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Background 
 

The Deliverable 3.1 Protocol on Best Practice Guide on 

Holding and Conditioning Mussels is an overview of the 

existing knowledge of the trade chains of mussels 

produced in Scotland, Ireland and Norway and provides 

a detailed description of best practice for handling, 

conditioning and storing of blue mussels. This protocol 

was tailored to participating SME AGs and SMEs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The methodology used to collect the information for this 

report was based on available literature, data collected 

from WP1 and also from personal interviews to the most 

relevant traders of mussels in Scotland, Ireland and 

Norway. 



  
 

  

 

Glossary 

The following glossary is a compilation of definitions to be used by the partners involved in MusselsAlive European 
Project. Most terms are stated in EU Regulations  but others such as grading, de-byssing, de-clump, holding, re-
watering, stripping, training and washing are common expression not mentioned in the EU Regulations.     

Bivalve molluscs  Filter-feeding lamellibranch molluscs (2) 

Classification of bivalve 
mollusc harvesting areas 

A system for grading harvesting areas based on levels of bacterial indicator organisms 
in the surrounding seawater (using faecal coliforms in the US) or the shellfish 
themselves (using E. coli within the EU)(1). 

Clean seawater 
Natural, artificial or purified seawater or brackish water that does not contain micro-
organisms, harmful substances or toxic marine plankton in quantities capable of 
directly or indirectly affecting the health quality of food (3). 

Coliform  

Gram negative, facultative anaerobic rod-shaped bacteria which ferment lactose to 
produce acid and gas at 37°C. Members of this group normally inhabit the intestine of 
warm-blooded animals but may also be found in the environment (e.g. on plant 
material and soil) (1). 

Conditioning 

The storage of live bivalve molluscs coming from class A production areas, 
purification centres or dispatch centres in tanks or any other installation containing 
clean seawater, or in natural sites, to remove sand, mud or slime, to preserve or to 
improve organoleptic qualities and to ensure that they are in a good state of vitality 
before wrapping or packaging (2). 

De-byssing 
Removal of the byssal threads from the mussels by mechanical means where the 
threads are torn from the mussels. 

De-clumping 
The process of breaking the clumps apart thus separating mussels individually. This is 
part of the grading process. 

Depuration cycle 

The depuration process from the point at which the shellfish are immersed in the 
seawater and all of the conditions for depuration process are in the correct range 
until the time when depuration is ended, e.g. by draining the tanks. If conditions go 
out of range then the cycle must be identified as starting again for the purposes of 
the depuration period (1). 

Depuration centre 
An establishment with tanks fed by clean seawater in which live bivalve molluscs are 
placed for the time necessary to reduce contamination to make them fit for human 
consumption (2). Same as purification centre. 

Dispatch centre 
Any on-shore or off-shore establishment for the reception, conditioning, washing, 
cleaning, grading, wrapping and packaging of live bivalve molluscs fit for human 
consumption (2). 

Grading 
Method of sorting mussels into categories, most commonly according to size, level of 
fouling, shell damage and gaping.   

Escherichia coli 
A species of bacterium specifically associated with the intestines of warm-blooded 
animals and birds (1).  

Hermetically sealed 
container 

A container that is designed and intended to be secure against the entry of hazards 
(3). 
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Heat shocking 
The process of subjecting bivalve molluscs in the shell to any form of heat treatment, 
such as steam, hot water, or dry heat for a short period of time, to facilitate rapid 
removal of meat from the shell for the purpose of shucking (4). 

Holding 

The wet storage of mussels commonly in tanks during an extended period of time, 
longer than depuration.  This may be done at production sites after harvest, at 
depuration facilities outside of normal depuration cycles or at a processing facility 
prior to packing etc. 

Marine biotoxins 
Poisonous substances accumulated by bivalve molluscs, in particular as a result of 
feeding on plankton containing toxins (2). 

Packaging 
The placing of one or more wrapped foodstuffs in a second container, and the latter 
container itself (3); enclosing mussels into a container or packing material prior to 
transport to market. 

Production area 
Any sea, estuarine or lagoon area, containing either natural beds of bivalve molluscs 
or sites used for the cultivation of bivalve molluscs, and from which live bivalve 
molluscs are taken (2). 

Processing 
 Any action that substantially alters the initial product, including heating, smoking, 
curing, maturing, drying, marinating, extraction, extrusion or a combination of those 
processes (3). Does not include de-clumping, grading and washing. 

Relaying area 
Any sea, estuarine or lagoon area with boundaries clearly marked and indicated by 
buoys, posts or any other fixed means, and used exclusively for the natural 
purification of live bivalve molluscs (2). 

Relaying 

The transfer of live bivalve molluscs to sea, lagoon or estuarine areas for the time 
necessary to reduce contamination to make them fit for human consumption. This 
does not include the specific operation of transferring bivalve molluscs to areas more 
suitable for further growth or fattening (2). Mussels that are returned for on growing 
as they are too small to be harvested. 

Re-watering 

Type of conditioning where mussels are re-watered with clean seawater immediately 

after grading. This practice enables the mussels to purge ammonia and fill water thus 

recovering part of the weight lost during grading and reducing stress level. 

Stripping The manual or mechanic process of removing mussels from the mussels lines/ropes. 

Training 

Storage of bagged mussels on the foreshore; the mussels await collection in these 

sites, usually within 2 to 3 days but can be from one tidal cycle to over a week. The 

main purpose of this process is to induce an elevated tolerance to dry transport and 

storage.  

Washing 
The manual or mechanic process of cleaning mussel shells from mud, sand, slime,  
seaweeds,  sea squirts and encrusting  organisms such as barnacles. 

1. Lee, R., Lovatelli, A., Ababouch, L. 2008. Bivalve depuration: fundamental and practical aspects. FAO Fisheries  Technical Paper 511. FOOD AND 
AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, Rome, 161p. 

2. Information taken from regulation No 853/2004 of the European Parliament and of the Council of 29 April 2004. 

3. Information taken from regulation No 852/2004 of the European Parliament and of the Council of 29 April 2004.  

4. Proposed draft code of practice for fish and fishery products Codex Alimentarius (29th Session, February 2008).



  
 

  

 

1. Problem definition 
Keeping mussels alive 

Bivalve species like oysters, mussels, manila and hard 
shell clams can survive for extended periods out of 
water and can be traded for human consumption as live 
animals. The primary aim of capturing, holding and 
transporting live mussels is to deliver them to markets in 
the best possible condition. Mussels will be exposed to 
some level of stress during all or part of the trade chain. 
Stress can be defined as any factor (either external or 
internal) causing a physiological disturbance to the 
mussels. In the live mussel industry these factors include 
capture, de-clumping, fluctuating temperatures, sunlight 
and other bright lights, wind or drafts, handling and 
physical damage, poor water quality during holding, 
conditioning and purification. Mussels are generally able 
to recover from such stresses, however if any or a 
combination of those stresses are sufficiently intense, 
then poor quality (broken shells, gaping, unpleasant 

smell) or dead mussels will result. Thus, holding and 
conditioning systems need to ensure mussels are held in 
conditions that keep stress to a minimum. The design of 
holding and conditioning systems is governed by a 
number of factors, with economics being a major driving 
factor. Systems also need to be practical to use and 
manage, and designed to suit the biological 
requirements of the animal. For mussels there is now a 
range of biological information that can be practically 
used in the design of systems. How the information is 
adopted will depend on the harvesting origin of mussels 
(class A or class B),   type of system being designed i.e. 
on boat, on shore, flow through or recirculating. This 
guide provides information to the mussel industry on 
the holding and conditioning of live mussels, focussing 
on the physiological requirements of mussels and 
methods of ensuring optimal conditions. 

 

Figure 1. Picture courtesy of Petter Aaby Vebenstad. 
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2. Introduction to mussels 
Life in seawater 

Mussels are invertebrate molluscs including familiar 

forms such as clams, oysters, squids, octopus and snails. 

Mussels dominate the intertidal region (see diagram 

below) in temperate seas of the northern and southern 

hemispheres, they can form extensive beds dominating 

the rock surface, strips or patches. Mussels living in the 

intertidal zone must be able to survive exposure to the 

air, abrasion action of waves and ice, discontinuous 

availability of food,  large fluctuations in temperature, 

and sometimes exposure to fresh water from the rain 

and seeping groundwater. Competition and predation by 

starfish, dog whelks, shore crabs and various birds are 

also factors important in determining their distribution. 

Starvation is also a risk when the tide is out, since most 

intertidal animals feed only when they are submerged. 

The length of time that organisms are exposed to the air 

depends on the local tidal range and where on the shore 

they are located. On the other hand mussels cultured in 

long lines and rafts are submerged continuously and do 

not face the same challenge.  

 

Figure 2. Intertidal zone. 
 

 
Animals have evolved different strategies to cope with challenges of life according to their habitats. Therefore, 
mussels that live in the intertidal zone have thicker shells with barnacles, increased  thermal  resistance,  reduced  
evaporation when exposed to air as they normally close their valves and exhibit a longer shelf-life than those that are 
submerged continuously [2].  
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In order to provide a near optimal environment to hold and condition mussels it is essential to understand their 
needs and limits. In the following pages a brief introduction to Mytilus edulis and M. galloprovincialis will be given 
followed by the physiological and biological needs of M. edulis. These factors will be used to devise holding and 
conditioning protocol in compliance with the EU regulations and national regulations whenever necessary. 

 The common or blue mussel (scientific  name = 

Mytilus edulis) is a filter feeding  bivalve mollusc that 

is widely distributed in the northern hemisphere.  

 
Figure 3. Blue mussel (adapted from FAO, 2011)  

The factor limiting the distribution of M. edulis appears 

to be temperature; the southern limit coincides with the 

maximum surface temperature of 27 C. The northern 

limit might be in Labrador where mussels remain frozen 

in ground ice at -20 C for 6 to 8 months of the year.  

They can be found high on the foreshore attached to 

rocks and man-made structures such as piers and jetties.   

At these more exposed locations close to the high water 

mark, they tend to remain very small and have thick 

shells.  They grow  more slowly here because they are 

exposed for longer periods and cannot feed.  At the 

other extreme, they can be found continually 

submerged in sub-littoral areas where their distribution 

is controlled by predators and local hydrographical 

conditions.  

 

Gonads are usually ripe by early spring in European 

waters; mussels commonly show a significant loss of 

condition following spawning. Rapid gametogenesis 

leads to fully ripe gonads again in summer. 

 

While many authorities consider that only the blue 

mussel  occurs in British waters, extensive surveys have 

shown that M. galloprovincialis is  present and has 

hybridised with the native mussel in areas of south-west  

England, Wales and Ireland. There are no known reports 

of this species in Norway, yet. 

 The Mediterranean mussel (scientific name = Mytilus 

galloprovincialis) is visually  similar to the blue 

mussel.  

 

Figure 4. Mediterranean mussel (adapted from FAO, 2011) 

This mussel is similar to the blue mussel but separated 

by the following characters: a) the umbones turning 

downwards tending to make the basal line of the shell 

concave; b) the valves are higher and less angular on the 

upper margin and tend to grow larger; c) the mantle 

edge darker, becoming blue or purple. 

Peak spawning seems to occur later in  the year, in 

August, and faster shell growth rates have been 

reported than in blue mussels. The hybrid may exhibit 

faster growth rates than the parent stocks. As yet, no 

known dedicated fishery or aquaculture operation exists 

for the  Mediterranean mussel in the UK or Norway. In 

southern Europe it is extensively cultivated,  particularly 

in suspended culture in the arias of north-west Spain. 

The successful cultivation of this species in Atlantic 

waters of southern Europe  suggests that it may have 

potential for cultivation in the UK. However, many 

studies  have shown that growth differences in mussel 

populations are related more to  environmental 

conditions than to genetic factors. Indeed, the 

Mediterranean mussel  grows faster in Spain (up to 11 

mm per month) than it does in the UK. Therefore, there  

may be limited additional growth benefits over those of 

the blue mussel.  

The one potential advantage is that the Mediterranean 

mussel could fill the gap in the market in  late spring 

when the post-spawning meat condition of blue mussels 

is generally too low  to make harvesting worthwhile. 
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Blue Mussel Quick Fact Sheet 

Distribution 
Occurs from the White Sea, south to southern France in the N.E. Atlantic. In the W. 
Atlantic it extends from the Canadian Maritimes south to North Carolina. It occurs on 
the coasts of Chile, Argentina, the Falkland Islands and the Kerguelen Isles. 

Habitat Preferences 

Physiographic 
preferences 

 Open coast 

 Strait / sound 

 Sea loch 

 Ria / Voe 

 Estuary 

 Enclosed coast / Embayment 

Biological zone 
preferences 

 Lower Eulittoral 

 Mid Eulittoral 

 Sublittoral Fringe 

 Upper Eulittoral 
 Upper Infralittoral 

Substratum / habitat 
preferences 

 Artificial (e.g. metal, 
wood, concrete) 

 Bedrock 

 Biogenic reef 

 Caves 

 Crevices / fissures 

 Large to very large boulders 

 Mixed 

 Muddy gravel 

 Muddy sand 

 Rockpools 

 Sandy mud 

 Small boulders 

 Under boulders 

Tidal strength 
preferences 

 Moderately Strong (1-3 kn) 

 Strong (3-6 kn) 
 Weak (<1 kn) 

Wave exposure 
preferences 

 Exposed 

 Moderately Exposed 

 Sheltered 

 Very Exposed 

 Very Sheltered 

Salinity preferences 
 Full (30-40 ‰) 

 Reduced (18-30 ‰) 
 Variable (18-40 ‰) 

Temperature preferences  From 0 to 20 C 

Oxygen preferences  Above 60 % saturation  

Preferred particle 
concentration 

 50x103 to > 800x103 cells/mL 

Particle size  > 2 m to 100 m 

Light preferences  Mussels are more active during the night 

Depth range  Intertidal to  approximately 5m 

Reproduction  

Reproductive type  Having separate sexes 

Reproductive frequency  Breeds every year over an extended or drawn out period 

Age at maturity  1 to 2 years 

Generation time  1 to 2 years 

Fecundity (no. of eggs)  >1,000,000 up to 20,000,000 

Time of first gamete  April 

Time of last gamete  September 

Larval settling time  1 to 6 months 
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Growth 

Growth rate of mussels varies greatly and is dependent 

largely upon the amount of time available for feeding 

i.e. in proportion to immersion. The position within 

mussel beds is also important: individuals within the 

centre grow slowly, while those at the edges grow faster 

but may suffer the penalty of higher predation. A single 

female can produce more than 20 million eggs, and 

spawning can be seen by cloudiness in local waters, 

usually in early summer. Fertilization by males takes 

place outside the mussel, in the surrounding water. 

Following spawning or mating, an embryo develops from 

the fertilized egg; the embryo then develops into a 

swimming larva, an immature stage that often does not 

resemble the adult. This is followed by various stages 

that drift in the current for some weeks. The veliger 

larvae have a pair of shell valves and carry a ciliated 

swimming organ or vellum. Eventually they settle as 

"spat" clinging to the sea bottom in near-shore areas, or 

to objects in the water.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Longevity is dependent on locality and habitat. On the lower shore, few individuals probably survive more than 2-3 

years due to intense predation, whereas high shore populations are composed of numerous year classes [3]. 

Specimens have been reported to reach 18-24 years of age [4]. Mortality is size dependent and can be high; there 

are reports of annual mortalities as high as 74 % in 25mm mussels and 98 % in 50 mm mussels in Morecambe Bay, 

England [5].  

Adults 

Spawning 

Spat 

Larva 

Embryo 

Veliger 

Figure 5. Life cycle of mussels. 



MusselsAlive 
Introduction to mussels 

13 

 

  

 

Spawning 

Spawning has a peak in spring and summer. For 

example, in north east England, resting gonads begin to 

develop from October to November, gametogenesis 

occurring throughout winter so that gonads are ripe in 

early spring. A partial spawning in spring is followed by 

rapid gametogenesis, gonads ripening by early summer, 

resulting in a less intensive secondary spawning in 

summer to late August or September[3].  Mantle tissues 

store nutrient reserves between August and October, 

ready for gametogenesis in winter when food is scarce 

[6]. Larvae spawned in spring can take advantage of the 

phytoplankton bloom. The secondary spawning is 

opportunistic, depending on favourable environmental 

conditions and food availability. Gametogenesis and 

spawning varies with geographic location, e.g. southern 

populations often spawn before more northern 

populations [6]. Reproductive strategies in Mytilus edulis 

probably vary depending on environmental conditions. 

The spawning period (following “gonad ripening”) is 

usually in the spring.  

 

 
 
Figure 6. Reproductive cycle of M. edulis.  

 

 

Recently spawned adults have very thin flesh which reduces the cooked meat yield and results in an unacceptable 

product. The mussels build up reserves of carbohydrates (glycogen) during the summer, reaching a peak in 

September/October thereafter declining during the winter months (the range is 35 % to 40 % of the dry meat 

weight). Protein and lipid contents follow a similar pattern. Therefore, higher meat yield is usually achievable when 

mussels are harvested from August to December. 

 

  

•Resting gonads begin to 
develop 

•Mantle tissues store 
nutrient reserves 

• Gametogenesis 

•Gonads ripening by early 
summer 
•Secondary spawning to 
August or September 

•Gonads are ripe in 
early spring 

•Partial spawning 

•Rapid gametogenesis 

Spring Summer 

Autumn Winter 
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3. Trade Chain Overview 
General Trade Chain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 7 General trade chain overview from harvest to retailer.. (Pictures  Petter  Vebenstad ) 

1.1. Mussels from areas classified as A or B  can be 
harvested  

 

Harvesting from rope 

1 

2.1. Stripping - tearing away the mussels from ropes  

2.2. De-clumping - breaking the byssal threads 

2.3. Grading - selection by size  

 

2 

1.2 Mussels from areas classified as C  

 

must go through relaying for a minimum 

of 2 months in either A or B category 

waters  

 

Transport 

4 

/5

 

 Depuration for 42 hours 

 Approved heat treatment 

5

 

Class B – treatment needed 3

 

Packing 4

 

 National transport 

 International for export  

 

Wholesaler/Retailer 6/7

 
  National wholesaler  

  National retailer  

 Foreign wholesaler 
  Foreign retailer  
 

. 

Class A - no treatment required            

Holding and Conditioning  

 

3 

 Packing and despatch as live product 

 Packing and training on shore  
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Holding and Conditioning in Scotland, Ireland and Norway 

After growing for 14 to 30 months, depending on 

location and conditions, the mussels are ready for 

market. The trade chain is different in Norway, Scotland 

and Ireland. To gain a better understanding of the 

different aspects of the three countries, questionnaires 

were developed and disseminated in each of these 

countries.   

 

In total 6 Scottish companies replied. The questionnaires 

are the result of personal interviews made during the 

Association of Scottish Shellfish Growers annual meeting 

which took place in Oban between the 3rd  and 5th of 

October 2011. 

Three Norwegian companies participated in the 

questionnaires; interviews were conducted during 

August/September 2011 as person to person and phone 

interviews.  

Finally four Irish companies participated in this survey; 

three  companies sent the questionnaire by mail, and 

one was interviewed during the IFA aquaculture annual 

meeting which took place on the 22nd of October 2001 in 

Kinsale, Ireland.   

 

The following table is a brief overview of mussels trade 

chain from harvest to holding and conditioning, relating 

to steps 2.1 and 3 of Figure 7.  

 

One of the  main factors that differs among the 

countries is the water classification. Mussels harvested 

from areas classified as A do not need to be depurated. 

This is often the case in Norway, but not necessarily in 

Scotland and Ireland. Class A mussels harvested in 

Ireland are usually trained before being dispatched, 

whereas in Norway mussels are re-watered.  

 

To better understand the holding and conditioning 

process of each country a detailed description is given in 

the following pages. 

 

 

    

 

In the second column n relateds to the total number of companies from each country that apply the process stated in each row. For example 5 
out of 6 Scottish companies strip mussels from ropes mechanically and the maximum tonnes per day (ton/d) is 12 tonnes in the mechanical 
process but only 1.5 tonnes in the manual process. 
  

2.1.  Stripping and 2.2. de-clumping 

 SCOTLAND(n=6) NORWAY (n=3 ) IRELAND (N=3) 

Process n Min (ton/d) Max (ton/d) n Min (ton/d) Max (ton/d) n Min (ton/d) Max (ton/d) 

Manual 1 1 1.5 0 - - 1 0.3 1 

Mechanical 5 0.5 12 3 0.5 12 2 <1 25 

2. Holding and conditioning   

              n Units Duration n Duration Discard n Units Duration 

Depuration 1 Tanks 42 h 0 - - 1 Tanks 42 h 

Re-watering 1 Jumbox 2- 3 days 3 3-72h 0-1 % 0 - - 

Training 0 - - 0 - - 3 25 kg nets 1 - 2 days 
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Holding and conditioning procedures Re-watering
 

Scotland 

The six companies that participated in the survey 

represent 25 % of the total production (tonnes/year) in 

Scotland, (e.g. 7199 tonnes in 2010). Only one of the 

companies conditions mussels after harvesting by re-

watering and only one depurates mussels. The company 

that re-waters mussels represents 4 % of the total 

production of the companies interviewed while the 

depuration company represents 8 %. 

Companies 
Interviewed  (n) 

Production 
Tonnes/year 

% 
of total production 

3 50-70 1 
1 150 2 
1 450 7 
1 1000 16 

TOTAL/year 1780 25 

The company that re-waters mussels, usually harvests 

twice a week , on Mondays and Wednesdays (1 tonne 

each day). During the Christmas season harvesting per 

day doubles. Mussels are harvested throughout the year 

except during the summer months (June and July) when 

the water has a B classification, or whenever there are  

toxins. At the time of the survey (5th October) this site 

was closed due to ASP.  

The harvesting site is very exposed to the weather and 

ropes must be cut and transported to a barge that is 

located 2 km in a more sheltered location (Figure 8).  

 

Once in the barge, the ropes are stripped, mussels are 

de-clumped and graded with a Couchon machine, 

usually 10 % are  undersized or broken. Then mussels go 

through a conveyor belt, where they are examined for 

broken and fouling shells. During the summer months 

when the fouling is significant, up to 2 % of mussels are 

discarded. Usually barnacles settle during winter and 

grow through to summer months. Up to 250 kg of 

mussels are collected in a perforated Jumbox. Every 

Monday or Wednesday a total of four boxes with 250 kg 

each are hung from the barge and left during 2 nights in 

the water.  

The interviewee mentioned that mussels shouldn’t be 

left more than 2 nights otherwise they start dying 

because they get crushed due to their own weight. It is 

also important not to leave them more than 3 or 4 days 

in the water, because otherwise they start re-growing 

byssus and need to be de-clumped again. 

Another interviewee believes that re-watering mussels is 

only useful during the cooler months. In his opinion, 

mussels that are re-watered during summer loose 

conditions and start to die. Instead mussels should be 

put on ice as quick as possible and delivered to the 

customers as soon as feasible. “In summer it is even 

more important  to keep the cool chain (keep mussels 

on ice) from harvest to customer.” 

Figure 8. Schematic diagram of re-watering process in Scotland. 
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Holding and conditioning procedures re-watering 

Norway 

The three companies that participated in the survey 

represent 74 % of the total production (tonnes/year) in 

Norway, (e.g. 1900 tonnes in 2008). All the three 

companies interviewed, re-water mussels once or twice 

before transport but each company has a different 

procedure. However, none of the companies re-water 

mussels after de-byssing which could be useful (see pag. 

26). 

Re-water can take place immediately after stripping the 

ropes even before grading and washing. In this case the 

mussels are transported by the harvesting boat straight 

to the packing facility where they are transfered directly 

into bins and re-watered during 24-72h. Only then 

mussels are washed, de-clumped and graded.  

 

 

Another company starts by stripping, washing, de-

clumping and grading on the boat. Then mussels are 

transported by the harvesting boat straight to the 

packing facility. Only at this stage mussels are re-

watered at the dispatch centre either in the 800 kg bags 

through the night, or in pallet tanks during 72 hours. In 

the last case, after re-watering the mussels need to be 

de-clumped and washed once again. 

 A different way is to re-water the mussels in the bags 

after washing and de-clumping either onshore or on the 

boat. The mussels are then transported to the dispatch 

centre where they are once again re-watered and stored 

for  several days. Then mussels need to be washed and 

de-clumped once again. 

 

  No. companies 

Container 
800 kg bags 2 

Pallet tanks 3 

Type of system 
Flow through system 2 

Recirculation system 1 

Filtration 

Skimmer & Mechanical filtration 1 

Mechanical filtration 1 

None 1 

Water sterilization 
UV 2 

None 1 

Water flow 
0.2 L/min/kg 1 

3000 liters/min into the system 1 

Water temperature (C) 

2 – 8 C 1 

4 – 9 C 1 

5 – 7 C 1 

Cooling system 
Yes 1 

No 2 

Aeration system 
Yes 1 

No 2 

Re-watering duration 

24 h desirable 1 

72-96 h 1 

Several days 1 

Characterization of the re-watering process in Norway. For each parameter, for instance type of system, number of companies 
that use the system is given, in this case, two companies have a flow through system and one has a recirculation system.   
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Holding and conditioning procedures Re-watering 

 

The Irish way: training  

The four companies that participated in the survey 

represent 3 % of the total production (tonnes/year) in 

Ireland, (e.g. 32835 tonnes in 2009). All the four 

companies interviewed train mussels onshore during 1 

to 2 days before being exported or depurated.  Mussels 

sent to be processed are not trained. 

The mussels are harvested, de-clumped, graded and 

packed in 25-30 kg net bags on the boat ( Figure 9). The 

mussels are then transported by boat usually during the 

high tide to the training site. The bags are left onshore, 

but have to be turned during low tide. This is, according 

to one of the interviewees, a laborious process. Mussels 

shouldn’t be trained more than 3 days, otherwise they 

start clumping again.   

The bags can also be transferred to the beach or on steel 

trestles on the beach, which according to one 

interviewee, is a cleaner and quicker option for removal 

from beach.  

 

One of the interviewees mentioned that training is 

useful and the process is more efficient if mussels are re-

watered as fast as possible after harvesting. According 

to this interviewee, training helps the mussels to stop 

gaping and retain liquid. In his own words: 

“We have found that this process increases shelf life and 

helps to retain weight during transport. Unlike Buochot 

mussels, these mussels are grown underwater and require 

"training" to simulate life out of the water.”  

However another interviewee said that one reason for 

the Irish to train mussels may be a matter of habit.  

During summer most farmers recognize that training is 

not as efficient because of sunlight, daytime and higher 

temperature. Another problem mentioned was 

predation by birds which attack the bags to access the 

mussels throughout the year. This interviewee asked if it 

would be possible to come up with a simple system to 

re-water mussel during the day and take them out of 

water during the night.   

 

 

Figure 9. Schematic diagram of training process in Ireland, picture courtesy of Petter Aaby Vebenstad. 
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Depuration 

 

Scotland 

Only one company out of the 6 interviewed depurates 

mussels. The remaining are either harvesting in class A 

waters, or when the classification is B, which is a 

seasonal event, they rather not harvest at all, or harvest 

and send mussels to France to be depurated. Some 

French companies even prefer non graded mussels as 

they claim that mussels survive better during transport. 

The company that depurates mussels, does so all year 

even when the classification is A. 

The depuration centre is located in a Loch nearby the 

harvesting site and has 15 bins in a flow through system 

with UV lamps, a mechanical filter and a water flow of 

108 L/min/bin, that is 21.6 L/h/kg. The following water 

quality parameters are checked and recorded on a daily 

basis: temperature, salinity, oxygen, water level, mussels 

filtering activity water clarity and odour.  

 

Salinity is a very important parameter in depuration 

centres located in Lochs; rainfall and melting ice during 

spring are an extra input of freshwater that decreases 

the salinity in the Lochs. Oxygen is also important 

according to the manager of this depuration, as its 

concentration suddenly decreases immediately after 

loading the bins. 

Mussels are graded twice, once before depuration and 

then again immediately after the 42 h period of 

depuration. The whole process is as follows: the lines 

are mechanically stripped in a barge and into a bin. Once 

on shore, the bin is fork lifted to the de-clumping, 

washing, grader machine which is a Couchon type and 

then mussels pass through an inspection belt (see 

pictures below).  

 

To load the depuration bins, a speed wise process is 

used, and care is taken in order to fill the bin with water 

first and only then the mussels are dropped to the bin; 

the water prevents mussels from hitting the bottom of 

the bin and being crushed. After 42 h, the bin tipper puts 

the mussels in a hopper elevator back through washing, 

grading and inspection belt. The average mortality after 

depuration is about 2 %. 

 

  

Water parameters Value 

Average oxygen 70 % 

Average temperature 8 to 16 C 

Average salinity 26 to32 ppt 

E. coli per 100 g of flesh and intervalvular 
liquid after purification 

< 20 g 

Figure 10. Depuration process in Scotland, pictures courtesy of Sara Barrento. Picture 1 – harvesting site about 5 minutes from depuration centre: Picture 2 – Couchon 
machine; Picture 3 – depuration bin with mussels. 
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Depuration 

 

Ireland 

Only one company out of the 4 interviewed depurates 

25 to 30 % of their total mussel production, the 

remaining mussels are processed and do not have to be 

depurated. The other companies that do not depurate 

are either harvesting in class A waters, or when the 

classification is B, which is a seasonal event, they rather 

not harvest at all, or process the mussels.  

Mussels are graded twice, once before depuration  and 

then again immediately after the 42 h period of 

depuration. The whole process is as follows:  ropes are 

raised through a conveyor belt system in the boat and 

are manually stripped from the ropes, this process takes 

30 to 60 minutes per tonne, mussels are then de-

clumped, washed and graded before being sent to 

training.   

After 1 or 2 days training they are sent to the depuration 

centre. Mussels are depurated in a recirculation system 

with UV, cooling and aeration systems but  without 

filtration.  

The water temperature is usually kept between 10 and 

15C. After 42 h depuration the mussels are again de-

clumped, washed, graded de-byssed and packed. They 

are stored in a chilled room (6C) waiting to be 

dispatched next morning.   
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Inflicted handling stresses during post harvest 

Poor handling reduces storage life

Mussels are generally left alone when stocked until harvest, with the occasional meat yield check and line 

maintenance. When harvesting takes place, mussels are subjected to too much handling which can elevate stress 

levels greatly if care isn’t taken. The effects of different handling procedures, such as dropping, de-clumping, 

purification, storage times and temperature on mussel shell damage, storage life and organoleptic quality were 

already investigated by researchers and  Fisheries Authorities  [7-10]. All studies concluded that: 

 Air temperature at harvest that is lower than ambient water temperatures results in less stress than harvest in 

air temperatures higher than ambient water temperatures. 

 Condition and quality of mussels can be improved with re-immersion as liquor is recovered, byssal damage is 

repaired, and trapped mud can be filtered out of the mussels.  

 The rougher the handling, the more stress that is induced which lowers  storage life. 

 Air exposure produces a stress response in pre- and post-spawn mussels.  

 Increasing temperature during storage lowers the storage life. 

 De-byssing induces a significant stress response in all mussels, regardless of their conditions (pre – or post-

spawn, recovery, etc.) and season. 

De-byssing involves the removal of the byssal threads 

from the mussels by mechanical means where the 

threads are torn from the mussels. Since the byssal 

threads are attached to a gland at the base of the foot, 

this may lead to some damage and a stress response in 

the mussels (Figure 11).  

However there is still some controversy whether 

washing and de-clumping are also stressors. Some 

studies have reported that washing and  de-clumping 

improve the condition of mussels as it removes 

contaminants such as fouling organisms, mud, and silt 

([11]). Particularly during the summer and autumn 

months, when mussel activity increases and biofouling is 

enhanced, washing and de-clumping causes a reduction  

of  stress  factors,   as a consequence of the removal of 

contaminants [9].  

Alternatively,  other  studies  have  found  that  washing  

and de-clumping are harmful practices for mussels, as 

sorting reduces quality by damaging shells, detaching 

byssal threads from internal tissues and loss of liquor, all 

leading to an increase in mortality and a reduction in 

mussel quality [10, 12]. 

Macnamara & Pollock (1988) investigated the 

consequences of commercial handling during pre-

purification and purification handling of dredge mussels. 

In this study samples were collected from 4 steps and 

mussels were analysed according to damage, mortality 

and sensory acceptability during storage at 

temperatures of 0 to 14 C. The results are summarized 

in Figure 12. 

 

Figure 11 Diagram of a mussels sowing the byssal threats attached to the 
base of the foot). 
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Inflicted handling stresses during post harvest 

Physical shock during post harvest results in mussels damage and reduces storage life 

Location 
Handling 
variable 

Comment sampling method 
Nominal storage 
life on ice  

Mussel Dredger 

Pre drop Sample taken out of dredge before it is opened onto deck 26 days 

Dropped After dropping from dredge (1m) onto deck. 26 days 

De-clumped 
After manual de-clumping by kicking and stamping on 
clumps. 

19 days 

Post-trommel After sorting and washing in trommel before bagging. 19 days 

Ashore 
purification plant 

Post-purification After 48 h in tank plus intermediate storage delays. 18 days 

 

 

The further along the post-harvest handling sequence that the mussels have passed the more  of rough handling 

they have been subjected to, and consequently they show greater damage levels and lower storage life on ice. The 

majority of the shell damage occurred through the trammel; post trammel damage levels were 2 to 3 times greater 

than the pre-trommel level. Loading and unloading the purification tanks subjects the mussels to further physical 

handling which is reflected in an increase of 17 % total shell damage [13]. 

 

 

 

 

 

 

Figure 12 Effect of handling sequence during pre purification on total mussel shell damage (adapted from [1]). 
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Inflicted handling stresses during post harvest 

Seasonal condition of mussels also affects storage life 

The next table summarizes the results obtained from SEAFISH investigations of simulated rough handling and storage of 

mussels. 

SUMMARY OF RESULTS FROM SEAFISH INVESTIGATIONS OF LIVE HANDLING AND STORA GE 

Sensitivity to physical shock 

25 kg bag of molluscs dropped  1 m  onto  concrete Individual molluscs dropped 1 m onto concrete 

Proportion of mussels 

terminally damaged 

Reduction in storage period of 
remainder to 10 % mortality 

Proportion of mussels 

terminally damaged 

Reduction in storage period of 
remainder to 10 % mortality 

0 % 4 – 41 % 15 % 10 – 40 % 

 

Chipped shell lip leads to loss of  intravalvular fluid and can result in the death of the molluscs within a day or two.  

Similarly, the rapid shaking or vibration of molluscs is thought to harm them. The effects of a number of small 

impacts or other mishandling are known to be cumulative. As a rough guide, for every drop of 1 m onto a hard 

surface, the storage life is reduced by 1 day, irrespective of temperature [13].  

These authors also recorded significant differences in mortality and eating quality of M. edulis harvested according 

to mussel season and storing on ice (Figure 13). 

 They reported that end of season mussels (spawning and spent)  have a low storage life on ice and are not 

suitable for human consumption.  

 In contrast, early season mussels are more sensitive to temperature and physical shocks than mid-season 

mussels, but they have recovered sufficiently from spawning to be suitable for consumption provided they 

are handled carefully and kept cool. It was also proposed that harvested mussels should ideally be of the 

same year class to reduce the need for grading after harvesting so reducing mechanical stress levels. 

 Mussels harvested in the middle of the season (recovering) can withstand greater physical shocks, 

temperature abuse and have a longer storage life in ice than end-season (spawning and spent) and early 

season mussels (post spawning).  

 

 

Figure 13. Seasonal condition of mussels in respect to storage life and eating quality. 

 Spawning Spawning 

End of season 

spawning and spent 
Early season            
post spawning 

Mid  season 
recovering 

End of season 
spawning and spent 

 Not edible 
 Less resistant 
 Low storage life 

(12 days) 

 

 Edible  
 Handle with 

care 
 Storage life 

(15 days) 

 Edible 
 More resistant 
 High storage 

life (23 days) 

 

 Not edible 
 Less resistant 
 Low storage life 

(12 days) 
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Summary of inflicted stresses and its consequences 

Bivalve molluscs appear robust but all are perishable and 

sensitive animals.  In the live state they are prone to 

temperature stress and physical shocks. If overheated, 

whether in or out of water, they will die.  Overheating in 

water can induce spawning and then death.  If they are 

physically dropped or otherwise damaged they are likely 

to die within a day or two.  The effects of all these forms 

of stress are cumulative and repeated incidents of 

relatively minor mishandling can result in the death of 

the animal.  

Most importantly, even when bivalve molluscs are well 

handled and remain alive, their eating quality  

deteriorates when held out of water, to the extent that 

their flavours can become sour and undesirable to the 

consumer well before their lack of any physical response 

indicates death. 

Purging live bivalve molluscs by ‘conditioning’ (or by 

purification) can greatly improve their eating quality.  

This is particularly so for species that bury themselves in 

the seabed and are harvested by suction dredging or 

other such techniques and which take up grit in that 

process, but there is also a general benefit to the 

keeping and eating quality of mussels by purging their 

stomach contents [13]. 

Figure 14 summarizes the inflicted stresses and 

consequent condition deterioration during post harvest 

and the possible benefits of holding and conditioning. 

  

 

  

 Training 
 Conditioning 
 Depuration 

 Time spent in the trade chain 

Holding and 

conditioning 

 Poor handling 

 Physical damage 

 Temperature variation 

 Air exposure 

 Shell damage 

 Desiccation 

 Unpleasant odours and flavours  

 Mortality 

   

 Mussels need to recover 

from inflicted stresses if they 

are to reach the market place 

in good, edible and safe 

condition. 
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Figure 14. Summary of inflicted stresses and their consequences during the trade chain of live mussels.  
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Conditioning and training 

 
During the trade chain, mussels are usually stored for 

different periods of time at the purification centre 

and/or dispatch centre. Depending on the available 

facilities and convenience, mussels can be stored dry or 

placed in tanks with sea water. As stated before,  

handling can affect the condition of mussels, reducing 

quality and shelf life. Procedures to reduce the impact of 

these practices (e.g. de-byssing) have been examined, 

such as  periods of re-immersion following processing to 

allow mussels to recover and repair damage.   
 

CONDITIONING  

Conditioning can be considered as a special immersed 

storage procedure where mussels are purged to remove 

distasteful or gritty contents and to recover from 

previous inflicted stresses. Mussels can be immersed in 

tanks or any other installation containing clean 

seawater, or in natural sites. Conditioning is used to 

remove sand, mud or slime, to preserve or to improve 

organoleptic qualities.  But also this process is meant to 

improve mussels’ vitality  and to ensure that they are in 

a good state of vigour before wrapping or packaging. 
 

TRAINING  

Training is a special type of conditioning. In this case, 

bagged mussels are placed on the foreshore during one 

tidal cycle up to one week (Figure 15).  Mussels that are 

grown in long lines and that have never experienced 

tidal cycles  (periods of aerial exposure followed by 

submergence), are left awaiting collection in these 

foreshore areas in order to induce an elevated tolerance 

to dry transport and storage. The basic principle is to 

induce the closure of valves during air exposure, thus 

avoiding water loss and potentially increasing shelf life.  

 

Mussels that normally live in the intertidal zone are 

exposed to air during low tide and can respond to this 

challenge by closing the valves in order to prevent water 

loss and the resulting weight loss.  

 

 

 

 

On the other hand, littoral bivalves and those grown in 

long lines do not possess adaptations for aerial exposure  

and  periodically open or gape in an attempt to maintain 

oxygen levels. However, gaping has the disadvantage of 

increasing water loss and consequently the risk of 

desiccation. Therefore, rope grown mussels  are more 

frail when exposed to air than intertidal mussels.  
 

The good news is that several studies have 

demonstrated that higher tolerance to aerial exposure is 

a response that can be ‘trained’ [14-16]. This means that 

even long lined grown mussels, that are permanently 

submerged, might be trained to close their valves when 

exposed to air. By conditioning the behavioural response 

to air we can increase mussels’ tolerance while avoiding 

weight loss. This is the reasoning behind training, 

mussels are exposed to tides just as if they were living in 

the rock pools and eventually they will be trained to 

close their valves instead of gaping.    

Figure 15.  Training of bagged mussels at the beach in Ireland (pictures 
courtesy of Petter Aaby Vebenstad. 
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Is conditioning of any use? 

Facts and figures

THE SCIENCE 

Several studies have stressed the importance of re-

immersion following handling activities, especially de-

byssing [8, 9]. Re-immersion is a beneficial procedure at 

all times of the year and there  are clear evidences that 

re-immersion of mussels for 24 h following a processing 

activity reduces stress response.  

Previous studies report that: 

 survival of mussels was increased by over 30 % 

with a 12 h re-immersion period  and  

 50 % after 48 h re-immersion period [23]. 

THE INDUSTRY  

Spring Bay Seafoods are a Tasmanian based shellfish 

company operating on the East Coast of Tasmania. The 

de-byssing process is seen by this company as a market 

opportunity because it is thought that one of the 

barriers to increased consumption is that mussels are 

messy and time consuming to prepare. Mussels (Mytilus 

galloprovincialis) are therefore de-byssed before being 

packed and exported to Asia. This company guarantees 

that 90 % of all beards will be removed.  

However, de-byssing is a stressful process that can 

decrease survival; to prevent unwanted mortalities, this 

company uses an innovative processing system that 

takes the freshly harvested mussels through a brush 

cleaner, and then a series of rollers that mechanically 

'shave' off the beard or byssal threads (Figure 16).  

 

 

 

Figure 16. Mytilus galloprovincialis harvested in Tasmania, being cleaned and 
de-bearded (adapted from Spring Bay Seafoods internet site 
http://www.springbayseafoods.com.au/gallery). 
 

The mussels are then re-immersed in chilled fresh 

seawater and allowed to recover from the inflicted 

stresses after their trim.  

Mussels can then be packed in ice ready for transport. 

In this company re-immersion in chilled seawater after 

processing and transport in ice either in modified 

atmosphere packaging or mesh bags is essential to 

guarantee a live product with an extended shelf life.  

However, to re-immerse mussels there has to be an 

initial investment in adequate infrastructures concerning 

both regulations and optimized conditions to keep 

mussels alive (for further details see chapter 4).   

 

http://www.springbayseafoods.com.au/gallery
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Is training of any use? 

Facts and figures 

Several studies indicate that: 

 Mussels that live on the high shore (exposed to air during low tide) are better prepared to tolerate air 

exposure than mussels living on the lower shore (less exposed to air) or totally immersed [2, 15, 17].  

 This difference is evident in mussels from different species  

o M. galloprovincialis have both behavioural (gaping) and metabolic adaptations (anaerobic 

metabolism) that make them fitter to tolerate air exposure compared to Perna sp. species [2, 18];  

o On the other hand, Scapharca inaequivalvis has an improved metabolic management of anaerobiosis 

making this species even better prepared than M. galloprovincialis to tolerate low oxygen levels [19].    

 This difference is also evident in mussels of the same species living in different habitats 

o Mytilus edulis  from the intertidal zone demonstrate high abilities  for  metabolic  adaptations  under  

air  exposure than  cultured  (sublittoral) ones [17];  

 Elevated tolerance to air can be induced by transplanting sub-tidal individuals to the intertidal [14, 16, 20]. 

 

   

To investigate the consequences of commercial handling during the supply chain and the possible benefits of 

training and depuration, blood samples were collected from the Irish, Norwegian and Scottish supply chains (for 

further details see Deliverable 1.1). Mussels were analysed according to serum ammonia content, mortality and 

gaping. 
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Is training of any use? 

 

Norwegian supply chain  

Several samples were collected between the 2nd and 5th of November, 2010. The time line is as follows (Figure 17):  

1. pre harvest at Bindal site 

2. after stripping, de-clumping, de-byssing, size grading and packing in big bags; this process took 1 hour 

3. after 72 hours lorry transport (8 C) to France 

 

 

 

Results indicate that from harvest site in Norway to arrival in France the ammonia level in the blood serum 

increased. 

  

Stripping 
De- 

clumping 

De-
byssing 

Grading Washing Packing 
France 

Post 
Transport 

1 h 72 h 

Figure 17 Effect of handling sequence during the Norwegian supply chain on mussels’ serum content. Blue boxes correspond to sampling.  
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Is training of any use? 

 

Irish supply chain  

Several samples were collected between the 9th and 14th of February, 2011. The time line is as follows (Figure 18):  

1. on the boat during harvesting in Kenmare  

2. after 24 hours of training (average ambient temperature 8 C)  

3. after 120 hours lorry transport (8 C) to France via Ferry 

 

Results indicate that training might be beneficial as ammonia in the blood serum decreased from harvesting site 

to post transport in France.  

 

  

Stripping 
De- 

clumping 

De-
byssing 

Grading Washing Packing Training 
France 

Post 
Transport 

120 h 24 h 

Figure 18 Effect of handling sequence during the Irish supply chain on mussels’ serum content. Blue boxes correspond to sampling.  
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4. Holding and conditioning 
Improving mussels’ vitality and vigour    

The design of holding and conditioning systems is 

governed by a number of factors, with economics being 

a major driving factor. Systems also need to be practical 

to use and manage, and designed to suit the biological 

requirements of the animal.  

Currently there are also international food safety 

policies based on risk analysis that cannot be 

circumvented. The Codex Alimentarius provides a 

general framework for controls in the context of 

international trade. Whereas in the European Union 

there are sets of regulations laying down the hygiene of 

foodstuffs, and rules for the organization of official 

controls on products of animal origin intended for 

human consumption. In terms of world trade these 

regulations dictate the standards that the countries 

exporting to these markets must meet. 

 

The next table summarizes several recommendations 

and legal requirements during the trade chain in view of 

the European Regulations. The basic principle is that 

improperly handled mussels will lead to poor quality and 

will not be accepted in a highly competitive live seafood 

market.  

Statements in the table below followed by a number 

indicate a legal requirement. Statements without a 

number are recommendations intended to maintain the 

quality and extend the shelf-life of the mussels. 

General recommendations and regulations for handling, holding and conditioning live mussels 

Harvesting 
and landing 

 Producers must only harvest from classified waters A, B or C (1) 

 Harvesting operations must not contaminate or damage the animals (2) 

 Land mussels as soon as possible following harvesting 

Handle with 
care 

 You must not subject mussels to extreme temperatures (3)  

 It is acceptable to subject mussels to lower temperatures than ambient but it is not advisable 
to put them in much higher temperatures than the waters where they were harvested from . 
Mussels can be transported on ice, but further experiments are needed to set the minimum 
temperature.  

 You must keep mussels alive and handle them gently (4) 

Mussels must be adequately protected from crushing, abrasion or vibration after harvesting;  

Throwing or dropping or any other form of impacting, crushing or shaking of the mussels must be 
minimised.   

 New cultivation techniques that permit faster harvesting methods, with a minimal loss of 
shells such as the New Zealand ‘continuous rope’ are highly encouraged (see Annex II)  

 Heights of dropping on exit from dredges, conveyors or other equipment can be reduced and 
soft or angled surfaces can be provided to reduce impacts.  

 Containerising the molluscs and handling those containers by barrow, fork lift or crane, etc, 
results in considerably less stress or damage to the molluscs than by shovelling or conveying 
the unprotected molluscs or by manually throwing small bags of molluscs around. 

 Handle mussels as few times as possible  

 Choose the most appropriate containers and  consider volume handling equipment and 
mechanization that minimizes handling. 

1) 854/2004, Annex II, Chap II;  
2) 853/2004, Annex III, Section VII, Chap II, B1;  

3)  853 / 2004, Annex III, Section VII, Chap IV B.1 (b);  
4) 853 / 2004, Annex III, Section VII, Chap IV B 1(a).
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General recommendations and EC regulations on handling, holding and conditioning 

General recommendations and regulations for handling, holding and conditioning live mussels 

Conditioning 

 Handling of mussels, particularly conditioning must not cause contamination or damage 
the mussels (5) 

 If carrying out conditioning at natural sites, use only areas that the competent authority 
has classified as being of class A (6) 

Storage of 
bivalves 
Further details 
can be found in 
pages 23-28  

 Store mussels at the correct temperature to keep mussels alive and in good condition (7) 
Live mussels can be stored on ice; 
Keep storage times as short as practical – bivalves must be delivered to the customer alive 

 Live mussels must have normal amounts of intra-valvular liquid and show an adequate 
response to a percussive tap (8) 

 Mussels must be stored in clean,  drainable containers (9) 
 

5) 853 / 2004, Annex III, Section VII, Chap IV B.1  
6) 853/2004 Annex III Section VII Chap II B. 1(d) 
7) 853/2004 Annex III Section VII Chap VIII 1; 

8) 853/2004 Annex III Section VII Chap V 1; 
9) 852/2004, Annex I, Part A, II 4(b). 

In the case of live animals, such as mussels, 

consideration also addresses the need to keep them  

alive and the necessary procedures to guarantee a safe 

product. Therefore many recommendations  are 

common sense ‘handle with care’ practices. However, 

the EU regulation and the Codex Alimentarius contain  

few  detailed  stipulations  regarding  the  way  that 

holding, conditioning and depuration  is  undertaken.  

The basic principle is to avoid contamination while 
maintaining mussels alive either in immersed or non-
immersed conditions.  

None is said about environmental parameters, (e.g. 

temperature, oxygen, water flow ) that must be met to 

achieve this. In fact, it is the responsibility of each 

country to establish specific conditions. According to EC 

regulation No 853/2004, member states should have 

some discretion to extend or to limit the application of 

the requirements of this regulation to retail under 

national  law. Therefore EU member states have tended 

to clarify the way that the principles of depuration and 

the other general criteria in the legislation are to be 

achieved in the application of the legislation within 

national approval and inspection procedures. 

Under Irish Legislation, purification and dispatch centres 

are required to be approved by the Sea Fisheries 

Protection Authority (SFPA). Once the completed 

application form and application fee is delivered, a Sea 

Fishery Protection Officer will carry out a detailed audit 

and appraisal of the business predominantly against the 

requirements of Regulations (EC) 852 & 853/2004. Based 

on the findings of the audit, together with the 

information provided with the completed application 

form, the SFPA will make a recommendation to grant or 

refuse approval. 

 

In Scotland the approval for shellfish purification and 

dispatch centres to operate must be given by the local 

enforcement authority subject to the conditions set out 

in the regulations and  any  additional  conditions  

notified  by  FSAS, The Food Standards Agency 

(Scotland), which is responsible for food safety and food 

hygiene in Scotland.  

 

In the next pages several recommendations on the best 

practices  for holding and conditioning of live mussels 

will be presented in light of regulations, scientific 

findings and common sense. 
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    Non-immersed storage 

Recommended for most short-term storage situations 

Proper storage of mussels during harvest, transport and 

at the market is very important to preserve shelf life. As 

stated earlier, spawning and handling of mussels are 

enough to induce stress. If the mussels are improperly 

stored, this only adds to the negative impact on the 

mussel’s health, leading to higher mortality and shorter 

shelf life. Non-immersed storage is recommended for 

most short-term storage situations [13]. 

From previous technical investigations it was concluded 

that mussels should be kept cold with ice as soon as 

practical during harvest, transportation to processing as 

well as post-processing [8, 9, 21]. However,  this 

information is mainly based on studies from 

Newfoundland, where mussels experience seasonal ice. 

The reason being,  that by icing the product and placing 

it under temperature control, the process of product 

degradation is slowed, and hence quality preserved. 

Once quality has started to deteriorate, this process 

cannot be reversed, only slowed. However, this practice 

should be further tested, especially in warmer 

harvesting places.  Taking sensitive molluscs from warm 

waters (to which they have acclimatized) and subjecting 

them to temperature shock by rapid chilling can be more 

harmful than a short period of  un-chilled storage, 

particularly if the molluscs are then to be purified [13]. 

The next table summarizes the results obtained from 

SEAFISH investigations of live handling and storage of 

mussels [13]. 

 

SUMMARY OF RESULTS FROM SEAFISH INVESTIGATIONS OF LIVE HANDLING AND STORAGE 

Storage life out of water, under various conditions 

Harvesting and handling conditions 
prior to controlled storage 

Controlled storage 

temperature 

Period of controlled storage to mortality of 10 % of 
molluscs 

Sample in seasonally 
weak condition 

Sample in seasonally 

strong condition 

Handpicked and 1 day at ambient 
before commencement of 
controlled storage 

Directly iced 12 days 23 days 

2-5°C 10 days 20 days 

15°C 3 days                                  7 days 

Dredged and riddled and 1 day at 
ambient before commencement of 
controlled storage 

Directly iced 7 days 19 days 

2-5°C 5 days 13 days 

15°C 1 day No Data 

 

Further experiments ought to be carried out to investigate the effect of ice or even slurry ice at different steps of the 

trade chain and during the different seasons. The next table summarizes several recommendations and legal 

requirements during dry storage. Sentences followed by a number indicate a legal requirement (EC Regulation) or a 

recommendation made by the Codex Alimentarius. Sentences without a number are recommendations intended to 

maintain the quality and extend the shelf-life of the mussels. 
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Non-immersed storage 

Recommendations and regulations  

Storage 
premises 

 Must provide the necessary protection from contamination, temperature control and 
cleanliness (1)  

 it is recommended that covers or covered facilities are provided, as necessary, for 
any molluscs held in a harvesting unit following harvesting and  handling operations.  

 Although premises used only for basic handling and storage of raw material that will 
subsequently pass through an approved dispatch centre or processing establishment, 
may not have to be approved establishments and hence may not be subject to 
further requirements of the regulations for purification and dispatch centres,  similar 
standards of hygiene should apply. It is recommended that these premises are 
designated and dedicated for their purpose. 

 Storage periods should be kept as short as possible (2) 

Check and 
record 

 Check storage conditions 

 Carry out regular checks to ensure no breaks in the distribution chain 

Obtain feedback from end user to ensure product is being handled and stored 
correctly 

 Registration document must be completed for every batch of live bivalve shellfish (3) 

 A copy of the document must be kept for 12 months 

 Record keeping is essential 

 Records relating to the hygiene conditions of the operation should be kept to 
demonstrate compliance with legal obligations (4) 

 Supplier, production and distribution records must be kept to ensure the traceability 
and if required the recall of goods accordingly (5)  

 Check and record temperatures of product through the trade chain, if mussels are 
being held for an extended period of time make sure to monitor temperatures on a 
regular basis. It is essential to maintain the cold chain. 

Ice 

 

 The use of ice at harvesting can be recommended 

 In Newfoundland icing was essential mainly in warm air temperatures and early 
season mussels (post spawning). 

 Ice used to chill mussels must be made from potable water or clean water  (6) 

 Ice should be made, stored, transported and handled under hygienic conditions to 
avoid its contamination. 

 A ratio of 1 part ice to 3 parts mussels has been suggested by the  Newfoundland 
mussel industry 

 A ceiling of ice is the best method for chilling mussels 

 Always maintain a visible layer of ice on product being transported for processing. 

 Ice should be allowed to melt and drain over mussels, maintaining the storage 

temperature between 2 and 4 C.  

 Storage above 5 C is not recommended, although the characteristics of the local 
species need to be considered when determining the actual range specified. 

1) 853/2004, Annex III, Section VII, Chap III, 1. 
2) Codex Alimentarius (2009) 
3) 852/2004,  Annex I, Part A, II, 4(g) 
4) 853 / 2004, Annex III, Section VII, Chap I.3-7 

5) 852/2004 Annex I Part B 2(j) 
6) 852/2004 , Annex II, Chap VII  
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Non-immersed storage 

Recommendations and regulations  

Appropriate 
containers 

 Containers must be made of food grade materials such as stainless steel or plastic  

 Melt water must be allowed to drain away from containers (2).  

 Therefore, containers in which mussels are kept under ice must be water-resistant 
and ensure that melt water does not remain in contact with the mussels.  

 Use insulated containers, these greatly increase quality of product as there is more 
environmental control, thus preventing extremes of temperature (either heat or cold). 

 Suitable insulated and lidded plastic bins are readily available. 

 Containers should be raised off the ground and, if not stored inside, they should be 
covered, to prevent contaminations (2)  

 They must be protected from physical damage, contamination and weather at all 
times. 

 Containers awaiting at the depuration or dispatch centres should be kept in an 
enclosure or area of containment with a relative humidity of > 75 % (2) 

 Containers must be separated from sections of the harvesting unit such as propulsion 
machinery spaces and fuel stores which could cause contamination. Separation from 
machinery spaces, etc, can be achieved on small units by boxing in engines 
and by not storing fuel and lubricants, etc, in the areas required to be kept clean. 

2) Codex Alimentarius (2009) 
 

As stated previously it is of utmost importance to avoid 
temperature shock.  
 
If mussels are stored for a brief period just before 
depuration, then ice storage might not be the most 
adequate procedure. Mussels will have a decreased 
metabolism due to the cold temperature and when 
transferred to the depuration tanks, that should be at 
temperatures above 5 C and up to a maximum of 15 C, 
they will suffer a temperature shock and it might take 

them longer to start filtrating water at an adequate rate 
to guarantee a complete depuration cycle.  
 
The best storage conditions are those that comply with 
the regulations as far as contamination and food safety 
are concerned and also take in consideration the 
ambience where mussels were harvested and the 
following steps that they are going to be submitted to 
during the trade chain. This information is essential so 
that mussels’ physiological needs can be met 
accordingly. 

 

Non-immersed storage recommendations: don’ts 

 Leaving mussels uncovered and exposed to the sun and air will desiccate mussels and likely trigger 
spawning if left long enough and affect product quality and shelf life.  

 Do NOT overload containers so as to crush mussels.  

 Do NOT drop or unnecessarily bang or knock mussels 

 Use of mechanical refrigeration (chilled air) as means of directly cooling mussels should be AVOIDED 
due to dehydration, increased stress and rapid quality loss, unless a ceiling of ice is applied and 
maintained. 

 End of season mussels (spawning and spent) are not edible 
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Non-immersed storage 

Modified atmosphere: the innovative package 

The  commercialization  of  live  mussels  is  limited  

by  their  capacity  to  resist  the  adverse  conditions 

associated with their removal from the natural 

environment. Packaging under modified atmosphere 

(MAP) has been proposed as an alternative method 

for the stabilization of mussels and shelf life 

extension. Storage in these hermetic packages can 

provide a special type of environment leading to an 

increase in survival rate under favourable conditions.  

Several scientific studies have dealt with this 

innovative package [20-22] and it is already being 

used by the industry. 

THE SCIENCE 

Recent studies with Mytilus galloprovincialis report 
that [22]:  

(a) packaging atmospheres with richer oxygen 
concentrations favour the stability of live 

mussels stored at 2 ± 1 C up to 8 days; 

(b) at higher O2 concentrations, the packaged 
mussels tend to produce less metabolic, 
undesired products;  

(c) the metabolism of the live mussels packaged in 
modified atmosphere depends on their size.  

 
These authors recommend that for commercial 
purposes where a mixture of sizes is usual mussels 
should be packed: 

 with 75-85 %  O2  
  at 2 ± 1 C  

and end up with 80 % survival; have a shelf life of 8 
days and the  quantity  of undesired metabolic 
products is low with no effect on the sensorial 
analysis of the cooked product.  

THE INDUSTRY  

According to the Smokey Bay Seafood Company 

(Canada), Mytilus edulis harvested in Prince Edward 

Island and packed in modified atmosphere has a shelf 

life of 17 days from harvest.  

Mussels are clean, packed 1 Kg (34 to 40 mussels) in a 
tray and sealed with clear film that allows the mussel 
to breath. According to Smokey Bay Seafood 
Company this method decreases shrinkage 
considerably.  

 

Figure 19. Modified atmosphere packaging (adapted from Smokey Bay 
Seafood Company internet site http://www.smokeybay.com/musselspacked) 

The advantages of this innovative packaging are: 

 extended shelf life to 17 days from harvest   
 prevents drip-loss 
 efficient stacking during transport and at 

point of sale highly appealing product 
presentation 

 trouble-free labelling 

THE CONSUMERS  

Even though modified atmosphere packaging seems 

to be ideal from the industry and the science 

perspectives alike, it is necessary to understand the 

consumers’ needs, expectations and convictions. 

Modern day life is faster, challenging and there is 

higher demand for convenience products. However, 

in Europe there are different types of markets and 

attention should be paid to each regional market. The 

advantages of MAP are straightforward but according 

to WP 1.2, this innovative package might be difficult 

to implement in Portugal considering that smell is a 

very important quality criteria for Portuguese mussel 

consumers. Therefore, strong marketing tailored to 

each country needs to be implemented before the 

utilization of such packages.  

http://www.smokeybay.com/musselspacked
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Immersed storage and conditioning 

Recommendations and regulations  

 

Conditioning can be recommended for all mussel processors to ensure higher quality and prolonged 

shelf life [9]. However, immersed storage involves further risk of contamination and must be carried out 

only in controlled conditions.  

The EC Regulations are not very specific regarding the re-immersion of live bivalves, the basic main 

preoccupation  is to avoid contamination and consumer’s safety.  

  

 European Commission Regulations / Codex Alimentarius (conditioning) 

EC Regulations 
(re-immersion) 

 You must not re-immerse mussels in water that could cause additional 
contamination (a) 

 Mussels must not be re-immersed in, or sprayed with, water after they have been 
packaged for retail sale and left the dispatch (b) 

Codex 
Alimentarius 

(conditioning) 

 Before conditioning or storage, bivalve molluscs should be washed to remove mud 
and soft commensal organisms and dead or damaged bivalve molluscs should be 
removed when practicable 

 During storage, bivalve molluscs should be laid out at a density and under such 
conditions that will permit them to open and function normally  

 The oxygen content in the seawater should be maintained at an adequate level at 
all times  

 The temperature of the water in storage tanks should not be allowed to rise to such 
levels as to cause weakness in the bivalve molluscs. If ambient temperatures are 
excessively high, tanks should be placed in a well -ventilated building or away from 
the direct rays of the sun. The length of the period of conditioning should be 
adapted to the water temperature 

 Bivalve molluscs should be stored in clean seawater only for such time as they 
remain sound and active  

 Tanks should be drained, cleaned and disinfected at suitable intervals  

 Recirculating wet storage systems must contain approved water treatment systems  

(a) 853 / 2004, Annex III, Section VII, Chap IV B.1(c)  
(b) 853 / 2004, Annex III, Section VII, Chap VIII 2. 
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 Immersed storage and conditioning 

Recommendations and regulations 

 

According to the Food Standards Agency Scotland (FSAS) immersed storage can be encouraged when proper 

guidelines are followed. According to the FSAS  immersed  storage  after  depuration/packing  gives  the mussels  a  

chance  to  recover  from  any  induced  stress  and  assists  in providing  a  better  quality  product  to  the  consumer.  

It  is also  a  widespread practice.  

General good practice in relation to immersed storage (FSAS)  

 The immersed storage can only take place at an establishment approved for depuration or dispatch  

Regulation 852/2004 and 853/2004 places obligations upon the centre with regard to microbiological 
checks and the keeping of records. Authorities should be able to audit the relevant documentation to 
assess the suitability of the system that is in place.   

 Man-made  installations  used  for  re-immersion  are designed and operated according to the same 
basic principles of depuration centres 

There  is  a  wide  variety  of  systems.  As  stated  no  official  approval requireme nts and ‘conditions of 
approval’ (other than the general approval of  the  dispatch  centre) exist and  there  are  no  standard  
designs  of  system  as such.  

It  is  recommended  however  that  the  system  be  based  on  known  and proven types in a ma n-
made installation for purification system design and construction with changes appropriate to the 
situation. 

 Only bacteriological  clean  sea  water  can  be  used  such  as  grade  ‘A’  water  or water that is a by -
product of a depuration process (used, re-circulated raw or artificial seawater) 

If the category of the water is less than the mollusc then the status of the mollusc will be lost to be  
lower category.   
 
It cannot be assumed that whilst the harvesting area is a category ’A’ that UV is not required. Human 
and animal contamination can still take place in a grade ‘A’ site. In the absence of a water testing 
regime that gives 100 % confidence of  the water quality  used  it  is always recommended  that  the  
UV  bank  of  sufficient  wattage  is  used  and  turned on.   

 Batches of molluscs from different production areas must be kept separate 

There should be no possibility of cross contamination via the seawater.  

 For  immersed  storage  to  be  effective,  the  mollusc  must  be  placed  in  suit able conditions of sea 
water such that they survive and remain in good  condition. They should be free to open and function 
whilst immersed. Salinity should be similar to the area in which they were harvested.  
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Immersed storage and conditioning 

It is all about keeping mussels alive 

The best way to avoid contamination is to re-immerse 

bivalves only in approved dispatch or depuration centre, 

where adequate health safety rules should already be 

implemented or in classified A waters.  

 

However, there are no  official  approval requirements 

and ‘conditions of approval’ to re-immerse mussels. In 

fact the best environmental parameters to condition 

mussels are not necessarily the same as for depuration. 

The first thing that needs to be clarified is why we want 

to condition mussels in the first place. 

 

REASONS TO CONDITION MUSSELS 

 Is it to remove sand, mud or slime, to preserve or to 
improve organoleptic qualities?  

 

 Is it to avoid gaping behaviour thus preventing 
weight loss while emersed after conditioning? 
(basically the training concept) 

 

 Is it to store mussels during a prolonged period of 
time and at the same time avoid mortalities?  

 

These objectives might have different approaches, it is 

also important to establish how long conditioning will 

last and where and when in the trade chain this is going 

to be undertaken. In this case other questions arise. 

 

 

CONDITIONING: WHERE AND WHEN 

 

 Is conditioning taking place immediately after 
harvesting, washing, de-clumping and grading? In 
this case it is important to know the ambient water 
temperature.  

 

 Is  conditioning taking place immediately after a 
long transport (more than 24 h)? In this case it is 
important to know the transport conditions 
(temperature, humidity, transport container, with 
ice or no ice) and the reception facilities 
(temperature, humidity, immersed or non 
immersed)? 

 

While it might be useful to have a system similar to that 

of depuration to remove sand, or mud to improve 

organoleptic qualities after a long dry transportation (> 

24h),  it is not necessarily the same as to train mussels 

immediately after harvest to tolerate further transport. 

 

For instance, if we want to condition mussels to improve 

their tolerance to long time storage and delaying time to 

mortality the best strategy is probably to decrease their 

metabolism. On the other hand if the  intention is to 

remove mud, sand and slime then the metabolism and 

the filtration rate should be maintained or increased. 

There are a few strategies that can be used either to 

lower or increase the metabolism and filtration rate of 

mussels. 

 
 
These strategies must take into account the ambient conditions where the mussels came from (e.g. season and 
location) but also the conditions where they are going to be. 

Strategies to lower metabolism and filtration rate Strategies to increase the metabolism 

 Low temperature (< 5C)  High temperature (15 to 20) 

 Low water flow 
 High water flow 

 Dilute suspension (filtered seawater) 
 Concentrate suspensions  

 Presence of light to avoid gaping 
 Absence of light to promote filtration 
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Immersed storage and conditioning 

It is all about keeping mussels alive 

TEMPERATURE 

Between 5 and 20 C the immediate response to a 

reduction in temperature is a decrease in filtration rate 

(metabolism reduction), whereas increased temperature 

results in a corresponding rise in filtration rate (data for 

mussels acclimated to 15 C). Above 20 C, however, an 

animal acclimated to 15 C responds to elevated 

temperature by reducing filtration rate. When   

temperature decreases  towards  -1 C,  mussel  

clearance  rates decrease significantly and more time is 

required for a mussel to filter a standard volume of 

water [22]. 

 Therefore it is essential to always record the 

ambient temperature and then plan the 

conditioning in accordance to the main aim and the 

available infrastructure.  

 

 For instance if the intention is to purge mussels, 

than low temperatures should be avoided, because 

clearance rate is decreased. However if mussels 

were harvested during winter in a location where 

ambient temperature is close to 0 C, mussels 

should not be immediately transferred to tanks at 

10 C.  

 

OXYGEN 

Measurement of the routine rate of oxygen 

consumption by M. edulis from a North Sea population 

showed a marked seasonal cycle, with high rates in 

winter and low rates in the summer. These changes 

were apparently related to the seasonal gametogenic 

cycle, high rates of oxygen consumption coinciding with 

active gamatogenesis, and low rates occurring after 

spawning in the summer. These seasonal changes may  

 

not be as marked in more northerly populations where 

very low winter temperatures inhibit gametogenesis, or 

in more southerly populations, where gametogenesis 

may occur over a large portion of the year.  

 In starved mussels, at a time when gametogenesis 

is not proceeding (usually late spring and summer) 

ventilation activity is reduced and an increase in 

temperature at this time results in failure to 

acclimate.    

 

 Likewise, in well fed mussels when gametogenesis 

is active, a temperature increase accelerates this, 

and also limits the animal’s capacity  to acclimate.  

Mussels require oxygen in order to survive and they 

obtain this from the seawater. According to the FSAS 

mussels must  be  depurated  in  water  with  dissolved  

oxygen concentrations  greater  than  50 %  saturation  

to  ensure  they  are  in  the  best  possible condition.    

Although  maintaining  dissolved  oxygen  levels  >  50%  

at  all  times  seems  a relatively simple task, it can be 

anything but this in practice.   

There are many factors that affect the rate of oxygen 

consumption by mussels, with water temperature, 

mussels’ level  of  activity  and/or  stress  being  the  

major  ones. Factors  that  affect  the  oxygen  

requirements  of  mussels  can  also  alter  the  

availability  of oxygen.  For example, as temperature 

increases, the mussels’ demand for oxygen increases 

above the  % solubility  of  oxygen  in  water,  and  

therefore  it’s  availability  to  the  mussels  decreases.  

As a result the water flow required at higher 

temperatures increases markedly. Salinity also affects 

the % solubility  of oxygen in water. 
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Immersed storage 

It is all about keeping mussels alive 

FILTRATION RATE 

Blue mussels don’t filter in very diluted suspensions, 

filtration rate may cease altogether although oxygen 

uptake, and presumably ventilation rate, remain normal. 

Filtration is thought to be initiated at a critical particle 

concentration possibly at around 50x103 cells / ml  [23]. 

Mussels do not exhibit a selective behaviour to 

discriminate between particles on the basis of size. Blue 

mussels retain 100 % of the particulate matter larger 

than 4 m and up to 20–30 % of the particulate matter 

that is smaller than 1 m [24]. 

LIGHT 

Recent studies related gaping and pumping to acquire 

oxygen, food and expel (pseudo) faeces to daily cycles.   

It was observed that mussels are more active during the 

night showing an increase in  gaping and pumping rate 

[8, 9]. 

 Therefore, light could be subdued in tanks where 

mussels are being conditioned to purge.  

 But on the other hand, light could be present in 

tanks where mussels are being stored for longer 

periods.  

 

 

 
 

 

 

 

 

 

The blue mussel has evolved a  suite of sophisticated 

behavioural, physiological,  and biochemical adaptations 

that  enable it to survive littoral to shallow sub littoral 

areas in oceanic and estuarine environments. These are 

the most  variable of all marine systems where factors 

such as temperature, salinity, duration of exposure to 

air, and concentration of suspended particles are ever 

changing [25]. However it is important not to forget that 

even though mussels are resistant; extremes of physical 

factors such as salinity, excessive silt and temperature 

are known to contribute to their mortality [23]. 

 

As mentioned before, the best conditioning parameters 

are those that comply with the regulations as far as 

contamination and food safety are concerned and also 

take in consideration the ambience where mussels were 

harvested and the following steps that they are going to 

be submitted during the trade chain. 

 

However tests must be carried out to specify the optimal 

temperature, flow, water clearance and light intensity in 

respect to ambient conditions, seasonality and 

conditioning duration relevant for each trade chain.  

 

 

 

 

Immersed storage 

Figure 20. Mussel  filtering in its natural habitat. 
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Customized systems used by the industry 

As mentioned before immersed storage is all about 

complying with the regulations while keeping mussels 

alive in appropriate infrastructures customized to the 

operators’ needs, as there are no official  requirements 

and ‘conditions of approval’. The following example of 

an immersed storage system is from the Confederation 

Cove Mussel Company of Borden, Prince Edward Island 

(PEI), Canada. In this case D332 insulated bulk bins with 

false bottoms are customized with two drains on one 

side to store mussels at the plant immediately after 

harvesting. This type of system can be used to store 

mussels as long as the seawater used is bacteriological  

clean  such  as  grade  ‘A’  water or pre-treated. In the 

following tables a brief description of this system is 

provided.  

 

Step 1  

D332 insulated bulk bins are used to 
transport the harvested mussels from the 
site to the plant.  

STEP 2 

The mussels are washed, de-byssed and 
graded at the plant then put into a D332 
insulated bulk bin that is outfitted with a 
false bottom and plumbing for water and 
air.  

STEP 3  

The airline plumbing is located under the 
false bottom in order to introduce air to the 
mussels.  

STEP 4  

The plumbing for the water is inserted into 
the drain and then up and then down to the 
box below. The pipe on the outside controls 
the height of the water in the box. When the  
box fills to that height the pipe also fills. 
When the water comes up to the top of the 
piping it starts to overflow to the box below. 
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STEP 5 

The D 332 insulated bulk bins are stacked 4 
boxes high for holding (highest recommended 
safe height). Water is introduced into the top 
box to keep the mussels alive. The water drains 
from box to box and eventually out the bottom 
box to the sloped floor where the water drains 
off. Air hoses hang from the ceiling and are 
connected to the fitting on each box. This 
provides valuable oxygen to the mussels from 
the bottom of the box up to the top.  
 
The boxes are labelled with sequential 
numbers for easy identification and 
traceability. The mussels subsequently await 
further grading and packaging. 

 

However to implement this type of system production costs must be calculated and several technical issues such as 

water temperature, flow rate, salinity, oxygen, density, maximum load and optimum storage duration must be 

optimized. In the table below is a summary of the characteristics of the D 332 insulated bulk bins used as an open 

system by the  Confederation Cove Mussel Company of Borden, from Prince Edward Island, Canada, to store 

immersed mussels.   

D 332 insulated bulk bin (open system) 

Inside Length 

110 cm 

 

Inside Width 

96 cm 

 

Inside Height 

79.5 cm 

 

Weight 

59 kg 

 

Capacity 

750 L 

Flow  used by the Confederation 

Cove Mussel Company of Borden 
57 to 141 L/min 

The water drains down from box to box and eventually out the bottom box to the sloped floor 
where the water drains off. 

Oxygen Air hoses are connected to the fitting on each box. This provides oxygen to the mussels from the 
bottom of the box up to the top. 

 

Long-term wet storage: is it worth it? 

Few studies examined the advantages of long-term wet storage and some producers have suggested that this 

practice is not economically feasible following processing. Equipment and labour required for extended wet storage 

facilities can be very costly. As well, new byssal thread production of mussels can be rapid and immense with 

extended holding in wet storage, making the product unappealing to customers. The profit margin value for the 

mussels can end up being very low, if costs to maintain the mussels are excessively high, or if the product does not 

sell in the market. However, there are clear benefits of short-term wet storage  for  periods  up  to  7–10  days,  

where  facility  costs  and  byssal  production  are minimal, and market supply is needed [9]. 

In the end it is all about market demand and productions costs. S

Figure 21. Pictures and text adapted from Saeplast Canada.  

http://www.veidimal.is/Kraeklingur/kraeklskyrslur/adrarskyrslur/MUSSEL%20HARVESTING%20AND%20LIVE%20STORAGE%20-%20Spl.%20Canada.pdf
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Depuration regulations 

Making bivalves safer for consumption 

 

Depuration is intended to reduce the number of 

pathogenic micro-organisms that may be  present  in  

bivalve  molluscs  harvested  from  moderately  polluted 

areas to such levels that the bivalve molluscs will be 

acceptable for human consumption without  further  

processing [13, 26].  

 

It has also been suggested that depuration improves 

organoleptic qualities and delays deterioration during 

storage compared to non purified mussels. This is most 

obvious when mussels come from growing areas where 

they can accumulate dirt and develop anaerobic 

sulphide odours [27]. 

 

Depuration consists of placing shellfish in flowing clean 

seawater so that the animals resume normal pumping 

activity and thereby expel contaminants from their gills 

and intestinal tract over a period of time.  

Live bivalve molluscs that are to undergo depuration 

effectively must be in good condition. As mentioned 

previously they are sensitive animals that are 

susceptible to temperature extremes and physical shock. 

It is therefore vital to ensure that good harvesting and 

general handling practices are followed so that the 

animals are not unduly stressed.  

 

Moreover, to ensure that normal filter activity may take 

place, it is essential to create the correct physiological 

conditions in the purification tanks for the shellfish being 

depurated.  

 

However, the  EU  regulations and Codex Alimentarius 

do not have detailed  stipulations  regarding  the  correct 

physiological conditions in the purification tanks as can 

be seen in the following table. 

 

 

European commission regulations  

General 

 All mussels must be purified unless they are:  

o Harvested from classification A waters (1) 

o Sent for specified heat treatment to an authorised establishment (2) 

 The Official Conditions of Approval must be followed  

o Consult your National Competent Authority  

 For the depuration to be effective the design of the system and the operation of the 
entire process must (3): 

o allow rapid resumption of filter activity  
o facilitate removal of contaminants from the mussels 
o avoid recontamination of the mussels 
o enable mussels to remain alive in a suitable condition after purification for 

wrapping, storage and transport before being placed on the market.  

1) 853 / 2004, Annex III, Section VII, Chap II A2 & Chapter V 
2) 853 / 2004, Annex III, Section VII, Chap II A5 
3) 853 / 2004, Annex III, Section VII, Chap IV, A2 
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Depuration regulations 

 

European commission regulations (cont.) 

Structural 
Hygiene 

 Purification site must not be subject to flooding by normal high tides or run offs (4) 

 Purification tanks must be: 

o Internally smooth and easily cleaned (5) 
o Capable of being completely emptied – no residual water left behind (5) 
o Positioned so that water intake does not contaminate water supply (5) 

o  Suitable for volume and type of bivalves being purified, to prevent stress and 
damage (6) 

 Containers must have a construction that allows clean seawater to flow through. The 
depth of layers of live bivalve molluscs must not impede the opening of shells during 
purification (7). 

Loading 
tanks 

 Before loading, mussels must be washed, free of dirt, silt, and debris with clean 
uncontaminated water (8) 

o Bivalves have to be alive – check and discard any dead, gaping and damaged shells  
o No dead animals, ‘duds’ or empty shells should go in the purification tanks. They 

can hold mud balls and contaminate the batch.  

 Only one type of bivalves can be loaded in a tank (9)  

 Tanks must not be overloaded (10)  

 For different batches of the same species, purification time must be based on the 
batch requiring the longest period of purification (11) 

 Any other fish or animal must not be placed in the tank with bivalves that are being 
purified (12) 

Depuration 
Duration 

 The live bivalve molluscs must be continuously purified for a period sufficient to 
achieve compliance with the health standards of Chapter V and microbiological criteria 
adopted in accordance with Regulation(EC)No 852/2004 (13)  

4) 853 / 2004, Annex III, Section VII, Chap III.1 
5) 853 / 2004, Annex III, Section VII, Chap III.2 (a-c) 
6) 853 / 2004, Annex III, Section VII, Chap III.3 
7) 853 / 2004, Annex III, Section VII, Chap IVA 5 
8) 853 / 2004, Annex III, Section VII, Chap IV A. 

9) 853 / 2004, Annex III, Section VII, Chap IV A.1 
10) 853 / 2004, Annex III, Section VII, Chap IV A.3 
11) 853 / 2004, Annex III, Section VII, Chap IV A4 
12) 853 / 2004, Annex III, Section VII, Chap IV A4 & A 
13) 853 / 2004, Annex III, Section VII, Chap IV A3 
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Depuration Codex Alimentarius recommendations

 
 

Water 

 Water used in depuration tanks should be changed continuously or at suitable 
intervals or, if re-circulated, be treated properly. 

 Water flow/h should be sufficient in regards to the amount of bivalve molluscs treated 
and should depend on the degree of contamination of the bivalve molluscs  

 Water temperature should not be allowed to fall below the minimum at which bivalve 
molluscs remain physiologically active; high water temperatures that adversely affect 
the pumping rate and the depuration process should be avoided; tanks should be 
protected from the direct rays of the sun when necessary 

 Bivalve density should permit them to open and undergo natural depuration  

Depuration 
system 
operation 

 Equipment in contact with water, i.e. tanks, pumps, pipes or piping, and other 
equipment should be constructed of non-porous, non-toxic materials. Copper, zinc, 
lead and their alloys should preferably not be used in tanks, pumps or piping systems 
used in depuration processing. 

 To avoid recontamination of bivalve molluscs undergoing depuration, un-purified bivalve 
molluscs should not be placed in the same tank as bivalve molluscs that are already 
undergoing depuration. 

 Before removing the bivalve molluscs from the tanks, drain the water from the system to 
avoid re-suspension and re-ingestion. 

 On removal from the depuration system, bivalve molluscs should be washed with running 
potable water or clean seawater, and handled in the same manner as living bivalve 
molluscs taken directly from a non-polluted area. Bivalve molluscs that are dead, with 
broken shells or otherwise unsuitable should be removed. 

 The tanks should be cleaned after each use and disinfected at suitable intervals. 

 After depuration, the bivalve molluscs should meet the end-product specification. 

 Appropriate documentation should be maintained for depuration. 

Depuration 
duration 

 The length of the period of purification should be adapted to the water temperature 
and physical water quality parameters (clean seawater, salinity, dissolved oxygen and 
pH levels suitable to permit the bivalve molluscs to function normally), the degree of 
contamination before depuration and the bivalve mollusc species.  

o Microbiological investigation of process water and  of bivalve mollusc meat should 
be used to assess depuration parameters.  

o It should be taken into account that viruses and Vibrio spp. are more persistent 
during depuration than the indicator bacteria mostly used for microbiological 
monitoring and that reduction of the number of indicator bacteria does not always 
reflect the real situation in regards to contamination by viruses and Vibrio. 

 Bivalve molluscs undergoing depuration should remain immersed in clean seawater 
until they satisfy the sanitary requirements of the official agency having jurisdiction. 
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Depuration regulations: the UK as a case study 

 
In the UK strict controls govern the handling of live 

bivalve molluscs from harvesting through to retail sale. It 

is essential that before any purification system is set in 

operation, the local Food Authority is contacted and 

approval granted. Premises where purification systems 

are operated must be issued with an approval number 

which is given by the Food Authority only if the 

requirements of the regulations are complied with. In 

addition, a “conditions of approval” document is issued 

for each purification system.   

 

CONDITIONS OF APPROVAL 

Government departments will issue “conditions of 

approval” for a system only if satisfied that it is designed 

and operated in accordance with basic rules and that 

there is sufficient evidence to demonstrate that the 

system will purify bivalve molluscs satisfactory. This 

requires them to make a site visit before approval, to 

carry out a technical inspection, and for a bacteriological 

test to be carried out.  The bacteriological test is the 

responsibility of the operator of the purification system 

and can prove time consuming and costly, particularly if 

repeated testing is required. Other local requirements 

must also be considered including planning, water 

discharge and waste disposal.  Animal health regulations 

may also apply controls over the re-immersion of 

shellfish if premises are located in coastal sites and 

shellfish are not caught locally.  

 

 

 

 

STANDARD PURIFICATION SYSTEMS 

To assist local authorities SEAFISH has introduced the 

concept of standard purification systems. SEAFISH 

designed 5 purification systems that meet the technical 

requirements and which have been tested extensively in 

a wide range of conditions. The basic concept of all 

these systems is that the molluscs are immersed in 

suitable conditions of oxygenated clean seawater in 

which they function normally and purge themselves of 

contamination. Detritus settles under the molluscs and 

is not re-ingested. To achieve these criteria the main 

preoccupation was to develop practical systems 

according to the operator’s size needs   that allow the 

following: 

 

 even flow through the shellfish -  with  no  
apparent  possible  dead  spots 

 prevent  re-contamination  by  sediment   

 prevent re-ingestion of another animals faeces 
 
There is no obligation on a purification centre operator 

to install standard design systems. The operator may 

wish instead to install a system to his own specification.  

Such a purification system must still meet the technical 

requirements of government departments 

 

Knowing that it is essential that a purification system is 

operated correctly if it is to generate a safe product, 

SEAFISH also produced a series of operating manuals for 

the range of purification systems currently in use in the 

UK :   

 
 

S 

  

1. Operating Manual for the Medium Scale Multi-Layer System 
[28] 

2. Operating Manual for the Vertical Stack System [29] 

3. Operating Manual for the Large Scale Multi-Layer System [30] 

4. Operating Manual for the Small Scale Shallow Tank System [31] 

5. Operating Manual for the Bulk Bin System for Mussels [32] 

 Generalised Operating Manual for Purification Systems of Non-
Standard Design [33] 

Figure 22. The  standard  design  small-scale  shallow  
tank  system (adapted from SEAFISH see Annex III for 
further details). 
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Depuration regulations: the UK as a case study 

 

The following table is an example of some of the parameters considered in the sample conditions of approval 

document taken from the FSAS guidance document for inspection of mussels purification systems for local food 

authorities [34].   

 

Conditions of approval (FSAS) Values 

Tank  measurement  containing a minimum water volume of X litres. 1160  x  980  x  600mm  internally  

Minimum period of purification 

o Purification, without disturbance to shellfish, must be for a minimum period 
once the correct conditions of purification have been achieved.  

42 hours 

Minimum Temperature  

o minimum  level  during depuration 
5 C 

Minimum Salinity  

o Artificial  seawater  may  be  used  where  access  to  a  ready  supply  of  
suitable natural seawater is not available. 

19 ‰ 

Water flow  

o sufficient to maintain  adequate  levels  of  oxygen (min. 50 % saturation) 
o must  not  be  so  high  as  to  prevent  the  settlement  of  faecal  material  or 

cause  the  disturbance  of  such  material  that  has  already  reached  the  
bottom  of  the tank. 

o the  total  volume  of  water  in  the  system  must  be  recirculated  through  the  
UV lamps  and  evenly  through  the  whole  system  at  a  rate  of  at  least   

20  litres  per minute 

Density  50 kg/m2 

Loading  

depth of water above the uppermost tray of mussels  
80 mm 

The system must be fitted with a UV steriliser 25 Watt, or greater 

UV lamps usage  

o A record of UV usage must be kept for this purpose.  
o UV  lamps  must  be  maintained  free  of  slime  and  other  substances  which  

may  impair efficiency of irradiation.  

 

must be changed after every  
2,500 hours of use 

After  each  purification  cycle  the  tank  must  be  drained  down,  without  causing re-suspension of sediment, before 
shellfish are disturbed or removed. 
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Harvesting in compliance with EU regulations

According to EU regulations producers must only harvest from classified waters A, B or C

Due to their filter feeding habit mussels are at risk of 
picking up contaminants which they can concentrate to 
a much higher concentration than the surrounding sea 
water. The contamination with bacteria and viruses in 
the growing area is therefore critical for the end product 
specification and determines the process requirements 
for further processing.  
 
Gastroenteritis and other serious diseases such as 
hepatitis can occur as result from agricultural run-off 
and/or sewage contamination like enteric bacterial 
and/or viral pathogens (norovirus, viruses causing 
hepatitis) or from natural occurring bacterial pathogens 
(Vibrio spp.). Another hazard is formed by biotoxins. 
Biotoxins produced by some algae can cause various 
forms of serious poisoning like diarrhetic shellfish 
poisoning (DSP), paralytic shellfish poisoning (PSP), 
neurotoxic shellfish poisoning (NSP), amnesic shellfish 
poisoning (ASP) or poisoning caused by azaspiracid 
(AZP). Chemical substances, such as heavy metals, 
pesticides, organochlorides, and petrochemical 
substances may also form a hazard in certain areas. 
 
 
 

Classification Areas 
In order to protect consumers, there is a statutory 
requirement for shellfish beds to be classified according 
to the faecal coliform (or Escherichia coli), biotoxin and 
chemical contaminant levels in the bivalve flesh. 
 
The treatment imposed to shellfish before marketing is 
dependent on the classification of their harvesting area. 
Shellfish produced in harvesting areas with an “A” 
classification can be sold for consumption without any 
treatment, whereas shellfish from “B” classification 
areas must be purified of any faecal bacteria content in 
cleansing (depuration) tanks before expedition for 
consumption. 
 
Bivalves from areas with a “C” classification must be re-
laid for several months in areas with an “A” or “B” 
classification to allow sufficient time for them to reach 
an acceptable bacterial load before further marketing. 
Relaying to cleaner areas, even these clean areas are 
close, is an additional expense that significantly reduce 
profitability. For this reason the harvesting area 
classification is a very important site selection criterion 
(see table below).

 

Table 1 Available at Regulation No 854/2004 of the European Parliament and of the European Council of 29 April 2004,  Annex II – Live bivalve 
molluscs; CHAPTER II: official controls concerning live bivalve molluscs from classified production areas; A. Classification of production and 
relaying areas. 

 

Classification of 

harvesting areas 

Standards per 100g of bivalve mollusc flesh and 
intravalvular fluid 

Treatment required 

A <230 E. coli/100g of flesh and intravalvular liquid  None 

B 
< 4,600 E. coli/100g of flesh and intravalvular 
liquid in more than 10% of samples 

 Purification/depuration 
 relaying in class A area or 
 cooking by an approved method 

C 
< 46,000 E. coli/100g of flesh and intravalvular 
liquid 

 Relaying for a long period (2 months minimum) 
or 

  cooking by an approved method 

PROHIBITED 

>46,000 E. coli/100g of flesh and 

intravalvular fluid, or chemical contaminants or 
biotoxins are above the authorized limits 

 Harvesting not permitted 
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Harvesting in compliance with EU regulations 

Harvested bivalves must meet the legal limit for naturally occurring marine bioto xins 

Biotoxins  

As far as biotoxins are concerned cooking does not denaturize toxins nor is depuration able to eliminate them. These 

toxic algae do not seriously harm the shellfish themselves, although a short-term reduction in growth may occur. 

There are strict limits for the presence of toxins in shellfish (see table below): 

Table 2 Available at Regulation No 853/2004 of the European Parliament and of the Council of 29 April 2004 

 

Producers must avoid harvesting from areas heavily contaminated with: (i) Sewage waste; (ii) Industrial 
waste; (iii) high presence of heavy metals 

Chemical contaminants 

Environmental pollution is an everyday issue especially 

in industrialized areas where heavy metals and organic 

compounds can be discarded to rivers or coastal areas. 

Aquatic organisms can bio-accumulate these compounds 

thus affecting the entire food chain and ultimately 

humans. To prevent health problems there are strict 

limits for the presence of chemical contaminants in 

bivalve molluscs (see table below): 

 

Table 3 Available at Regulation No 1881/2006 of the European Parliament and of the Council of 19 December 2006. 

 

 

BIVALVE SHELLFISH BIOTOXIN LIMITS (per kg flesh) 

 Paralytic shellfish poison (PSP) 800 micrograms  

 Amnesic shellfish poison (ASP) 20 milligrams of domoic acid  

 Okadaic acid, dinophysistoxins and pectenotoxins 

together 
160 micrograms of okadaic acid equivalents  

 Yessotoxins 1 milligram of yessotoxin equivalent  

 Azaspiracids 160 micrograms of azaspiracid equivalents  

COMPUNDS 
Maximum levels in  

(flesh wet weight) 

 Lead 1.5 mg/kg 

 Cadmium 1.0 mg/kg 

 Mercury 0.50 mg/kg 

 Benzo(a)pyrene 10.0 μg/kg 

 Sum of dioxins  4,0 pg/g wet weight 

 Sum of dioxins and dioxin-like  8,0 pg/g wet weight 
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New Zealand ‘continuous rope’ system  

 
At the moment most mussel cultivation in the UK is 

achieved by growing the mussels on single ropes or 

fabric, suspended in the water by heavy horizontal ropes 

and flotation buoys. The new system involves 

continuous loops of special rope hanging down from the 

heavy horizontal ones, the total length of which can be 

up to 14 kilometres. This means that during harvesting, 

instead of pulling in many single individual ropes, the 

continuous loops can be drawn aboard the collection 

vessel and through the harvesting machine almost 

automatically.  

In Tasmania this system has proved a fast and effective 

harvesting method, ensuring a consistent product with a 

minimal loss of shells. Spring Bay Seafoods uses both 

methods In the new continuous method sub-surface 

long-lines are located at 6 m depth and continuous long-

lines run attached to the horizontal line. While in the 

classical single method ropes of 5 m are hung 

individually from the horizontal line (see diagram 

below).  

 

 

 

 

 

 

Diagram. Representation of sub-surface long line system and growing methods  adapted from Spring Bay Seafoods. 

http://www.springbayseafoods.com.au/media/Mussel%20and%20Scallop%20culture%20rope%20diagram.pdf
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New Zealand ‘continuous rope’ system  

In Australia this system was already tested to provide 

information on the suitability of a site for production of 

mussels prior to allocation of the water for commercial 

aquaculture [1]. This was achieved by an industry 

consortium growing a crop of mussels on two surface-

floated, commercial long-lines. One line used the 

traditional Bay growing system of 5m droppers and the 

other used continuous line suspended in 12m loops. The 

latter growing method was developed in New Zealand 

(see diagram below).  

 

The Irish Sea Fisheries Board (BIM) initiated this new 

technology transfer by working with producers (in the 

late ‘90s) to assess the effectiveness of the continuous 

ropes, and to undertake a systematically evaluation of 

the system when employed under Irish conditions. 

According to BIM, the deployment of the technology 

was successful and 65-70% of the sectors annual mussel 

production in Ireland is now farmed using the New 

Zealand system. The system allows Irish farmers to 

produce a high value seafood product efficiently, using 

environmentally sustainable techniques: 

 

 The grow ropes (where the mussels attach to) can 

be recycled and re-used for many years 

 The collector mesh or cotton sock – that holds the 

mussels to the rope while they adapt to their new 

environment - is biodegradable 

 This project continues to evolve: 

 

An automated harvesting system using a venturii pump 

was installed on 2 farms with excellent results. 

To assist with the supply of biodegradable cotton 

socking used in the system BIM helped to establish a 

domestic manufacturing operation to produce the 

socking. This guarantees the supply and allows for the 

quantities required by the industry. 

 

 

 
Diagram. Representation of the two experimental long-lines. A. Traditional Bay growing method  (Method 1). B. Continuous rope growing 
method (Method 2) adapted from [1]. 
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Annex III 

 

 

Depuration systems in use in the UK 

 

 
 
 
 
 
 
 
 
  



 

  

 

Standard depuration systems in use in the UK (closed systems) 
 

System 
Water capacity 
(Litres) 

Maximum capacity 
for mussels (kg) 

Minimum flow 
rate (L/min) 

 Advantages/ 
 Disadvantages 

Small scale 
shallow tank 

550 90 20 

 compact size  

 relatively cheap 

 appropriate for small-scale operator 

 

Medium scale 
multi-layer 

2 600 750a 
210 

  high-density load is more economical 

 saves floor space 

 high shellfish to water ratio  

 flow rate is relatively high 

 

Large scale multi-
layer 

9 200 1 500a 160 

Vertical stack 650 240 15 

 space saving 

 ready access to individual containers 
without the need to drain down the entire 
system as is the case with all other systems 

 expensive  

 

Bulk bin system 
(per bin) 

1 100 300b 18 

 relatively cheap 

 low labour cost through mechanised 
handling 
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Why not use bags or sacs for depuration? 

With the exception of the bulk bin system in   most   depuration   systems,   shellfish are placed in trays or baskets 
prior to depuration. This eases handling and ensures that  the  layers  of  shellfish  are  not so high that the ones at 
the bottom cannot  open  and  properly  filter seawater. 

It is not advised that shellfish be put in bags or sacks for depuration for the following reasons:  

 If  it  is  intended  that  the  shellfish  remain  in  the  same  bags  in  which  they  are received from the 
harvesting area, then it will not be possible to ensure adequate rinsing, sorting and removal of dead shellfish, 
other species and general detritus prior to their being placed in the tanks.  

 Shellfish  that  are  packed  tightly  into  bags  will  not  be  able  to  open  sufficiently to  ensure  adequate  
depuration.  It would presumably be possible to specify the density allowed for each type/size of bag but this 
might be difficult to verify. 

 The water flow through the bagged shellfish would be affected by the mesh size of the bag, the density and 
mass of shellfish. The efficiency of removal and settlement of depurated contaminants would also be affected 
by these same factors.  

 Impairment of the ability of the shellfish to open, and reduction in water flow, removal  and  settlement  of  
contaminants  would  all  be  made  worse  by  placing bagged shellfish in tanks in more than a single layer. 

 It  would  be  difficult  to  control  the  placing  of  the  bags  within  the  tanks  with respect to the water inlet 
and outlet systems. 

 The shellfish would need to be removed from the bags prior to post-depuration rinsing and sorting. 

 


