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Project funded by  the 6th framework program of the European Community
CrustaSea – Development of best practice, grading & transportation technology
in the crustacean fishery sector – COLL-CT-2006-030421
Project acronym: “CrustaSea”
Project full title: Development of Best Practice, grading & live transportation technology in the crustacean fishery
sector
The crustacean fishery sector is facing challenges due to high mortality and quality reduction of the live
crustaceans (lobster and crab). To increase the competitiveness of the European Crustacean industry, the EU
CrustaSea project was funded in autumn 2006 and it lasted for three and a half years, till the 31st of December of
2009. The main goals of the project were to reduce or eliminate crustaceans mortality and losses of quality after
capture, to expand market opportunities of live crustaceans. to improve the infrastructure, and to establish best
practices along the crustacean trade chain. Additionally, the project should initiate innovation and exploitation of
live transportation technology of crustaceans.
To address these challenges, it was necessary to innovate and develop cost efficient production methods
throughout the crustacean chain. Scientific knowledge and operational experience were exchanged between the
EU partners, and the technological solutions of the grading, holding and transportation systems of live crustaceans
were improved.
The following knowledge & technological capabilities were investigated:
- The requirements of the Edible crab, Norwegian lobster and European lobster regarding their biological
and physical factors to improve their health, growth and survival.
- Handling, storage and transportation systems of the live crustaceans were established to increase
survival and quality, hence adding value to the crustacean fisheries in the future.
- Cost effective crustacean grading units were evaluated regarding meat content of edible crab. Both
systems for grading on board and at processing plants, were investigated.
- Transportation technology consisting of ”intelligent” boxes, comprising a floodable system for flushing of
the live crustacean animals, were developed. The system is able to discharge waste components from
the metabolism of the crustaceans through their gills.
- The European crustacean market regards quality requirements at the point of sale, was also mapped.
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The results obtained by the CrustaSea project, which the partners have decided to become public, will be archived
at the web page www.crustasea.com from the 1st of January 2010. Here, the public reports and power-point
presentations (ppts) delivered, will be open and access able according to the overview listed below.
The deliverables of the CrustaSea project decided public by the Consortium
Del.
no.
Deliverable name
WP
no.
Leading
participant
Nature
D2.1
Protocol on Best Practice for
handling, grading & storage on board
fishing vessel.
WP2 MR R
D3.1
Protocol on Best Practice for handling
& storage of crustacean commodity at
landing/recovery station.
WP3 Pera R
D6.1
Report on how stress and
environmental conditions related to
transportation affect food quality
parameters.
WP6
VRC R
D6.2
Establishment of a European
guideline for quality of live
crustaceans in retail and HORECA
segments.
IPIMAR R
D7.2
Two papers presented at 4
conferences or major exhibitions.
WP7 NSS
O
D7.3
Two publications in the form of
editorials, technical papers or trade
press.
O
D9.1 Project Web page
WP9 NSS
O
D9.2
Project Presentation published on the
project Web page
O
D = Deliverable, WP = Work Package, no. = number, R = Restricted, O = Open
On behalf of the Consortium of the CrustaSea Project
R & D Coordinator Kristin Lauritzsen, Norske Sjømatbedrifters Servicekontor (NSS)
Project Coordinator
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The trade of live crustaceans faces serious challenges related not only with the increase in
economical costs and lost of purchasing power by consumers, but also with the huge trade chain
complexity and duration.
This European guideline is an excellent tool to enable improvements and innovations in this
increasingly competitive sector with new actors like the Asian market. The trade of live
crustaceans implies the maintenance of live animals from the moment of capture till their
acquisition by consumers. In this context, it is fundamental to understand the physiological
requirements of traded species, i.e. the optimal conditions for their survival and to attain high
quality products. Additionally, it is crucial to implement new techniques and to adopt measures
and attitudes that avoid crustaceans‟ mortalities and improve seawater quality along the trade
chain, particularly during capture, grading, handling, transport and storage. Customer demands
regarding live crustaceans‟ quality and the most relevant European legislation will also be
highlighted.
The purpose of this guideline is to contribute to the improvement of available systems along the
trade chain, to disseminate useful information for the improvement of live crustaceans‟ quality
and, consequently, to increase confidence to all actors involved in the trade chain of live
crustaceans, and particularly consumers.
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Crustaceans are invertebrates and include several organisms like crabs, spiny lobsters and clawed lobsters that belong
to the Decapod group, characterized by having ten appendages. Crustaceans body is divided in cephalothorax and
abdomen.
abdomen
cephalo-
thorax
Uropod
eyes
antennae
carapace
Developed abdomen and
compressed laterally
Pleopods are swimming
organs.
Without claws.
European spiny lobster
Palinurus elephas
SPINY LOBSTER
The abdomen is short and
compressed dorso-ventrally.
Possess pleopods without
swimming function.
In females, the eggs are
attached to pleopods. European edible crab
Cancer pagurus
CRABSclaws carapace
abdomen
eye
walking
legs
Developed abdomen and
compressed laterally.
Pleopods are swimming
organs.
Three pairs of claws.
CLAWED LOBSTER
crushing claw
cutting claw
antennae
carapace
Uropod
eyes
rostrum
abdomen
European lobster
Homarus
gammarus
Norway lobster
Nephrops
norvegicus
 


	9. Introduction
Grading
Introduction
CrustaceansTransportStorageHandlingWaterquality
Consumer
demands
LegislationConclusions
Project funded by  the 6th framework program of the European Community
CrustaSea – Development of best practice, grading & transportation technology in the
crustacean fishery sector – COLL-CT-2006-030421
Mating, spawning and hatching
Decapod crustaceans have separate sexes. Mating
occurs immediately after the female‟s moulting.
Depending on species, the eggs are fecundated during
mating (lobsters) or the female store the sperm until the
eggs are developed and ready to be fertilized (edible
crab). Once fecundated eggs attach to female‟s
pleopods where they are incubated for a more or less
longer periods according to species.
Females carrying eggs are called berried. Meat quality
of berried females is very much depending on the
species. Berried females are responsible for the
recruitment. Yet, the legality of catching them vary with
species and geographical regions.
Moulting
Crustaceans are covered with a hard and rigid outer shell composed of calcium and chitin. The shell is cast at
intervals and replaced by a large one to allow the animal to grow. This process is called moulting. Soon after
moulting the shell is very soft and the animals extremely vulnerable and they hide in sheltered places without
feeding. As far as edible crab is concerned, they start feeding after about one week. The shell is, however, still
soft and the meat yield poor. The shell becomes completely hard after two to three months depending on
temperature and food availability.
The edible crab to the left has just finalized
moulting increasing about 20 – 30 % in
carapace width due to the absorption of water
and swell. The shell is soft with poor
pigmentation. The tip of the claws is light
brown in newly moulted crab instead of black.
The old shell of this crab is shown to the right,
is darker and has incrustant organisms. The
old shell can be mistaken to be a live crab at a
first glance.
The meat content and quality of decapods crustacean depend on the molting and breeding cycle.
Edible crab
Nephrops
European
lobster
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The most important crustaceans consumed in Europe are marine organisms and some are live traded.
Water quality
Seawater temperature is a critical parameter for
crustaceans. Each species has their tolerable limits
and should not be held outside these limits.
High temperatures tend to diminish the available
dissolved oxygen in seawater, increase crustaceans
activity and metabolism, thus increasing their oxygen
demands and excretion. Lowering the temperatures
has the reverse effect, and might be good when
handling and transporting crustaceans.
Respiration
Marine crustaceans require seawater to survive.
However, they are tolerant to air exposure depending
on parameters like time, temperature, and air
humidity.
The gills are the respiratory organ where the
exchange of oxygen to the blood and release of
carbon dioxide and other metabolic wastes like
ammonia occurs. Once exposed to air, the water in
the gill chambers are depleted, and the metabolism
and gills functions reduced. Once critical limits are
exceeded, the gills are ruined and not able to resume
their function even if the animals are re-immersed.
The survival and quality of live crustaceans also depend on
ammonia and pH values in the holding seawater. Ammonia is an
excretion product that becomes toxic above certain levels. The pH
measure the acidity of water and should be maintained between
critical levels.
The following pages show the critical values for the most
important live crustaceans traded in Europe, as well as some
biological and ecological characteristics.
CO2
Water
CrustaceanGills
CO2
O2
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Characteristics Description
Distribution and fishery
Distributed along the west coast of Europe from Morocco to Tromsø
Norway.
Habitat and behaviour
Live on bottoms of sand, gravel and rock. Abundant till 200 m depth,
particularly between 6 and 50 m. Shallow in warm season, seasonal
migration to deeper (and warmer) waters in cold season.
Berried females
Females spawn in late autumn. Eggs are stuck to the appendages under
the abdomen until hatching occur, i.e. 7-8 months later.
Moulting season Main moulting season is usually from September till October, but may
occasionally occur the whole year.
Economical importance High importance due to large volume.
Size
Adult crabs are larger than 11-13 cm carapace width (CW), usually
between 15 and 17 cm. CW of 30 cm has been observed in males. Adult
males are heavier than females with the same CW due to larger claws.
• Female‟s abdomen is broad with four pairs of
hairy appendages where the eggs attach
during spawning.
• Male‟s abdomen is narrow tightly fitted to the
carapace. Abdominal appendages are
modified to form copulative organs.
Main differences between males and females
Parameter Optimal condition Natural Condition
Values should not
exceed
Water temperature C 8 – 12 C 4-15 C <2 or >19 C
Salinity‰ 30-35 ‰ >29 ‰ unknown
Oxygen saturation % >70 % 10-80 % <15 %
pH 8.0 – 8.2 7.8 - 8.2 unknown
Total ammonia mg/l <0.2 mg L-1 unknown 1.8 mg L-1
Optimal values and tolerance of Edible crab to key environmental parameters
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VITALITY INDEX
Vitality index vary between 5 (very strong animals) and 1 (dead). The scoring is particularly important for traders.
Index Application Description Attitude
5. Strong
• Can be
transported
further in value
chain.
• Prompt, strong, aggressive
response, or
• defensive position unable to
access the abdominal area.
• Cling to hand when held
upside down.
• Eyestalk response.
• Mouthpart strong .
4. Healthy Like index 5.
• Like index 5, however the
aggressive / defensive
response is slower
3. Weak
• Process, or
• try to recover
the animals in
water before
further
transport.
• Weak legs and claws, no
aggressive response.
• Slow reaction when touched
in the abdominal area.
• Loosen the grip when held
upside down.
• Eyestalk response.
• Mouthpart strong.
2. Moribund
• Remove from
tanks.
• If possible
process
immediately.
• No claw response.
• No reaction when touched in
the abdominal area.
• No grip when held upside
down.
• Slow eyestalk response.
• Mouthpart slack .
1. Dead
• Remove from
tank.
• Do not process.
• Like index 2 but no
movement in antennae and
mouthparts when touched.
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EXTERIOR QUALITY
The size, missing legs and claws, fractures in the shell, and appearance of the shell (hardness, color, fouling,
black spots) should be evaluated together with the vitality.
Crabs missing one or two claws (‟cripples‟) have lower
market value. Missing only two legs is usually accepted
in the market, while more than 3 legs may decrease
market value.
Minimum Legal Size (MLS)
Lack of claws and walking legs
Fractures in shell
Mating occur during female moulting and sperms are
stored until the roe is developed/mature. Spawning and
fertilization mainly occur from October to December. The
eggs stick to the abdomen until hatching of larvae in the
following summer. Females hardly eats in this period and
their meat content is poor. Females may spawn in the
tanks.
Minimum legal size is measured on the widest part of the
carapace. It varies from 11 cm carapace width to 16 cm
depending on geographical areas.
Animals with recent fractures in the carapace or
appendages have lower vitality, thus influencing their
quality.
Berried females
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Extensive coverage of fouling, dirty shell and black spots are not
wanted in the market.
Microbes attack the shell at fracture regions and break down the
chitinous layer. The black spots correspond to melanisation,
caused by enzymes in the crab blood. Additionally, infection of
fungi may occur through the shell and discolor the meat.
Soft shelled
Soft crabs have recently moulted. The shell is
soft and light due to insufficient calcification
and pigmentation. The light colour is easily
recognized at the ventral side of the carapace
and appendages.
Fouling and black spots
„Pink crab disease‟ is caused by the dinoflagellate
Hematodinium. The blood gets a milky
appearance caused by the massive increase in
parasite number. Infected crabs become weak
and may die. Hematodinium is found in edible
crab from UK and Ireland.
Studies on diseases in edible crabs have been
insufficient. Ongoing studies have identified
several parasites in edible crab.
The shell hardness can be evaluated by gentle squeezing.
REJECT soft-shelled crabs during the sorting process on board
and do not transport them. Such crabs are weak, full of water due
to the new shell, and the meat content is low.
Photo: G. Stantiford, CEFAS UK
Diseases
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Check points: A=filling of meat between skin and the roe. B=filling of meat in the gap between the two halves of
the body. C=thickness (volume) and extension of the liver/roe. D=texture of the liver. Waterly texture degrades
INTERIOR QUALITY
• The quality index of the interior of cooked edible crab is separated
in claw meat (muscles) and meat of liver and roe. Hard shelled
crabs have usually good fullness of the claw meat, while the
fullness of liver and roe is more variable.
• Claw meat: picture shows fullness of white meat in claws that vary
from 60–70% of available space (left) to 90–100% (right). Fullness
of claws of soft shelled crabs may be less than 50%.
Inde
x
Description and application Liver and roe in cage Liver and roe in
carapace
5
•Exceptionally well filled (90-
100%), excellent texture and
good colour. Gonad mature.
•Good for purchase as a whole
crab.
4
•Well filled (70-90%), good
texture and acceptable colour.
Mature gonad.
•Acceptable for purchase as a
whole crab.
3
•Meat of adequate quantity (50-
70%), acceptable texture and
colour.
• Acceptable for processing.
2
•Small quantity of meat of
watery consistency (20-50%).
•Insufficient to purchase, but
may be used for processing.
1
•the carapace and/or of a total
liquid consistency (<20%).
•No purchase nor processing
considered.
A
B
C
D
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Parameter Optimal condition Natural condition Lethal levels
Temperature °C 4-10 2-15 <0 or >19
Salinity ‰ 35 >29 <21
Oxigen saturation % >70% 10-80% <15%
pH 7,8-8,2 7,8-8,2 <5 or >9
Total ammonia mg/l <1 mg/l From 0 to unknown unknown
Characteristics Description
Distribution
Eastern Atlantic region, from the south coast of Iceland and Lofoten Islands in
north western Norway, south to the Atlantic coast of Morocco and western
and central basin of the Mediterranean.
Habitat and behaviour
Depth range from 15 to 800 m; the species lives on muddy bottoms in which it
digs its burrows. It is nocturnal and feeds on detritus, other crustaceans,
molluscs, polychaetes and echinoderms, often reflecting the fauna where it
lives. These lobsters are predators and scavengers.
Berried females
Berried females are found practically throughout the year, the eggs are laid
around July and are carried for about 9-11 months
Economical importance Very high
Minimum capture size
The total body length of adult animals varies between 8 and 24 cm, usually it
is between 10 and 20 cm. The minimum capture size is in most areas is 25
mm carapace length.
Main differences between males and females
The first pleopods of males are rigid and
forward-projecting, adapted for
spermatophores transfer during mating whilst
those of the female are hair-like and vestigial.
Females are generally smaller than males.
Optimal values and tolerance for Norway lobster to key environmental parameters
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VITALITY INDEX
Vitality index vary between 5 (strong animals) and 1 (dead). Animals
should be picked up by the abdomen to observe the posture at which
the claws are held. Good conditioned animals are able to hold their
claws above the horizontal plane of the body.
Index no. Application Description Attitude
5. Strong Good for live transport
Animals show active,
strong tail-flipping and are
able to hold their claws
above the horizontal axis
of the body
4. Healthy Can be live transported
Animals show slow tail-
flipping, but can lift their
claws with some
appendage movement
3. Weak
Can be processed to be
sold as fresh or frozen
product
Animals show complete
abdominal immobility but
with some reflexes in
appendages when
touched
2. Moribund
Can be processed to be
sold as fresh or frozen
product
Animals show reflex
movements of pleopods
and antennae or
scaphognathite activity
1. Dead
Animals should be
discharged
Dead, no sign of live, dull
eyes
Lobsters missing claws and lobsters with big wounds or
with shell damage are unsuitable for live market.
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Several criteria must be taken into account to choose good quality Norway lobster. The external aspect is the
most commonly used criteria to evaluate lobster quality. Several parameters are known to affect the lobster
commercial value:
Minimum Legal Size (MLS)
Lack of claws and walking legs
Lobsters can easily loose their arms by autonomy,
especially if stressed.
Excessive handling and drastic changes in environmental
conditions induces loss of claws and walking legs.
Live lobsters are very much a luxury product so they are
expected to be of top quality, i.e. without missing limbs,
or with wounds.
Berried females
Female keep fertilized eggs attached to the abdomen
pleopods until they hatch after 8-12 months (depending on
temperature). During this period females mostly remain in
their burrows, meaning that egg-bearing females are a
small part of the catch.
The capture of berried females is allowed in several EU
countries. Yet, to guarantee resource sustainability it is
recommended to reject and release berried animals.
Minimum legal sizes for Norway lobsters varies
between geographical areas. In areas within the EU
region and the ICES areas the MLS is a carapace
length of 20-25 mm. The carapace length is measured
from the back of an eye socket to the back edge of the
rigid head section of the shell.
In Iceland the MLS of Norway lobster is 30-35 mm
carapace length. Lobsters with this size should be less
than 10% of the catch.
Carapace length
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Soft shell condition
The hard shell is routinely moulted to enable the lobster to grow.
Following expulsion of the old shell, animals are soft-bodied for a
short period before the shell hardens.
Newly moulted individuals have a soft-shell and the meat is of
low quality. The highest proportion of soft-shelled animals are in
late spring and early summer.
Soft meat condition
%positve
The condition of soft meat is believed to be connected
to trauma caused by trawling or handling procedures.
New evidence pointed out a post-mortem enzyme-lyses
in the meat.
The proportion of the catch with soft meat increases with
time after capture.
The meat is of very poor quality, but it is impossible to
identify those individuals before cooking.
IMN
Idiopathic muscle necrosis (IMN) is a stress and injury-related
condition that leads to death. Muscle fibres begin to form necrotic
lesions, which appear as white, opaque spots through the thin
ventral exoskeleton.
The tail looses its flexibility and the animal can no longer flip its
tail. Animals suffering from IMN will only live for few days in the
storage facilities.
INM does not affect the quality of the meat when cooked.
Diseases
Post capture time
 


	22. European lobster
GradingIntroduction
Crustaceans
TransportStorageHandlingWaterquality
Consumer
demands
LegislationConclusions
Project funded  by the 6th framework program of the European Community
CrustaSea – Development of best practice, grading & transportation technology in the
crustacean fishery sector – COLL-CT-2006-030421
 


	23. European lobster: General  aspects
GradingIntroduction
Crustaceans
TransportStorageHandlingWaterquality
Consumer
demands
LegislationConclusions
Project funded by the 6th framework program of the European Community
CrustaSea – Development of best practice, grading & transportation technology in the
crustacean fishery sector – COLL-CT-2006-030421
Main differences between males and females
Similar to Norway lobster. Apart from
differences between pleopods , male claws are
bigger and the abdomen is thinner than
females.
Characteristics Description
Distribution North-western Atlantic (from Norway till Morocco)
Habitat and behaviour
Rocky bottoms below 150m. Predominant below 50 m. Territorial and
noctivagous. Live in holes.
Ovigerous females All year. Eggs incubation 10-11 months
Economical importance Very high
Size Total length, 20 cm
Parameter Optimal condition Natural condition
Temperature ºC 10-16 7-19
Salinity ‰ 33-35 30-35
Oxygen saturation % >80 >80
pH 8.2 7.8 – 8.2
Total ammonia mg/L < 0.2 < 0.3
Optimal values and tolerance for European lobster to key environmental parameters
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Morphological differences between European and American lobster.
Differences European lobster American lobster
Rostrum
No ventral teeth One or more ventral teeth
Colour
Carapace is bluish to bluish black
dorsally, with white tracings or
mottling on the carapace and the
abdomen dorsally; claws have white
tubercles and may be suffused with
orange tints, while walking legs are
lighter blue.
Carapace dark bluish, green to brownish
olive mottled with very dark greenish black
spots, often almost black, pleura with
reddish tips
Aspect
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VITALITY INDEX:
Vary between 5 (Strong) and 1 (Dead).
Index Application Description
5. Strong Good for live transport
Claws and walking legs
very strong; Strong uropod
movement; Rigid uropod;
Aggressive or defensive
attitude; Reactive
antennae.
4. Healthy Can be live transported
Claws and walking legs
with movement; Slower
uropod movement; Rigid
uropod; Low reactivity of
antennae.
3. Weak
Cannot be transported;
try to recover the
animals or process
them to be sold as
fresh or frozen product
Almost complete
abdominal immobility with
some reflexes in walking
legs when touched; Weak
uropod movement;
Antennae not reactive.
2. Moribund
Separate from healthy
animals; if possible
process immediately to
be sold as fresh or
frozen product
Claws, walking legs,
uropod and antennae not
reactive; Reactive eyes.
1. Dead
Animals should be
discharged and DO
NOT process them
Claws, walking legs,
uropod, antennae and
eyes not reactive
Attitude
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Minimum Legal Size (MLS)
Lobster must have a MLS in the EU:
- EU: 85-88 mm (carapace length)
MLS variations among countries are set according to their legal
framework.
European lobster has a long life cycle. Consequently, effective stock
management only occurs if the MLS is strictly respected
Berried females
Capture of berried
females is allowed in
several EU countries.
To guarantee
resource sustainability
you must reject and
release berried
animals
Lack of claws and walking legs
Excessive handling
and drastic changes
in environmental
conditions induces
lost of claws and
walking legs
Several criteria must be taken into account to choose good quality European lobster. The external aspect is the
most commonly used criteria to evaluate lobster quality. Several parameters are known to affect the lobster
commercial value:
Characteristics Hard shell Soft shell
Presence of epibionts Can have some None
Carapace Old Recent
Colour Dark Light
Meat content High Low
Quality Good Poor
Carapace hardness Hard Soft
Post moult animals
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Fractures in the carapace are
usually the result of poor
handling and storage
conditions along the trade
chain. Animals with recent
fractures have lower vitality
index and commercial value.
Fractures in carapace
Diseases
Though only occasionally, European lobster can have shell
diseases, particularly gaffkemia, caused by the bacterium
Aerococcus viridans leading to severe mortalities. Lobster aspect is
affected, animals become weaker and have lower meat quality.
Parasites like the
copepod Nicothoë
astaci occur in
European lobster
gills. These parasites
may weaken the
animals due to the
decrease of breathing
surface, but they do
not affect meat quality
Falling
Animals with old carapace are usually covered with marine organisms, not representing any decrease in meat
quality. White spots in lobster carapace are natural, do not represent any disease and is harmless to humans
 


	28. Project funded by  the 6th framework program of the European Community
CrustaSea – Development of best practice, grading & transportation technology in the
crustacean fishery sector – COLL-CT-2006-030421
Grading systems
Grading
IntroductionCrustaceansTransportStorageHandlingWaterquality
Consumer
demands
LegislationConclusions
 


	29. Project funded by  the 6th framework program of the European Community
CrustaSea – Development of best practice, grading & transportation technology in the
crustacean fishery sector – COLL-CT-2006-030421
Grading systems
Grading
IntroductionCrustaceansTransportStorageHandlingWaterquality
Consumer
demands
LegislationConclusions
The grading of crabs can occur at several stages of the value chain, like on board fishing vessel, at the
landing stations, by buyers, and in the production line of processing facilities.
There are two main reasons for grading crabs.
Roughly they can be divided in environmental and economical, though they are linked.
Environmental: Fishermen have to grade crabs at sea to ensure that any crabs is brought to shore bellow
the minimum landing size (MLS issued by the EU). This is to ensure that harvested animals have a chance to
reproduce at least once. The landing of immature crabs can have long term negative effect on stocks.
Environmental & Economical: There are several vitality and other quality criteria that can be used to grade
crabs.
Vitality: All moribund or dead crabs should be returned to sea, weak crabs can be acceptable if there is a
possibility to revitalize them, otherwise they should be returned to sea. In this way, weak and moribund crabs
will have a chance to recover. Economically these crabs would most likely be rejected by the buyers, not
representing any economical value for fisherman.
External quality criteria: As seen in the Crustaceans chapter there are a number of external quality criteria
that can be applied in live crustaceans. Grading should be done by fishermen, as bringing to shore crabs that
are not wanted by the market will not represent any income for the fishermen.
As seen in the chapter Crustaceans there are a number of external quality criteria, some are market related
and some are related to vitality. Grading after this criteria should be done by the fishermen, as bringing to
shore crabs that are not wanted by the market will become an expense for the fishermen.
Meat Content: This is probably the most important quality criteria, and can only partly be judged by the
fishermen, but when done subjectively and only based on fishermen experience it is far from ideal when it
comes to accuracy.
Such grading is being performed visually by the fishermen as the crab are caught.
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TECHNICAL SOLUTIONS FOR GRADING CRABS
There is an urgent need to develop objective grading solutions able to screen meat quantity in crabs, both for use
on board the fishing vessel and for use on land in processing plants or storage facilities.
At sea: Several prototypes have been developed for grading meat quantity at sea, but so far they have been either
too expensive or had a unsatisfactory accuracy. However, a model have been created in the CrustaSea project
with promising results incorporating the NIR (Near Infra Red) Technology. Simultaneously, this model also
measures the MLS, thus being able to inform fishermen through a keep or reject signal in just 2 seconds
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ONLINE QUALITY GRADING OF CRABS FOR USE IN PROCESSING PLANTS
An on-line image scanner based on near-
infrared (NIR) spectroscopy is optimized for
determination of food content in crabs.
The NIR light penetrate the interior of the shell
when the crab passes on a conveyor belt and
the obtained NIR spectrum contains information
about fat, water and protein.
A calibration is made between NIR spectra and
food content (liver and roe) in the crab.
The system has a capacity of 100 crabs per
minute.
The accuracy of the system allows the grading
of crabs into 4 quality classes.
The system is currently used for automatic
sorting of crabs before processing in
commercial production.
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In viviere transport, crabs are
immersed in holding tanks at a ratio
of 50% crabs to 50% seawater.
Aeration is provided at the bottom of
tanks to oxygenate the water, and
remove CO2 produced by crabs.
The water temperature during
transport is generally around 12 ˚C,
but varies according to the water
temperature at the site where crabs
are picked up and at the delivery site.
In general, there is no temperature
control of the water with this system
despite the trucks are refrigerated.
The picture shows the interior of a viviere truck with aerated
tanks filled with crabs and water..
The main problems of this system are the accumulation of ammonia and CO2 to toxic levels over time as
there is no water exchange and the aeration is not able to remove all CO2, thus leading to mortalities.
These problems can be minimized by decreasing temperature in the transport water.
Lower temperature=> Lower metabolism => Lower production of ammonia and CO2
The introducing of a recirculation system could also minimize the problems, but there are currently no such
systems available for such transport.
THE MOST COMMON SOLUTION FOR LONG DISTANCE LIVE TRANSPORT OF
EDIBLE CRAB IS BY VIVIERE TRUCKS.
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DRY TRANSPORTATION
As an alternative to viviere transport, live crabs can also be transported dry in refrigerated trucks. This is a
method that is most commonly used for short duration transports. However, it can also be used for long
duration transports if the product has been revitalized* prior to transport, and is being kept under stable
chilling conditions (less than 5˚C). For additional information on recommended dry transport duration, consult
table in the storage chapter.
*Revitalized: Means that crabs are re-immersed after a period of emersion, preferably during 24 hours,
allowing the animals to release waste products like lactate and ammonia that accumulate in the animals
stored under dry conditions.
The picture shows a transport unit for long duration dry
transport that consists of 21 boxes of 50 L holding 25 kg
crabs.
When dry transportation of crabs occurs,
it is essential to carry out temperature
acclimation from the landing site to truck,
and from truck to the delivery station. If
the temperature amplitude between dry
conditions in the truck and water
temperature at the delivery station is
high (more than 6 ˚C) mortalities are
expected to occur. Therefore, crab need
to be slowly acclimated to the water
temperature at the delivery station. It is
recommended that an acclimation of 2
˚C/h take place under dry conditions
unless a similarly slow acclimation with
water can be achieved.
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DRY TRANSPORT
When Norway lobsters are transported by
air they are carried dry and cooled in
polystyrene boxes that provides
insulation. It is too costly to transport
seawater by air.
.
Inefficient gas exchange through the gills
in air is a primary cause of stress. By
keeping transport temperature low the
metabolic rate is also slowed.
The lobsters should be „conditioned‟ in deposit facilities for a few days
before packing out, because the highest mortalities occur in the first 3-
5 days. When choosing lobsters for transport, only pack those that are
vigorous and undamaged. Moribund lobsters are unlikely to survive
transportation.
The lobsters should be cooled before packing to decrease the metabolism.
They are cooled through immersion in 2 °C seawater for a period of 10
minutes, avoiding rapid changes in temperature. It is recommended to slowly
decrease the temperature for 2 °C per hour.
Pack the lobsters in individual compartments that fit the size of
each lobster. Avoid the contact between the animals and the gel
ice-pack.
The use of gel ice-packs within the packing box maintains
the temperature at approximately 4 °C for about 24 hours.
The low transport temperature reduces the lobster
metabolic rate, which in turn reduces the rate of respiration
and production of metabolites. Even though the polystyrene
packing boxes provide insulation they need to be kept in a
cold place during transport.
Find a route that is both short and economic.
Be sure that your product will be handled carefully.
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Air
temperature
( C)
Hours Hours
5 60 72
10 30 44
15 11 18
20 5 9
RECOMMENDATIONS:
•Crustaceans can be stored for several days in emersed and refrigerated conditions if maintained in humid
surroundings (e.g. covered with a humid cloth) to avoid dehydration.
•Avoid to pile or crush crabs.
•The boxes must have a drainage system to avoid the accumulation of excretion products in the bottom.
•Animal vitality must be monitored at lest three times per day.
Maximum recommended duration of dry storage of edible crab
Green
Maximum duration to keep
edible crab with good
vitality (in dark and humid
environments).
Red
Minimum duration to
have edible crab in
moribund condition.
Other factors can influence animal condition, such as stress factors during capture, air humidity and sorting of
weak animals, soft shelled, wounded or with poor quality.
DRY STORAGE
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The storage of live crustaceans for long periods implies that they are maintained in seawater (wet storage).
Crustaceans are mostly kept in tanks with different seawater systems: open, semi-open and closed systems.
Parameter OPEN SYSTEM
SEMI OPEN
SYSTEM
CLOSED SYSTEM
Proximity with the sea Yes Yes No
Type os seawater Natural Natural Natural/artificial
Water changes Tides Tides
Only from time to time
(depending on water
quality)
Filtration No
Basic
(sand, sponges, protein
skimmer, coal)
Complex
(Basic + bioballs, UV,
ozonation)
Refrigeration No Yes Yes
Water quality
Monitoring
Temperature, salinity, pH, ammonia, nitrate, nitrite, dissolved oxygen
Animal feeding Only during long storage periods
External pollution No control Few days only Full control
Recirculation No Few days only Yes
The following table summarizes the mains requirements of each system:
WET STORAGE
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WET STORAGE RECOMMENDATIONS:
- Crustaceans density must be adjusted to the species and tank dimensions.
- Keep crustaceans in the dark in the absence of lights as much as possible.
- Avoid excessive vibration and noise (e.g. pumps).
- Do not mix species in the same tanks due to aggressive or predatory behaviours.
- Do not store wounded, weak, dead or soft shelled crustaceans.
- Keep the records of each batch (e.g. origin, arrival date) to avoid long storage periods of crustaceans.
- Maintain crustaceans in flow through seawater systems.
- Seawater must have the highest quality as possible, i.e. free of contaminants and well oxygenated and
regularly exchanged.
- Use natural seawater if high quality is assured, otherwise use artificial seawater.
- Do not entirely fill the tanks.
DRY STORAGE
- Short duration.
- Keep humid conditions.
- Remove dead animals.
- If possible, process weak animals as quickly
as possible.
WET STORAGE
- Maintain temperature, salinity, oxygen and pH
between optimum values for each species.
- Maintain the balance of nitrogen cycle.
- Avoid installing tanks nearby pumps or other
noisy and vibrant equipment.
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Salinity should be held between 33 and 35 g/L. Fresh water must be provided if higher levels are detected,
whereas the opposite can be corrected with artificial salts.
Should be kept in the optimum values for each species. Crucial parameter as its increase affects almost all
remaining water quality parameters :
 decrease of O2 in water (blue arrow)
 increase of salinity by evaporation (black arrow)
 increase of crustaceans metabolic activity
 increase in O2 consumption (orange arrow)
 increase of CO2 production (green arrow)
 increase of nitrogen excretions
Crustaceans require the correct O2, feed and
temperature supply to live and excrete toxic
components like CO2 and ammonia that
degrade water quality.
Therefore, it is essential to maintain water
quality at the correct chemical equilibrium to
assure a healthy environment.
The most important water quality parameters
are: temperature, salinity, O2, pH, ammonia,
nitrites and nitrates.
IMPORTANCE
Feed
O2
Temperature
CO2
Ammonia
Salinity
Water
Temperature
O2CO2O2
Salinity
Gills
Water
Crustacean
CO2
O2
Seawater must be well oxygenated (above 80% saturation). Low
oxygen levels in water difficult crustaceans respiration
Oxygen
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This parameter indicates the acidity (0<7) or basicity (7<14) of a medium. Seawater pH is usually between 8.2
and 8.6. Lower pH values indicate that there is low oxygen supply, dead animals, feed remains or high
ammonia levels in water, whereas higher pH values indicate algae growth or increase in calcium carbonate.
Possible solutions: partially replace seawater or provide calcium carbonate.
pH
Nitrogen cycle
Feed
Feed not
ingested
Bacteria convert
ammonia in nitrites
(Nitrosomonas)
Bacteria convert
nirtites in nitrates
(Nitrobacter)
Ammonia
Nitrites
Nitrates
+ toxic
- toxic
Nitrites
Ammonia Nitrates Removed with
water exchange
All crustaceans excrete ammonia, mainly through gills. In seawater this compound is converted in nitrite (more
toxic), which in turn is converted in nitrate (less toxic). Both conversions are carried out by specific bacteria
that need substrate and oxygen to carry out their function. Temperature and pH also influence the activity of
these bacteria. Partial seawater must be replaced if high levels of ammonia or nitrites accumulated.
Ammonia, Nitrites and Nitrates
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RECOMMENDATIONS
In semi-open and closed systems water quality parameters must be regularly monitored, in order to implement
procedures to avoid further deterioration of water.
Daily Weekly Monthly
Temperature  - -
O2   In closed matured systems -
pH   In closed matured systems -
Ammonia -  In closed systems -
Nitrites -  In closed systems -
Nitrates -  In closed systems -
Salinity  In closed matured systems -
pH  In closed matured systems -
Cleaning pumps
and valves
- - 
Cleaning filters
and tanks
- 
Screening animal
vigour

- -
Parameter
Periodicity
In viviere trucks, the ratio between water and crabs should not exceed 50:50, and crabs should not be kept
for more than 5 days in the systems.
In recirculation and flow through systems the water flow should be higher than 0.3L/kg crab/min.
Moribund animals must be removed to ensure that they will not worsen the water quality.
Sufficient water flow must be provided at the holding systems, e.g. by bubbling pressure air at the bottom of
the holding tanks.
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• Make just one mistake, one stress that is too great, and you are fighting a loosing battle to keep
crustaceans alive.
• The death of one weak individual can reduce water quality. Reduced water quality can become a stress
issue for the whole consignment especially if crustacean are tightly packed in holding tanks.
It is a general provision that animals shall not suffer unnecessary. This also includes cold-blooded animals like the
decapods crustaceans. Procedures causing unnecessary pain or stress to the crustaceans should therefore be
avoided:
• during handling onboard
• transport and storage (the welfare of animal (transport) order 1997, no 1480)
• during the killing procedure.
• Handle all live crustacean
gently.
• Never drop or throw them, as it
will damage internal organs
and reduce survival.
• Do not damage the shell,
fractures facilitate pathogenic
infections.
• .
Animal welfare
The domino effect
General rules for all steps of the value chain
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Method Effect Description Comments
Chilling Sedation
• Prevent stress and makes the animals
easier to handle.
• Water temperature should be below 4ºC.
Crabs are probably only
sedated, not anaesthetized.
Ice slurry Killing
• Use crushed ice and salt water (-10 to -
20ºC).Immersion for at least 20 minutes
or until they appear insensible.
Acceptable for tropical
species.
Dry freezing Killing
• Temperatures of -15ºC for longer periods
result in death.
The white meat fasten to the
shell when they are cooked.
Splitting
(lobster)
Killing
• First sedate by chilling, then split up.
• Start in the midline, cut towards the
head, then towards the tail.
Must be properly executed
in order to kill immediately.
Spiking (crabs) Killing
• Crabs have a brain ganglion in front and
a thorax ganglion (legs and claws) in the
middle.
• Pierce the centers with a pointed
pitching instrument.
Must be properly executed.
Brain ganglion is very
difficult to hit and trying to hit
this may cause stress.
Cooking Killing
• First sedate or anaesthetize. If not,
several legs and claws will be shed, and
animals may suffer.
Time until death occur
depends on temperature,
animal strength and size.
Electrical
stunning
Anaesthetizing
or killing
• Industrial machines are in use, but
strength of voltage and time must be
further developed to foresee the effect
on the animals.
Most of the animals are just
anaesthetized and may
wake up again.
• Crustaceans should be kept alive until processing.
• Before processing, the animals should be humanly sedated,
anaesthetized or killed.
• The majority of crustaceans processing/slaughtering methods cause
some kind of distress.
Killing crustacean
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• Transverse sectioning of live lobsters, i.e. separating tail from head.
• Cutting tissue or flesh from live animals.
• Drown them in freshwater.
• Leave animals exposed to air, light or high temperatures.
Splitting lobsters Spiking crabs
Do not
Sketch: IMR Norway
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QUALITY, MORTALITY AND PRICE: A DISTINCTIVE RELATION
Consumer demands with regard to live crustaceans are mainly related to quality. Furthermore, the relation
between the quality requirements and price is the key issue for those products, which their main peculiarity is to be
traded live.
Besides, the state and quality of live crustaceans determine their mortality rate as it follows: in general, if animals
are in a good condition and have the expected quality parameters level, mortality will be reduced
RETAILER
QUALITY
REQUIREMENTS
CONSUMER
QUALITY
REQUIREMENTS
SUPPLIER
IMPORTER
QUALITY
REQUIREMENTS
In addition, consumer preferences are passed on through each of the stages of the value chain (consumer, retailer
and importer/wholesaler).
Vitality/
Mortality
QUALITY Price
 Size
 Weight
 Vitality
 Limb loss
 Sex
 Colour
 Morphology
 Country of origin
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QUALITY AT DESTINATION
The level of importance between quality parameters differs, but they all need to be considered at some extent,
except vitality. Vitality is always requested by importers, as it determines the main feature of the product.
Differences between parameters are due to:
• Type of importer –with or without tanks
• Species –Norway lobster, Edible crab, European lobster
• Customers –modern retail, traditional retail, HoReCa.
• Destination country –Italy, France, Spain
• The existence of supply shortage within the market
PRICE
The key quality parameters that highly influence purchasing price are:
• Animal size
• Weight
• Limb loss
• Sex
• Colour
Spain
7,14
7,14
14,29
42,86
78,57
0 10 20 30 40 50 60 70 80 90 100
% of importers
Other Meat content Sex Weight Size
France
100,00
28,57
28,57
42,86
28,57
28,57
0 10 20 30 40 50 60 70 80 90 100
% of importers
Size Meat content Sex Weight Fidelity Ordered volume
Different prices are set with regard to
animal size and weight. Limb loss, sex
and colour are less common, but still
significant. On top of this, if the product
has a high quality level, it allows the
importer to set a higher price negotiation.
Percentage of influence in price for each parameter
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Importance of quality parameters for each type of customer
in Southern European Markets
FR= France IT= Italy ES= Spain
OTHER KEY POINTS FROM REGARDING CUSTOMER DEMANDS:
 Opportunities for live crustacean suppliers would be to improve the product
quality, decrease mortality rates and approximate to importers requirements.
 The demand for processed crustaceans is increasing gradually in the
Southern markets - already-boiled European lobster and Edible crab.
Quality requirements of customers for each retailer
Parameters Modern retail HoReCa Traditional retail
Country FR IT ES FR IT ES FR IT ES
Sex         
Animal
weight
        
Animal size         
Meat
content
        
Colour         
Vitality         
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2. Requirements during transport, storage and at first-sale points
• Live crustaceans must be protected during storage and at retail
points, so that they can not be harmed or die.
1. Food hygiene and safety requirements
• Live crustaceans must be alive or show appearance of vitality.
• Live crustaceans that have been grown in farms must have absence of:
 Residues of veterinary drugs
 Residues of pesticides and disinfectants
 Residues of heavy metals (sometimes even in wild
crustaceans caught in estuarial areas)
LEGAL REQUIREMENTS
When it comes to foodstuff legislation, the European Union is in charge of regulating issues in relation to food.
This is the case of live crustaceans, as they are considered food products of animal origin. Therefore in order
to present the legal requirements for the stakeholders it is necessary to look into the European legislation,
either directly applicable for them –regulations- or implemented nationally by the member states –directives-.
The following requirements are key and strictly compulsory for importers, exporters and traders of live
crustaceans. They are divided into hygiene and safety requirements, requirements during transport, storage
and at first sale points and importation requirements.
Furthermore, a list of the applicable legislation is presented below for future reference.
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• Nobody is allowed to import, export or commercialize within
the EU without an authorization number from the Food
Hygiene General Registration.
• The minimum information required on the product label for
imports is the country of origin and the number of
authorized facility.
• All products must be accompanied by the Health Certificate
for imports of fishing products whose destination is human
consumption (Commission Regulation (EC) No 1664/2006).
• Clean sea water -i.e. water from the sea with similar
parameters to drinkable water- must be used to submerge or
wet animals during transport, storage and at first-sale points
while waiting to be sold.
• Animals must be handled with care during all transport
stages, including loading and unloading and, if it is the case,
during changes of location within the storage facilities and/or
retail facilities.
• There is no legal need for chilling. Storage units i.e. tanks
and boxes, and any other storage systems must be made of
easy-to-clean materials, and also easy to disinfect.
• Materials, facilities and devices must be well-conserved and
clean at all moments. It is desirable but not mandatory that
materials are eligible to be in physical contact with food
products.
3. Importation requirements
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APPLICABLE LEGISLATION
The instructions above have been gathered and extracted from the European legislation. For further
information, the following list compiles all the applicable legislation to live crustacean trade.
• Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28
January 2002 laying down the general principles and requirements of food law,
establishing the European Food Safety Authority and laying down procedures in matters
of food safety.
• Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 April
2004 on the hygiene of foodstuffs.
• Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April
2004 laying down specific hygiene rules for food of animal origin.
• Regulation (EC) No 854/2004 of the European Parliament and of the Council of 29 April
2004 laying down specific rules for the organisation of official controls on products of
animal origin intended for human consumption.
• Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for
human consumption.
• Council Directive 97/78/EC of 18 December 1997 laying down the principles governing
the organisation of veterinary checks on products entering the Community from third
countries and repealing Directive 90/675/EC.
• Commission Regulation (EC) No 1664/2006 of 6 November 2006 amending Regulation
(EC) No 2074/2005 as regards implementing measures for certain products of animal
origin intended for human consumption and repealing certain implementing measures.
• Council Regulation (EC) No 2406/96 of 26 November 1996 laying down common
marketing standards for certain fishery products.
• Commission Regulation (EC) No 2065/2001 of 22 October 2001 laying down detailed
rules for the application of Council Regulation (EC) No 104/2000 as regards informing
consumers about fishery and aquaculture products.
Additionally, national legal frameworks are applicable.
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The handbook form the general requirements for which pre-treatment and handling the crustacean commodity
should be regarded as quality seafood for human consumption.
The information is practical, focusing on use for people working in shops and stores selling the crustacean
products.
• Edible crab, Norway lobster and European lobster are finite living resources with unique characteristics that must
be understood and managed along the trade chain to maximise profitability and sustainability
• There is a system available for industrial grading of crabs using NIR technology; presently, a similar systems for
use onboard is under development
• Crustaceans can be transported dry or fully submerged if provided with optimal and stable environmental
conditions.
• Storage of live crustaceans can be performed either in dry or wet conditions; providing optimal environmental
conditions will enable high-quality specimens for consumption
• When holding or transporting crustaceans in water it is of utmost importance that the water quality parameters
are optimal for the species in question.
• Handle live crustacean gently; this will increase survival and reduce economical loss; it is a general provision
that animals, including the cold-blooded decapods crustaceans, shall not suffer unnecessary; procedures causing
unnecessary pain or stress should therefore be avoided.
• Vitality is the key parameter of quality for live crustaceans; other issues as animal size and weight determine
purchasing prices; results from market research underlines differences in preferences by type of customer as well
among Southern European countries.
• The European Union sets strictly compulsory requirements for importers, exporters and traders of live
crustaceans; additionally, national legislation is applicable in each country.
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