaneously in plastic box containing 
a mixture of 60 L water and 60 L of ice flakes according 
to Oliveira Filho et al. (2015). The pacu took about 20 
minutes to lose the apparent sensitivity. Water quality 
parameters at the beginning and at the end of the stunning 
procedure were: dissolved oxygen before = 19.9 mg L-1 
and after stunning = 18.7 mg L-1; temperature before 
= 1.3 °C and temperature after stunning = 1.5 °C; pH 
before = 6.4; and pH after stunning = 6.5.

For all treatments, the apparent stunning was 
confirmed by loss of fish balance, stop of opercular 
movements (breathing), absence of activity in response 
to lateral-line stimulation, and no vestibulo-ocular reflex 
(VOR), according to Oliveira Filho et al. (2016). After 
this procedure fish were then slaughtered with manual 
cutting of the four gill arches, and sangria was performed 
in running water for about 3 min. Fish were washed with 
chlorinated water (5 ppm of free chlorine), and filleted 
pre-rigor mortis. Subsequently, the fillets underwent 
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ultra-rapid freezing in a freezer shelf for about 40 minutes 
until the internal temperature reached -30 °C, packed in 
individual polyethylene bags, with hermetic sealing and 
stored frozen (-18 ºC) in the absence of light until the 
analyses. The chemical composition was determined 
(moisture = 72 ± 1%, protein = 18 ± 1%, lipids = 8 ± 1%, 
and ash = 2 ± 1%) according to the methods described 
in Association of Official Analytical Chemists (2012). 
Before each analysis, fish fillets were thawed at 7 °C for 
about 24 hours. Laboratory tests were performed in three 
thawed fillets per treatment on the first day after freezing 
(time 0) and after 2, 4 and 6 months of storage at -18 °C.

The thiobarbituric acid reactive substances 
(TBARS) method was used for analysis of lipid oxidation. 
The fillets were pre-homogenized in a food processor 
according to Vyncke (1970). TBARS were calculated 
(absorbance x = 48.946 [TMP] + 0.0028; R2 = 0.99) using 
tetramethoxypropane (TMP) as standard precursor, and the 
results were expressed as malonaldehyde mg kg-1 sample.

The protein oxidation was determined by 
measuring the carbonyl groups and free thiols. The 
analysis of carbonyl groups was performed according to 
Mercier, Gatellier and Renerre (2004) with modifications. 
For that, 1 g of white muscle from different storage periods 
was homogenized with 20 mL of extraction buffer (100 mM 
sodium phosphate, pH 7.0) for 60 seconds, and then 
filtered through qualitative filter paper (Whatman ≠1). The 
total protein content was determined at 280 nm according 
to Bradford method (BRADFORD, 1976), using a 
standard curve of albumin. The carbonyl content was 
assessed with dinitrophenylhydrazine (DNPH) measured 
at 370 nm in a UV/Visible spectrophotometer using the 
molar extinction coefficient of DNPH (22,000 M-1 cm-1). 
The results were expressed as nmol mg-1.

The free protein thiols groups in white muscle 
were measured using 5,5-Dithiobis (2-nitrobenzoic 
acid) DTNB, according to Ellman (1959). The method 
consisted of two steps: 1) Extraction of myofibrillar and 
sarcoplasmic proteins using 5% SDS in 0.1M Tris-HCl 
buffer (pH 8.0); 2) Determination of thiols by derivation 
with DTNB. For that, 1 g of sample was homogenized 
with extraction buffer (0.1 M Tris-HCl buffer, pH 8.0) 
and analyzed the absorbance of DTNB at 412 nm in 
UV/Visible spectrophotometer. The thiol content was 
calculated as nmol of thiol per mg protein. The total 
protein content was determined according to Bradford method 
(BRADFORD, 1976), using a standard curve of albumin.

The denaturation of myofibrillar proteins of 
the fillets was evaluated by differential scanning 
calorimetry (DSC). Analyses of denaturation 
temperature and enthalpy for actin and myosin were 
performed in the thawed fillets at 7 °C operating with a 

gas flow of 45 mL N
2
 min-1, heating rate of 10 °C min-1, 

ranging from 0 to 100 °C, with an empty reference pan 
according to Oliveira Filho et al. (2011).

The instrumental color was determined on fillets. On 
region above the lateral line at three points near the skull, 
using a portable colorimeter (Miniscan XE, Hunterlab, 
Reston, USA), previously calibrated with black and white 
pattern before each analysis, using D65 light source, 
observation angle of 10º and opening of measuring cell of 
30 mm. Color was expressed using the CIELab color standard 
system - “Commission Internationale de L’Eclairage”: L* 
(lightness), a* (intensity of red-green color) and b* (intensity 
of yellow-blue color).

This work was approved by the Committee on 
Ethics in Research of the University of São Paulo, Faculty 
of Animal Science and Food Engineering – USP/FZEA 
(protocol no. 13.1.2333.74.5).

The experimental design was completely 
randomized with three treatments (water/ice slurry, CO

2
 

narcosis, and electric shock) at time intervals (on the 
first day after freezing, time 0, 2, 4 and 6 months). The 
response variables of interest in the statistical analysis 
are lipid oxidation (TBARS), protein oxidation (carbonyl 
and thiols), denaturation temperature and enthalpy for 
actin and myosin, and instrumental color. The explanatory 
variables were the three slaughtering procedures and the 
frozen storage period, which was considered in the original 
scale and the square to accommodate nonlinearities in 
temporal variations of the variable responses. The first 
order interactions between the explanatory variables were 
also considered.

For the analysis, generalized linear models were 
used in the form g (E (Y)) = Xβ, where Y is the dependent 
variable, X is the design matrix of the explanatory 
variables, and β is the vector of parameters to be calculated, 
representing the effects of the explanatory variables. 
The letters g and E correspond to the link function and 
expectation. Identity was used as a coupling function and it 
is assumed that Y follows a normal distribution. The model 
corresponds to an analysis of covariance (ANCOVA). 
Diagnostic of residuals, with comparisons between the 
adjusted and observed values, scale and quantile graphics 
were used to assess the validity of the proposed model.

To select the variables (treatment, time, time 2, 
and their interactions) relevant to explain the variations 
in responses of interest (e. g. carbonyl), the information 
criterion was used using backward selection. The Section 
Results and Discussion only presents the results for the 
model with the variables selected as previously described, 
and the generalized linear models with significant 
differences are highlighted (α = 0.05). All analyses were 
performed using the R software.
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RESULT AND DISCUSSION

Although no significant differences were observed 
in the lipid oxidation (TBARS values) of the frozen 
pacu fillets (P > 0.05) for all slaughtering procedures, 
an effect (P < 0.05) of time was observed, with a non-
linear increase and a trend towards stabilization in the 
final period of frozen storage (Figure 1). Curves were 
not observed, since no significant differences were found 
for all treatments. Stabilization at the end of the storage 
period may have occurred, once the oxidation compounds 
may have transformed into other compounds over time, 
and the method of analysis did not detect the formation 
of malonaldehyde. After 6 months of storage, the pacu 
fillets showed TBARS values of approximately 1.5 mg 
malonaldehyde kg-1. High TBARS values during storage 
may be due to the high lipids content in the pacu fillets 
(8 ± 1%). Brazilian law has not established an upper limit 
of TBARS levels for lipid oxidation in fish. However, the 
formation of toxic compounds such as aldehydes, ketones, 
alcohol, acids, and hydrocarbons may occur in food in 
advanced stages of oxidation (CHAIJAN et al., 2007). 
In addition, the lipid oxidation can cause the oxidation of 
pigments, affecting the sensory attributes including color 
(ARANDA; MENDOZA; VILLEGAS, 2006; BARON et al., 
2007), rancid flavor, and protein oxidation, causing protein 
denaturation (ESTÉVEZ et al., 2011; LUND et al., 2011).

The formation of carbonyls is one of the most 
prominent changes in oxidized fish proteins (ESTÉVEZ 
et al., 2011). In this study, differences (P < 0.05) were 
observed in the initial (time 0 - on the first day after 

Figure 1 - TBARS values of pacu fillets submitted by electrical 
stunning (ES), CO

2
 narcosis (CN) or iced water (IW) and stored 

frozen (-18 °C) for up to 6 months. The symbols represent the 
observed values and the line model fit

freezing) carbonyls values in the pacu fillets subjected 
by ES (higher) and IW (lower) (Figure 2a). The protein 
oxidation adversely affects the solubility and the 
functional properties, thus reducing gelling, emulsifying, 
and water holding capacities (BARON et al., 2007; 
LUND et al., 2011), and protein digestibility with 
destruction of amino acids, besides changes in taste and 
color (ESTÉVEZ et al., 2011; LUND et al., 2011).

A decrease (P < 0.05) in carbonyl values was 
observed during frozen storage of pacu fillets subjected by 
ES, with few variations in fish slaughtered by IW or CN 
(Figure 2a). For these two cases, the storage period did not 
greatly affect in the formation of carbonyl groups, which 
ranged from approximately 3 to 5 nmol mg-1 protein. In trout 
(Oncorhynchus mykiss) stored frozen for up to 13 months, 
in contrast to the present study, there was a considerable 
increase in the carbonyl groups from 2 to 7.7 nmol mg-1 
protein (BARON et al., 2007). According to Estévez et al. 
(2011), the carbonylation of meat proteins during frozen 
storage can be affected by several factors such as lipid 
oxidation, type of animal, storage temperature, packaging 
conditions, and previous industrial operations.

The thiol group of cysteine is highly susceptible 
to oxidation in the presence of hydrogen peroxide 
accumulated in fish cells after death. The increased protein 
oxidation leads to the loss of thiol groups, and the rate of 
these reactions will depend on muscle type, experimental 
conditions, and type and time of storage (LUND et al., 
2011). The thiols values at time 0 were higher in pacu 
fillets slaughtered by IW, when compared with those 
slaughtered by CN or ES (Figure 2b). This is an indication 
that slaughtering by IW led to less oxidation of myofibrillar 
proteins in pacu after death. However, during storage a 
reduction in thiols values was observed in fish subjected 
to slaughtering by IW, while values with slight upward 
trend were observed in fish subjected to the other two 
slaughtering procedures (Figure 2b). Since the analysis of 
protein oxidation is a relatively new issue, this variation is 
still difficult to explain. The issue is controversial because 
in a study on refrigerated horse mackerel (Trachurus 

trachurus), Baron et al. (2007), also observed an increase 
in thiols values, while another study found a decrease of up 
to 4% of the initial concentration of thiols during storage of 
the same species (LUND et al., 2011). Therefore, further 
studies are needed to elucidate the variation of thiols in fish 
flesh throughout the frozen storage.

Protein denaturation is an order-disorder transition 
that does not change the primary amino acid sequence, 
but modifies the protein conformation (OLIVEIRA 
FILHO et al., 2011). The protein denaturation may occur 
due to external agents (storage temperature, air pressure, 
mechanical strength, and stress pre slaughter) and internal 
agents (chemical composition, pH, living habits, and 
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Figure 2 - Protein oxidation (carbonyls - a and thiols - b) of pacu 
fillets submitted by electrical stunning (ES), CO

2
 narcosis (CN) 

or iced water (IW) and stored frozen (-18 °C) for up to 6 months. 
The symbols represent the observed values and the line model fit

nutritional status) (MATOS et al., 2010; OLIVEIRA 
FILHO et al., 2011). The denaturation of fish proteins 
during frozen storage can lead to changes in color and 
texture, in addition to affecting gel formation in processed 
products such as surimi (JENSEN; JORGENSEN; 
NIELSEN, 2003; SAEED; HOWELL, 2004).

Myosin corresponds to the thick filament of 
myofibrils and undergoes denaturation in fish meat 
in the temperature range of 30 to 60 °C (HERRERA; 
PASTORIZA; SAMPEDRO, 2001), and is highly 
influenced by the animals habits (PAREDI et al., 1994). 
In the present study, no changes were observed in the 
denaturation temperature of myosin (P > 0.05) for all 
slaughtering procedures and during frozen storage, 
with a mean temperature of 53.3 ± 1.0 °C. This result 
is similar to that observed for Nile tilapia (Oreochromis 

niloticus) (54 °C) (OLIVEIRA FILHO et al., 2011). The 
denaturation temperature and enthalpy of myosin at time 
0 was lower (P < 0.05) in the pacus subjected to ES when 
compared to those subjected to CN and IW, which did not 
differ (P > 0.05) among them (Figure 3a), suggesting that 

the proteins of the ES treatment were more denatured than 
those of CN and IW treatments. This fact shows that the ES 
was not adequate to stun pacu, once the lower denaturation 
enthalpy means that a larger portion of myosin has already 
denatured before the analysis. Thus, it may be hypothesized 
that the electric current for pacu stunning was inadequate, 
which negatively affected flesh quality. During storage, the 
denaturation enthalpy of myosin in pacu fillets subjected 
to CN or IW tended to increase (P < 0.05), whereas the 
values of the fillets subjected to ES remained practically 
constant over 6 months (Figure 3a). This fact is interesting 
because it shows that the myosin from fish subjected to ES 
may be already denatured after death, while in the other 
slaughtering procedures the myosin denaturation occurred 
gradually. According to Jensen, Jorgensen and Nielsen 
(2003), the protein denaturation of frozen fish is a common 
phenomenon and occurs by several factors such as the action 
of autolytic enzymes and oxidation of lipids and proteins.

Actin corresponds to the thin filament of myofibril 
and undergoes denaturation from 65 to 85 °C (PAREDI 
et al., 1994). No changes (P > 0.05) were observed in 
the denaturation temperature of actin for all slaughtering 
procedures and during frozen storage, with a mean 
temperature of 77.4 ± 0.3 °C. This result is similar to that 
observed for seabream (Sparus aurata) in the pre-slaughter 
stress, with values close to 74 °C (MATOS et al., 2010). 
The denaturation temperature of actin in the pacu of 
the present study was higher than that observed for Nile 
tilapia (Oreochromis niloticus) (73.9 °C) (OLIVEIRA 
FILHO et al., 2011) and cholga mussel (Aulacomya 

ater ater) (72 °C) (PAREDI et al., 1994).

The denaturation enthalpy of actin at the 
beginning of the process (time 0) was lower (P < 0.05) 
in pacu subjected to ES (Figure 3b), demonstrating that 
this treatment has led to a greater denaturation of 
actin. A smaller denaturation enthalpy of actin was 
also observed in seabream (Sparus aurata) subjected 
to a higher pre-slaughter stress (MATOS et al., 2010). 
During frozen storage, the denaturation enthalpy 
of actin in fish slaughtered by CN or IW tended to 
decrease (P < 0.05), whereas the values of the fillets 
subjected to ES remained practically constant over 6 
months of frozen storage (Figure 3b).

Lightness (L*) was significantly lower (P < 0.05) 
in the pacu fillets subjected to ES when compared to CN 
and IW, which did not differ (P > 0.05) between them 
(Figure 4a). Some authors observed darkening of fish 
fillets subjected to electrical stunning when compared to 
other slaughtering procedures (LAMBOOIJ et al., 2008; 
VARGAS et al., 2013). During frozen storage of pacu fillets, 
no changes were observed for the L* values (P > 0.05) 
in all treatments. This is a positive factor because over 
time the frozen fillets tend to undergo browning due to 
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protein denaturation (GARTHWAITE, 1997). Thus, the 
maintenance of lightness evidences that both rapid freezing 
and frozen storage of the fillets were performed properly.

A difference (P < 0.05) in redness (a*) was 
observed in the pacu fillets subjected to CN (less red) 
and ES (more red) at time 0 (Figure 4b). Other studies 
have also found higher a* values in fish subjected to ES 
in relation to other slaughtering methods (LAMBOOIJ 
et al., 2008; VARGAS et al., 2013). Bleeding in fish 
fillets lead to lower sensory quality and can be vehicles 
of microbiological contamination besides reducing 
shelf life, once the blood is a catalyst for lipid oxidation 
(SÁNCHEZ-ALONSO; BORDERÍAS, 2008). During 
frozen storage, the red color of pacu fillets showed linear 
behavior and a positive slope, probably due to oxidation 
of pigments during storage, making the fillets reddish.

No differences (P > 0.05) were observed in the 
yellow color intensity (b* values) for all slaughtering 
methods (Figure 4c). In addition, differences in b* values 
were not observed in several species, including Nile tilapia 

Figure 3 - Differential scanning calorimetry (DSC) of myosin 
denaturation enthalpy - a, actin denaturation enthalpy - b of pacu 
fillets submitted by electrical stunning (ES), CO

2
 narcosis (CN) 

or iced water (IW) and stored frozen (-18 °C) for up to 6 months. 
The symbols represent the observed values and the line model fit

(Oreochromis niloticus) slaughtred by CO
2
 narcosis or 

water/ice immersion (OLIVEIRA FILHO et al., 2015), 
turbot (Psetta maxima) slaughtered by bleeding, electric 
shock or cranial percussion (MORZEL; SOHIER; VAN DE 

Figure 4 - Color L* (lightness) - a, a* (intensity of red-green) 
- b, b* (intensity of yellow-blue) - c of pacu fillets submitted 
by electrical stunning (ES), CO

2
 narcosis (CN) or iced water 

(IW) and stored frozen (-18 °C) for up to 6 months. The symbols 
represent the observed values and the line model fit



Rev. Ciênc. Agron., v. 52, n. 2, e20164845, 2021 7

Slaughtering procedures on the flesh quality of frozen stored pacu

VIS, 2002), and matrinxãs (Brycon cephalus) slaughtered 
by electric shock, water/ice immersion, or CO

2
 narcosis 

(VARGAS et al., 2013). During 6 months of storage, a 
linear increase (P < 0.05) in b* values was observed, with 
no significant difference (P > 0.05) among the treatments 
(Figure 4c). Similar results were found in matrinxãs 
(Brycon cephalus) subjected to different slaughtering 
procedures and stored under refrigeration (VARGAS 
et al., 2013). The increase in yellow color intensity can be 
due to the myoglobin degradation during the deterioration 
process. Thus, newly dead fish have bluish-white meat 
(lower b* value), which tends to be yellow (higher b* 
value) throughout the storage (GARTHWAITE, 1997).

CONCLUSIONS

1. The slaughtering procedure by water/ice immersion was 
the best alternative for obtaining high quality frozen 
fillets with lower oxidation and protein denaturation;

2. A quality loss was observed for all pacu fillets stored 
at -18 °C over the months, evidenced by increase in 
lipid and protein oxidation, color changes, and higher 
protein denaturation;

3. A maximum storage period of 3 to 4 months is 
recommended for frozen pacu fillets.
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