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1 Introduction
Tambaqui is the main fish species reared in the Amazon. 

It exhibits desirable farming characteristics, such as consuming 
artificial feed and exhibiting satisfactory growth rates and food 
conversion indexes. In addition, its rusticity is particularly 
important in waters with low levels of dissolved oxygen and high 
temperatures. Tambaqui is one of the most commonly consumed 
species in Amazonian fish markets, especially in Manaus, the 
largest urban center, and projections indicate growth in both 
regional and global demand (Freitas  et  al., 2014). Therefore, 
the industrial production of tambaquis for export markets is 
expected to increase, requiring proper quality control throughout 
the productive cycle, especially in fish transport from the field 
to the industrial plant.

The main method used to slaughter farmed tambaquis is 
post-harvest asphyxia, after which fish are transported in ice-filled 
containers directly to the market or industrial plant. According 
to a number of authors (Acerete  et  al., 2009; Gatica  et  al., 
2010; Viegas et al., 2012; Oliveira et al., 2015), this procedure 
is inadequate because to cope with stress incurred before and 
during the ordeal, fish deplete energy reserves that should be 
used in postmortem metabolism, which may compromise the 
preservation of meat freshness and quality. The present study 
evaluated pre-slaughter tambaqui response to stress and assessed 
the consequences in fish slaughtered by asphyxia or hypothermia, 

storing fish in ice and accompanying rigor mortis and changes 
in quality parameters. The information obtained will be useful 
for both industry and the fresh meat market, which consumes 
fish stored in ice.

2 Material and methods
2.1 Test fish

One hundred and twenty juvenile tambaquis (Colossoma 
macropomum) with mean weight 246 ± 58 g and mean length 
25 ± 2 cm, from the Fish Culture Station of Balbina (AM) 
were stocked in 1000 m2 dugout pond at the Western Amazon 
Embrapa (Brazilian Corporation of Agricultural Research) 
facilities for 9 months. The water column was kept level by 
replacing losses from evaporation and infiltration. Fish were 
fed to apparent satiation twice a day until they reached around 
1.6 kg body weight. The commercial feed used contained 28% 
crude protein. Feeding stopped 2 days before fish were harvested 
with a 25 mm-mesh fishing net.

2.2 Experimental design

During harvest, 6 fish randomly collected from the fishing 
net were used for blood sampling (Harv. group). The remaining 
fish were placed in a 1000-L tank supplied with an air stone and 
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Abstract
Tambaqui is the main fish species farmed in the Amazon. It is produced on industrial scale, slaughtered in the field, primarily 
by post-harvest asphyxia. This procedure, however, is stressful because it depletes energy reserves that should be used in 
postmortem metabolism, which may compromise fish meat freshness and quality. The present study compared the quality of 
tambaquis slaughtered by asphyxia, the conventional industrial method, and hypothermia. Tambaquis weighing around 1.6 kg 
were harvested from dugout ponds, transported to experimental tanks and allowed to recover from transport stress for 48h. 
Biological parameters of fish were evaluated alive post- harvest (Harv), transport (Tr) and recovery (Rc), and postmortem 
analysis was performed in fish slaughtered by asphyxia (Asph) or hypothermia (Hyp) after transport and recovery. Initial 
observations showed that the content of total volatile nitrogen bases (TVB-N) and pH were higher in fish killed by asphyxia. 
Sensory analysis indicated that the quality of fish slaughtered immediately after transport was lower than in fish allowed to 
recover from pre-slaughter stress. The results suggest that recovery from pre-slaughter stress contributes to preserving meat 
freshness and quality in tambaquis slaughtered on an industrial scale, but other studies are required to determine the feasibility 
of this recommendation.
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Practical Application: This study contributes to the adoption of practices that promote humanitarian management.
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oxygen regulator coupled to a cylinder and transported by truck 
for nearly 2h to the Aquaculture Station of the National Institute 
of Amazon Research (INPA). Immediately upon arrival, 6 fish 
were rapidly removed from the transport tank with a dip net for 
blood sampling (Tr group); 18 fish were collected and slaughtered 
by hypothermia, in an ice bath (Tr/Hyp group); and 18 were 
slaughtered by asphyxia, in a polystyrene foam container placed 
in a shaded area (Tr/Asph group). Six fish from each group were 
used for blood analysis, 5 to investigate for rigor mortis and 7 for 
sensory analysis, and to determine pH and total volatile nitrogen 
bases (TVB-N). The remaining fish were held in circular 5000L-glass 
fiber tanks, supplied with water in a closed system with continuous 
aeration, for 48 h to allow recovery from pre‑slaughter stress. 
Following recovery, 6 fish were rapidly collected with a dip net 
for biological material sampling (Rc group), 18 were slaughtered 
by hypothermia (Rc/Hyp group) and 18 by asphyxia (Rc/Asph 
group). The same physiological parameters analyzed for fish 
slaughtered before recovery were evaluated in post-recovery 
fish. The remaining fish were released into a dugout pond at the 
aquaculture station to be used as breeders.

2.3 Blood analysis and stress evaluation

Fish blood sampled at each management phase 
(Harv, Tr and Rc groups) were collected from the caudal vein 
with syringes rinsed with 3% EDTA. Blood taken from 6 fish of 
each group (Tr/Hyp, Tr/Asph, Rc/Hyp and Rc/Hyp), immediately 
after their death, was analyzed for illustration purposes and not 
for statistical comparison with that of live fish. Blood samples 
were centrifuged at 12000 g for 3 min to separate serum, which 
was stored at –20 °C until they were analyzed. Serum samples 
were used to determine cortisol using the ELISA kit, glucose 
(Trinder, 1969), lactate (Harrower & Brown, 1972), protein 
(Lowry et  al., 1951), ammonia (Gentzkow & Masen, 1942), 
sodium and potassium (flame photometer) and plasma chloride 
(American Public Health Association, 1980).

2.4 Rigor mortis

After death was confirmed, the fish were taken to the Fishery 
Technology Laboratory of INPA and kept in ice in polystyrene 
foam boxes. Five fish from each slaughter method (hypothermia 
or asphyxia) and management phase (post-transport and 
post‑recovery) were separated for rigor mortis examination. 
The specimens were identified with label strings and kept in ice. 
The progression of rigor mortis was observed immediately after 
slaughter and every 15 min to determine the time of rigor onset 
and to monitor it until it reached maximum stiffness (100%). 
After reaching 100% rigor, dead fish were checked daily until 
rigor resolution. Rigor index was measured from body flexion. 
To that end, each fish was placed on a flat-surfaced table, fixing 
the body from the head to the pelvic fin and setting the posterior 
portion of the body free. The length of body flexion in relation 
to the flat surface was measured with a ruler and set square, as 
described by Bito et al. (1983).

2.5 Fish quality

Sensory analysis evaluated 7 fish killed by each slaughter 
method and sampling phase (Tr/Asph, Tr/Hyp, Rc/Asph and 
Rc/Hyp). After slaughter, fish were kept in ice until muscle pH and 

total volatile nitrogen bases (TVB-N) were measured every seven 
days, for 49 days. Physical sensory analysis was performed by a 
trained panel that evaluated changes in the general appearance of 
the fish (skin, scales, texture, stiffness, elasticity and odor), eyes 
(transparence and shape) and gills (color and odor). Sensory 
analysis was performed according to the Quality Index Method 
(QIM), using a sensory evaluation table modified according to 
Larsen et al. (1992) and Herrero et al. (2003). Each attribute was 
scored, and specimens were classified in accordance with their 
total scores. The maximum score was 16 and indicated that the 
fish was unsuitable for consumption.

Muscle pH was determined in triplicate. To that end, 
10 g of skinned muscle from each specimen was ground and 
homogenized with 100 mL of distilled water and the solution was 
read in a digital pH meter. For TVB-N determination, also in 
triplicate, 10 mL-aliquots of ground muscle samples were placed 
into micro Kjeldahl distillation flasks coupled to a distillation 
set and boiled for 8 min. The distillate was transferred to a 4% 
boric acid solution and added with methyl red and bromocresol 
green indicators. The bases were titrated with 0.02 M chloride 
acid solution. The procedures were performed according to the 
Manual of Analytical Methods of the Instituto Adolfo Lutz (2008).

2.6 Ethical and legal aspects

The study was approved by the Animal Experimentation 
Ethics Committee of the National Institute of Amazonian 
Research (CEUA/INPA, protocol 073/2012).

2.7 Statistical analysis

Data were analyzed using ANOVA, and significant differences 
between means were contrasted by the Tukey test. The significance 
level was set at a p-value of 0.05.

3 Results
No fish mortality was observed as a function of management 

practices used (harvesting, transport and recovery). An increase 
in cortisol levels was observed in fish sampled after harvest (Harv) 
and transport (Tr), and a decrease in fish allowed 48h-recovery 
(Rc). Glucose levels were high after 2 h transport (Tr), and lactate 
levels were high after harvest (Harv) and slightly lower after 
transport (Tr) and recovery (Rc). Plasma ammonia was high 
after transport (Tr), and low in protein and plasma chloride. 
Plasma sodium was high after transport (Tr) and lower after 
48h-recovery (Rc).

Low cortisol levels were detected in groups slaughtered by 
asphyxia (Tr/Asph and Rc/Asph). Tr/Hyp fish exhibited higher 
plasma parameter values, especially cortisol and glucose, compared 
to their Harv counterparts. Rc/Hyp fish also showed higher 
blood parameter values compared to those of Harv, especially 
cortisol (Figure 1 and Table 1).

Fish from the different groups reached 100% rigor mortis at 
different times: 1h in Tr/Asph; 1:15 h in Tr/Hyp; 2h in Rc/Asph 
and 4h in Rc/Hyp. It is important to highlight that fish slaughtered 
both after transport and recovery took 3h to die from asphyxia 
and only 10 min from hypothermia. Rigor mortis resolution was 
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observed after 11 days in Tr/Asph, 20 days in Tr/Hyp, 18 days 
in Rc/Asph and 30 days in Rc/Hyp (Table 2).

Muscle pH did not show significant variations as a function 
of slaughter method, although a slight pH increase was detected 
in fish subjected to hypothermia. On the other hand, fish 
slaughtered after transport exhibited pH above 6.5 at 28 days 
post-slaughter, while those allowed stress recovery reached a pH 
of 6.4 after 42 days. After recovery, fish slaughtered by asphyxia 
or hyperthermia showed pH above 6.5 at 49 days post-slaughter 
(Figure 2).

In sensory analysis, the scores for Tr/Asph fish increased 
at the beginning of observations. From 21days post-slaughter 
onward, Tr/Hyp scores resembled those of Tr/Asph, and both 

Figure 1. Cortisol, glucose and lactate levels in tambaquis after 
pre‑slaughter harvest (Harv), transport (Tr) and recovery (Rc) and 
slaughter by asphyxia (Asph) or hypothermia (Hyp). Different letters 
indicate a significant difference (p < 0.05) between the treatments with 
live fish (Harv, Tr, Rc), before slaughtering.

Figure 2. Muscle pH, sensory analysis and total volatile nitrogen bases 
(TVB-N) in tambaquis stored in ice. Fish were slaughtered by asphyxia 
(Asph) or hyperthermia (Hyp) after subjected to transport stress (Tr) 
and 48h recovery (Rc). 

Table 1. Plasma Na, Cl, K, protein and ammonia levels in tambaquis 
subjected to pre slaughtering harvest (Harv), transport (Tr) and 
post‑transport recovery (Rc) and after slaughtering by asphyxia (Asph) 
or hyporthemia (Hyp).

mEq/L g/dL umol/mL
Na Cl K protein ammonia

Harv1 46 ± 9 113 ± 6 2 ± 1 3 ± 1 2.6 ± 0.3a

Tr1 49 ± 7 107 ± 7 2 ± 1 3 ± 1 3.2 ± 0.3b

Tr/Asp 47 ± 5 86 ± 19 1 ± 0 3 ± 1 4.1 ± 0.3
Tr/Hyp 62 ± 8 101 ± 19 2 ± 1 3 ± 0 3.7 ± 0.4
Rc1 41 ± 6 118 ± 2 1 ± 1 4 ± 1 3.1 ± 0.3a

Rc/Asph 49 ± 8 112 ± 8 1 ± 0 3 ± 1 5.0 ± 1.0
Rc/Hyp 108 ± 19 116 ± 7 5 ± 1 3 ± 1 3.2 ± 0.4
1Different superscript letters in a column indicate significant differences among treatments 
with live fish (Harv, Tr, Rc) (ANOVA, p < 0.05).
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reached the maximum level of 16 points at 49 days post-slaughter 
(Figure  2). Rc/Asph fish also showed a more pronounced 
score progression at the beginning of observations. At 42 days 
post-slaughter, Rc/Asph and Rc/Hyp fish obtained the same 
scores. At the end of observations (49 days post-slaughter), fish 
that underwent recovery were still suitable for consumption, 
irrespective of the slaughter method.

The TVB-N levels indicated lower quality in fish slaughtered 
by asphyxia, since these fish were kept in ice until the end of 
observations (49 days), when the limit established by RIISPOA 
(30 g kg–1 TVB-N) was reached in both Tr/Asph and Tr/Hyp 
fish. On the other hand, Rc/Hyp showed acceptable TVB-N 
(25 g kg–1 TVB-N) at 49 days post-slaughter (Figure 2).

4 Discussion
Although transport is the most stressful management practice 

for fish, it is necessary for hatchery operations (Gomes et al., 
2003; Mendes et al., 2015). The tambaquis evaluated showed a 
stress response to transport, and were slaughter in that condition. 
Therefore, to neglect the pre-slaughter physiological condition 
of fish may compromise the quality of their meat, as described 
by Erikson et al. (2012). The stress condition begins as soon 
as the nervous system detects one or more adverse stimuli 
that can impair animal equilibrium with the environment. 
Two physiological axes are activated, the brain-pituitary-interrenal 
axis and the brain‑sympathetic chromaffin cell axis. Cortisol and 
catecholamines are released into the blood stream and start the 
metabolic production of extra energy for escape or adaptation 
to farming conditions (Iwama  et  al., 2004). As a result, fish 
slaughtered just after transport show lower quality (Viegas et al., 
2012) in terms of the stress indicators evaluated (plasma cortisol, 
glucose, lactate, ammonia, protein, sodium, chloride and 
potassium) and rigor mortis development (Acerete et al., 2009; 
Mendes et al., 2015).

The most intense changes in stress indicators were observed 
in fish slaughtered post-transport and by asphyxia (Tr/Asph). 
The Tr/Asph fish dehydrated because of prolonged exposure to 
air, which led to an increase in plasma sodium and potassium 
levels and a decrease in chloride levels. Dehydration also increased 
plasma ammonia, since it cannot be excreted out of water. 
Plasma cortisol levels in fish subjected to asphyxia were very low, 
because chromaffin cells likely collapsed during the extended 
time required for death (3h). The high cortisol levels observed 
immediately after transport (Tr) were probably metabolized, and 

the tambaquis did not release any more of this substance into 
the blood stream (by chromaffin cells) during exposure to air. 
The increase in plasma cortisol and glucose observed in tambaquis 
slaughtered by hypothermia, post-transport or post‑ recovery, 
confirms that fish slaughtered by asphyxia suffered from overall 
failure of chromaffin cells.

Rigor mortis initiates when muscle ATP falls to a critical level, 
and myofibrillar actin and myosin bind, forming actomyosin 
complexes that produce irreversible muscle contraction, which 
is the classic characteristic of this condition (Pate & Brokaw, 
1980; Knowles  et  al., 2008). In tambaquis, post-transport 
recovery seems to be necessary, given that fish slaughtered by 
hypothermia after recovery required 4 h to enter rigor mortis, 
whereas those killed post-transport took 1 h using asphyxia 
and 1:15h using hypothermia, also as obtained by Mendes et al. 
(2015). According to Boggess et al. (1973), the chemical reactions 
in muscle caused by pre-slaughter stress accelerate rigor mortis 
development in fish. Although the post-transport slaughter 
method also affected tambaqui rigor mortis, transport stress 
recovery is beneficial (Gatica et al., 2008) even for fish killed 
by hypothermia. Indeed, fish that underwent recovery achieved 
rigor resolution in 30 days, whereas those killed by post-transport 
asphyxia exhibited it in only 11 days.

Muscle glycogen reserves in fish under stressful conditions 
such as transport usually decline due to excessive locomotion of 
animals attempting to escape, reducing post-mortem latic acid 
accumulation, accelerating pH change to neutral and favoring 
protein-degrading enzyme activity. The pH value of fish intended 
for human consumption must be lower than 7. The pH value of 
marketed tambaquis varies from 6.2 to 6.5 (Mendes, 2013) and 
increases with quality loss. Other studies, however, suggest that 
pH is not an efficient indicator of fish quality if analyzed alone 
(Fontes et al., 2007). Indeed, in the present study, evaluation 
of this parameter alone is not sufficient to indicate the most 
suitable slaughter method, since groups killed by asphyxia or 
hypothermia exhibited a low variation in pH values. Nevertheless, 
fish slaughtered immediately after transport showed pH above 
6.5 at 28 days post-slaughter, whereas fish allowed to recover 
from transport stress obtained this level after 49 days of storage.

Batista et al. (2004) observed that farmed matrinxãs kept in 
ice initially exhibited lower pH values, increasing after 6 days. 
Almeida et al. (2006) observed pH between 6.07 and 6.66 in 
farmed tambaquis kept in ice for 43 days, with a small variation 
in the first days of storage and a significant increase after 19 days. 
Similar results were also observed by Concollato et al. (2016) 
and Castro et al. (2016). The increase in pH is likely related 
to the accumulation of basic substances such as ammonia 
and trimethylamine, which are produced by microorganism 
development in fish (Huss, 1998).

The total content of basic volatile compounds in fish is usually 
low in the early days of storage, increasing rapidly with loss in 
fish quality (Huss, 1998), as observed in fish from all the study 
groups. Tambaquis slaughtered by asphyxia, however, exhibited 
higher TVB-N than those killed by hypothermia. In all the groups, 
TVB-N increased moderately until 14 days post-slaughter, and 
although this increase was gradual until 42 days, it was higher 
in the group killed by asphyxia, showing the disadvantage of 

Table 2. Rigor mortis of tambaquis slaughtered after transport (Tr) 
stress and recovery (Rc). Fish were slaughtered by asphyxia (Asph) or 
hypothermia (Hyp).

Slaughter Mode
Rigor mortis

Onset (h) Resolution (days)
Tr/Asph 1:00a 11a

Tr/Hyp 1:15a 20b

Rc/Asph 2:00b 18b

Rc/Hyp 4:00c 30c

Different superscript letters in a column indicate significant differences among treatments 
(ANOVA, p < 0.05).
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this method. Thereafter, TVB-N in fish killed by post-transport 
hypothermia was close to that of fish killed by asphyxia, and 
at 49 days fish from the three groups (Tr/Asph, Tr/Hyp and 
Rc/Asph) were unsuitable for consumption, exhibiting TVB-N 
greater than 30 g kg–1, the limit determined by RIISPOA (Brasil, 
2001). On  the other hand, fish slaughtered post-recovery by 
hyperthermia were still acceptable since they contained TVB-N 
25 g kg–1. Almeida et al. (2006) report acceptable TVB-N values 
in 2.5 kg tambaquis 37 days after slaughter by post-harvest 
hypothermia, but after 46 days of ice storage, the mean TVB-N 
value was 35  g kg–1. Mendes (2013) found a TVB-N variation in 
tambaquis, increasing from 15.14 to 32.19 g kg–1 TVB-N at 35 days 
of ice storage, similar to that reported by Almeida et al. (2006).

Sensory analysis showed that the quality of the tambaquis 
slaughtered by asphyxia was lower after 7 to 21 days of storage. 
After 28 days, fish killed by hypothermia after transport (Tr/Hyp) 
exhibited higher scores in sensory analysis than those killed by 
asphyxia after recovery (Rc/Asph). Thereafter, scores increased 
gradually in all treatments, until the end of observations.

Considering the stress indicators evaluated and tambaqui 
meat quality, a period of recovery from transport stress and the 
use of hypothermia as a slaughter method are procedures that 
preserve quality and extend the shelf life of farmed tambaquis, 
delaying rigor mortis resolution by nearly 20 days and promoting 
better storage conditions.

5 Conclusions
The applicability of the recommendations in the field must 

be further investigated, but the findings of the present study 
contribute to the adoption of practices that control raw matter 
quality and promote humanitarian management.
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