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Evaluating stunning methods in tropical
shrimp aquaculture
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By Elena Piana , Dr. Dominique Gautier  and Dr. Robin Cooper

Thermal shock quickly induces insensibility; electric shock likely to
be a good alternative

In recent years, scientists, policy makers and non-governmental organizations (NGOs) have increasingly considered the
possibility that crustaceans may have the ability to experience pain. A well-documented aspect that underpins this theory
is the ability of crustaceans to perceive noxious stimuli and modify their behavior accordingly, both in the short and the

Whiteleg shrimp immersed in iced water to be stunned.This study
highlighted the importance of considering physiological indicators when
assessing animal welfare during stunning.
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long term.

Although we still do not have unanimous and de�nitive answers to this theory, the body of evidence in its favor is
increasing and some governments are responding by passing new regulations to protect the welfare of crustaceans at the
time of harvesting.

In shrimp farming – as in the farming of any other �sh and crustacean species – the steps between harvest and slaughter
may cause stress and pain. Therefore, the animals should be stunned as soon and as quickly as possible directly after
harvest to protect their welfare.

Shrimp stunning and slaughter are manual procedures in most cases. Shrimp are typically stunned by thermal shock,
which involves the immersion of the animals in salt water with temperature below 4 degrees-C (iced water or ice slurry).
This maintains product safety and quality and minimizes the exposure to stress and noxious stimuli by reducing their
sensory perception. This practice is endorsed by the Royal Society for the Prevention of Cruelty to Animals (RSPCA) as a
humane method for stunning tropical shrimp.

The recommended minimum immersion time of 20 minutes ensures that all shrimp movements stop. This, the RSPCA
considers, indicates the animal’s loss of ability to feel pain. However, evidence of the effects of thermal shock on the
central nervous system (CNS) of shrimp is scarce and it is not clear how long it actually takes for the animal to stop
perceiving external stimuli after immersion.

Study setup
A team at the University of Kentucky, in collaboration with the Seafresh Group, studied the effects of two different stunning
methods on the welfare of three crustacean species, including the tropical whiteleg shrimp (Penaeus vannamei)
(http://www.mdpi.com/2076-2615/8/9/158 (http://www.mdpi.com/2076-2615/8/9/158)).

Shrimp were stunned by using either thermal shock by means of an ice slurry or electric shock. Both may be considered to
be noxious stimuli whose effects can be perceived as stressful or painful. The effects of exposure to these stimuli on the
sensory neural circuits were measured. In shrimp, the heart is neurogenic, meaning that the presence and rate of beating
is indicative of the neuronal function. Thus, the changes in heart rate through electrocardiogram (ECG) were measured as
an indicator of the impact of the two stunning techniques on the CNS.

Results
The ECG of 24-gram shrimps showed that before exposure to cold, pinching of the tail resulted in an increased heartbeat.
Upon immersion in ice slurry, the heartbeat started decreasing immediately. After 5 to 30 seconds of immersion, pinching
did not affect the heartbeat anymore and ultimately the heartbeat stopped. After a few minutes of immersion in an ice
slurry, the heart rate of the shrimps placed back into warm water returned to normal status (Fig. 1.) Furthermore, it was
also demonstrated that the violent tail �icking that occurs typically after 45 seconds to 1 minute of immersion, is likely to
be an involuntary movement since the same response is seen in the absence of a heartbeat and even when the central
ganglia are removed from the animal.

http://www.mdpi.com/2076-2615/8/9/158
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The study also assessed the potential of electric stunning as a method for inducing insensibility. Electric stunning was
performed using a simple setup which used an AC source. After a 10-second electric shock, the heart rate decreased and
shrimp were unresponsive to touch. Shrimp recovered from the shock after a few minutes but the heart rate became
irregular. Another trial was carried out separately (unpublished report by Dr. Jeff Lines, 2016) using a more advanced
electric stunning prototype and by assessing animal behavior. Shrimp electroshocked for 5 seconds showed a lack of
response to touch afterwards.

The results of these experiments suggest that thermal shock of shrimp P. vannameiinduces insensibility within a few
seconds and is an effective method for maintaining acceptable conditions of animal welfare prior to slaughter. Our
experiments con�rmed that electric shock has the potential to be an effective method for stunning shrimp. Further
research is needed to optimize the parameters for electric stunning, which may vary with the equipment model, the size of
the animals and their molting stage, and to understand its effects on the CNS.

Fig. 1: Representative electrocardiography(ECG) trace obtained from a
shrimp while being immersed in a sea ice slurry (below 4 degrees-C) and
during recovery. (A) The ECG trace before and over the short exposure to
the ice slurry as well as the return to warm water is shown. (B) The rate
of change in heart rate upon immersion in a sea ice slurry bath (arrow) is
rapid. Also, note the rapid decrease in the amplitude of the signal. The
shrimp was transferred from one bath (30.5 degrees-C) to the ice slurry
bath (below 0.4 degrees-C) within 2 seconds. The ECG trace after being
in ice slurry for 1 minute and 30 seconds is shown (C). Upon moving the
shrimp from ice slurry back to warm water (arrow) the rate and
amplitude rapidly starts to recover (D). All traces are shown with the
same gain in signal but slightly different time scales as illustrated.
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It is probable that the length of time of exposure to cold needed to render the animals insensible needs to be adapted to
the size of the shrimp. Larger shrimp may need longer exposure time. The length of exposure should also differ depending
on whether the aim of the stunning process is to cause temporary insensibility or death. A shorter exposure time to cold is
likely to result in a reversible stun, which needs to be followed by a separate slaughter step (such as cooking or de-
heading). Longer exposure time to cold can kill them in a combined stun-kill step.

Perspectives
Thermal shock and electric shock would present different advantages depending on how harvest and slaughter processes
are conducted. We speculate that producers using a stunning step associated with manual handling of shrimp might
bene�t from the use of an electric stunner to speed up the process between harvest and slaughter, especially during the
harvest of large shrimp.

The use of an electric stunner in replacement of thermal shock may improve the consistency and reliability of the stunning
process and decrease the amount of time and energy needed to produce and carry ice or ice slurry to the ponds.
Nonetheless, small farms and farms that use mechanical harvest methods and transfer shrimps into an ice slurry where
shrimps are kept until death, are likely to still �nd stunning by thermal shock a more cost-effective method for ensuring
animal welfare.

Additionally, this study highlighted the importance of considering physiological indicators when assessing animal welfare
during stunning. In the case of tropical shrimps, the interpretation of behavioral indicators alone was found to be
misleading in the assessment of perception of noxious stimuli.

Whiteleg shrimp about to be stunned in iced water. 
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The development of a framework that links speci�c behaviors to physiological measures could become a useful tool to be
used by policy makers and by trained operators in commercial settings to verify the correct execution of stunning
procedures.
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