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ABSTRACT
The study aimed to evaluate the influence of pre-slaughter stunning methods on the quality of tambaqui (Colossoma 
macropomum) fillets, namely ice asphyxiation (AG); asphyxia in air (AA); electronarcosis (EE); and hypothermia followed 
by bleeding (HS). The quality was evaluated using the pH of the meat; the rigor mortis index; and meat texture, blood 
glucose and colorimetry. For each treatment, 12 animals were used, and six animals from each treatment were kept 
intact for pH and rigor mortis analysis during the times of 0, 1, 1.5, 2.5, 4.5, 6.5, 24, 36, 48, 72, 96, 120, 160 and 360 
hours after slaughter. The pH values were kept in compliance with the legislation, below 7. As for the rigor mortis index, 
the group killed by electronarcosis took one hour longer to show full rigor. For texture attributes, no differences were 
found between treatments. Therefore, the tambaqui fillets submitted to EE and HS tended to lower red coloration. EE, in 
addition to draining more blood, promotes the integrity of the cut, providing more succulence and tenderness to the fillet.

Keywords: Animal welfare; Electronarcosis; Fish farming; Meat quality; Rigor mortis.

Um novo método de insensibilização pré-abate promove a qualidade de filés de 
tambaqui (Colossoma macropomum) em relação aos métodos convencionais

RESUMO
O estudo teve como objetivo avaliar a influência de métodos de insensibilização pré-abate na qualidade de filés de 
tambaqui (Colossoma macropomum), sendo eles asfixia em gelo (AG), asfixia em ar (AA), eletronarcose (EE) e hipotermia 
seguida de sangria (HS). A qualidade da carne foi avaliada empregando-se o pH; índice de rigor mortis; e textura e 
colorimetria. O bem-estar foi avaliado com base nos teores da glicose sanguínea. Para cada tratamento, utilizaram-se 
12 animais, e seis animais de cada tratamento foram mantidos inteiros para a análise de pH e rigor mortis por 0, 1, 1,5, 
2,5, 4,5, 6,5, 24, 36, 48, 72, 96, 120, 168 e 360 horas após o abate. Os valores de pH mantiveram-se em conformidade 
com a legislação, abaixo de 7. Quanto ao índice de rigor mortis, o grupo abatido por EE demorou uma hora a mais para 
apresentar rigor pleno. Para os atributos de textura, não foram constatadas diferenças entre os tratamentos. Portanto, 
os filés de tambaqui submetidos a EE e HS tenderam a menor coloração vermelha. EE, além de drenar mais sangue, 
promove a integridade do corte, proporcionando maior suculência e maciez ao filé.

Palavras-chave: Bem-estar animal; Eletronarcose; Piscicultura; Qualidade da carne; Rigor mortis.
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A new pre-slaughter stunning method promotes quality of tambaqui (Colossoma macropomum) fillets compared to conventional methods 

INTRODUCTION
It is known that the humane treatment of production animals, 

from birth to slaughter, provides benefits, such as lower rate of 
injuries, stress, and mortality for these animals. Consequently, higher 
quality meat is obtained with a gain in the attributed value (Cavali 
et al., 2022; Cavali et al., 2023). Officially, animal welfare had its 
principles addressed in 1965 in the United Kingdom, by the Brambell 
Committee, a multidisciplinary technical commission appointed by 
the British government that defined animal welfare based on respect 
for the five freedoms: animals must be free from hunger and thirst; 
free from discomfort; free from pain, disease and injury; free to 
express the natural behaviors of the species; and free from fear and 
stress (Concollato et al., 2016; Cavali et al., 2024).

Stress can be related to several factors, such as feeding, crowding, 
parasitism, handling, capture and slaughter. Slaughter, once considered 
an operation of low scientific and technological level, became a cause 
for concern when there was an understanding that the management 
of the animal from the rural property until death influences the meat 
quality (Silva et al., 2022). In this context, it is possible to mention 
Ordinance No. 365 of July 16, 2021 (Brasil 2021). which approved 
the Technical Regulation for Pre-slaughter Management and Humane 
Slaughter, and the stunning methods authorized by the Ministério da 
Agricultura, Pecuária e Abastecimento. This legislation refers to the 
slaughter of butchery and fish animals. However, in Art. No. 4, item 
VIII, in its definition of fish, the ordinance refers only to “amphibians 
and reptiles slaughtered in establishments under official veterinary 
inspection” (Brasil, 2021), thus not including fish.

Fish farming, as well as other areas of animal production, seeks 
to use systems that aim to produce the most at the lowest cost. The 
quest to maximize production may be responsible for exposing the 
crop to high levels of stress. In view of this, the other important 
segment is to farmed fish with animal welfare. Because fish do not 
have a neocortex, some laypeople deny the possibility that these 
animals feel pain. Scadeng et al. (2020) point to the fact that the brain 
structures that transmit pain in other vertebrates are also present in fish, 
which suggests that these animals are sentient, that is, they are aware 
of sensations, including feeling pain. Based on this understanding, 
when studying the methods of stunning and slaughtering fish, one 
must consider that they feel pain, hunger, comfort, discomfort, etc. In 
view of this, the concern for the well-being of the fish at all stages of 
production is justified (Hashimoto et al., 2024; Vargas et al., 2013).

In overview presented, care in carrying out adequate 
desensitization before causing the death of fish is necessary. 
Many fish slaughter techniques are employed without involving 
the stunning process, in small-scale fish processing units. The 
conditions under which pre-slaughter and fish slaughter operations 

are carried out, in general, are precarious in Brazil (Poli et al., 
2005). Compromising the quality of the final product may be 
related to unpreparedness in handling production, infrastructure 
problems, lack of storage capacity, and inadequate transport to 
slaughterhouses (Concollato et al., 2016). These factors can lead 
to high waste and low yields. At the time of slaughter, as with 
other fish, in round fish, the biochemical reactions caused by 
stress can cause the depletion of muscle glycogen, resulting in an 
inadequate pH value in the muscle, that is, acidification does not 
occur, and rigor mortis quickly sets (Oliveira Filho et al., 2016). 
As there is no specific legislation for the time of fish slaughter, 
the choice of method is made based on the species of fish to be 
slaughtered, ease of application and low cost. However, the pre-
slaughter stunning method should contribute to the quality of the 
final product and its shelf life.

Given these assumptions, the aim of this study was to 
evaluate different slaughter techniques, namely: asphyxiation 
on ice, asphyxiation in air, electronarcosis, and hypothermia 
followed by bleeding on tambaqui (Colossoma macropomum) 
fillets quality and animal welfare. 

MATERIAL AND METHODS

Bioethical considerations and fish collect
This study was submitted to the Ethics Committee for 

the use of Animals of the Universidade Federal de Rondônia 
(UNIR), in Rolim de Moura, RO, Brazil, and all activities 
carried out had the approval of its execution by protocol 
No. 0015/2021. A total of 48 tambaquis was used for carrying 
out the current study came from commercial fish farms in 
Urupá municipality, RO, Brazil, and were transported to the de 
Bromotology Laboratory of UNIR.

To carry out the experimental procedures, the tambaqui 
were fished with a trawl and taken to the slaughtering site in 
polyethylene boxes with water. The tambaquis were cultivated 
for 14 months, weighing 2.25 ± 0.25 kg, fed with commercial 
feed containing 32–28% of crude protein with granulometry of 2 
to 2.5 mm for the initial phase of transition—juvenile.

Pre-slaughter stunning methods
No chemical agent was applied for euthanasia, only the 

conventional methods of stunning and slaughter of the fishing 
industry, in addition to the innovative method of electronarcosis 
followed by bleeding. The pre-slaughter stunning method was ice 
asphyxiation (AG), i.e., the fish were removed from the box with 
water and placed in a thermal box in the ice/fish/ice arrangement, 
until death occurred due to lack of oxygen, as described by Freire and 
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Gonçalves (2013), Robb and Roth (2003), and Viegas et al. (2012). 
Fish slaughtered by asphyxiation in air (AA), after being removed 
from the transport box, were deposited in an empty container, in 
which they remained until death. Hypothermia, the methodology 
described by Ashley (2007), was adopted, that is, a process in which 
the fish is submerged in a polyethylene box containing a solution 
of ice and water (1:1) at the temperature of around 1°C, until death. 
Then, these animals were subjected to the bleeding process (HS) by 
cutting the branchial arches.

After observing complete desensitization (movement absence 
and balance loss) (Oliveira Filho et al., 2016), the animals were 
immediately sacrificed by cutting the branchial arches for bleeding. 
After slaughter, the tambaqui were weighed on a portable digital 
scale, measured using a millimeter ichthyometer, and each animal 
was identified with numerical labels identified as: 
• Treatment 1: ice asphyxiation (AG); 
• Treatment 2: air asphyxiation (AA);
• Treatment 3: electronarcosis (EM); 
• Treatment 4: hypothermia followed by bleeding (HS).

Regarding the new method of EE, a container with 
approximately 200 L of water and 500 grams of sodium chloride 
(NaCl) was used to enhance electrical conduction. The fish were 
immersed in this solution and subjected to an electrical discharge 
previously established in preliminary tests: 220 V, 3.5 A, 
frequency of 1,200 Hz, and exposure time of 20 seconds. After 
observing complete desensitization, characterized by the absence 
of movement and loss of balance, the animals were immediately 
slaughtered by cutting the gill arches for the bleeding process 
(Cavali et al., 2024). After slaughter, tambaqui specimens were 
weighed on a portable digital scale, measured using a millimeter 
ichthyometer, and identified with numerical labels corresponding 
to the following treatments: treatment 1 (IA), treatment 2 (AA), 
treatment 3 (EE), and treatment 4 (HB) (Cavali et al., 2024).

A total of 12 tambaqui fillets per treatment was sent for 
sample processing. The tambaqui fillets were stored in plastic 
bags with Ziplock closure, receiving the same identification as 
the animal of origin. After obtaining the first data, still in the 
vicinity of the fish farm visited, all samples were sent on ice 
to the Laboratory of Physical-Chemical and Microbiological 
Analysis of UNIR, where they were stored in a freezer, at 0°C, 
throughout the experiment.  

Obtaining data
The pH measurements started at time 0 (immediately 

after slaughter), being repeated at 1 and 1.5 hours at the place 
of slaughter, in the Laboratory of Physical-Chemical and 
Microbiological Analysis at UNIR, then the analyses followed, 

being carried out with 2.5, 4.5, 6.5 hours. After these times, the 
pH analyses started to be carried out at 24, 36, 48, 72, 96, 120, 168 
and 360 hours. Measurements were taken on the right side below 
the dorsal fin, with the aid of a portable pulsation pedometer 
(Sensoglass SP1400). At each measurement, a new perforation 
was performed to insert the probe in a different location, at the 
minimum distance of 1 centimeter from one to the other, in order 
to avoid false data due to possible contamination of the site.

The determination of the rigor mortis index (Eq. 1) started 
on the property, at time 0 (immediately after the slaughter), and 
followed the same schedules established for the pH, with the 
purpose of monitoring the muscular behavior of the animals. 
This measurement was performed according to the methodology 
developed by Bito et al. (1983).

                            (1)

Where: RI: rigor mortis index; Do: value that separates the 
base of the tail fin from the reference point (time 0); D: distance 
separating the base of the tail fin from the reference point in the 
selected time intervals.

The fish were deposited on a table, and the length of the 
animal’s body (head-to-tail distance) was measured using an 
ichthyometer. The value of the total length was divided by 2 to 
obtain the half location of the animal’s body, which was marked 
with a pin. Then, the animal was placed with the upper half of 
the body on the table, so that from the middle to the end (towards the 
tail) there was no contact with the surface of the table. The 
measurement of the length of the slope that formed with the 
surface was measured with the aid of a square and ruler.

For texture analysis, fillets on the right side were used (six 
samples for each treatment). The methodology to determine the 
texture profile was performed according to Bourne (2002). The 
compression strength (KgF�mm-2), hardness (N) and adhesiveness 
(mm2) attributes were evaluated in a TAXT.plus texturometer, 
using the Exponent Stable Micro Systems software (Stable Micro 
System LTD, Vienna Court, United Kingdom). The samples were 
positioned horizontally on a platform, using a cylindrical probe 
with a flat end, ½ inch in diameter. Concerning the conditions of 
the instrumental texture tests, the pre-test speed was 2 mm�s-1, 
post-test 10 mm�s-1, distance of 4 mm, with measurement of 
strength in compression (Almeida et al., 2020). Measurements 
started 24 hours after slaughter and were repeated at 36, 48, 72, 96, 
120, and 168 hours after slaughter, totaling a period of seven days.

For blood glucose analysis, blood samples were collected 
from slaughters in which the gills were cut (EE and HS) at 
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the time of bleeding. In animals slaughtered by asphyxiation 
methods (AG and AA), blood collection occurred as soon as 
death by pulsation of the vein located in the tail fin was verified, 
using a 5-mL disposable syringe. An Accu-Chek Active glucose 
meter kit was used, with the value expressed in mg�dL-1.

Instrumental colorimetry was measured using a portable 
colorimeter (Minolta CR-10, Minolta Camera Co., Osaka, Japan), 
previously calibrated with a black and white standard before each 
analysis, operating a D65 light source, an observation angle of 
10° and 30-mm measure cell opening. The color was expressed 
using the color standards of the Commission Internationale de 
L’Eclairage (CIELAB) system: L* (brightness, which evaluates 
a range 0, which is considered black, to 100, which means 
white), a* (red-green color intensity), and b* (yellow-blue color 
intensity) (Hunter & Harold, 1975).

Statistical analysis
The pH, rigor mortis index and glucose data were submitted 

to a completely randomized design, using the Shapiro-Wilk’s 
normality test. Analysis of variance (ANOVA) and means were 
compared by Tukey’s test (α = 0.05), using the SAS Statistical 
Program, at the significance level of 5% probability.

Regarding the texture profile, the averages of the three 
repetitions of each fillet at the sampling moment were performed. 
The results were preliminarily submitted to ANOVA. Then, in 
case of normality and significance, the Tukey’s test was applied 
(α = 0.05). To assist the interpretation of the compression strength 
results, dispersion analysis was applied.

RESULTS AND DISCUSSION
After death, the fish begins to undergo a series of changes, as 

the result of a complex biochemical modification in the muscle. 
In anaerobic conditions, the formation of lactic acid occurs, causing 
a drop in muscle pH (Silva et al., 2022). In this present study, muscle 
pH values were following RIISPOA (Brasil, 2017), performing 
below 7 throughout the experiment for all slaughter methods.

When comparing the average pH between treatments, no 
statistical differences were found (p > 0.05) at 0, 1.5, 24, 36, 72, 
and 120 h, contrary to what happened at the other times (Table 1). 
Oliveira Filho et al. (2015) did not find differences in pH values 
of Nile tilapia when compared to slaughter by CO2 stunning and 
hypothermia in a study for 408 h.

A sharp drop in values of the AG groups, up to 1.5 h after 
slaughter, and EE, up to 1h, can be observed in the pH averages. 

Table 1. Averages and standard deviations in muscle pH of tambaqui (Colossoma macropomum) submitted to pre-slaughter stunning 
methods by ice asphyxia (AG), air asphyxiation (AA), electronarcosis (EE), and hypothermia followed by bleeding (HS), at different 
sampling times*.

Hours
Pre-slaughter stunning methods p-value

AG AA EE HS
0.0 6.58 ± 0.16aA 6.49 ± 0.09aA 6.62 ± 0.18aA 6.52 ± 0.22aA 0.4958
1.0 6.37 ± 0.07aB 6.48 ± 0.47aA 6.42 ± 0.13aA 6.49 ± 0.50aA 0.2633
1.5 6.22 ± 0.09a 6.41 ± 0.13aB 6.55 ± 0.33aA 6.33 ± 0.25aB 0.1005
2.5 6.26 ± 0.17bB 6.31 ± 0.11baB 6.37 ± 0.08baB 6.51 ± 0.15aA 0.0191
4.5 6.32 ± 0.11abB 6.25 ± 0.09bB 6.22 ± 0.48bB 6.48 ± 0.10aB 0.0053
6.5 6.15 ± 0.21bB 6.49 ± 0.06aA 6.48 ± 0.24aA 6.41 ± 0.10baB 0.0077
24.0 6.36 ± 0.06aB 6.37 ± 0.06aB 6.45 ± 0.24aA 6.43 ± 0.12aB 0.6808
36.0 6.25 ± 0.16aB 6.40 ± 0.08aB 6.36 ± 0.04aB 6.37 ± 0.05aB 0.0836
48.0 6.37 ± 0.17baB 6.57 ± 0.08baA 6.40 ± 0.01bA 6.62 ± 0.05aA 0.0179
72.0 6.35 ± 0.59aB 6.34 ± 0.09aB 6.29 ± 0.07aB 6.42 ± 0.04aB 0.1540
96.0 6.26 ± 0.10bB 6.49 ± 0.06aA 6.36 ± 0.08baB 6.38 ± 0.03aB 0.0100
120.0 6.28 ± 0.10aB 6.28 ± 0.08aB 6.27 ± 0.07aB 6.30 ± 0.04aB 0.9012
168.0 6.46 ± 0.23aB 6.36 ± 0.06abB 6.31 ± 0.05bB 6.35 ± 0.05abB 0.0211
360.0 6.34 ± 0.48abB 6.35 ± 0.22abB 6.43 ± 0.05aA 6.31 ± 0.03bB 0.0450

p-value 0.0073 0.00811 0.0148 0.01376 -
*Means ± standard deviation followed by different letters in the same line (a, b) and in the same column (A, B) are different from each other in the Tukey’s test 
(p < 0.05).
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For animals subjected to AA and HS methods, there was a slight 
drop in pH up to 1 hour after slaughter (Fig. 1). According to 
Pardi et al. (2006), the drop in muscle pH is not uniform between 
different muscles of the same animal, between individuals of the 
same breed and between those of different breeds and species.

In no group did the pH reach values lower than 6.0, in 
agreement with Mendes et al. (2017), who ensures that the 
muscle pH of fish after death will hardly be below 6, even in full 
rigor mortis, unlike the meat of mammals. However, Almeida et 
al. (2020) found pH values of 5.89 in tilapia fillets, which were 
“disaggregated” (gapping effect), a typical defect of meat from 
animals that suffered intense stress before slaughter.

There is a tendency for the muscle to present, over time, pH 
values lower than those at time 0 h for all slaughter methods, 
except for AA and HS at 48 hours (Fig. 1). Rucinque et al. 
(2023) worked with tilapias slaughtered by electric shock, gas 
mixture, and hypothermia, and kept them cool after slaughter 
for a period of 624 hours. The pH results were like those found 
in the current study, with a reduction in the final values in 
relation to the initial ones for the three methods. Vargas et al. 
(2013) reported the occurrence of muscle acidification in 
matrinxãs (Brycon cephalus) up to 56 hours after slaughter with 
thermal shock; 24.5 hours for electronarcosis; and 26.5 hours 
for CO2. Although contrary to what was observed in the current 
study, from those times onwards there was a gradual increase 
in pH values for the animals in the electronarcosis and CO2 
groups, and stability for the thermal shock. Also, Lessi et al. 
(2004), working with matrinxã, found an increase in pH after 
the sixth day. The increase in pH levels in these studies may 

have occurred due to the synthesis of volatile nitrogenous 
bases, such as trimethylamine and ammonia, resulting from the 
microbial degradation process involving aerobic and facultative 
anaerobic bacteria (Silva et al., 2022). Trimethylamine oxide is a 
natural component of fish muscle, and in the postmortem period 
it is reduced to trimethylamine, and ammonia, in turn, results 
from the degradation of amino acids in muscle proteins. Both 
compounds interfere with the odor of stored fish.

Some authors have questioned the use of pH as a parameter 
for analyzing the fish quality. For Özogul and Özogul (2004), 
the pH values vary according to the species and capture methods 
used and should not be used as the only freshness index 
method, although it is known that the variation of this parameter 
during storage may indicate the occurrence of any alteration 
(biochemical or microbiological). Ocaño-Higuera et al. (2011) 
reported that, in work with tambaquis, the pH did not prove to be 
a good index to assess quality, since no difference was observed 
in the values in animals that underwent harvesting; 4 h transport; 
24 and 48 h recovery and slaughtered by asphyxiation with CO2 
and hypothermia.

After slaughter, another significant change in the muscle is the 
event of rigor mortis, characterized by extreme and irreversible 
contraction of the muscle due to the depletion of energy sources, 
when the pH reaches a minimum value. The longer the muscle 
remains in the pre-rigor stage, when there is still muscle 
flexibility, the longer its shelf life should be. This is because after 
the period of stiffness, due to the drop in pH, there is activation 
of proteolytic systems, thus occurring relaxation and recovery 
of muscle elasticity. From then on, the autolysis process takes 
shape, followed by the action of microbial proteases (Amlacher, 
1961; Tavares & Gonçalves, 2011).

The rigor mortis index showed differences between the slaughter 
methods at the other times, except at 1:30 a.m., 12 p.m., and 4 p.m. 
(p < 0.05). Bagni et al. (2006) asserted that stress before death 
causes early onset of rigor mortis. Paying attention to the figure, it 
can be seen that AG and AA entered full rigor mortis at 1.5 hour 
after slaughter. however, the AG group in particular showed 
a propensity to enter full rigor mortis before the others, and at 
time 0 to 80% of their samples were already in this condition, and 
2.5 hours after slaughter, 83% of them had already entered rigor 
resolution, with signs of muscle relaxation.

It is also observed that the animals slaughtered by the EE 
method showed 100% of accuracy index in all samples 2.5 hours 
after slaughter and remained in it until 36 hours. Animals 
slaughtered by HS at time 0 showed absolute rigor mortis in 
53% of the samples, and the remaining animals in the group 

Figure 1. Graphic representation of the muscle pH variation in 
tambaqui (Colossoma macropomum) submitted to pre-slaughter 
stunning methods by ice asphyxia (AG), air asphyxiation (AA), 
electronarcosis (EE), and hypothermia followed by bleeding 
(HS), at different sampling times.
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were close to entering rigor from 1 h after slaughter. In general, 
the results for EE point to a greater preservation of muscle 
glycogen. Perhaps because of this the group took longer to enter 
rigor mortis (Table 2; Fig. 2).

Contrary to what was observed here, Digre et al. (2011), 
in a study with Atlantic cod (Gadus morhua), found that 
electronarcosis accelerated the process of entry into rigor mortis 
when treated with anesthetic. Likewise, Morzel et al. (2002) with 

Table 2. Averages in rigor mortis inde,x (IR%) of tambaqui (Colossoma macropomum) submitted to pre-slaughter stunning methods 
by ice asphyxia (AG), air asphyxiation (AA), electronarcosis (EE) and hypothermia followed by bleeding (HS), at different sampling 
times*.

Hours
Pre-slaughter stunning methods

CV (%) p-value
AG AA EE HS

0 80.00aA 10.00bC 8.40bC 53.40aB 53.42 0.0350
1 86.70aA 41.70bB 30.90bAB 93.40aA 40.44 0.0333

1.5 100.00aA 100.00aA 75.00bA 98.40aA 6.25 0.0304
2.5 83.40bA 100.00aA 100.00aA 98.40aA 5.90 0.0207
4.5 81.70bA 100.00aA 100.00aA 93.40aA 7.75 0.0199
6.5 87.50bA 100.00aA 100.00aA 100.00aA 2.15 0.0172
24 75.00bA 100.00aA 100.00aA 100.00aA 7.30 0.0180
36 89.20bA 100.00aA 100.00aA 100.00aA 3.77 0.0136
48 47.50bB 28.20cAB 72.20aA 58.20bB 51.54 0.0459
72 49.20bB 48.40bB 62.50aB 46.40bB 22.06 0.0240
96 36.70bB 13.40cC 30.90bAB 44.30aB 44.42 0.0100
120 40.90bB 32.50bAB 30.90bAB 40.00aB 12.89 0.0101
168 58.40aB 40.00bB 43.40bAB 45.00bB 26.20 0.0218
360 11.20 bC 9.20bC 30.90aAB 32.40aB 40.03 0.0404

CV (%) 42.14 39.90 38.53 41.88 - -
p-value 0.0321 0.0402 0.0399 0.0404 - -

*Means ± standard deviation followed by different letters in the same line (a, b) and in the same column (A, B) are different from each other in the Tukey’s test (p < 
0.05); CV: coefficient of variation.

Figure 2. Graphic representation of the rigor mortis index 
variation in tambaqui (Colossoma macropomum) submitted 
to pre-slaughter stunning methods by ice asphyxia (AG), air 
asphyxiation (AA), electronarcosis (EE), and hypothermia 
followed by bleeding (HS), at different sampling times.

turbot (Psetta maxima), noted that the EE group entered rigor 
mortis before the groups slaughtered by cranial percussion and 
heat shock. There was a rapid reduction in the rigor index for 
AG, AA, and HS from 36 hours after slaughter, and for EE this 
reduction from the same time was smoother than in the others 
(Fig. 2). For Almeida et al. (2006), the later it occurs and the 
longer the duration of rigor mortis is, the smaller the changes in 
the characteristics of the meat and the longer the shelf life of this 
product are, an establishment desired by the industries.

Castro et al. (2017) listed some causes associated with the 
speed of the pH drop, the onset and duration of rigor mortis: 
handling before slaughter; stress; resistance or susceptibility of 
the animal itself to stress; and postmortem temperature. Mello et 
al. (2016) also mentioned factors such as the size of the fish, the 
level of fat in the body or even the species. Finally, Mendes et al. 
(2015) follow this line of thought, arguing that the entry and exit 
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Table 3. Instrumental texture profile in tambaqui (Colossoma macropomum) fillets under refrigeration for up to 168 hours, submitted 
to pre-slaughter stunning methods by ice asphyxia (AG), air asphyxiation (AA), electronarcosis (EE), and hypothermia followed by 
bleeding (HS)*.

Treatment Hours
Texture attributes

Compression strength (KgF•mm-2) Hardness (N) Adhesiveness (mm2)
24 1,461.50 ± 360.40b 3,548.14 ± 875.30a -91.88 ± 22.66b

48 1,935.53 ± 477.30a 2,734.54 ± 674.66b -105.20 ± 25.94a

72 1,800.67 ± 444.05a 2,402.00 ± 592.61b -125.31 ± 30.90a

AG 96 1,501.46 ± 370.26b 2,749.44 ± 678.25b -79.95 ± 19.71b

144 1,480.55 ± 365.10b 2,139.99 ± 527.92b -88.65 ± 21.86b

240 1,820.96 ± 449.05a 2,504.74 ± 617.97b -73.94 ± 18.23b

360 1,734.29 ± 427.68b 1,620.22 ± 399.72c -67.50 ± 16.65b

AG averages 1,676,43 ± 413,41A 2,528.41 ± 623.73A -90.35 ± 22.27A

24 1,480.42 ± 228.58b 2,884.14 ± 445.35a -122.88 ± 18.97a

48 2,141.03 ± 330.57a 2,437.77 ± 376.30b -119.72 ± 18.48a

72 1,945.53 ± 300.39a 2,500.76 ± 385.29b -100.49 ± 15.51a

AA 96 1,174.52 ± 191.34b 2,653.96 ± 410.08ab -65.58 ± 10.13a

144 1,301.39 ± 200.93b 2,453.67 ± 379.09b -52.81 ± 8.15b

240 1,186.91 ± 192.26b 2,605.82 ± 401.83ab -77.99 ± 12.04b

360 1,266.29 ± 195.51b 1,620.30 ± 252.19c -67.50 ± 10.42b

AA averages 1,499,44 ± 231.51A 2,450.92 ± 441.16A 86.71 ± 13.38A

24 1,547.37 ± 278.53a 2,440.14 ± 507.73b -122.00 ± 21.96a

48 1,836.53 ± 330.57a 2,239.26 ± 465.99b -136.55 ± 24.58a

72 1,594.80 ± 287.06a 2,709.74 ± 564.71a -104.98 ± 18.90a

EE 96 1,440.89 ± 259.36a 2,478.50 ± 516.04b -88,97 ± 16.01b

144 1,181.09 ± 212.60b 2,219.99 ± 461.04b -74,71 ± 13.44b

240 1,451.36 ± 261.24a 2,796.24 ± 581.62a -82,27 ± 14.81b

360 1,169.93 ± 210.59b 2,996.68 ± 623.31a -82,11 ± 14.78b

EE averages 1,460,28 ± 262.85A 2,554.36 ± 569.78A -98.80 ± 17.78A

24 1,436.72 ± 299.99b 1,993.76 ± 382.80c -107.14 ± 22.37a

48 1,393.35 ± 290.93b 2,266.55 ± 435.18bc -95.63 ± 19.97a

72 1,702.01 ± 355.38a 2,511.67 ± 482.24b -90.77 ± 18.95a

HS 96 1,411.32 ± 294.68b 2,585.71 ± 496.46b -70.96 ± 14.82b

144 1,264.41 ± 264.01b 3,122.74 ± 599.56a -67.74 ± 14.14b

240 1,172.61 ± 244.84b 3,414. 22 ± 655.53a -64.69 ± 13.50b

360 1,506.34 ± 314.52a 2,114.13 ± 405.91bc -58.97 ± 12.31b

HS averages 1,412,39 ± 294.91A 2,455.22 ± 471.40A -79.41 ± 16.58A

*Averages followed by different letters in the same row (a, b) and in the same column (A, B) are different from each other in the Tukey’s test (p < 0.05).

of rigor mortis seems to depend on the intensity and duration of 
pre-slaughter stress.

Postmortem events cause changes in meat texture, which is one 
of the main quality attributes of this product. In post-rigor, these 
changes occur due to autolytic reactions, which at first contribute 
to the tenderization of the meat after the period of cadaveric 
rigidity, but advanced autolysis causes destruction of connective 
tissue during storage, causing softening (Rucinque et al., 2023).

In the current study, the results for texture, namely, compression 
strength, and adhesiveness were compared between groups to 
check whether the slaughtering method would interfere with these 
properties during storage. However, there was no difference between 
the general averages of the treatments for the three texture variables 
(p > 0.05) (Table 3). The compression strength analysis, using a 
texturometer, measures the tenderness of the meat. The higher the 
shear force, the lower the softness (Antiwi-Boasiako & Acheampong, 
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2016). The compression strength values were compared between the 
samples of each group individually, and in all treatments, there was a 
difference (p < 0.05) between the values over time.

It was verified that the animals of AA and EE in 36 h were 
still in total rigor mortis. At this time, a peak was observed in 
the values of compression strength in these two groups, with a 
tendency towards a reduction in this parameter (with an increase 
in tenderness) in the following hours, with a more pronounced 
drop in AA. The AG group went into full rigor mortis before the 
first texture reading, making comparison difficult. On the other 
hand, HS, despite still being rigorous at 36 h, showed greater 
tenderness (p < 0.05) at this time than at the next sampling point, 
48 h, tending to decrease in the later times.

In the AG and AA treatments, there was no significant difference 
in tenderness at the sampling points 24 and 168 h, and despite the 
variations in measurements over time, tenderness did not increase, 
indicating the non-occurrence of autolysis, or microbial degradation. 
For EE, there was a difference (p < 0.05) between 24 and 168 h for 
compression strength, indicating that, at the end, the meat was more 
tender. Incidentally, the graph shows a tendency for EE to have lower 
values compared to the AG and HS groups. Unlike the others, HS 
showed a higher value (p < 0.05) than the 24-h value at the end, 
which may indicate that there was no loss of texture (Table 3).

Considered as a negative force necessary to overcome the 
food’s attraction to another material or surface, the adhesiveness 
parameter in the study did not shown a significant difference 
between treatments (Zhao et al., 2018). However, it can be 
observed that there is a trend towards an increase in the applied 
force for all groups over the course of the experimental days. 
Ocaño-Higuera et al. (2011), in work with slaughter of tambaquis 
by asphyxiation with CO2 and hypothermia stored on ice, recorded 
a significant difference for texture, measured with the force 
parameter, between the slaughters used. Bahuaud et al. (2010) 
state that stressful and time-consuming slaughter methods resulted 
in a smoother (softened) muscle texture and a shorter shelf life in a 
study carried out with salmonids. Tilapias slaughtered with carbon 
dioxide and stored on ice for 17 days showed differences in texture 
results between the days of analysis, for the same slaughter group, 
according to Oliveira Filho et al. (2015).

In the case of stress, the elevation of blood glucose is a typical 
response in fish under this condition (Affonso et al., 2009). 
Glycemia increases in the presence of some stressor to meet the 
greater energy demand, characteristic of unfavorable situations. 
Fish, when subjected to stressful factors, tend to spend their energy 
reserves in an attempt at osmoregulation, escape or breathing, thus 
triggering the glycogen present in the liver, causing an increase 
in blood glucose values. In this study, the glucose values of each 
group did not differ significantly from each other (p < 0.05) (Table 
4). Compared to conventional methods, the pre-slaughter stunning 
process using EE causes less stress to the fish, as Cavali et al. 
(2024) found in the slaughter of pirarucu (Arapaima gigas) in 
Rondônia state, Brazil. Even in cases with a highly balanced and 
standardized diet, very well carried out stunning can make all the 
difference in the quality of fish (Hashimoto et al., 2024).

According to Brandão et al. (2022), the mean glucose values 
in non-stressed tambaquis are 28.67 ± 10.23 mg�dL-1, with 
a range of variation from 13 to 45 mg�dL-1. In this study, the 
averages of the glucose results for all treatments indicate that 
the animals were stressed. This result may be related not only 
to the method of slaughter, but also to the management since 
harvesting. Staurnes et al. (1994) reports that the moment of 
capture of the fish may be responsible for generating intense 
stress to the animals. Chasing animals with nets, putting them 
in direct contact with the net (abrasion) and with other fish, 
exposing the animals to air, and forced swimming comprise a 
sequence of isolated and successive stressor stimuli that generate 
a cumulative stress response (Zuanazzi et al., 2019), which can 
be reflected in glucose values.

Regarding an instrumental colorimetry, the parameters of 
luminosity (L*), chromaticity (a*) (red-green component), and 
chromaticity (b*) (yellow-blue component) were studied. The 
EE and HS treatments expressed the highest average of L* (86.84 
and 85.43, respectively), although the AA and EE treatments 
expressed the highest average of a* (4.55), while the EE and 
HS treatments expressed the highest average of b* (-14.94 
and -12.48, respectively) in relation to the other treatments. 
Furthermore, there was an interaction effect between slaughter 
methods and tambaqui fillets (p < 0.001) (Table 5). That is, in the 

Table 4. Blood glucose (mg•dL-1) averages in tambaqui (Colossoma macropomum) submitted to pre-slaughter stunning methods, ice 
asphyxia (AG), air asphyxiation (AA), electronarcosis (EE), and hypothermia followed by bleeding (HS)*.

Hour
Pre-slaughter stunning methods

CV (%) p-value
AG AA EE HS

0 144.17 ± 44.83a 163.33 ± 47.40a 120.50 ± 59.20a 211.00 ± 84.83a 41.93 0.1508
*Means ± standard deviation followed by different letters are different in Tukey’s test (p < 0.05); CV: coefficient of variation.
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tambaqui submitted to EE and HS, the fillets tended to show a 
lower red color. In view of this, it was found that these methods 
exposed less water and showed the destruction of blood cells, 
allowing better luminosity and preservation of the fillets. It was 
confirmed that in EE method the blood was better drained, which 
promotes the fillet integrity.    

CONCLUSIONS 
Electronarcosis was an excellent pre-slaughter stunning 

method for tambaqui (C. macropomum). The fish subjected to this 
method did not suffer stress during slaughter. Furthermore, during 
the 15 days of refrigerated storage, the fish fillets subjected to EE 
presented better preservation, juiciness and tenderness.
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AG AA EE HS p-value
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Probabilities
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methods (T)
< 0.0001 < 0.0001 < 0.0001 < 0.0001 -

Colorimetry (C) < 0.0001 < 0.0001 < 0.0001 < 0.0001 -
T × C interaction < 0.0001 < 0.0001 < 0.0001 < 0.0001 -

AG: ice asphyxiation; AA: air asphyxiation; EE: electronarcosis; HS: hypothermia followed by bleeding; #averages followed by different letters between period (a,b,c) 
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