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Summary

General objectives

In the European Union demands for humane method®nwert live farmed fish into
food are increasing.
The overall objective of the project is therefooe develop prototype equipment for
humane slaughter of the selected farmed fish spec@énely eelAnguilla anguilla), nile
tilapia (Oreochromis niloticus), sea bassDjcentrarchus labrax) and turbot Psetta
maxima). Humane slaughter consists of stunning (rendemmgonscious without
avoidable stress prior to killing). Feasibility tefiia rule out individual handling of the
concerned species. The aim is therefore to devploptype equipment for electrical
stunning, as this can be applied to batches of fishorder to achieve the overall
objective, the following sub-objectives are envesdpr the project:
» To model the physical processes involved in elegtrstunning of fish to predict
parameters for electrical stunning of various &plecies
» To characterize requirements for electrical stugroh the selected species with
respect to effectiveness of stunning and produalityu
» To design and build prototype equipment on basithefestablished requirements
 To study power saving techniques to facilitate enpéntation of electrical
stunning at small SMEs
To assess prototype equipment with respect to teféaeess of stunning, product quality
and operational characteristics required by the SMkich farm the selected species.
The following partners were involved in the project
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Partic. Partic. | Partic. | Participant name Participant Country | Date  enter | Date  exit
Role* Type** | no. short name project*** project***
CO RTD B1 Nederlands Instituut vopiRIVO NI 1 24
Visserijonderzoek (RIVO
BV
New name in 2006
Wageningen IMARES Bv| MARES
CR SMEP | Al Rijpelaal b.v Rijpelaal NI 1 24
CR SMEP | A2 J.G. Janssen Janssen NI 1 24
CR SMEP | A3 Seafarm BV Seafarm NI 1 24
CR SMEP | A4 Zeeland Vis BV Zeeland NL 7 24
CR SMEP | A5 Viveiro Vilanova S.A. VVN P 1 24
CR SMEP | A6 Noordzee Su Uriinleri NSU TR 1 24
CR SMEP | A7 Ace Aquatec Ace UK 1 24
CR SMEP | A8 Specialist WeldingSWS UK 1 24
Services Ltd.
CR OTH C1 Viskwekerij Royaal B.V. Royaal NI 1 24
CR OTH C2 ANOVA FOOD BV ANOVA NI 1 24
CR OTH C3 Waitrose Ltd. Waitrose UK 1 24
CR OTH C4 Isidro de la Cal-Fres¢dsidro E 1 24
S.L.
CR RTD B2 ID-Lelystad, Instituut voor 1D NI 1 24
Dierhouderij en
Gezondheid BV
New name in 2006
ASG Veehouderij BV Veehouderij
CR RTD B3 The University of Bristol Bristol UK 1 24
CR RTD B4 Silsoe Research Institute| SRI UK 1 9
Silsoe Livestock Systems| SLS UK 10 24
*CO = Coordinator
CR = Contractor
To achieve the overall objective experimental wonkas performed in three

workpackages. A fourth workpackage was neededveradl coordination. Workpackage
1 was finished in the first year of the projectsRli&s obtained in Workpackage 1, 2 and 3
are presented beneath.

Modelling of electrical stunning

Electric field strengths in water required to eglapia, sea bass and turbot were
investigated experimentally. The results show hbe ¢lectric field depends on water
conductivity. The electric fields in water requiredgenerate immediate insensibility in
the fishing following an exposure duration of 1 srevidentified. A mathematical model
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of the electric field in the stunning tank was domsted and shown to produce results
consistent with the experimental results. This $ation indicates that the electric field
that occurs in the fish will vary little with vatian of the fish position in the tank and
fish size but that there may be a significant amain the electric field experienced by
individual fish in a high density cluster of fishwater conductivity is below 50S/cm or
greater than 50QS/cm.

Technical file on characteristics demanded by SMEs

Characteristics of prototype equipment, as requbgdhe SMEs and end-users, was
established for all fish species. The charactedstioncern product quality, required
throughput (slaughter rate), prices, ease of wsepysfor workers in the company and
compatibility with existing processing lines.

Conditions to provoke immediate loss of consciousness without recovery, using available
|aboratory-scal e equipment

At the end of the first year of the project we ded to use a pulsed square wave current
only for stunning of all selected fish specieshe project, as it was observed for tilapia
that power could be saved by a factor of 1.9, caegdo applying a 50 Hz sinusoidal
current. Similarly, to our results obtained with 5 Hz sinusoidal current EEG
measurements revealed that immediate loss of aursuess and insensibility can be
provoked, provided that sufficient current is pals#aough the brains of each fish. For
eel we assumed that the same current density cioili@e wave current had to applied as
for tilapia, as it was observed during assessmesteatrical stunning by applying a 50
Hz sinusoidal current that current densities neddedhstantaneous stunning of eel and
tilapia were the same. However, EEG data are lgckin

In the project stunning of sea bass and turbot atew fresh water (1000 puS/cm
conductivity) was also investigated, in order todst the possibility to save power to a
greater extent. Power can be saved as the conityctithe fresh water used is 48 to 53
times lower, compared to sea water. As EEG redistra are lacking for stunning of sea
bass and turbot in fresh water (1000 uS/cm condtytino firm conclusions can be
drawn about the immediate loss of consciousnessamsibility in sea bass and turbot by
using the pipeline stunners. Conditions to achivenstantaneous stun in sea bass and
turbot in seawater, which is their natural envir@minat the farms, were established by
using EEG data.

EEG registrations revealed that electrical stugmintilapia followed by gill cutting only
resulted in signs of recovery during bleeding foow of 5 tilapia. Recovery can be
prevented by bleeding the stunned tilapia in a unexbf crushed ice and water. For eel, it
appeared that the electrical stun in combinatioth wilesliming in a saturated aqueous
Ca(OH) solution could prevent recovery, as judged from BEG registrations. EEG
registrations in both sea bass and turbot revetilatl an electrical stun followed by
chilling of the unconscious and insensible fisham ice slurry is sufficient to prevent
recovery during for instance gutting and filletingor turbot we observed that a
temperature increase during gutting of the anirhaukl be prevented, as the animal may
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still recover. Therefore, gutting should be perfednmmediately after taking the chilled
fish from the tank or the cold chain should noirderrupted for turbot.

Assessment of stunning by observation of behaviour

Results obtained from behavioural measures havéetointerpreted with caution.
Therefore, the use of EEG recordings as well akexyaesponses on the EEG is
recommended for an unequivocal assessment of tred & brain function in fish.
Nevertheless, EEG recordings cannot be carried ruallleircumstances and therefore
observation of behaviour and responses to admiadtsetimuli is used to assess the
prototype stunners. In case fish are able to swmmediately in coordinated way post
stunning there is little doubt that these animadssdill conscious.

Electrical stunning and carcass damage

Downgrading in eel, tilapia, sea bass and turba m@ observed when a pulsed square
wave alternating current was used. The was notrebdesither when the selected fish
species were stunned by a 50 Hs sinusoidal current.

Sudy power saving techniques

During the first year of the project it became cldeat power had to be saved, so that
existing three phase mains, ranging from 16 to 32which are available at the
companies of the StunFishFirst Consortium, may igewsufficient electrical power
needed for stunning of the selected fish speciase®periments showed that the use of a
pulsed square wave alternating current resulted meduction of needed power by a
factor 1.9 for tilapia, compared to the use of &&Gsinusoidal current for stunning of the
fish species.

Design and build prototype equipment

In order to generate a square wave alternatingetiof we designed and built three
amplifiers.

Three prototypes for continuous stunning of alh fgpecies were developed in the last
year. A pipeline stunner was designed for use s&h bass, one continuous stunner for
use with turbot, and one open pipeline stunnerufe with tilapia and eel. The open
pipeline stunner was not closed, as this facilitatesessment of stunning in the peak stun
and maintenance stun area. For eel, sea bassudrmal we also construct a tank for
stunning of the species in batches, as this wadedet® tune the prototype to needs of
some of the SMEs.

Assessment of prototype equipment by observation of behaviour at industrial partners

The electrically stunned fish species emerged filmenstunner immobile and showed no
escape behaviour as they dropped into the iceystdithe harvest bin or the aqueous salt
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solution that was used to deslime eels. Fish tleaewaken out of the stunning tank were
also motionless.

Assessment of prototype equipment by analysis of product quality at industrial partners

In the continuous stunners the water is reuseds,Tiood safety an issue. In the pipeline
stunner that were tested with sea bass no micrgbiaith was detected due to the low
temperature of the water. However, more detailedyais is necessary for drawing firm
conclusions. Microbiological analysis of water letopen pipeline stunner, which was
reused for 6 hours at room temperature, showedtieatotal plate count was increased
by a factor of 20. Coliforms, which were analysediradicator for pathogens, were not
detected. For the open pipe line stunner more lddtanalysis is required for conclusions
about food safety.

For all fish species downgrading could be preventétbduct quality was similar to that
obtained by current industrial methods. Slaughaees for eel, tilapia, sea bass and turbot
that were in accordance with the wishes of the S{HEs 4 tonners/hour) were obtained.

In conclusion we can state that all fish species loba stunned instantaneously in the
prototype stunners. Recovery during killing canpoevented. Carcass downgrading can
be prevented in all species. By using the protayglaughter rates can be obtained that
were in accordance with the demands of the indugidrtners in StunFishFirst.

Regarding food safety, the commercial stunnerschvhiill be built and sold beyond the
lifetime of the project, have to meet standarddaicedown in EU directives and national
legislations concerning the Hazard Analysis CritiCantrol Points approach, which is
routinely used nowadays in the European food imglust
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Introduction

Current slaughter methods for farmed fish (e.g.tldea air, death in an ice slurry,
freezing, bleeding, carbon dioxide narcosis in cioration with bleeding) do not provoke
unconsciousness immediately until death occursfamconsciousness is not induced
immediately, without avoidable suffering (Robb akdstin, 2002; Van de Vis et al.,
2003).

When a fish is effectively stunned (immediate aathpanent loss of consciousness) prior
to killing the slaughter process is considered memaWe have established that
percussive stunning (a blow to the head by usmmstrument, captive needle stunning
(injection of air under pressure into the brains)l dhe application of electrical current
(provided that appropriate conditions are used) mavoke immediate and permanent
loss of consciousness in fish (Robb and Kestin220@mbooij et al., 2002; Van de Vis
et al., 2003). All RTD performers reported for vars species that they recovered from
the application of an electrical current for 1 set@Lambooij et al., 2002, Lines et al.,
2002; Robb and Kestin, 2002, Van de Vis et al.,3)'he authors observed that
prolonging the exposure of fish to electricity @péying electricity in combination with
e.g. rapid cooling results in permanent loss okc@musness until death occurs.

In Australia a chemical substance eugenol, is addeithe water to stun fish prior to
killing. Eugenol is a food grade substance, whichased on clove oil. Barriers to its use
in for instance the UK include the cost of overcogihe legislative requirements to
introducing a new medication and the possible pulgisponse to eating fish that could be
perceived as having been poisoned (Lines et 8320

It is anticipated that electrical methods for stagrwill be the most feasible, as the large
numbers of individual fish make individual percussior captive needle stunning and
bleeding uneconomic. Percussive stunning of Afttargalmon is an exception, as
equipment for automated percussive stunning waseldped especially for this species
by the Australian company Sea Food Innovationlfaboration with Marine Harvest, a
large farmer of Atlantic salmon in Scotland. In 20Marine Harvest won a welfare
award for introducing percussive stunning to profecsalmon at slaughter (Anonymous,
2002). For other fish species, which differ substdig in anatomy and morphology,
high-speed machinery to singulate, orientate, @sreund bleed them would be complex
and expensive (Lines et al., 2003), as the devdlepgaipment for salmon is not adapted
to other species such as turbot. Moreover, ford@cies such as gilt-head seabream and
eel percussive stunning is not feasible withoutesewdamage to the head which is not
acceptable for industry (Van de Vis et al., 2008)case of fish species with a thick scull
such as African catfish the application of peroussstunning does not result in
immediate loss of consciousness and is therefdiefanuse (Van de Vis and Lambooij,
unpublished results).

To date, at least one device is available commigrdiar electrical stunning of Atlantic
salmon (Roth, pers. comm.). For rainbow trout atqiype for electrical stunning was
developed (Lines et al., 2003). However, the stsineere designed primarily for
Atlantic salmon and trout, respectively. It is kely that these stunners are suitable to
use for the selected fish species (eel, tilapia,sess and turbot) in the proposed study.
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The reason is that optimal conditions for electrgtanning with respect to immediate
loss of consciousness and prevention of carcassaglrdepend on the fish species.
Laboratory-scale trials revealed for instance tia optimal conditions for eel are a
electric field strength of 1250 V/m for 1 s follod/éy 313 VV/m for 5 min in combination
with removal of oxygen from the water (Lambooijadt 2002, Morzel and Van de Vis,
2003), whereas the established optimal conditimrsAtlantic salmon and trout are
stunning for 6-12 s in a field of 75 V/m using ssnidal 1000 Hz current (Robb and
Roth, 2002; Roth, et al., 2002) and 60 s in a fegtdngth of 250 V/m, using a sinusoidal
1000 Hz current (Lines et al, 2003), respectivdshen a 50 Hz sinusoidal current is
applied for salmon or trout, this will cause cascdamage, contrary to eel (Morzel and
Van de Vis, 2003) and African catfish (Van de Visak, 2003b). Similar to salmon and
trout, we found that applying a 50 Hz current famsing of turbot also causes carcass
damage (Morzel et al., 2003). We expect that thelitons for effective stunning of the
other selected species in this study, i.e. tilapeg bass and turbot, with high product
quality standards differ from the ones alreadyl#stiaed for other species in the reported
studies.

In Germany, only electrical stunning is permittes] a slaughter method of eels since
April 1999. However, the RTD performers have esshigld that the method is not
humane, using the prescribed conditions in the @arfegislation, as the eels are not
rendered unconscious immediately (Lambabial., 2002; Van de Vi&t al., 2003) and
most animals are stunned slowly during applicatibrihe current, which can be very
painful. These authors have also established thlatanot be rendered unconscious
permanently when only electricity is used, as pibed in the German legislation.
Equipment available for electrical stunning of @® a commercial scale, which is
designed to meet the demands of the German legislas therefore not suitable for
humane slaughter. The current method for slaugigesf eel in the Netherlands consists
of desliming live eels by the use of salt followby gutting (envisceration). It was
established that is not a humane method (VerheaijghFlight, 1997; Van de Vig al.,
2001). Current industrial methods applied to theeotspecies selected in the proposed
research (tilapia, sea bass and turbot) are deschip Robb and Kestin, 2002). For sea
bass and tilapia, the use of an ice/water slurmheésfirst step in the slaughter process.
The rapid cooling does not result in an immediates lof consciousness and is most
probably stressful, as demonstrated in salmonaeelgilt-head seabream (Lambooij et
al., 2002b; Skjervold et al., 2001; Van de Vis kt 2003). Tilapia are also killed by
removing the fish from water, which results in agpation. Temporarily removal from
the water is widely used as an experimental strassstudies of the stress response of
fish. Turbot are killed by gutting the gills or teaudal vein and subsequently placing the
fish in an ice/water slurry. During the proceduiigovous activity occurs, which may
indicate stress (Morzel et al., 2003).

Stressful slaughter methods can generally leadsto ffesh prone to gaping, with an
unappealing colour, a soft texture and a low wdtelding capacity. More humane
handling at slaughter, with reduced stress and iphlysictivity immediately prior to
death, results in better carcass quality (Robbkestin, 2002). For various farmed fish
species it has been observed that reduced-strédss ptocess of slaughter has a positive
influence on the flesh quality (Azam et al., 198@rg et al., 1997; Byrne, 2002; Kestin
et al., 1995; Roth et al.., 2002; Sigurgisladoi®01; Morzel and Van de Vis, 2003).
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Reduction of stress at slaughter by applying dtaitstunning under specific conditions
have been found to be humane and generally probeiter fish quality (Kestin et al.,
1995; Lines et al., 2003; Morzel and Van de Vi€)2Z@Robb and Kestin, 2002).
In 2005 a Craft proposal focused on turbot stafedpro 508070). RIVO is one of the
partners in the project. Within the scope of Turpm research will be undertaken to
develop and test prototype equipment for humaneghler of turbot. In the granted
Integrated Project Seafoodplus (FQS-506359) rekeafr&klVO and ID is also focused
on turbot. In Seafoodplus development and testirgofype equipment will not be
performed.
Finished research work, which has been undertakerelectrical stunning of fish,
resulted in a few patents in the area (Van de 2091, 2001b; Moller and Roth., 2000).
However, the parameters associated with electsicadning are complex and a patent is
not a protocol for effective electrical stunningtwhigh standards of product quality for
fish species. The patents do not contain detailsofisimal electrical stunning of eel,
tilapia, sea bass and turbot under various comditiddajor factors, which determine
whether electrical stunning is optimal (immediaiss of consciousness and high product
guality)are the size, shape of the fish, fish speend the electrical conductivity of the
fish and of the water). Hence, no satisfactory teleal stunning equipment exists for
stunning of eel, tilipia, sea bass and turbot anroercial scale.
The overall objective of the project was to devefoptotype equipment for humane
slaughter of the selected farmed fish species, lyae® (Anguilla anguilla), nile tilapia
(Oreochromis niloticus), sea bassDjcentrarchus labrax) and turbot Psetta maxima).
Humane slaughter consists of stunning (renderirgpiscious without avoidable stress
prior to killing). Feasibility criteria rule out dividual handling of the concerned species.
The aim is therefore to develop prototype equipn@neélectrical stunning, as this can be
applied to batches of fish. In order to achieve dkierall objective, the following sub-
objectives are envisaged for the project:
» To model the physical processes involved in elegtrstunning of fish to predict
parameters for electrical stunning of various plecies
» To characterize requirements for electrical stugroh the selected species with
respect to effectiveness of stunning and produalitgu
* To design and build prototype equipment on basithefestablished requirements
 To study power saving techniques to facilitate enpéntation of electrical
stunning at small SMEs
To assess prototype equipment with respect to tefearess of stunning, product quality
and operational characteristics required by the SMEich farm the selected species
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Materials and Methods

To achieve the overall objective, four workpackagese used.

Workpackage 1. In the first workpackage electrstahning will be modelled, so that the
required stunning parameters (e.g. voltage fietdqdency of the current, exposure
duration, field direction, etc.) can be predicted €el, tilapia, sea bass and turbot. The
model will be build, using the available data fiaut.

These predictions of the required stunning parammetél be used to guide the design of
animal experiments (in workpackage 2 and 3) andeslnce the number of animals
required. It will enable humane slaughter paranseterbe optimized for a range of
situations more efficiently, and enable early predns of carcass quality. Workpackage
1 will assist us in our responsibility to ReducegfiRe and Replace animal
experimentation (The 3 Rs of animal experimentation

Workpackage 2. The work the second workpackage heilperformed with eel, tilapia

and sea bass and turbot to establish requirementsldctrical stunning of the selected
fish in water with respect to product quality anelfare. The experiments will be

designed on basis of the results obtained in walkgpge 1. Trials with the selected fish
species are foreseen to validate the model, whictbuild in workpackage 1.The

following tasks have been identified: Establishmeina technical file on characteristics
demanded by SMEs and on the health and safetyireaents, which are demanded by
the EU: measurement of brain function to assessdbsonsciousness until death occur,
as well as assessment of electrical stunning bgrghson of behaviour and analysis of
product quality.

Workpackage 3. On basis of the results in workpgekd and 2 prototype equipment for
stunning fish will be designed and build. It is egfed that three prototypes (one for both
freshwater fish species and two for the saltwagec®es) is made. The prototype
equipment will be tested at the SMEs which farmftble species. During testing it will
be evaluated whether the prototype equipment mbket required characteristics,
demanded by the SMEs which farm and process fisineP saving techniques will
studied to facilitate implementation of electricatunning at small SMEs. The
manufacturers of the equipment tune the prototypdise needs of the SMEs, which farm
and process the selected species. At the SMEs rtitetypes will be evaluated with
respect to the ability to render the fish speciasonscious immediately until death
occurs and with regard to product quality. For efisin species two slaughter trials will
be performed. The farmers and end-users will assassass quality (including
downgrading),using the specifications availabletretse companies. The work in this
Workpackage will be performed on eel, tilapia aftdrahis seabass and turbot.

Workpackage 4. In the last workpackage the overabirdination of the proposed
research will be performed.
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M ethodology used in Workpackage 1

The main parameters that characterise an eledtrit ae the duration for which the
voltage is applied, the voltage across the aninmal the electric waveform used.
Electrical stunning, especially with alternatingremt and pulsed direct current, has been
historically associated with a certain degree ofass damage. Similar results have been
shown in red meat animals (e.g. cattle) stunneelbgtricity. Damage is manifested as
haemorrhages within the flesh and spinal ruptuggedding on the degree. It has been
found that by changing the parameters of electocdput, the degree of damage to pig
carcasses can be greatly reduced without compnognisie welfare (Simmons, 1989)
Increasing the frequency of the applied current amning was found to have the
greatest effect on reducing carcass downgradinth BGD partners from the UK have
established that effective electrical stunningrotit with high standards carcass quality
can be achieved (Lines et al., 2003)

This workpackage is dived into the following foasks.

Task 1.1 Build model

The electric field that exists in the water surrdiog a fish is different to that which is
induced in the fish. The determining factors are #nape of the fish, the electrical
conductivity of the fish and of the water. This Wwowill build on the successful
application of this modeling approach for the humalaughter of trout where it enabled
the electric fields required for humane slaughteibé calculated for a wide range of
water conductivities (Lines, unpublished results)

Measurements of fish shape, brain location andthle conductivity of the fish species
will be made by examination of recently killed fishinite element techniques will be
used to build a model of the electric field in akand the fish during stunning. This will
be based on available software packages. The molli@llow the nominal electric field
in the fish brain to be calculated for a rangeisi fsizes, shapes, fish orientations and
water conductivities. It will also allow predictiaf electric fields where more than one
fish is being held in the stunning tank. Where pgmesa 2 dimensional model will be
used for simplicity and speed, however in seawate& dimensional model may be
necessary because of the wide discrepancy betweetonhductivity of the fish and that
of surrounding water. The internal structure of tisé will not be modeled. Phantoms
will be used to provide validation of the model.

Task 1.2. Apply model to species, validate and gearegredictions

Existing data on the electric fields and exposumations required to achieve immediate
and permanent unconsciousness in fish until deathbe& used with the model to
calculate the required electric field in the figfaib. It is foreseen that experimental data
are necessary (to be obtained in Workpackage 2% ddta will be in turn be used to
provide initial estimates of the required electiield in the water for other physical
arrangements (e.g. water conductivity, fish size|df orientation, fish density and
alternative species.

High accuracy in not required because this modelsdoot attempt to address the
biological variability of the fish. It will howeveprovide initial estimates to guide the
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design of trials, and provide an interpretationhaf causes of variability where these have
a physical rather than biological origin.

This process will be iterative since predictiond e used to identify the starting points
for experimental tests (to be done in Workpackggearad the results of these tests will be
used to validate or correct the model. The usehisf dapproach will therefore build up
during the research project and enable the resfittse research to be applied to a wider
species after the project is completed.

Task 1.3. Develop carcass quality predictive inslice

An important problem associated with electric stognis carcass quality problems

associated with broken bones and blood spotting iShwidely thought to be associated
with high levels of muscle tension during the singrprocess. An in-situ technique for
measuring muscle tension on recently killed fish kn@ developed. This will probably be

based on direct measurement of compression inpihe.sThis will be used to determine
empirical relationships between muscle tensiorgtetefield strength and the frequency
and wave form of the electric field. Muscle tensimaasurements will then be correlated
with carcass quality measurements, particularlyebbreakages and blood spotting. If
successful, this approach will enable predictionsbe made of the carcass quality
implications of various approaches and so enabdebtbst approaches to be rapidly
identified and optimised. The value of this pregettechnique will be assessed by
experiments in Workpackage 2.

Task 1.4. Assessment of the variation in electeid fbetween individual fish

Simulations with trout show that the presence sifi in a tank distorts the electric field

which other fish in the tank are subjected to. Tan lead to significant variations in the

electric field in individual fish. The variationmdrease with the discrepancy between
water and fish conductivity and with the densityfish in the water and so are likely to

be particularly significant in sea water stunnimgks. Stun requirements need to be
based on the minimum electric field received byivittial fish rather than the mean

field, so an understanding of this variation is artpnt for translating stun requirements
from ideal test situations to industrial situatiombe model will be used to determine the
magnitude of this affect and explore how it canrbégated. These results will be used in
the design of commercial scale equipment in Workpge 3.

M ethodology used in Workpackage 2

In workpackage 2 several existing laboratory-seajg@ipment at the RTD performers will
be tested for the four farmed fish species at t&Swhich farm the species. Trials of
the laboratory-scale equipment, which will be deeiy on basis of the outcome of
Workpackage 1, at the SMEs will allow us to essblthe SME’s demands on the
characteristics of the slaughter equipment.

For tilapia and eel, a freshwater the stunning tarikbe filled with tapwater. For the
selected seafishes sea bass and turbot the stuanigyill be filled with salt water.
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For electrical stunning it is essential that, whatethe equipment used, a homogeneous
electrical field is obtained in the tank therebysing that sufficient current is passed
through the head of each animal to provoke immediass of consciousness. At the
research partners, several pieces of equipmemtvaitable, ranging from power supplies
capable of delivering 50 Hz a.c. from 0 to 250 V2MA, to high frequency apparatus
capable of delivering variable frequencies (up ®Q Hz a.c.) and 30 A. For electrical
stunning a power supply with adjustable frequendy lve used, as various frequencies
may influence downgrading (Robb et al., 2002).

Task 2.1 Establisment of a technical file on chindstics demanded by SMEs

Characteristics of the slaughter equipment, as ireduby the SMEs, have to be
established. The characteristics concern produalitgyurequired throughput (slaughter
rate), prices, ease of use, safety for workershan ¢company and compatibility with
existing processing lines.

With respect to safety of equipment for electristinning, the stunner has to be
constructed (to be done in workpackage 3) in aawrd with the EU Directive on
machinery (Council Directive°®8/37/EC, 1998).

It is expected that the prototype equipment mdetshiealth and safety requirements, as
electricity is applied safely for humane slaughtdr pigs and poultry in industry.
Nevertheless in the case of fish the amounts oemvaspecially salt water have to be
taken into account.

All relevant on characteristics demanded by SMES$ BU Directive on machinery will
be compiled in a Technical File (responsible Acee @f the manufacturers of the

prototype).
Task 2.2 Measurement of brain function

The state and duration of unconsciousness in fidhbe assessed by measurement of
brain function. The brain function can be measurgdecording the EEG and evoked
responses in the EEG. Measurement of the EEG amkkedwesponses was performef on
one of the selected species, eel (Lambooij e@0?)

The observation of behaviour only is not sufficiéot assessment of electro-narcosis,
because ineffective electrical stunning can be veminful and paralysis may occur
without loss of consciousness (Croft, 1952). Thenesf the use of EEG recordings in
combination with registration of the evoked resmsnsn the EEG are recommended
(Hoenderken, 1978). On basis of the measuremebtadh function the monitoring of
behaviour at slaughter can be validated.

To establish whether the parameters for stunnimglee a fish species unconscious
immediately until death the brain function of 20raals will be determined. In case the
application of an electrical current does not resuln irrecoverable stun, a combination
of electrical stunning and killing method e.g. chpooling, will be studied.
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Task 2.3 Observation of behaviour

A standardised protocol to monitor fish behaviourimg slaughter has been developed
(Kestin et al, 2002). The protocol includes obseovaof self initiated behaviours (e.g.

swimming), responses to stimulation, e.g. handliagd breathing and the vestibulo-
ocular response.

Task 2.4 Product quality assessment

Quality of the fish flesh will be assessed to ds&hbwvhether the use of the laboratory-
scale equipment results in a satisfactory qudligy at least similar to that obtained by the
application of current slaughter methods. Standarethods to assess the quality
parameters described below are available at the p&rfdormers.

Chemical methodsThe proximate composition will be determined bgasurement of
total fat, protein and water content. For determmamaof the proximate composition 5
animals from each fish species will be analyseslvaty slaughter trial performed.

Physical methodsThere is evidence that stress at the time ofgbln may influence a
number of physical characteristics of fish produtis example pH, colour of the flesh,
rigor mortis and gaping. As a consequence, theegugarameters will be assessed
following instrumental methods in which the RTD foemers have expertise.

Because it is of interest for the fish industrjlefing yield will also be determined.
Finally, the appearance of the whole gutted fisthlva assessed visually for the extent of
downgrading, loss of scales and the occurrenceudds and fin damage. Fillets will be
assessed for bruises and haemorrhages.

During storage trial of the gutted fish in ice, gd@s of 10 fish will be taken at regular
time intervals for physical analysis. For the assemnt of downgrading a sample of 20
fish will be analysed at the start of the storags.t

Sensory method&ensory analysis on the whole fish will be perfednby using schemes
available at the RTD performers. The schemes wilubed to assess changes in sensory
quality. During the storage trial samples of 10 figll be taken at regular time intervals.

M ethodology used in Workpackage 3
Task 3.1 Study power saving techniques for eledtgtunning

In-water electrical stunning of fish may requiregbwcurrents to provoke immediate loss
of consciousness. It is known that the applicatba short duration huge current is not
sufficient to induce permanent loss of consciousnedish and therefore the current is
maintained to render the stunned fish unconsciammanently. For African catfish (a

freshwater species) we established that for batoimgg currents of more than 60 A 50
Hz a.c. may be needed (Van de Vis et al., 2003peé&ially in case of in-water stunning
of salt water fish species the required currergdikely to be higher than 50 A due to the
high conductivity of salt water ( Robb and Roth {2 These reported results clearly
show the need to study power saving techniques.
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It is foreseen that power saving can be achieved by

1. Power saving using a low voltage maintenance $taneel we established that
unconsciousness, which was provoked immediatelgdpyying a high voltage (a
peak stun to provoke immediate loss of consciowresild be prolonged by
applying a low voltage stun. The stun is irrecolségavhen the water in the tank was
flushed with nitrogen gas to remove oxygen. Theafgbe low voltage stun for eel
resulted in a 4 fold reduction in the electricalyeo demand (Lambooij et al., 2003;
Morzel and Van de Vis., 2003)

2. Power saving using hybrid techniguésr African catfish we observed that by
applying a peak stun in combination with fast ahglin ice slurry resulted in an
immediate and permanent loss of consciousnessd¥afis et al., 2003b), as
concluded from the measurement of brain functioe.&timate that the use of the
hybrid technique results in a 20 fold reductionha electrical power demand.

3. Build an amplifier for pulsed square alternatingreuats.The use of different
waveforms for electrical stunning may lead to auaihn in power needed for
stunning.

Task 3.2 Design and build prototype equipment

The most suitable approach to applying an elestun to fish for any particular farm
depend on the quantities of fish being harvestezlrate at which they must be delivered,
the conductivity of the water, and the availabilifyequipment, capital and labour (Lines
et al., 2003).

The simplest approach to applying an electric &uhe use of a batch system, where the
fish are placed in a tank and exposed to an etedield until they have lost
consciousness permanently. Another approach isdace the volume of the system (and
thereby the power demand for stunning) by stunmn@ll batches of fish (or even
individual fish) immediately in a small reservoising a peak stun. Subsequently, the
unconscious fish are collected at a high densityefgposure to the maintenance stun to
induce permanent loss of unconsciousness. In chgelove established that is it is
necessary to flush the latter reservoir with nignogluring stunning to prevent recovery.
Recently, we established that exposure of uncouasdigh to the maintenance stun can
be replaced by chilling in an ice slurry (Van des ¥t al., 2003b).

The motivation for reducing the volume of the systis the reducion of the capital cost
of the equipment required to generate high-frequentusoidal voltage, since the power
required to sustain an electrical field in a voluafevater is proportional to the volume
of water (Lines et al., 2003)

Task 3.3 Assessment of prototypes by observatidoebéviour
A standardised protocol to monitor fish behaviowrimg slaughter will be used, as

described in task 2.4. For the four fish species ltehaviour of 20 animals will be
monitored at each slaughter experiment.
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Task 3.4 Assessment of prototypes by product guatisessment

Quality of the fish flesh will be assessed to dshbwhether the use of the prototype
equipment results in a quality, at least similarthiat obtained by the application of
current slaughter methods. Standard methods tesas$ise quality parameters described
below are available at the RTD performers. The Ri¥dformers will use chemical,
physical and sensory methods (details are giveéasik 1.5).

During the storage trial samples of 10 fish willtaken at regular time intervals.

Results and Discussion

Work performed in WP 1 and results achieved
Modelling of electrical stunning

Electric field strengths in water required to etlapia, sea bass and turbot were
investigated experimentally. The results show hbe ¢lectric field depends on water
conductivity. The electric fields in water requiredgenerate immediate insensibility in
the fishing following an exposure duration of 1 erevidentified. A mathematical model
of the electric field in the stunning tank was domsted and shown to produce results
consistent with the experimental results. This $iton indicates that the electric field
that occurs in the fish will vary little with vatian of the fish position in the tank and
fish size but that there many be a significantataon in the electric field experienced by
individual fish in a high density cluster of fishwater conductivity is below 50S/cm or
greater than 50QS/cm.

Develop carcass predictive indices

The current results suggest that drop in pH anétaarsd resolution of rigor mortis can be
useful to predict whether downgrading occurs. Kriswn that the application of stressful
methods can result in a sharp drop in pH of muisele and a rapid depletion of ATP.
This may cause gaping and rapid onset of rigorisjaxthich can be very intense.

Chilling of sea bass in crushed ice should be prkas this may lead to blood spots on
the belly, which reduces the value of the fish. Tise farming SMEs and the end-user
provided the RTD performers information for devetamt of the predictive indices. For
their advice they used their own data bases andrixe on quality of whole fish and
fillets.

Work performed in WP 2 and results achieved
Technical file on characteristics demanded by SMEs

Characteristics of prototype equipment, as requbgdhe SMEs and end-users, was
established for all fish species. The charactedstioncern product quality, required
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throughput (slaughter rate), prices, ease of wusepysfor workers in the company and
compatibility with existing processing lines.

Conditions to provoke immediate loss of consciousness without recovery, using available
laboratory-scal e equipment

In order to protect welfare of animals (includinigh)) at slaughter stunning has to be
applied without avoidable stress prior to killiregg stated in the current EU legislation to
protect welfare of animal at slaughter (Councildative 93/119/EC, 1993). For fish no
specific methods are prescribed for stunning amdefore only the general provision,
which states that an animal has to be renderedngomus without avoidable stress and
suffering until death occurs, applies. During assemt of stunning it is required that an
animal is unconscious and insensible. Insensibityequired to avoid that methods
applied in industry, such as gill cutting or evist®n after the stun, lead to recovery of a
fish.

Results obtained in experiments with our laboratwgle equipment are presented in the
table beneath. EEG measurements revealed that iiat®ddss of consciousness and
insensibility can be provoked, provided that sudiit current is passed through the brains
of each fish. We would like to emphasize that &dosd electrical stun does not lead to
permanent loss of consciousness and sensibilitgpi@i and sea bass for instance may
recover 16 +26 and 48 34 s post stun, respectively. It is foreseen tiiatperiod is too
short for application of a killing method to preverecovery until death. For the
application of bleeding as killing method the pdriof loss of consciousness and
sensibility needs to be longer than the valuesrtegdor a 1 second stun, as in a reported
study it was established that that bleeding isoav dilling method for a conscious fish.
Atlantic salmon lost consciousness and sensibdifier approximately 5 min. The
conditions for eel have been established in a pusvstudy. Observation of behaviour of
stunning of sea bass in fresh water (1380cm) revealed that the applied conditions (see
table beneath) may lead to an instantaneous stoweter, EEG data are lacking, so no
firm conclusions can be drawn.

Stunning of fish, using laboratory-scale equipment

Fish species Vpeak/cm Vrms/cm type of current conductivity assessment
current density us) of stunning
(A/dm2)
eel 12.5 50 Hz ac 0.64 512 EEG and behaviour
tilapia 12.5 50 Hz ac 1 703 EEG and behaviour
sea bass 1 50 Hz ac 4.3 41000 EEG and behaviour
turbot 1 50 Hz ac 3.4 32000 EEG and behaviour
sea bass 1.6 50 Hz ac 0.15 1000 behaviour
sea bass 3.2 1000 Hz ac 0.2 1000 behaviour

A 5 second electrical stun (which is instantaneebsn applied for 1 second) followed
by chilling for 15 min in ice slurry result appedcsbe sufficient to prevent recovery of
tilapia during chilling, as judged from EEGs. Thegent data suggest that this may also
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be true for turbot. As we assessed 5 turbots, rB€&s measurements are needed to
confirm the this. For eel it was observed thatradtd5 min electrical stun recovery may
be prevented by desliming the unconscious animalhint agueous salt solution, which is
normally used by industry to deslime the live fisipeior to gutting.

At the end of the first year of the project we ded to use a pulsed square wave current
only for stunning of all selected fish specieshe project, as it was observed for tilapia
that power could be saved by a factor of 1.9, caegdo applying a 50 Hz sinusoidal
current. Similarly, to our results obtained with 58 Hz sinusoidal current EEG
measurements revealed that immediate loss of aaursuéss and insensibility can be
provoked, provided that sufficient current is pals#aough the brains of each fish. For
eel we assumed that the same current density cioili@e wave current had to applied as
for tilapia, as it was observed during assessmesteatrical stunning by applying a 50
Hz sinusoidal current that current densities neddedhstantaneous stunning of eel and
tilapia were the same. However, EEG data are lgckin

In the project stunning of sea bass and turbot atew fresh water (1000 pS/cm
conductivity) was also investigated, in order todst the possibility to save power to a
greater extent. Power can be saved as the conityctithe fresh water used is 48 to 53
times lower, compared to sea water. As EEG redistra are lacking for stunning of sea
bass and turbot in fresh water (1000 uS/cm condtytino firm conclusions can be
drawn about the immediate loss of consciousnesssansibility in sea bass and turbot.
For stunning of sea bass and turbot in seawatechw their natural environment at the
farms, the conditions to achieve an instantanetws were obtained by registration of
EEGs.

We would like to emphasize that a 1 second eledtstun by applying a pulsed square
wave alternating current does not lead to permaosstof consciousness and sensibility.
Tilapia (n=14) and sea bass (n=21) for instanceverx51 + 37 s and 23 + 11 s post stun,
respectively. It is foreseen that this period i3 $bort for application of a killing method
to prevent recovery until death. Therefore, we qmgkd the period of loss of
consciousness and insensibility by combination @fsecond peak stun that is followed
immediately by a maintenance stun at 25% of tHd 8&ength and current density of the
peak stun.

EEG registrations revealed that electrical stunmhtlapia followed by gill cutting only
resulted in signs of recovery during bleeding foow of 5 tilapia. Recovery can be
prevent by bleeding the stunned tilapia in a mixtof crushed ice and water. For eel, it
appeared that the electrical stun in combinatiotih wilesliming in a saturated aqueous
Ca(OH) solution could prevent recovery, as judged from BEG registrations. EEG
registrations in both sea bass and turbot revetilatlan electrical stun followed by
chilling of the unconscious and insensible fisham ice slurry is sufficient to prevent
recovery during for instance gutting and filletingor turbot we observed that a
temperature increase during gutting of the anirhalkl be prevented, as the animal may
still recover. Therefore, gutting should be perfedimmediately after taking the chilled
fish from the tank or the cold chain should noiriterrupted for turbot.
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Assessment of stunning by observation of behaviour

Results obtained from behavioural measures havéetointerpreted with caution.
Therefore, the use of EEG recordings as well akexvaesponses on the EEG is
recommended for an unequivocal assessment of thed & brain function in fish.
Nevertheless, EEG recordings cannot be carried ruallleircumstances and therefore
observation of behaviour and responses to admiattstimuli is used to assess the
prototype stunners. In case fish are able to swimediately in coordinated way post
stunning there is little doubt that these animatssaill conscious.

Electrical stunning and carcass damage

Downgrading in eel, tilapia, sea bass and turbos wat observed when a 50 Hz
sinusoidal current was applied.

In the second year downgrading in eel, tilapia,ls®ess and turbot was not observed when
a pulsed square wave alternating current was l$adever, assessment of sea bass that
was stunned in batches showed that the eyes wesedmvex and dark, compared to live
chilling.

Work performed in WP 3 and results achieved
Sudy power saving techniques-construction of first version prototype

A first prototype for continuous stunning of alsli species was developed in the first
year. The stunner consists of pipe to apply a péak followed by a maintenance stun to
prolong the period of loss of consciousness andilgidity to prevent recovery during the
application of a killing method. The fish is fedarthe pipe through a funnel and falls
into the peak stun area to achieve loss of consnigas and sensibility instantaneously. It
is foreseen that the total length of the pipe ragimately 2 m, as required by the SMEs
that farm fish. At the end of the pipe the watefeid into a box, which is covered by a
grill to dewater the fish and to facilitate the Apgtion of a killing method (chilling in ice
or bleeding) The water is recirculated by a punige pump takes the water from the box
and brings into the pipe. With regard to safetytloé workers, we would like to
emphasize that it is not possible to be electratutententionally. The distance between
the entrance of the funnel and the electric fiehdthe peak stun area and the end of the
pipe and the maintenance stun area are both ldhgerthe length of an arm of a human
being. Moreover, the applied electricity is flogtirwhich means that a living organisms
can only be stunned when it is between two eleesant it is touching both at the same
time.

In addition to the pipe stunner, a first versiomtptype a control and power unit for
electrical stunning was developed.The developedepawit generated a pulsed direct
current. It appeared that with this power unitgigamight be stunned instantaneously by
applying 100 Hz direct current pulses of at leash$ duration. The application of a
pulsed direct current may lead to saving of poweifuture trials we will determine to
which extend power can be saved. The experimeatsdreduled at the beginning of the
second year of the project to confirm by measuE&g>s whether power can be saved by
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applying pulsed currents. The 400 | tank was atsluo stun turbot. EEG measurements
are planned to confirm whether consciousness isrosediately.

The stunned tilapias and turbots were killed bylioli in ice for 15 min. After chilling
the fishes were inspected for blood spots and brddanes. No blood spots and broken
bones could be detected.

In another experiment with sea bass it was estai®y measurement of EEGs that it is
possible to induce a general epileptiform insulthick is indicative for loss of
consciousness, in fish that was stunned instanteshedy applying a pulsed direct
current. Thus, pulsed direct currents can be appie induce instantaneous loss of
consciousness and sensibility in fish.

During the first year of the project it became cldeat power had to be saved, so that
existing three phase mains, ranging from 16 to 32which are available at the
companies of the StunFishFirst Consortium, may idewsufficient electrical power
needed for stunning of the selected fish species.

Literature on electroconvulsive therapy, elecepl and electroaneasthesia showed that
power could be saved when a pulsed square wavenatiteg current is used. Our
experiments showed that the use of a pulsed square alternating current resulted in a
reduction of needed power by a factor 1.9 for tdagompared to the use of a 50 Hz
sinusoidal current for stunning of the fish species

Design and build prototype equipment

In order to generate a square wave alternatingectiiof we designed and built three
amplifiers.

Three prototypes for continuous stunning of alh fgpecies were developed in the last
year. A pipeline stunner was designed for use s&h bass, one continuous stunner for
use with turbot, and one adjusted pipeline sturfoeruse with tilapia and eel. The
adjusted pipeline stunner was not closed, as #uidithted assessment of stunning in the
peak stun and maintenance stun area. For eehassaand turbot we also construct a
tank for stunning of the species in batches, aswhas needed to tune the prototype to
needs of some of the SMEs.

With regard to safety of the workers, we would likce emphasize that it should not
possible to be exposed to electricity, while uging prototype stunners. In the pipeline
stunner for sea bass the distance between theneatod the funnel and the electric fields
in the peak stun area and the end of the pipe laadniaintenance stun area are both
longer than the length of an arm of a human beihgreover, the applied electricity is
floating, which means that a human being can oelgome part of the electrical circuit
by touching two electrodes at the same time.

Regarding food safety, the commercial stunnerschvhiill be built and sold beyond the
lifetime of the project, have to meet standards #ra currently used in food industry.
The prototypes that were designed by us did not these standards, as we had to give
priority to designing stunners for instantaneoussing of the selected fish species at
slaughter rates, which were in accordance withwitehes of the industrial partners in
StunFishFirst.

The food safety standards comprise a hygienic desighe stunner and pump to reuse
the water, a cleaning and disinfection plan, maomtp the food safety aspects of a
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stunner that is being used. To guarantee foodysafetACCP (Hazard Analysis Critical
Control Points) has to be used. We would like tpleasize that the HACCP approach is
laid down in EU directives and national legislatidinis implies that the food safety issue
is routine for the food industry (including fishasghter houses). We therefore do not
expect any insurmountable problems in adjustingctimeent prototype stunners, so that
current standards for food safety are met.

A HACCP plan, which will be here used to monitoodosafety aspects of a stunner that
is being used, has to set up for a stunner thasialled at each company. The reason for
a separate HACCP plan at each company is for nmimgtdood safety the design of the
premises at each company, training of personnehate to be taken into account.

Assessment of prototype equipment by observation of behaviour at industrial partners

The electrically stunned fish species emerged fitmenstunner immobile and showed no

escape behaviour as they dropped into the iceystfithe harvest bin or the aqueous salt
solution that was used to deslime eels. Fish tleaewaken out of the stunning tank were
also motionless.

During the experiments with the continuous sturared the pipeline stunners it became
clear that orientating the fish should be giveeraton. We want to prevent that the fish

enters the electrified water with tail first, assoof consciousness and sensibility may not
be within 1 second due to exposure to the current.

Another is issue is that a dosing system has neh ldeveloped in StunFishFirst. For

industry this is needed to miminize labour. In &ddi, avoidable stress in the fish should

be avoided.

Assessment of prototype equipment by analysis of product quality at industrial partners

In the continuous stunners the water is reuseds,Tioaod safety a matter of concern. In
the pipeline stunner that were tested with sea bassicrobial growth was detected due
to the low temperature of the water. However, mietiled analysis is necessary for
drawing firm conclusions.

Eel

Open pipeline stunne¥isual inspection of hot smoked eel by the DUBVESs and end-
users revealed that the product quality was satmfia The required slaughter rate of 1-2
tonnes per hour could be obtained. Microbiologeradlysis of water, which was reused
for 6 hours at room temperature, showed that thel fate count was increased by a
factor of 20. Coliforms, which were analysed asiaatbr for pathogens, were not
detected. More detailed analysis is required tavdiian conclusions about food safety.
Batch stunnerVisual inspection of hot smoked eel by the DutdilESA1, which
processes on average 50 kg eels per day, revehddthe product quality was
satisfactory. In addition, the stunner was tunedht® needs of this SME After a hot
smoking the outer appearance of the skin was mellewish and the texture was firmer,
compared to eels that were killed by placing themscious in salt bath.
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Tilapia

Open pipeline stunne¥isual inspection of hot smoked eel by the DUB®MESs and end-
users revealed that the product quality was satsfia  The required slaughter rate of 1-
2 tonnes per hour could be obtained.

The experimental slaughter method may result isipntly lighter fillets at the visceral
side, compared to the batch that was killed by diteg the fish in fresh water. The
differences between the L* values of both batcheind storage was higher than 2 units
and therefore the difference were visible. Contré&myour expectations higher a* values,
which were visible for human beings, were not atgdi compared to killing by bleeding
in fresh water. For the b* the differences duritgrage of both batches was similar than
1 to 2 units for both the visceral and skin sidd #rerefore no visible differences could
be observed.

Sea bass

Pipeline stunner.Sea bass killed using either the present commemithod of
immersion in an ice slurry alone, or using eleatristunning by passing it through the
pipeline stunner before immersion in an ice slupngsented satisfactory sensory quality.
The electric stunning in water fresh water (100@cpSconductivity) did not detectably
improve nor degrade the sensory properties of e hamely the flavour, texture or
colour of the flesh. Fish slaughtered by both méshpresented similar sensory quality
following storage on ice for up to 10 days. Theefiie stunner met demands of partner
A5 with respect to slaughter rate.

Batch stunnerThe Turkish SME preferred to use a batch stunwhich is filled with
seawater, on board of the harvest boat, as théreegslaughter rate of 4 tonnes per hour
was achieved, which is in accordance with the v@isbk partner A6. The stunner is
mobile, as no mains was available on board. Witipeet to product quality parameters
analysis of pH and colour (CIE-L*a*b* values) waariged out. Differences in pH and
colour between electrical stunning and live chglimere not observed

The workers at the farm assessed the outer apmeadnthe fish and the fillets. It
appeared that loss of scales was less for therieldtt stunned fish, compared to the fish
that was killed by live chilling. Electrical stumg affected the eyes. It appeared that they
were less convex and less dark compared to thdn st was killed by live chilling.
Nevertheless, in the view of the SMEs the fish ddé sold.

Turbot

Continuous_stunnerFood quality aspects of farmed turbot (Psetta imax were
compared following two methods of slaughter: thaiional method, by immersion in
an ice slurry, or by first electrically stunning water fresh water (1000 pS/cm
conductivity) the fish, using a prototype contineaiunner, before immersion in an ice
slurry. Quality was assessed for up to 10 daysarhige on ice following slaughter. No
differences were found between the slaughter methioderms of an overall carcass
quality.
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Batch stunnerWe compared electrical stunning of farmed to tutbdive chilling, with
respect to product quality parameters. For eladtstunning we used a batch process on
a 400 | scale with seawater followed by chilling, tarbot farmers in the Netherlands
prefer this. A slaughter rate could be obtained thet the demands of partners A3 and
A4 To measure the product quality we choose fouthows. These were analysis of
colour.. The obtained results revealed that thelyrb quality of the turbot that was
stunned and killed by electricity followed by chith was similar to that of fish killed by
applying live chilling.

Conclusions and recommendations

In conclusion we can state that:

» current densities needed for instantaneous sturofititapia, sea bass and turbot
species were established, as judged from EEGsthEmea bass and turbot these
conditions were established in seawater, whicheg thatural environment at the
farms. For eel we assumed the same condition takliested for tilapia, has to be
applied. However, the EEG data are lacking for eel.

» when the fish are exposed sufficiently long to &leity recovery during Killing
of all selected fish species can be prevented.

» for eel the use of a saturated aqueous Caf{@blution could prevent recovery.
For the other fishes crushed ice was suitableifiinds of the stunned species

» assessment of product quality of fish stunned legtatity showed that carcass
downgrading can be prevented and the quality igla&into that obtained by
current methods

» a pulsed square wave alternating current reduceetipoeeded for instantaneous
stunning by a factor of 1.9, compared to the use®® Hz sinusoidal current.

» orientating the fish that enters a pipeline sturorest continous stunner should be
given attention. It should be prevented that tisé #nters the electrified water
with tail first, as loss of consciousness and dmlityi may not be within 1 second
due to exposure to the current.

e a dosing system should be developed. For industiy thay be needed to
minimize labour. In addition, avoidable stressha fish should be prevented.

* Regarding food safety, the commercial stunnersghvare supposed to be built
and sold beyond the lifetime of the project, haveneet HACCP standards that
are currently used in food industry.

* For each company that wants to use a stunner A HA@QI&n has to set up.
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* more extensive microbiological analysis is needefdie firm conclusions about
food safety regarding the reuse of water in thégbype stunners.

» slaughter rates ranging from 1 to 4 tonnes/houmewe accordance with the
wishes of the industrial partners in StunFishFirst.

» safety of the workers is addressed to in the desigthe amplifiers and the
pipeline stunners.
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Plan for using and disseminating the knowledge

The consortium intends to exploit the results tgpriove competitiveness through
introduction and training of the fish farming SMtéscontrol application of stunning. All
partners have a focus on improving quality (prodastwell as quality perceived by
consumers) by stunning of farmed fish. The projeitit also promote the utilisation of
the findings with respect to the model to predimhditions for stunning of species not
selected in the project. In addition to the SMEmens involved in the project, numerous
private companies will be kept updated on the mregimade with respect to stunning of
the selected species, via the end-users.

In the first half of the project, disseminationioformation about the project will remain
limited to the consortium partners. During the setbalf of the project, articles will be
published in scientific journals as well as in mordustrially oriented magazines. These
publications will include all scientific results iall areas of the projects. The project
coordinator will coordinate the publication effoftthe consortium. The SMEs, Research
Institutes and University will allow the free uskesgientific results obtained through the
proposed project after their presentation througblipations, international conferences
and open workshops. These results will be availabédl EU aquaculture industry.

In addition, the expected results of the proposegept offer great possibilities of
exploitation by the participating SMESs. It is cldesm their profiles that all of them are
willing to take part in research and developmerthis field.

In the plan a strategy to disseminate the knowledgeid-term, at the end of the project,
as well as beyond the consortium during the lifetmf the project and afterwards will be
given. The strategy is as follows. If necessaryupdate of this plan will be included as
an extra deliverable at the end of month 12 ofrikerim report.

Strategy

When deemed necessary, knowledge will be protelotddre results are disseminated
beyond the consortium. The coordinator (B1) andneas C1, B2, B3 and B4 are
experienced in protection of knowledge. In genepagtection of knowledge can be
achieved within 2-3 months. This period is neededtite a patent application, submit it
and have it registered at an Office for Industfiedperty in e.g. the Netherlands.

Once this procedure has been finished, the consortias freedom to disseminate the
protected results as widely as possible, espedmltile European aquaculture industries.
In order to achieve this, the results will be dmseted widely through all appropriate
media (e.g. trade, technical and scientific josnalorkshops and internet).

The following steps are foreseen.

» the manufacturers show prototype equipment for mensdaughter at trade shows
(the exhibition in Glasgow, Trondheim and the Sedf&xhibition in Brussels)

» the RTD performers submit papers for publicatiotréwme and scientific journals
and to present the project results at nationalistetnational conferences and
national workshops

» the preparation of guidelines as procedures of imenséaughter of the selected
species and other farmed fish species by the SM&®RAD performers
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» dissemination the results beyond the lifetime efphoject comprise: brochures,
video once the commercial equipment has been desel(ihis will be done
beyond the life time of the project), published grain trade and scientific
journals

» exploitation of results

We would like to emphasize that dissemination aiedge beyond the consortium and
lifetime is included. In addition, one manufactufef will update its website to present
the commercial stunners (photographs and video eésjagesults obtained by using the
prototype, experiences from companies using thepetgnt for humane slaughter and
results obtained from scientific assessment. Maggothe manufacturers have the
intention to advertise in trade and technical jalsn

The guidelines for humane slaughter are also dissged beyond the lifetime of the
project, as they will be available as informationwhich EU future recommendations or
legislation can be based.

Exploitation of the results

In order to ensure that the SMEs are able to alkdenand exploit the results of the
project, a number of steps are foreseen. The ctumsoclearly sees the importance of
active research participation by the SMEs in corafen with the RTD performers at
their own facilities. All of the SMEs have adequateientific expertise for such
participation. During the project, RTDs and SME4 wiork together, be in close touch
and communicate extensively. Outside the set nggtinommunication between the
partners will be intensive and will involve praetiexperience exchange at the various
sites of the project. In order to promote and fet# this, the project has been designed
in such a way that SMEs and RTDs work togethethensame tasks. In addition, several
involved SMEs and RTDs have bilaterally co-operatedhe past. As a result, the
‘doorsteps’ are low and informal contacts alreaxigte

We would like to emphasize our intent to proteap\ledge, when deemed necessary by
one or more SMEs, before results are disseminatgdria the consortium.

Raising public participation and awar eness. Socio-economic benefit for the general
public

The socio-economic benefits of humane slaughtefisbf in aquaculture, resulting in

further development of European aquaculture, atewigee economic justification for the

proposed research project. Currently, European cadju@e in general is in need of
methods to improve welfare of fish during produetim ensure further growth of the
industry and to ensure maintenance of the levethe today. When the European
marine aquaculture industry is provided with equepmfor humane slaughter, it could
very well enlarge the prospects and secure thedutiithe whole sector.

Further growth enhances economic activities anceiggées employment opportunities
within the whole production chain. In addition)Jeéads to a more diverse supply of good
quality aquaculture products throughout the yeaomwting fish consumption among

European consumers, and thus contributing healtor$umers, which contributes to an
increased demand for fish products.
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The idea to tune prototype equipment to the neédseocompanies in the consortium,
originates from the SMEs themselves. In additibe, technical files will be established
according to the needs and the wishes of the SkNggvied, ensuring accessibility to the
results. The technical files will be practical matsurather than scientific papers. In
addition, as a result of the short lines and closeperation between RTDs and SMEs
during the whole project, transfer of informatiemiatural and direct.

Update

Partner B4 discussed the prototypes with the Hun®&laaghter Association, which is
based in the UK. The Humane Slaughter Associatoeeggon the approach which wass
chosen in the project. In the Netherlands the ptojas presented to four major Animola
protectionists organisations (Rechten Voor Al Watett, De Vissenbescherming,
Stichting Wakker Dier en de Nederlandse VerenigotgBescherming van Dieren) on 2
March 2007. A presentation of the project was distd at the Dutch Ministry of
Agriculture and Food Quality. The animal protectsts were pleased about the outcome
of the project.

Partners A7 and B4 presented the pipeline stunhéhea Aquaculture exhibition in
Glasgow May 2006.

Partner B4 received a letter of support from thenidne slaughter Association.

In June 2006 the project partners C1, B1 and B2gmted the project to the EU-FVO-
MISSION DG(SANCO)/8041/2006 EVALUATION ON ANIMAL WEFARE.

The RTD performers intend to submit four manussrifr publication in scientific
journals, provided that this does not conflict witie interests of the SMEs. RTD
performers intend to submit four manuscripts foblmation in scientific journals,
provided that this does not conflict with the imsts of the SMEs.

Preliminary results obtained with the prototypesrav@resented to a Dutch animal
protectionists organisation (Vissenbeschermindgylamch 2007.

On June B progress made in StunFishFirst was presentedt@&anco.

A general overview of StunFishFirst was presentedoskshop of Cost Action 867,
Arcachon, France. The project was also presentdideaDutch Ministry of Agriculture,
Nature and Food Quality.

The research partners have planned interviews abdission of papers, as shown
beneath.



Final Report StunFishFirst COOP-CT-2004-512991 P#yef 36

Planned/ Type Type of audience Countries addressed Size of Partner responsible
actual audience | /involved
Date(s)
5/10/2005 | Dutch television General public Unrestlc wide B1l and B2
17-19 May | Glasgow fisheries exhibition Companies, researcher&£U and non-EU memben ~ 200 A7, A8 and B4
2006 states
March Project presented to a Dutch groupAnimal protectionists The Netherlands 3 Bl
2006 of animal protectionists
(Vissenbescherming)
6 May Visit DG Sanco: Presentation Commission all 6 C1, Bl and B2
progress made in StunFishFirst
October Project presented at Cost Action | researchers European and non 60 Bl
2006 867 in Arcachon, France European
February | Project presented at the Dutch Policy advisors, assisting Netherlands 20 Bl and B2
2007 Ministry of Agriculture, Nature and staff
Food Quality
2 March Project Presented to the 4 major | Animal Protectionists Netherlands 10 Bl and B2
2006 Dutch Animal Protectionists
Organistations (Rechten Voor Al
Wat Leeft, Vissenbescherming, De
Dierenbescherming, Stichting
Wakker Dier)
March- Interview in Fish Farming Fish farmers in UK and in Europe Major B4
May 2007 | International Europe farms
and
processor
sin
Europe
March- Interview in Dutch trade journal Fish farmers in the Netherlands and Flemish Farmers | B1
June 2007 | Aquacultuur Netherlands and Flemish part of Belgium and
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Planned/ Type Type of audience Countries addressed Size of Partner responsible
actual audience | /involved
Date(s)
part of Belgium processor|
sin Nl en
Flemish
part of
Be
2006/2007 | Publications in technical and Companies, government, unrestricted wide All research partner

scientific journals

The effect of electrical stunning at
slaughter on the carcass, flesh an
eating quality of farmed sea bass
(Dicentrarchus labrax) by Toby
Knowles and others.

The effect of electrical stunning at
slaughter on the quality of farmed
turbot (Psetta maxima) by Toby
Knowles and others.

ELECTRICAL STUNNING OF
SEA BASS (Dicentrarchus labrax)
IN SEAWATER FOLLOWED BY
CHILLING: neural and behavioura
assessment and product quality b
Bert Lambooij and others

A humane protocol for electro-
stunning and killing of Nile tilapia

veterinary inspectors,
science

=<

in fresh water by Bert Lambooij an

[72)
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Planned/ Type Type of audience Countries addressed Size of Partner responsible
actual audience | /involved
Date(s)

others
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