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ABSTRACT 

 
This experiment was conducted to study the effect of two slaughter methods on physicochemical characteristics of fillet in 

commercial freshwater farm-Rainbow trout (Oncorynchus mykiss). Forty immature fish were caught and slaughtered by either decapitation 
immediately after capture (Decapitation group; n = 20), and asphyxia in the air (Asphyxia group; n = 20). All Fish were placed on ice for 
30 minutes and then set into a polystyrene tray, wrapped in an oxygen permeable film and stored at 4°C for measurements. pH, texture 
(PND: Penotrometer needle depth in mm), color (luminance: L*, redness: a* and yellowness: b*) and water holding capacity (drip loss, 
thawing loss and cooking loss) were measured in fillet of fish at different times post mortem. At 20 and 45 minutes and 1 hour post 
mortem, pH mean values were significantly lower in Asphyxia Rainbow trout group than in Decapitation group (6.56 ± 0.05, 6.39 ± 0.05 
and 6.26 ± 0.05 Vs 6.71 ± 0.05, 6.63 ± 0.04 and 6.51 ± 0.04 at 20 and 45 minutes and 1 hour post mortem (P < 0.05 and 0.01) respectively. 
However, no differences were detected in the extent of post mortem pH decline between Asphyxia and Decapitation groups (P > 0.05). In 
Decapitation group meat hardness increased significantly (P< 0.05) from 20 minutes to 2 hours post mortem. After that, the tenderness of 
meat increased significantly (P< 0.05) until 10 hours post mortem. In Asphyxia group, meat hardness increased significantly (P< 0.05) 
from 20 minutes to 1 hour post mortem. After that, the tenderness of meat increased significantly (P< 0.05) until 6 hours post mortem. 
These results suggested that Rainbow trout fish killed by asphyxia (higher muscle activity, excitement, pain or suffering before and / or 
during slaughter) had faster glycolysis and resolution of Rigor mortis than those sacrificed by decapitation. Regarding meat quality traits, 
neither the color (L*, a* and b*) nor drip loss (measured at 24 and 48 hours post mortem) and thawing loss were significantly different 
between Asphyxia and Decapitation groups. Whereas, cooking loss and tenderness of cooked meat were significantly different between the 
two groups (Asphyxia and Decapitation groups), (P < 0.05); fish killed by asphyxia had a higher cooking loss and a clearly lower PND 
mean value than those sacrificed by decapitation (19.36 ± 0.95 Vs16.23 ± 0.86 for cooking loss and 16.97 ± 0.45 Vs 18.29 ± 0.52 for PND; 
P < 0.05). Due to the scarcity of information in this area of research, farther investigations are needed to improve the capacity of 
controlling freshwater meat quality.         
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INTRODUCTION 
 

It has been recognized that an increase in 
muscular activity, stress and relative endocrine 
response (epinephrine secretion) induce changes in 
muscle metabolism, mostly in anaerobic glycolysis 
and ATP degradation rate. This can markedly 
influence the onset of Rigor mortis and meat ageing, 
which in turn affects negatively the meat quality and 
durability of the product [23]. Fish stress directly 
before death and or during slaughter can impact meat 
quality, by depleting glycogen before Rigor, leading 
to an earlier Rigor mortis and a rapid post mortem 
pH decline. Rapid post mortem glycolysis, the early 
onset of Rigor mortis and a fast decline in muscle 
pH, while carcass temperatures are still high, 
provoke precipitation of sarcoplasmic and 
myofibrillar proteins (denaturation of proteins: loss 
of functionality and water binding ability) and 
reduction in the water holding capacity leading to a 
soft, pale and exsudative meat [24]. Soft, pale and 

exsudative meat can occur, for example, when the 
capture process is very traumatic (struggling and 
crowding) and fish are left to die in the air by 
asphyxia (characterized by a prolonged suffering 
period before death). Fish stress, hours before death, 
can impact meat quality, by a higher final pH value 
in the muscle, leading to firm and dry meat [24]. 
Firm and dry meat can occur, for example, when 
traumatic pre-slaughter situation lasts for a longer 
time (i.e. repeated catching), the lactic acid produced 
will be gradually cleared from the blood and muscle 
[19], but the energy sources will become gradually 
exhausted.  

Various methods of slaughter are used in fish 
farms; such as death in air or asphyxia (traditionally 
used for capturing fish and consist in leaving fish to 
die out of water), death in ice slurry (immersion in 
water plus ice, fish die of anoxia), CO2 narcosis 
(immersion in water saturated by CO2), electrical 
stunning (1 second of electricity applied across the 
head), percussion (sharp blow to the head 
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immediately after capture) and decapitation. It is 
generally assumed that slaughter methods are 
stressful for fish and can affect negatively meat 
quality in a similar fashion to mammals and poultry 
[13,24]. Because stressors can only be reduced rather 
than completely avoided, slaughtering fish by a 
suitable method (with minimum muscle activity, 
excitement, pain or suffering) is very important to 
provide better meat quality as well as protecting 
animal welfare. Effects of slaughter methods on 
quality have been widely studied in fish. Various 
experiments with the aim of finding a practical low 
stress slaughtering method and the best quality of 
fish fillet meat were carried out by several authors 
[1,32,18]. However, published results on this topic 
appear in some respect contradictory and further 
work in this area of research would be very useful to 
improve the capacity of controlling meat quality in 
fish.    

Therefore, the present experiment was carried 
out to study the effect of two different slaughter 
methods on physicochemical characteristics of fillet 
in commercial freshwater farm-Rainbow trout 
(Oncorynchus mykiss).  

 
Materials and Methods 

 
Fish: 

 
Forty fish "with an average live body weight of 

1.3 +/- 0.16 kg" were randomly trapped and captured 

from a population of 1000 Rainbow trout 
(Oncorynchus mykiss) and used in the present study. 
None of the fish selected were maturing and all had 
been fed a commercial trout diet. They were captured 
by a net and slaughtered by either decapitation 
immediately after capture (Decapitation group; n = 
20) and asphyxia in the air (Asphyxia group; n = 20). 
All Fish of both groups were placed on ice for 30 
minutes and then set into a polystyrene tray, wrapped 
in an oxygen permeable film and stored at 4°C for 
measurements.  

 
Muscle sampling: 

 
The left fillet of each experimental fish was used 

to measure Rigor mortis development: Evolution of 
post mortem pH and raw meat texture and buffering 
capacity, whereas the right fillet was used in meat 
quality measurements; color, water holding capacity 
(drip loss, thawing loss and cooking loss) and cooked 
meat texture. At twenty-four hours post mortem, 
right fillets were removed from the experiment fish. 
Two slices of approximately 105 g each with similar 
size and shape were cut from the right fillet; one slice 
was used for the measurement of color and drip loss 
at 24 and 48 hours post mortem, while the other one 
vacuum- packed and stored in a freezer at - 30°C for 
7 days for the determination of thawing loss, cooking 
loss and texture of cooked meat. Muscle samples 
were obtained as it is shown in Figure 1. 

 
 

 
Fig. 1: Muscle sampling 

 
pH measurements: 

 
At different times post mortem; 20 and 45 

minutes and 1, 2, 6, 10 and 24 hours, muscle slices of 
2 g each were removed from left fillet and 
immediately homogenized in 18 ml of 5 mM 

iodoacetate buffer [16] The pH of the homogenate 
was measured using a portable pH meter (HI 8424 
Microprocessor pH Meter, HANNA Instruments, 
Woonsocket, RI.) equipped with a combined 
electrode. 

 



6406                       R. El Rammouz et al, 2013 /Journal Of Applied Sciences Research 9(10), December, Pages:6404-6413 

 

Buffering capacity: 
 
Samples collected from left fillet at 6 hours post 

mortem were immediately frozen in carbon glass and 
kept at - 30°C until used. Buffering capacity of fillet 
was measured as described by [20]. Muscle sample 
of five grams each were homogenized in 50 mL of 
0.05 M iodoacetate. The pH of the homogenate was 
adjusted to 4.8 with 0.1 N HCl. Then, 200 μL of 0.5 
N NaOH was added every 2 minutes until pH 7 was 
reached. The change in pH value was recorded after 
each addition of NaOH. The buffering capacity was 
calculated as the slope of the titration curve between 
pH 5.2 and 6.5 and expressed as millimoles of H+ per 
kilogram of muscle per unit of pH. 

 
Meat texture measurements: 

 
At 20 and 45 minutes and 1, 2, 6, 10 and 24 

hours post mortem, raw meat texture was measured 
using a penetrometer (interface RS232C) with a 
needle of 2.5 g based on a weight of 47.5 g, thus 
attaining a total weight of 50 g. The penetration was 
carried out on meat slices (3 cm x 2 cm x 1 cm) 
prepared such that the longest dimension was parallel 
to the fiber axis. The slices were placed on a 
horizontal support and the force of the needle was 
applied perpendicularly to the muscle fibers for 5 
seconds [4]. The penetrometer needle depth (PND; in 
mm) was recorded and an average of 3 replications 
by sample was calculated. The same procedure was 
done on meat cooked after 7 days of freezing. 

 
Color measurements: 

 
At 24 and 48 hours post mortem, meat color was 

determined using a chromameter (ADCI - 60 - C). 
The instrument was set to measure using the CIE 
system (International Commission on Illumination; 
abbreviated CIE for its French name) values of 
luminance (L*), redness (a*), and yellowness (b*) 
using illuminate D and 65° standard observer (C. 
I.E., 1978). All measurements (3 replicates on each 
fillet) were carried out on the surface of the right 
fillet, in an area free of obvious color defects (over 
scalding, blood spots, and hemorrhages). 

 
Drip loss: 

 
Drip loss was determined by the method of [21]. 

Right raw fillets were weighed at 24 hours post 
mortem, placed in a polystyrene tray, wrapped in an 
oxygen permeable film and kept at 4°C for the 2nd 
day. Fillets were reweighed at 48 hours post mortem 
and the drip loss was expressed as percentage of 
initial weight. 

 
Thawing and cooking loss: 

 

After 12 hours thawing in a refrigerator at 4°C, 
fillets were taken from bags, dried with filter paper, 
and reweighed before cooking. Thawing loss was 
expressed as a percentage of the frozen weight. 

Cooking loss was determined immediately after 
thawing in meat samples vacuum packed in 
polyethylene bags and cooked in a water bath at 
80°C for 15 minutes (corresponding to an internal 
temperature of 70°C; [15]). Care was taken to ensure 
that all samples were of similar dimensions. Samples 
were cooled for 45 minutes under running tap water 
at room temperature. After that, they were taken 
from the bags, dried with filter paper and weighed. 
Cooking loss was expressed as the percentage loss 
relative to the weight immediately before cooking. 

 
Statistical analysis: 

 
ANOVA was carried out using the GLM 

procedure of SAS [30]. The model included the 
effect of two methods of slaughter. When significant 
effects were recorded, mean values were compared 
using Duncan’s multiple range tests. Significant 
levels were reported at P < 0.05 * and P < 0.01 **. 

 
Results and Discussion 

 
pH changes in post mortem muscle: 

 
Post mortem pH changes in fillet of Rainbow 

trout fish subjected to two different methods of 
slaughter are shown in Figure 2. The rate of post 
mortem pH fall in raw fillet of Rainbow trout was 
significantly higher (P < 0.01) in fish slaughtered by 
asphyxia (Asphyxia group) than those killed 
immediately after capture by decapitation 
(Decapitation group). At 20 and 45 minutes and 1 
hour post mortem, pH mean values were significantly 
lower in Asphyxia Rainbow trout group than in 
Decapitation group (6.56 ± 0.05, 6.39 ± 0.05 and 
6.26 ± 0.05 in Asphyxia group Vs 6.71 ± 0.05, 6.63 ± 
0.04 and 6.51 ± 0.04 in Decapitation group at 20 and 
45 minutes and 1 hour post mortem P < 0.05 and 
0.01). However, the slaughter method did not affect 
the extent of post mortem pH decline; at 2, 6, 10 and 
24 hours post mortem no significant differences in 
pH mean values were found between Asphyxia and 
Decapitation groups. The lack of relationship 
between the rate and the extent of post mortem pH 
fall is not surprising since these two parameters are 
determined by different factors. The extent of post 
mortem pH decline is mainly determined by the 
content of muscle glycogen at slaughter [5] while the 
rate of post mortem pH fall is determined by the rate 
of ATP hydrolysis, as shown by [31] using cell free 
glycolysing system. In agreement with this 
statement, Lowe et al. [17] showed that fish 
(Australasian Snapper fish) exhibiting a high level of 
activity at slaughter time had a faster drop of post 
mortem fillet pH, with a normal extent of pH fall. 
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When studying meat quality in Rainbow trout, Robb 
et al. [27] published that anaesthetized fish show a 
slow rate of post mortem muscle pH fall (starting at 
7.8 ± 0.03 and dropping below 6.60 after 45 hours), 
whereas electro-stimulated fish show a rapid drop in 
pH (starting at 6.7 ± 0.03 and dropping below 6.60 
after 2.5 hours). Indeed, high muscular activity and 
fatigue with catecholamine release (stress hormones: 
epinephrine), as a result of fear and excitement 
(stress), induces an excessive proton H+ and lactic 
acid production in muscle and consequently leads to 
rapid glycolysis and post mortem pH fall [8]. Under 
conditions of our experiment, it could be concluded 
that fish left out of the water to die by asphyxia, 
suffer and exhibit a high level of muscle activity and 
fatigue leading to rapid ATP hydrolysis and post 
mortem pH fall. However, slaughtering methods by 

asphyxia or by decapitation had no effects on 
ultimate pH values in fillet of Rainbow trout because 
no significant differences were recorded in ultimate 
pH values between Asphyxia and Decapitation 
groups. This point needs further investigations in 
Rainbow trout fish, since several studies conducted 
on meat of different species reported that pre-
slaughter stresses affect significantly the ultimate pH 
in duck [9], in Rainbow trout Sebastio et al. [32] and 
Robb et al. [27], in quail Remignon et al. [26]. 
Additionally, it should be noted that, in the current 
study, the apparent ultimate pH of Rainbow trout 
fillet was reached after 2 hours post mortem. Result 
in agreement with the previous finding of  El 
Rammouz et al. [11] who showed that Rainbow trout 
meat pH fall was stabilized at values between 6.30 
and 6.20 after 2 hours post mortem. 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: pH changes in post mortem fillet of Rainbow trout within 2 methods of slaughter (n = 40).  

 
Decapitation = immediately killed after capture; Asphyxia = death in the air. *, ** = P < 0.05 and P < 0.01 

respectively. Vertical bars show SEM. 
 

Rigor mortis and meat ageing: 
 
Figure 3 illustrates post mortem changes of 

meat tenderness in fillet of Rainbow trout subjected 
to two different methods of slaughter. The conditions 
under which PND measurements (Penetrometer 
needle depth) have been performed in the present 
study provide information on Rigor mortis and 
ageing state of the meat. In Decapitation group, meat 
hardness increased significantly (P< 0.05) from 20 
minutes to 2 hours post mortem. After that, the 
tenderness of meat increased significantly (P< 0.05) 
until 10 hours post mortem. At twenty and forty five 
minutes, one and 2 hours post mortem the fillet PND 
mean values were 12.31 ± 0.22, 10.34 ± 0.36, 10.40 
± 0.51 and 10.25 ± 0.50, respectively, with no 
statistical differences between values at 45 minutes, 
1 and 2 hours post mortem. After that, PND values 
increased significantly (P< 0.05) to 11.61 ± 0.18 at 6 
hours post mortem and to 12.74 ± 0.22 and 12.89 ± 
0.26 at 10 and 24 hours post mortem, respectively. In 
Asphyxia group, meat hardness increased 

significantly (P< 0.05) from 20 minutes to 1 hour 
post mortem. After that, the tenderness of meat 
increased significantly (P< 0.05) until 6 hours post 
mortem. At twenty and forty five minutes and one 
hour post mortem the fillet PND mean values were 
11.99 ± 0.22, 10.80 ± 0.26 and 10.70 ± 0.37 
respectively, with no statistical differences between 
values at 45 minutes and one hour post mortem. 
After that, PND values increased significantly (P< 
0.05) to 11.47 ± 0.39 and 12.58 ± 0.22 at 2 and 6 
hours post mortem and to 12.75 ± 0.22 and 13.01 ± 
0.51 at 10 and 24 hours post mortem, respectively. 
These findings suggested that the time of Rigor 
mortis establishment in fillet of Rainbow trout is 
shorter when fish are killed by asphyxia than those 
slaughtered immediately after capture by 
decapitation (one hour Vs 2 hours post mortem, 
respectively). This result was consistent with the 
finding that the rate of post mortem pH fall was 
higher in fish killed by asphyxia than in Decapitation 
group (see Figure 2). Furthermore, the current result 
is in agreement with the observation of Sebastio et 
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al. [32] who reported that Rainbow trout fish killed 
by asphyxia showed a shorter rigor mortis than those 
slaughtered by CO2 narcosis and percussive and 
electrical stunning. Indeed, when anaerobic 
glycolysis ceased, the pH decline stop as well as the 
producing of adenosine triphosphate (ATP); actin 
and myosin form rigid chain causes stiffness and 
inextensible state of muscle [3]. The moment at 
which this state is reached depends on the metabolic 
state of the muscle at death and the post mortem 
glycolytic rate in the muscle [13]. Increasing 
exercise, immediately ante mortem, induces rapid 
glycolysis and post mortem pH fall and consequently 
leads to a faster onset and establishment of Rigor 
mortis [6,33,23]. In the present trial, it could be 
hypothesized that fish left to die by asphyxia, suffer 
and exhibit a high level of muscle activity leading to 
rapid ATP hydrolysis, post mortem pH fall and Rigor 
mortis establishment. Such observations have been 
reported in fillet of Rainbow trout by Robb et al. [27] 
who claimed that onset and establishment of Rigor 
mortis are faster in electro-stimulated than 

anesthetized fish. Moreover, in a study conducted on 
Rainbow trout and Mirror carp physical quality, 
Duran et al. [10] showed that onset and 
establishment of Rigor mortis are faster in fish killed 
by asphyxia than those sacrificed by decapitation.  

After the establishment of Rigor mortis, meat 
ageing occurs. In contradiction with the Rigor, meat 
ageing or maturation of meat is associated with an 
improvement in tenderness [25]. In the present study, 
the effect of two slaughter methods on meat ageing 
in fillet of Rainbow trout was studied. Current results 
showed that, in Decapitation group, meat maturation 
occurs at about 2 hours post mortem and finishes at 
10 hours after death. Whereas, meat ageing begins at 
one hour post mortem and achieves at 6 hours after 
death in Asphyxia group (see Figure 3). However, no 
differences were detected in the extent of meat 
maturation between Asphyxia and Decapitation 
groups; at 10 and 24 hours post mortem no 
significant differences in PND mean values were 
found between Asphyxia and Decapitation groups.

 
 

 
 
Fig. 3: Post mortem changes of meat tenderness in fillet of Rainbow trout within 2 methods of slaughter 
            (n = 40).  

Decapitation = immediately killed after capture; Asphyxia = death in the air; PND = Penetrometer Needle 
Depth. a- c different letters indicate significant differences (P< 0.05). Vertical bars show SEM. * = P < 0.05. 
 

To the best of our knowledge, previous data on 
this subject are scarce in fish. Recently, El Rammouz 
et al. [11] stated that meat ageing of Rainbow trout, 
killed and eviscerated immediately after capture, 
occurs in the early stage of post mortem storage (2 to 

5 hours after death) and achieved at about 10 hours 
post mortem. However, these authors did not study 
the effect of slaughter methods or/ and slaughter 
stresses on Rigor mortis and meat ageing. In Awassi 
sheep, El Rammouz et al. [11], (unpublished data) 
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did not find a clear effect of ante mortem stresses on 
Rigor mortis and meat ageing of Biceps femoris 
muscle.     

 
Meat quality traits: 

 
Color measurements (CIE: L*, a* and b*) in raw 

fillet of Rainbow trout within the two methods of 
slaughter (Decapitation and Asphyxia) are shown in 
Figure 4. The Luminance of meat (L*), indicating 
superficial light scattering, generally depends on the 
rate and extent of post mortem pH fall. Whereas, the 
a* / b* ratio, considered as an indicator of myoglobin 
oxidation  is related, in part, to the rate of post 
mortem pH fall and is generally decreased in fast 
glycolysis [29]. When the rate of post mortem pH fall 
increases and ultimate pH decreases, the luminance 
(L*) and the yellowness (b*) values increase, 
contributing to a paler appearance of the meat 
[22,12]. Warriss [34] reported that L* and b* values 
are increased in red meat animals subjected to high 
levels of muscle activity prior to slaughter. This 
author asserted that, in stressed animals, rapid post 
mortem glycolysis and fast decline in muscle pH 
when carcass temperatures are still high result in 
extensive protein denaturation, a poor water holding 
capacity and consequently paler appearance of the 
meat with higher L* an b* values. In agreement with 
this assertion, Robb et al. [27] claimed that electro-
stimulated Rainbow trout exhibit significant higher 
L* values than anesthetized fish. However, when 
studying effect of different slaughter methods on 
product quality in Catfish, Boggess et al., [7] did not 
show significant differences in L* values between 
fish killed in ice slurry or by electric chock. 
Similarly, Scherer et al. [28] also found no effect of 
slaughter methods on L* and a* values in Grass carp 
stored in ice. The present work showed that 
trichromatic coordinates (L*, a* and b*) and a* / b* 
ratios were not related to the rate of post mortem pH 
fall. Although the rate of post mortem pH decline 
was higher in Asphyxia group than Decapitation 
group, slaughter methods (Decapitation and 
Asphyxia) did not affect trichromatic coordinates 
(L*, a* and b*) and a* / b* ratios. The lack of 
relationship between the rate of post mortem muscle 
pH fall and CIE color readings (L*, a* and b*) 
throughout the current experiment is unknown. Due 
to the scarcity of information in this area of research, 
further investigations are needed to determine the 
relationship between color and the rate and the extent 
of post mortem pH fall in fillet of rainbow trout.  

Experimental results obtained on water holding 
capacity of meat in Rainbow trout subjected to two 
slaughter methods are presented in Table 1. Exposing 
fish to acute stress just before death or / and during 
slaughter, can impact meat quality, leading to an 

earlier Rigor and a rapid post mortem pH fall. 
Accelerated pH decline causes precipitation of 
sarcoplasmic and myofibrillar proteins (loss of 
functionality and water binding ability) leading to 
reduction in water holding capacity [24]. When 
studying impact of slaughter methods on meat 
quality in freshwater fish (trout, carp and eel), Marx 
et al. [18] reported similar results of Poli et al. [24]. 
They observed a rapid pH decline and a low water 
holding capacity in fish killed after CO2 narcosis 
than those sacrificed after anesthetizing. In the 
present work, drip loss (measured at 24 and 48 hours 
post mortem) and thawing loss were not influenced 
by the slaughter method. However, cooking loss was 
significantly higher in fillet of fish killed by asphyxia 
than those sacrificed by decapitation immediately 
after capture (19.36 ± 0.95 and 16.23 ± 0.86; P < 
0.05). The only explanation for this surprising result 
is that the effect of the rate of post mortem pH 
decline on cooking loss was exacerbated by our 
experimental cooking conditions leading to a higher 
cooking loss in Asphyxia group than in Decapitation 
group. 

Results illustrating PND cooked meat values 
within the two methods of slaughter under this study 
are presented in Figure 5. These data indicate that 
PND values of cooked meat were significantly 
different between the two methods of slaughter (P < 
0.05). Fish killed immediately after capture by 
decapitation (Decapitation group) had a clearly 
higher PND mean value than those sacrificed by 
asphyxia (Asphyxia group), (18.29 ± 0.52 Vs 16.97 ± 
0.45; P < 0.05). In agreement with the result of the 
present experiment, Poli et al. [24] published that 
stresses prior to slaughter affected negatively the 
texture of meat in fish. Ang and Haard [2] and 
Foegeding et al. (1996) reported that the rate of post 
mortem pH decline is very important since rapid pH 
fall causes poor water holding capacity and soft 
texture of fish meat. However, it is worth to mention 
that in the present trial high muscle activity prior to 
slaughter (Asphyxia group) affects only the 
tenderness of cooked meat; no significant differences 
in PND values of raw fillet texture were recorded 
between Asphyxia and Decapitation groups (see 
Figure 3). To the best of our knowledge, 
experimental data concerning the effect of slaughter 
methods on cooked meat tenderness in fillet of 
Rainbow trout are scarce. Recently, El Rammouz et 
al. [11] examined the effect of sex and live body on 
texture of cooked fillet in Rainbow trout. However, 
these authors did not study the effect of stress before 
and during slaughter on tenderness of cooked meat. 

Finally, Table 2 shows the influence of two 
different slaughter methods on all parameters 
measured under the present study. 
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Fig. 4: Effect of two methods of slaughter on color of raw fillet in Rainbow trout (n = 40).  
Decapitation = immediately killed after capture; Asphyxia = death in the air; L*, a*, b* = CIE luminance, 

redness and yellowness of filet; p.m. = post mortem. Vertical bars show SEM.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Fig. 5: Effect of two methods of slaughter on tenderness of cooked meat in fillet of Rainbow trout (n = 40). 

Decapitation = immediately killed after capture; Asphyxia = death in the air; PND = penetrometer needle 
depth. a- b different letters indicate significant differences (P< 0.05). Vertical bars show SEM. 

 
Table 1: Effect of two different slaughter methods on water holding capacity (WHC) of meat in Rainbow trout (n = 40)1. 

WHC variables Significance Slaughter method 
Decapitation Asphyxia 

Drip loss 24 h p.m. (%) 
Drip loss 48 h p.m. (%) 
Thawing loss (%) 
Cooking loss (%) 

0.56±0.06 
1.73± 0.19 
2.58±0.30 
16.23±0.86a 

0.58±0.04 
1.63±0.11 
2.58±0.19 
19.36±0.95b 

NS 
NS 
NS 
* 

 1 Values are means ± SEM (Standard error of the mean); WHC = water holding capacity; Decapitation = immediately killed after capture; 
Asphyxia = death in the air; h = hours; p.m. = post mortem. a- b Means within a row with differing letters are significantly different; * = P < 
0.05; NS = Not Significant.   

 
Table 2: Influence of two different slaughter methods on physicochemical characteristics of fillet in Rainbow trout (n = 40). 

Variables1 Different slaughter methods (Decapitation / Asphyxia) 

 At 20 minutes 
Post mortem pH 

 At 45 minutes 
 At 1 hour 
 At 2 hours 
 At 6 hours 
 At 10 hours 
 At 24 hours 

 
* 
** 
** 
NS 
NS 
NS 
NS 
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 At 6 hours p.m. 
Buffering capacity 

 PND at 20 minutes  
Raw meat texture 

 PND at 45 minutes 
 PND at 1 hour 
 PND at 2 hours 
 PND at 6 hours 
 PND at 10 hours 
 PND at 24 hours 

 L*  
Meat color at 24 hours p.m. 

 a*  
 b* 

 L* 
Meat color at 48 hours p.m. 

 a* 
 b* 

 Drip loss at 24 hours p.m. (%) 
WHC variables 

 Drip loss at 48 hours p.m. (%) 
 Thawing loss (%) 
 Cooking loss (%) 

PND 
Cooked meat texture 

 
NS 
 
NS 
NS 
NS 
* 
* 
NS 
NS 
 
NS 
NS 
NS 
 
NS 
NS 
NS 
 
NS 
NS 
NS 
* 
 
* 

1 Decapitation = immediately killed after capture; Asphyxia = death in the air; PND = Penetrometer Needle Depth (in mm); L*, a*, b* = CIE 
luminance, redness and yellowness of filet; WHC = Water Holding Capacity. ** P < 0.01; * P < 0.05 and NS = P > 0.10.   

 
Conclusion: 

 
Results of this study showed the effect of two 

slaughter methods on the rate and the extent of post 
mortem muscle pH fall, Rigor mortis, meat ageing 
and meat quality in fillet of Rainbow trout. The 
present work indicated that fish killed by asphyxia 
exhibit a significantly high rate of post mortem pH 
fall than Rainbow trout fish sacrificed by 
decapitation; however, no differences were detected 
in the ultimate pH between the two methods of 
slaughter under the present experiment. Moreover, 
fish killed by asphyxia (Asphyxia group), had faster 
Rigor mortis and meat ageing than those sacrificed 

immediately after capture by decapitation 
(Decapitation group). Concerning meat color and 
water holding capacity, our study did not support the 
hypothesis that fast drop of post mortem pH causes 
high values of L* and b* and poor water holding 
capacity. Only, meat cooking loss was significantly 
affected. Finally, the current experiment showed that 
high muscle activity before and / or during slaughter 
(Asphyxia group) affects negatively the tenderness of 
cooked meat in fillet of Rainbow trout. Due to the 
scarcity of information in this area of research, 
further investigations are needed to improve the 
capacity of controlling freshwater meat quality.

         
Abbreviations: 

a* 
ATP 
b* 
CIE 
L* 
p.m. 
PND 
SEM 
WHC 

CIE redness value 
Adenosine triphosphate 
CIE yellowness value 
International Commission on Illumination; Commission internationale d'éclairage 
CIE Luminance (lightness) value 
Post mortem 
Penetrometer needle depth 
Standard error of the mean 
Water holding capacity 
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