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Results show resting time of 4 to 8 hours produces higher
quality fillets, longer pre-rigor mortis

Results of this study showed that a resting time of 4 to 8 hours
produces fillets with higher quality and greater length of the pre-rigor
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mortis period in the South American catfish surubim.
Photo by CHUCAO / CC BY-SA
(https://creativecommons.org/licenses/by-sa/3.0).

In aquaculture, the procedures involved in pre-slaughter management are recognized as a critical point in the
management of fish welfare and have important effects on meat quality. In the pre-slaughter period, fish are stocked
at high densities and activities associated with harvest, crowding and transport to the processing plant can result in
stress from increased physical activity.

The excess activity that occurs during fish handling can promote changes in respiratory responses, causing
secondary adverse reactions such as acidosis [process that causes increased acidity in blood and other body tissues]
and osmotic stress [physiological disfunction which causes a rapid change in the movement of water across cell
membranes] due to respiratory arrest and insufficient gas and ion exchange between blood and water. Various
physiological factors are used to determine the degree of stress in animals.

Stress can make the metabolism more anaerobic, leading to a faster decrease in pH and the early onset of rigor
mortis. This is a harmful factor for the fish industry, because fish filleting can only be done properly when the fish is in
pre- or post-rigor condition. The onset and the strength of rigor mortis affect the fillet quality, due to faster autolysis
[or self-digestion, the destruction of a cell through the action of its own enzymes] and greater ruptures in connective
and muscle tissues, factors that lead to the incidences of gaping, changes in color, juiciness, softness and reduced
water holding capacity, thus reducing the shelf life of the product.

Surubim (Pseudoplatystoma spp.) are South American catfishes with increasing aquaculture importance. Their
average carcass yield is very high at 69.93 + 1.61 percent. There are no studies on their metabolic responses to
intensive management practices in aquaculture.

This article — adapted and summarized from the original (https:/doi.org/10.1371/journal.pone.0233636) — assessed
the respiratory dynamics related to the parameters of stress and time of rest before slaughter to the instrumental
measurements of the quality of surubim (Pseudopatystoma spp.) fillets.

Study setup

In this study, specimens of surubim hybrids (P, reticulatumx P. corruscans) were used with an average weight of 1.09
+0.19 kg, raised in a 3.94-hectare pond at a density of 4,000 kg per ha, in Itapora, Mato Grosso do Sul. Before being
harvested and transported to the processing plant, the fish were fasted for 48 hours in order to have their digestive
tract emptied. The fish were transported to the processing plant for 20 minutes in four, 2,400-liter tanks equipped with
constant aeration in a live hauling truck at a density of 415 kg per cubic meter.

A completely randomized design was used, with five treatments of 0, 2, 4, 8 and 24 hours of resting time, with 15 fish
sampled per treatment. Time 0 corresponded to the treatment with no resting time, where the fish were slaughtered
immediately after arriving at the processing unit in accordance with processing plant protocols. From the 15 fish
sampled per treatment, 10 specimens were used for the stress parameters, hematological, gas and fillet analyses.
Samples of fish blood, liver and white (dorsal) muscle were collected and properly preserved.

These fish were then euthanized and placed in water and ice in a 1:1 ratio, filleted by hand, packaged into plastic bags,
placed in a cooler with dry ice, and transported to the laboratory (Center of Agricultural Research of the Pantanal—
EMBRAPA), an 8-hour trip, for meat quality analysis. The remaining fish were kept whole (not gutted) and used only
for rigor mortis analysis.

For detailed information on the experimental design; blood gas analysis and plasmatic ions; hematological analyses;
stress parameters and rigor mortis analyses; fillet instrumental and statistical analyses, refer to the original
publication.

Results and discussion
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High stocking densities are a well-known stressor for fish and can induce various physiological changes to the
organisms, depending on its severity and duration. In general, serum cortisol [stress hormone] levels increase rapidly
in response to stress.

Also, one of the main metabolic responses to stress in fish is an increase in glucose production, and serum glucose
levels increase considerably after exposure to an acute stressor, but homeostasis [state of steady internal conditions
maintained by living organisms] is restored within a few hours. Due to the increase in energy metabolism, thereis an
increase in plasma glucose, which makes this parameter widely used as an indicator of stress in studies with fish. In
our study, the cortisol level was not an indicator in the dynamics of restoring homeostasis expected in pre-slaughter
management.

Fig. 1: Fillet meat quality of surubim was analyzed using the image
above. The pH was measured at three points. (A). Color (CIE L*, a*, b*)
was determined at 6 points using a Minolta Camera at an angle of 90
degrees (B). Water holding capacity (WHC) was determined at 3
points on each fillet (C) using the methodology described by
Nakamura and Katoh (1985). Myofibril fragmentation index (MFI)
was taken according to the methodology described by Culler et al.
(1978) (C).

Before slaughtering fish, stress can result in a faster decrease in muscle pH. This happens during vigorous exercise,
the consumption of adenosine triphosphate, (ATP, an organic compound found in all known forms of life that provides
energy to drive many processes in living cells), leading to the anaerobic use of glycogen to replace energy reserves in
the muscle. This process persists after death, with glycolysis (metabolic process that converts glucose to energy),
resulting in the accumulation of lactic acid in muscle tissues, which, in turn, decreases muscle pH.
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Furthermore, fish with a high content of muscle glycogen subjected to pre-slaughter stress can develop fillets with
lower pH due to the greater activity of glycolysis in anaerobic conditions. This evidence was confirmed in the present
study, where fish subjected to rest for 0 and 2 hours presented higher muscle glycogen, higher plasma glucose and a
lower pH of the fillets. The 8-hour resting time was sufficient to reestablish the homeostasis of the fish, which provided
a higher final pH of the fillets compared to the other resting times.

Fig. 2: Evaluation of pH in surubim fillets measured immediately after
slaughter and 1, 2, 3 and 24 hours after the different resting timesin a
holding tank. The bars and error bars denote mean and standard error
of means. Different letters in the same resting time of pH evaluation
indicate statistical difference (P<0.05) by the Tukey test.

Muscle pH affects the appearance of rigor mortis in fish. Several studies show a relationship between low pH and
faster onset of rigor in fish. The onset of rigor mortis is closely linked to the depletion of ATP and glycogen, which is,
the postmortem energy state in the muscle, and other processes promote irreversible muscle contraction, initiating the
state of rigor mortis. Thus, pre-slaughter stress can influence the time of entry into rigor.

Based on our results, we were unable to identify the relationship between minimum pH and the onset of rigor mortis.
Fish subjected to 4 and 8 hours of rest entered rigor mortis 3.5 hours after slaughter, and these animals had muscle
pH different in the measurement performed 3 hours after slaughter — 6.34 and 6.82 for fish subjected to 4 and 8 hours
of rest, respectively.

In addition, the minimum muscle pH for all treatments was observed only 24 hours after slaughter. It is known that the
rigor mortis development is the result of a complex combination of biochemical processes in the muscle. Although for
several species it is observed that the muscle goes into rigor when the pH reaches the minimum, in general terms, there
is no constant pH for the muscle to become rigid. A similar study demonstrated that pH measurements alone cannot
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be used to indicate the resolution of the rigor. Apparently, the onset of rigor mortis is a consequence of the early lack of
adenosine triphosphate, ATP [an organic compound found in all known forms of life that provides energy to drive
many processes in living cells], which is the most visible stress index for establishing rigor mortis. Likewise, a study
carried out with rainbow trout also found no relationship between muscle pH and entry into rigor mortis.

Fig. 3: Mean values (¢ SD) of rigor mortis measurements (tail drop
test) for surubimPseudoplatystoma spp. (n = 5) submitted to different
resting times in a holding tank before slaughter.

It is interesting to note that the resting time of surubim for 24 hours was also detrimental to the onset of rigor mortis,
since these animals — despite having the lowest plasma glucose values — entered rigor mortis more rapidly than the
others. Intense activity for a long period before slaughter causes the fish to suffer and can completely deplete its
glycogen reserves.

The high consumption of glycogen due to stress and the simultaneous removal of lactic acid by the circulatory system
in the live animal would leave it without glycogen reserves. After death, rigor mortis continues without the production
of lactic acid (pH remains high), resulting in fast pre-rigor and total rigor without decreasing the pH, called alkaline
rigor mortis.

The rapid reduction in post-mortem pH can also lead to a denaturation (chemical process by which proteins lose their
three-dimensional structure) of muscle proteins, resulting in less water holding capacity and greater drip losses (loss
of fluid upon thawing), which can also lead to faster muscle softening, which is not beneficial for fish muscle.

However, in our study, the lower initial pH was not sufficient to affect the water holding capacity and the myofibrillar

fragmentation index (a measure of muscle tenderness) of surubims. It can be inferred that there was a certain degree
of protein denaturation, since there were changes in the color of thefillets.
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It is known that the greater lightness of meat in animals subjected to stress before slaughter can be attributed to the
denaturation of some proteins, which increases the dispersion of light in the muscle. In this study, it is possible to
observe a relationship between the lowest initial pH values of fillets with greater lightness, less intensity of red and
greater intensity of the yellow color. A previous study showed that these changes in color are related to fish fillets that
went through greater acute stress in the pre-slaughter phase.

Perspectives

Based on results of our study, a resting time of 4 to 8 hours is effective to reestablish homeostasis after transporting
surubim and produces fillets with higher quality and greater length of the pre-rigor mortis period.
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