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Introduction 

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, the value chain from farm to fork, all 

across the value chain need to ensure mussels 

are held in conditions that keep stress to a 

minimum. This includes a comprehensive 

knowledge of the biology of blue mussels  and 

fine tuning of grading technology, holding  

systems, depuration and transport strategies.   

 

 

 

The design of holding and transport 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 these 

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 training fact sheet guide 

provides information to the mussel industry 

on the MusselsAlive developed technologies 

mainly related to grading,  holding, 

conditioning and transport of live mussels, 

focussing on the physiological requirements of 

mussels and methods of ensuring optimal 

conditions. 

 

  



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-clump 
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). 

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-clump, 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).



 

 

 

 

 

 

 

 

 

 

 

 

 

 

The biology of blue mussels 
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The biology of blue mussels 
 

Blue Mussels in a nutshell 

Mussels are invertebrate molluscs including familiar 
forms such as clams, oysters and squids. Mussels 
dominate the intertidal region  the area that is  
above water at low tide and under water at high tide, in 
other words, the area between tide marks. Mussels living 
in the intertidal zone must be able to survive exposure to 
the air.  On the other hand mussels cultured in long lines 
are submerged continuously and do not face the same 
challenges. 

 

 

 

Blue Mussel Quick Facts 

 

Tidal strength Weak  to strong   (<1 kn to 6 

Kn) 

Wave exposure Variable exposed/sheltered 

Salinity Variable (18-40 ‰) 

Temperature From 0 to 20 °C 

Oxygen Above 60 % saturation 

Feed concentration 50x103 to > 800x103 cells/mL 

Feed size > 2 mm to 100 mm 

Light more active during the night 

Depth range 
Intertidal to  approximately 

5m 

Reproduction 

Type Separate sexes 

Frequency Breeds every year 

Age at maturity 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 

 

Why is biology important ? 

Mussels can survive for extended periods out of 
water and can be traded for human consumption 
as live animals.  In order to provide near optimal 
conditions to keep mussels alive it is essential to 
understand their biological needs and limits. For 
instance knowing the reproduction life cycle of 
blue mussels is essential to guarantee a high 
quality product.   
  
 
 
 
 
 
 
 
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. 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.  
 
 
Recommendations   

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

 

Higher meat yield is 
usually achievable when 
the mussels are fished 
from August to December 

 

Blue mussels aquaculture sites 



  

Project no 243452 

 

Biology and wet storage 
  

To place mussels in a holding  system is common 
practice. But to maintain mussels in prime condition 
they need to be provided with the right environment. 
Therefore, holding     system must be able to maintain 
essential living conditions for mussels. Which means 
that systems must cope  with mussels oxygen 
consumption (>50%), temperature needs, but also with 
suspended solids and excessive organic matter.  
 
The importance of temperature  

Seawater temperature varies seasonally but changes 
are never sudden.  Even though mussels can live in 
habitats close to 0⁰C and up to 20⁰C a rapid 
temperature change from 12 to 18⁰ can trigger 
spawning which pollutes the holding system. 
 
 
An increase in temperature besides affecting mussels 
also changes the seawater chemistry. As the 
temperature increases: 
 

o oxygen saturation in the seawater decreases  
o there is a greater water evaporation leading to 

an increase in salinity  
o pH decreases 
o toxic ammonia increases 

 
The importance of ammonia  

Ammonia is the major end product in the breakdown of 
proteins in mussels. Mussels digest the protein in their 
feed and excrete ammonia through their gills and in 
their faeces.  The amount of ammonia excreted by 
mussels varies with the amount of feed put into the 
pond or culture system, increasing as feeding rates 
increase. Ammonia also enters the pond from bacterial 
decomposition of organic compounds such as uneaten 
feed or dead algae and aquatic plants 

Recommendations to the industry 

To keep mussels alive through the trade chain it is 
essential to understand mussels’ biology: 

 Keep cool temperatures that tend to reduce  mussels 
activity, oxygen consumption, and waste excretion 

For wet storage pay particular attention to: 

 Oxygen – keep above 50% saturation 
 Temperature – avoid sudden rise 
 Ammonia - avoid feeding mussels and change water if 

TAN rises above 4 to 6 mg/L 
 Use a protein skimmer to remove organic compounds   
 Measure temperature, pH, oxygen and TAN regularly 
 For more information consult MusselsAlive  holding 

manual 

Diagram showing the major components of a 
recirculating system: holding tanks, solids filter, 
biological filter, chiller, UV system and sump tank. 
The biological filter is not essential in systems with a 
low biomass or inconsistent biomass as is the case in 
depuration centres. 

Se
aw

at
e

r 

M
u
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ls
 o greater O2 consumption 

o greater CO2 excretion 
o decrease in blood pH 

 

Total ammonia nitrogen (TAN) is composed of 
toxic (un-ionized) ammonia (NH3) and nontoxic 
(ionized) ammonia (NH4

+) Only a fraction of the 
TAN exists as toxic (NH3): TAN = NH3 + NH4

+ 
 
The proportion of TAN in the toxic form 
increases as the temperature and pH of the 
water increase. For every pH increase of one 
unit, the amount of toxic unionized ammonia 
increases about 10 times Experiments suggest 
that blue mussels can tolerate a maximum of 
TAN between 4 to 6 mg/L. Mussels can tolerate 
a maximum NH3 of 0.8 mg/L 

Contact   

Swansea University 
Centre for Sustainable Aquatic Research, 
Singleton Park, Swansea, SA2 8PP, UK 

Sara Barrento    S.I.barrento@swansea.ac.uk 
Alex Keay          A.J.Keay@swansea.ac.uk 
Ingrid Lupatsch  I.Lupatsh@swansea.ac.uk 

 

Scan the QR code on your tablet 
or smartphone to view videos. You 
need internet connection and an 
applications to decode the QR code. 
You can use ScanLife, a free app  
http://getscanlife.com 

mailto:S.I.barrento@swansea.ac.uk
mailto:A.J.Keay@swansea.ac.uk
mailto:I.Lupatsh@swansea.ac.uk
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Grading blue mussels 
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Handling best practice 

 

Grading facilities and harvesting vessels often make use of gravity to transport mussels between machinery, 
e.g. drops. The number of handling steps and levels of mechanical impact should be reduced to a minimum to 
maintain mussel quality and increase yield. 

 

Impact identification 

Listen: One can easily hear the loud noise of mussels hitting hard 
surfaces like stainless steel in grading facilities and even on harvesting 
vessels. The presence of loud noises is a sign of improvement potential 
for reducing impact from handling. One should also look for mussels 
hitting sharp edges, bars and straight at surfaces without sliding.  

Measure: An ‘e-shell’ sensor is a valuable tool for identifying and 
quantifying critical points, and can be used as a supplement the above 
method. This device quantifies impact in g-forces. 

 

 

Impact reduction 

Mechanical impact can be reduced with little effort and low-cost solutions. The example below shows how 
impact can be reduced by replacing a drop with a slide in between a conveyor and a debysser. 
 

 
 

Recommendations to industry 

 Number of drops and drop heights should be minimised.  
 The surface mussels fall on should be shock absorbing.  
 Consider carefully choice of material and shape of surfaces.  
 Water can be used as shock absorbing medium, 
 Drops should be replaced with slides where possible.  
 

For additional reading, see MusselsAlive reports D2.1 and D2.2.  

 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

Impact sensor 

file://plugg/dfs/CompanyStorage9/TEK/felles/Produktutvikling/Havbruk/Prosjekter/MusselsAlive/WP2%20Grading/Fact%20sheet%20WP2/pav@ti.no
mailto:gch@ti.no
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Mussel breakage and its causes 
 

Recommendations to industry 

 Evaluation of the specific types of damage to the mussel shells can give clear indications of what part 

of the production process causes the greatest loss.  

 Yield can be significantly improved if you identify the source of the damage to mussels, instead of 

simply removing and discarding them at the inspection table. 

 Reduce breakage and increase yield by modifying or adjusting equipment. 
 

Which impacts causes different types of breakage?  

Cracked shell tip 

Shell extremity is cracked and slightly crushed, 

but mussel is still intact and living. 

 

Possible cause 

 Static stripper with large opening. 

 

 Declumper knives too far from barrel wall.  

 

 May occur in a debysser with wide gaps between 

the knurled bars, but usually this is accompanied 

by a sanded down effect on shell tips. 
 

Broken-off shell tip 

One or both shell valves are broken off at the tip, 

leaving the meat completely exposed. The 

mussels die rapidly. 

 

 Generally observed when mussels get caught or 

jammed between a declumper knife and the barrel 

wall, which should not occur if blades have very 

narrow mm gap.  

 

 Also seen after mussels fall and are pushed into a 

spiral rubber declumper as the blade rotates and 

cuts the mussel in pieces. 

 

 This clean break may also occur when the gaps 

along a static grading barrel are so wide that the 

mussel tip gets pushed in and other mussels push 

it sideways. This can occur for many mussel sizes  
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Broken/crushed shell 
Mussels are nearly destroyed with large pieces of 

shell broken from the mussel. Tissue is exposed 

and mussel slowly dies of desiccation. 

 
 

 Typical of mussels stripped off the ropes through 

static bars with very wide opening or poor 

guiding through the bars.  

 

 Rapid stripping of mussels. 

 

 Mussels piling up in declumper and forced 

through a smaller opening into the barrel. 

 

 Mussels from the bottom of heavy bag drop onto 

a hard surface and get crushed. 

 

 Crushing of mussels that are packed at bottom of 

barrel toward the end of barrel declumper where 

door is too closed. 

Dislocated & broken shell part 
The thickest part of the mussel shell near the 

hinge is exploded outward along a fracture line. 

This outward projection is likely due to the 

elasticity of the hinge. 

 
 

 Generally observed after impact situations or 

from sudden compression in thicker mussel shells 

that can resist crushing. 

 

 Seems to be noticeable along a fracture line 

between older shell and fast growth shell. 

 

 The impact often dislocates the shells slightly. 

 

Hole in shell: 

The hole on one side of the shell valve is 

generally around 5-10mm in diameter and 

observed very typically when brush declumpers 

are used.  

 

 Typical of rigid bristles from brush declumpers 

that are poorly adjusted. 

 

 The mussels get punctured when the gap between 

two brushes are big enough to allow a mussel to 

be caught at the tip of a bristle. 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

file://plugg/dfs/CompanyStorage9/TEK/felles/Produktutvikling/Havbruk/Prosjekter/MusselsAlive/WP2%20Grading/Fact%20sheet%20WP2/pav@ti.no
mailto:gch@ti.no
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Mussel stripping - make your choice  

 

Importance of making the right choice  

Stripping is the manual or mechanical process of removing mussels from the lines/ropes. Most 

stripping systems are followed by mechanical declumping which requires that mussels are separated 

from rope to work properly. 
 
 

Manual stripping 
Pros 

 Effective for loose seed, or for 

large mussels during summer when 

byssal attachment is weaker 

 Acceptable for small harvesting 

vessels and short periods when 

production volumes are low 

 

Cons 

 Harder to control workflow 

 Low volume output  

 Requires manual force and 

endurance 

 Employees prone to injuries 

 May cause greater breakage to 

mussels 

 
 
 

Mechanical stripping 
Pros 

 High volume output, efficient 

 Easier to control workflow 

 Cost-effective 

 Employees less prone to injuries 

 Breakage can be reduced with 

product flow control for seasonal 

differences in byssal attachment 

 Greater production capacity 

facilitates increased grading 

potential 

 

Cons 

 Need hydraulic power  

 Need more vessel space to 

accommodate the higher volume 

output 

 Higher output speeds and poor 

adjustments can increase breakage 

 

 

 

 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

http://www.ti-norway.com/
file://plugg/dfs/CompanyStorage9/TEK/felles/Produktutvikling/Havbruk/Prosjekter/MusselsAlive/WP2%20Grading/Fact%20sheet%20WP2/pav@ti.no
mailto:gch@ti.no
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Debyssers - make your choice  
 

Importance of making the right choice  

Debyssing is the process of removing the byssus threads from the mussels by mechanical means. 

It is important for the survival and quality of the mussel to keep the foot of the mussel intact inside 

its body, otherwise internal damage of the live mussel will occur. Accordingly, debyssers should cut 

the byssus instead of dragging it or pulling it off.  

 

‘Knurled Bar’ debysser – the industry standard 
Pros 

 Effective for removing byssus  

 Less organic material such as 

byssus can raise the perceived 

quality by the consumer by 

reducing smell and look clean. 

 Very efficient with sufficient 

water supply 

 Debyssers come in a variety of 

sizes to meet volume 

requirements 

Cons 

 Requires inspection of bars regularly  

- Can cause breakage if dull or warped bars 

- Can cause partly or complete removal of the 

mussel’s foot if not properly adjusted 

 Needs to be cleaned daily 

 Bearings need to be well lubricated 

 Fresh water supply is required to maintain the mussel 

quality and to preserve the equipment, as the many 

bearings are not made of stainless steel 

 Requires well declumped and cleaned mussel input  

- Stones and metal pieces will cause damage by 

reducing the sharpness of the knurled bars 

- Clumps and organic matter such as stones or tube 

worms will affect debyssing effect 

 

 
 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

http://www.ti-norway.com/
file://plugg/dfs/CompanyStorage9/TEK/felles/Produktutvikling/Havbruk/Prosjekter/MusselsAlive/WP2%20Grading/Fact%20sheet%20WP2/pav@ti.no
mailto:gch@ti.no
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Declumping best practice 
 

Declumping is the process of breaking the clumps apart thus separating mussels individually. Declumping is 
one of the critical points that induce post-harvest mechanical stress on mussels. Studies were conducted to 
investigate the gentleness of declumpers with regards to breakage. 
 

Use of water  

The declumping machines also wash the mussels. Lots of water 
should be used in the declumping process for all types of 
declumpers. Trials indicated that high water flow gave better 
washing effect and minimized breakage. Trial results showed 
that high water flow reduced breakage with up to 6% 
compared to low water flow. 
 
Mechanical impact on the mussels can be reduced by using 
large amounts of water. Along with optimized brush speed you 
will improve yield and product quality. Trial settings: “Spanish”:  
0 - 774 l/min, rotating/broom:  0 - 375 l/min. 
 

 

 
 
 

Brush speed 

Results indicated that brush rotation speed has little or no 
impact on breakage. Higher brush speed reduces residence 
time inside the machine, but causes higher abrupt impacts.  
 
In the MusselsAlive studies, using high or low brush speed 
caused equal accumulated mechanical impact on the mussels. 
Lower speed is recommended for thin-shelled mussels, which 
are more sensitive to high impacts. For mussels with thicker 
shells, throughput can be varied according to grading demand 
without compromising on mussel quality. Trial settings: 
“Spanish”: 74 - 126 RPM, rotating/broom: 6 - 16 RPM. 
 

 

 

 Recommendations to industry 

 Water flow for the ‘Spanish’ and 
rotating/broom brush declumpers 
should be >300 litres per minute. 

 Brush speed has little impact on mussel 
breakage, so speed should be set based 
on desired throughput. 

 Use lower speed for thin than thick 
shelled mussels. 

 

For additional reading, see MusselsAlive 
reports D2.1 and D2.2.  

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

file://plugg/dfs/CompanyStorage9/TEK/felles/Produktutvikling/Havbruk/Prosjekter/MusselsAlive/WP2%20Grading/Fact%20sheet%20WP2/pav@ti.no
mailto:gch@ti.no
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Declumpers - make your choice  
 

Importance of making the right choice  

Declumping is the mechanical process of separating mussels individually by tearing the mussel 

clumps apart. Declumping is critical to achieve efficient size grading. The process can be done at 

sea, at the processing/packing facility, or both. 

 

Barrel / rotary brush declumper 
Pros 

 Easy to install and use 

 Requires little maintenance 

 Small and light-weight 

 Adaptations are available: 

- Addition of extra rubber blades 
for declumping mussel clumps 
with strong byssal threads 

- Brush which has high pressure 
water flowing through its 
bristles, to gently wash the 
mussels 

Cons 

 Limited to small throughput  

 The rubber blades can damage or 
crush thin-shelled mussels, thus 
reducing yield and quality 

 The inlet hopper is small and does 
not accommodate high volume 
input 

 

 
Brush declumpers 
Pros 

 Easy to install and use 

 Requires little maintenance 

 High throughput 

Cons 

 Requires relatively high water 
flow to reduce breakage 

 Worn brushes need replacement 

 

 
Broom brush declumper 
Pros 

 Gentle cleaning and declumping 

- Reduced damage to shells 

- Well suited for thin shelled 

mussels  

 Great for small volumes 

 Relatively compact and durable 

Cons 

 Not well suited for 

big clumps, nor where 

there is strong byssal 

attachment 

 Limited throughput  
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Knife declumper 
Pros 

 Functional when well-adjusted to 

stock. 

 Can work with all types of mussels 

and clumping difficulties 

 High throughput 

Cons 

 Requires high water flow 

 Hard to clean  

 Dangerous if security stops are 
not off during cleaning or 
maintenance 

 Poor design/materials and/or lack 

of maintenance results in reduced 

quality and yield 
 

 
Broom brush declumper 
Pros 

 Gentle cleaning and declumping 

- Reduced damage to shells 

- Well suited for thin shelled 

mussels  

 Great for small volumes 

 Relatively compact and durable 

Cons 

 Not well suited for 

big clumps, nor where 

there is strong byssal 

attachment 

 Limited throughput  

 
Rotating cone declumper 
Pros 

 Relatively compact size 

 Efficient at declumping 

mussels from plastic mesh 

socking 

 Handles larger volumes if 

well equipped 

Cons 

 Mostly used for harvest size 
mussels 

 Separate unit, not combined 
with size grading (in contrast 
to many other declumpers) 

 Requires an abundant water 
flow and controlled input 

 

 
Venturi pump declumper 
Pros 

 Cost effective for larger 

volumes 

 Maintains mussel quality 

and yield 

Cons 

 Requires larger boat and deck 

space compared to other 

declumpers 

 More costly installation to set-

up/install 

 

 

 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

http://www.ti-norway.com/
file://plugg/dfs/CompanyStorage9/TEK/felles/Produktutvikling/Havbruk/Prosjekter/MusselsAlive/WP2%20Grading/Fact%20sheet%20WP2/pav@ti.no
mailto:gch@ti.no
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Size grader adjustment best practice 
 

Size graders must have consistent gaps to sort mussels within a desired range. Grader settings 

should be adjusted according to the mussels’ morphology by measuring the length-with relationship 

of mussels from specific sites. 
 

Mussels performance and size 

Proper management requires good farm-site knowledge as 

well as knowing your mussels and their growth 

performance. Seasonal and site specific differences affect 

the reproduction cycle, shell growth and meat yield. 

 

Graders separate mussels by the widest dimension, not the 

length, although the length is the independent parameter 

often referred to when discussing mussel size, or when 

packaging product. The width is measured at the thickest 

part of the two valves.  

 

Adjustment of barrel gaps must fit the actual mussel 

morphology. A shell length-to-width diagram is a useful tool 

for making decisions for correct adjustment of your grader. 
 

 

 

Shell morphology  
Figure taken from  

Seed, R. 1968. 

 

Diagram showing that mussels of same 

shell length may have different width 

(thickness).  

How to measure bar gaps 

Measuring the 

bar gap width 

with calliper to 

match mussel 

width. 

Effect on grading result 

 
Grading result on harvesting boat where grader 

allowed a large fraction of commercial mussels (>40 

mm length) in the undersized fraction (<40 mm length). 

Recommendations to industry 

 Monitor mussel growth regularly. 

 Measure shell length and width of 

mussels from different sites before 

grading. 

 Check the state of your grading barrels 

and bars yearly. 

 Adjust your grader to avoid overlap of 

size classes in production. 
 

For additional reading, see MusselsAlive reports 
D2.1 and D2.2. 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 
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Adjust size grader and increase yield  
 

Great care should be taken in having a properly functioning size grading machine. Grading settings 

should be made according to the mussels’ length-to-with relationship to reduce stress impact, 

maximize yield and minimise effort per unit time. 

Importance of optimised size grading 

The graders must have uniform gaps (space between bars) 

to sort mussels within desired ranges. The advantage of 

proper size grading is to be able to harvest even-sized 

mussels. 

 

Graders separate mussels by the widest dimension (shell 

width). Undersized mussels will, if not sorted out early, 

follow the commercial sized mussels through the grading 

process and lower the yield for packing per unit time. 
 

 

Effect of modifying grader 

 

 
 

Yield definition 
 

Yield is the amount of mussels above a 

given size threshold suitable for further 

processing or packing. 

 

Modified grader 
 

 
Non-uniform gaps, original grader    Uniform gaps, modified grader 

 
 

Recommendations to industry 
 Monitor grading machinery regularly 

 Check size distribution after grading  

 Adjust or modify graders accordingly 
 

For additional reading, see MusselsAlive 
reports D2.1 and D2.2. 

 

Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 

 

 
 

 

Non-uniform gaps, original grader 

 
 

 

Uniform gaps, optimised grader 

Original grader barrel 

More undersized 

mussels (<40mm) in 

commercial fraction 

Modified grader barrel 

More mussels (>40mm) 

from harvest can go to 

production 
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Size graders - make your choice  
  

Importance of making the right choice  

Size grading is a very important step in the processing chain, since this is where the producers have 

the opportunity to minimize waste and increase the yield of the mussel production at sea and in the 

processing plant. Size graders must be purchased and adjusted based on knowledge about the 

mussels that shall be processed. Size range and shell strength are important factors.  

 
 
‘Spanish’ barrel grader (combined declumper / size grader)  
Pros 

 Compact and lightweight  

 Easy part changes 

 Easy to install and use 

 The grader bar gaps are 
adjustable on some grades 

 Can process 4 tonnes per 

hour with good 

declumping and grading of 

different sizes  

 Requires little maintenance 

Cons 

 Limited to small throughput 

 Input hopper does not 

accommodate high volumes 

 Breakage may occur depending 
on machine design and setting, 
e.g. if welds are rough 

 Some machines are not designed 

to grade many sizes, only 

commercial and sub-commercial 

 Rings tend to loose accuracy 

after extended use 

 
 

 

 
 
Fixed barrel grader 
Pros 

 High volume with well 

declumped mussels 

 Little breakage with 

sufficient water flow  

 Interchangeable grading 

barrels 

Cons 

 Not made for all mussel species 

and conditions 

- Works better when the 

commercial size mussels are 

large and grow fast, where 

sub-commercial mussels 

may be absent due to 

socking technique or fast 

growth 
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Drum barrel grader 

Pros 

 High throughput with well declumped mussels, taking required 

deck space into account. 

 Works well for clumps with high byssal strength which requires 

rugged declumping 

 Little breakage with high water flow  

 Interchangeable grading sections according to the mussel sizes 

and categories  

 Durable and seaworthy 

Cons 

 Not made for all mussel 

species and conditions 

 Heavy, bulky  

 

 

 

Vibrating table grader 
 

Pros 

 Good throughput with well 

declumped mussels 

 Little breakage with sufficient 

use of water  

 Compact  

 Flexibility with 

interchangeable grading units 

Cons 

 Not made for all mussel 

species and conditions, 

requires well declumped 

mussels 

 Limited to one grading level, 

thus no multi-size grading 

 High noise level 
 

 

Roller grader 
Pros 

 Low noise level using rotating 

bars (less noise than vibrating 

table grader) 

 Fairly easy adjustment, down 

to millimetre accuracy 

 Adjustable bars eliminate the 

need to change bar set 

 Small risk for blocking 

mussels, as the big mussels 

and clumps passes through in 

the end of the unit 

Cons 

 More expensive system 

(often too expensive for 

small producers) 

 Bars can get warped, which 

causes overlap in size 

grading 

 Require a stable boat/barge 

 Requires well declumped 

mussels 

 

 

 
 
Contact 
Teknologisk Institutt as, Oslo, Norway 
Department for Product Development, Aquaculture, www.ti-norway.com 
Petter Vebenstad, pav@ti.no, Gyda Christophersen, gch@ti.no 
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Depuration and Flow 
 

Summary 

UK depuration regulations for bulk bins require a 

minimum flow rate 6500L/h per bin for 250kg of 

mussels, this flow rate can incur substantial pumping 

costs.  The requirements for these flow rates are 

based on maintaining oxygen levels at above 50% 

saturation and 5mg/L throughout the bin and for the 

duration of the 42 h depuration.  These trials aim to 

investigate if oxygen levels will remain above the 

required levels even if the bulk bins are run with 

reduced flow of 2500, 3000 and 6500 L/h (two bulk 

bins per flow rate, totalling 6 bins). It was concluded 

that at 12.6⁰ C and salinity of 25 ppm the oxygen 

saturation during a 42h period was always above the 

minimum 5 mg/L stipulated for depuration. 

Experiment Set up 

A total of 1500 kg mussels were harvest from Loch 

Etive in Argyll, Scotland over the weekend (30th 

September 2012).  

 

All mussels were washed and graded in a 

Cochon machine and re-watered in 6 bulk bins 

(250 kg each) with the normal 6500 L/h 

depuration flow until 9 am 1st October (see 

video below). At this time the water was drained 

from all bins so that mussels would undergo a 

period of 7 hours out of water to simulate 

harvesting conditions just before starting the 

trial.  After this period out of the water the 

mussels were graded once again, and then re-

watered in the bulk bins using different flow 

rates. The oxygen saturation in the water was 

measured in all 6 bins with an oxygen hand held 

probe, at different sampling spots, below the 

false floor, just above the false floor, in the 

middle of the tank, in the corner of the tank, 

from the incoming water and drain (Fig 1) after 

30 min of re-watering, 90 min, 7h, 20h, 24h and 

42 hours.  

 

 
Figure 1 Sampling points within each bulk bin. FF, below false floor; Bottom, just above false floor; Middle, 
middle of the tank; MC, middle corner; Top, incoming water; Drain.   

Scan the QR code on your tablet 
or smartphone to view videos 
and pictures. You need internet 
connection and an applications 
to decode the QR code. You can 
use ScanLife, a free app  
http://getscanlife.com 
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Flow rate adjustment  
 

Each time, the water was sampled via a hose and 

syringe placed in the specific spots in each 

individual bin (Fig 2). To get the lower flows of 

2500 and 3000 L/h, 4 standard bins were arranged 

so as to have the drain hole with a smaller 

diameter that  would give the desired flows.  The 

formula used to determine the size of the drain 

hole is as follows:   

Q (m/s) = Area of the hole x square root (2 x g 

force x height of the tank), Where Q corresponds 

to the water flow and g is the gravity force and the 

height of the tank was 60 cm.  

 

Results 

Oxygen saturation (%)   

The water temperature was 12.6 ± 0.1 ⁰C and 
salinity was 25 ppm Oxygen saturation in the 
water surrounding the mussels within the bins was 
always above 65 % at the different sampling spots, 
which is still higher than the 50% minimum 
acceptable for depuration purposes. In general 
there were no differences in  oxygen saturation of 
water taken from different sampling points and 
between different flows, with the exception of 
water taken from the bottom and drain, where the 
oxygen was higher in the two bins with the highest 
flow (6500 L/h). 

 

Oxygen concentration (mg/L)   

Oxygen concentration in the bins was always 

above 5 mg/L (minimum acceptable for depuration 

in the UK) at the different sampling points. There 

were no differences in oxygen levels at the various 

times of measurements from 30 minutes to up to 

42 hours. In general there were also no differences 

in the oxygen taken from different sampling points 

and among different flows, with the exception of 

water taken from the bottom and drain, where the 

oxygen level was higher in the two bins with the 

highest flow (6500 L/h 

 

 

Recommendations to the industry 

The water oxygen concentration in the standard 
bulk bin can be kept above the minimum 5mg/l or 
50% saturation stipulated for depuration purposes 
in the UK even at water flows lower than 6500 L/h 
and particularly as low as 2500 and 3000 L/h  at 
12.6 ± 0.1 ⁰C. 

 

Contact   

Swansea University, Centre for 

Sustainable Aquatic Research, Singleton 
Park, Swansea, SA2 8PP, UK 

Sara Barrento|S.I.barrento@swansea.ac.uk 
Alex Keay      | A.J.Keay@swansea.ac.uk 

 

Figure 2 Water sampling set up showing syringe and hose. 

Figure 4 Average oxygen saturation (%) 

and standard deviation at different 

sampling points within the bins at 

different flows. FF, below false floor; 

Bottom, just above false floor; Middle, 

middle of the tank; MC, middle corner; 

Top, incoming water; Drain. * statistical 

differences.  
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Small scale holding system trials 
 

Summary 

The MusselsAlive project investigated the mussel 

supply chain from harvest to market which includes 

looking at the role re-watering plays. Trials were 

specifically designed to investigate the potential 

benefits and identify the optimal conditions for 

holding mussels, especially during the spawning 

season.  

Experiment Set up 

To demonstrate the advantages of long term 

immersion mussels harvested from Loch Etive in 

Argyll were transported to Swansea University (24 h) 

and re-immersed in a holding system  at 5⁰C. Mussels 

were kept at high stocking density (10kg of biomass in  

 

23 litre tank) for one month (March/April)  in two 

recirculation systems with controllable flow rates 

and temperature (5 and 10⁰C). For each 

temperature two flows were tested, a higher- 

system 1  and a lower flow-system 2, (see diagram 

below; Figure 1). 

 

 5C   10C  

System 1 Low Flow = 3.6 L/h/kg  Low Flow = 9 L/h/kg 

System 2 High Flow = 6 L/h/kg  High Flow = 18 L/h/kg 

 

 

 

 

 

Figure 1 Table showing the two flows tested for each temperature. The diagram represents the recirculation holding 

system and its components, each system had 4 tanks, a protein skimmer (yellow cylinder), a sump and a chiller to 

control the temperature. The water flow direction is represented in green and is as follows:  water from all tanks 

outflows (A) through the filter (B) and to the sump (C), it is then pumped to the chiller (D) and back to the sump 

through the protein skimmer (E), and from the sump (F) it returns back to the tanks.      

 

 

A 

B 

C 

D 

F 
E 
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Results 

Weight gain after re-water   

After transport mussels had lost on average 17 ± 5% 
of their initial weight (before transport there were 
170 kg of mussels and after transport it was only 141 
kg). But once re-watered at 5⁰C mussels regained 
the lost weight within 10 minutes. 

 
Survival 

There were no survival differences between system 
1 and 2 at each individual temperature. Which 
indicates that flow was not determinant for survival. 
At  5°C mortality after 8 days in the system was only 
1% and after 30 days reached 21%.  Whereas at 10°C 
mortality after 8 days was already 29% and the trial 
was terminated. The trials showed that low (ie  5°C) 
temperature is important for long term holding at 
high stocking density. 

 

Oxygen saturation 

There was no oxygen saturation differences 
between system 1 and 2 at each individual 
temperature. At 5 ⁰C flow rates as low as 
3.6litres/kg/hr were sufficient  to maintain oxygen 
levels above 50% saturation. And at 10 ⁰C even 
though flow rates as low as 9 litres/kg/hr are 
sufficient to maintain oxygen levels above 50% 
saturation, mortality is too high.  
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Figure 4 Average oxygen saturation at 5 and 10 ⁰C, for the 
experiment duration, 30 and 8 days respectively. 
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Figure 2 
Weight gain after re-watering  for 10, 20, 30 and 60 
minutes. 
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Figure 3 
Survival (%) average of system 1 and 2 at 5 and 10⁰C. 

 

Ammonia concentration 

High ammonia levels developed in both systems 
especially at 10 ⁰C. These high ammonia levels are a 
consequence of the poor drainage of the system 
which prevented a proper cleaning and promoted 
an accumulation of organic matter in the bottom of 
the tanks. A better design of the system should 
prevent this problem.  
 

 

Figure 5 Average ammonia concentration  at 5 and 10 ⁰C, 
for the experiment duration, 30 and 8 days respectively. 

Recommendations to the industry 

At  5 ⁰C flow rates as low as 3.6 L/kg/h is sufficient 
(though not compliant with depuration 
requirements) to maintain oxygen levels above 50% 
saturation. 
Mussels can be held for long periods with low 
mortality but water temperature must be low  (ie 5 
⁰C). 

Contact   

Swansea University, Centre for 

Sustainable Aquatic Research, Singleton 
Park, Swansea, SA2 8PP, UK 

Sara Barrento    S.I.barrento@swansea.ac.uk 
Alex Keay          A.J.Keay@swansea.ac.uk 
Ingrid Lupatsch  I.Lupatsh@swansea.ac.uk  
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MusselsAlive holding system 
 

Summary 

To integrate the technologies and optimized process 

developed by MusselsAlive project, a trial was 

specifically designed to give a better understanding of 

the holding system and holding conditions in relation 

to all the steps in the supply of live mussels to market, 

from harvest, striping, grading, flushing, holding, 

grading, packing, transport and storage.   

Experiment Set up 

To demonstrate the advantages of long term 

immersion mussels  were harvested on the west coast 

of Sweden before being transported to the 

Musselpack facility. A total of  approximately 900 kg 

was kept out of water overnight in a bag.  On the 

following morning mussels were graded and washed. 

After washing and grading mussels were conditioned 

before packing and then 

 

 

transported to Portugal. Two types of conditioning 

were tested: 10 kg of mussels were cooled 

down out of water,  another 10 kg were re-

watered with cold seawater. After this 

conditioning step mussels were packed in 

modified atmosphere package boxes of 1 kg each 

and transported to Portugal.  A total of 850 kg 

were placed in four bins in the holding system at 

5°C. The holding system had three bins  which 

contained approximately 220 kg of mussels each. 

The fourth bin had the prototype box inside and 

contained approximately 50 kg less. In the course 

of the testing period four different batches of 

mussels were sent to IPMA for quality testing.  

Several batches of mussels were packed and sent 

after 1, 6,  13 and 33 days in the holding system. 

The water flow was 15.3 L/kg/h. 

 

 

 

 

 

 

 

Figure 1  Diagram showing the general components of the system. The numbers represent specific components of the 

system where water samples were taken for water chemistry analyses.  The basic flow of the system is as follows: 

water flowing from the livestock tanks (1, 2,3 and 4) flows out through the base of the tank via the external stand pipe 

through the filter bags (box labelled with the letter A) into the return sump (5). From the return sump the water is 

pumped into the protein skimmer (B) then flows into the delivery sump (6).  The water that is pumped to livestock 

tanks is pumped through the UV array (C) and the heat pump/chiller (D). The prototype box (E) was placed in tank 2. 

The control panel is not shown. 

6 

E 

D 
5 

C 

1 

3 
4 

2 

5 

6 

A 

B 

D 



  

  Project no 243452 

 

The prototype Box 

During the MusselsAlive Project a transport box was 
developed that can be used for holding mussels, as it 
perfectly fits the standard holding bins. The box is 
constructed to be a combined transport and holding 
unit, which means it can be used for harvesting, dry 
transport to holding and/or packing facility and for 
wet holding during a short or long periods. 

 

. 

Results  

After 33 days in the holding system the output of marketable product was 50-60 %. 

Oxygen concentration 

There were no major differences in the oxygen 
saturation between tanks and within each tank at 
different water levels (surface, middle and outflow). 
The oxygen saturation was always above 85 % or > 
mg/L.  

Figure 2 Average oxygen concentration for the 4 tanks 
sampled at different water level depths, top middle and 

outflow. 
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Ammonia concentration in the water 

There were no major differences between tanks and 

the delivery sump, there was a good mixture. Given 

this evidence, we used the values from all tanks and 

sump and graphed  the average for each day  data .  

Even though the TAN increased  to values greater 

than those recommended ( ~6 mg/L) the same did 

not happen with NH3 (0.80 mg/L).  This was mainly 

because  the pH and temperature did not increase 

and were kept low. 

 

Ammonia concentration in the mussels 

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80

0.0

5.0

10.0

15.0

20.0

0 1 2 6 13 27 32

N
H

3
( 

m
g/

L)

TA
N

 (
m

g/
L0

Days

TAN
NH3

Figure 3 Timeline of TAN and NH3 concentration in the 
water.  The blue line (left y-axis) represents  the 
maximum recommended level for TAN and the orange 
line (right y-axis) represents the maximum 
recommended level for NH3.   

Samples were also taken from mussels’ water 
mantle cavity. The concentration of ammonia in the 
mantle cavity of mussels is directly related to 
ammonia excretion and accumulation, but also 
somewhat dependent upon levels in the 
surroundings. If the seawater contains high levels of 
ammonia, mussels cannot dispose of the ammonia, 
and it will accumulate in the mussels’ mantle cavity. 
This might cause an unpleasant smell and is a sign of 
poor quality.  During the trial several ammonia 
samples were taken from the mussel mantle cavity 
at different time periods. Samples were taken 
immediately after harvest and then after 24 h dry 
storage.  

This period was chosen to simulated transport, 
mussels were  kept in the harvesting bag for 24h in 
a cold room. After this period mussels were 
washed and graded, some were placed in the 
holding system and a different batch was 
conditioned. Two different manner of conditioning 
were tested: dry and wet. After this conditioning 
step, 1 kg mussels were packed in sealed plastic 
boxes with modified atmosphere and transported 
to Portugal. After one day in transit, mussels 
arrived in Portugal and were again sampled. The 
mussels that stayed in the holding system were 
again sampled on day 6, day 13, and day 33 just 
before sending to Portugal.  
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Figure 4 Ammonia concentration in the water mantle cavity of mussels sampled in Sweden after specific events (top 
Fig); and from mussels after arriving in Portugal different transport periods, (bottom Fig). The orange bars 
correspond to events within the first 24 hours post-harvest that were not transported to Portugal;  green bars 
correspond to mussels conditioned after grading and then transported to Portugal; the blue bars corresponds to 
mussels that were kept in the holding system and then transported to Portugal.  

The ammonia concentration in the mantle cavity of 
mussels followed a pattern:  the longer the mussels 
were stored dry,  the higher the ammonia 
concentration in the mantle cavity. It is also most 
important to stress that once mussels are re-
watered in clean water the ammonia levels drop.  
For both conditioning treatments (wet and dry) the 
ammonia levels dropped, but this might be because  

during grading mussels are washed and get in 
contact with cold water.  Also the mussels that 
stayed in the system for longer periods of time (6, 
13 and 33 days) were in contact with seawater 
with high levels of ammonia (Figure 3), as the 
ammonia levels built up in the holding system. 
Ammonia kept on building during transport, until 
values reached a peak of 50 mg/L.  

Recommendations to the industry 

Mussels can be held in a recirculation system at 5⁰C 
with a water flow of just 15.3L/kg/h and keep 
oxygen levels  in compliance with biological and 
depuration needs. However water exchange is 
needed to prevent ammonia build up. Re-water in 
cold, clean seawater before transport is an efficient 
way to get rid of excessive ammonia inside the 
mussels.  
 

Contact   

Swansea University, Centre for 

Sustainable Aquatic Research, Singleton 
Park, Swansea, SA2 8PP, UK 

Sara Barrento   S.I.barrento@swansea.ac.uk 
Alex Keay          A.J.Keay@swansea.ac.uk 
Ingrid Lupatsch  I.Lupatsh@swansea.ac.uk  

Post Harvest Conditioning Holding in the MusselsAlive system 
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Transport and Re-watering 
 

Summary 

The MusselsAlive project investigated the mussel 

supply chain from harvest to market which includes 

looking at the role of transport and re-watering plays.  

This trial has two approaches. The first approach 

provides a comparison of the consequences of re-

watering, in this case through depuration, in relation 

to dry storage on ice, immediately after grading.  On 

the other hand the second part of the trial, assesses 

the effect of different transport conditions that also 

relates this to the previous effect of depuration or dry 

storage. 

Experiment Set up 

In March 2011 mussels were sampled to assess their 

general condition after several critical steps post 

harvesting and after different transport conditions.  

 

In summary, there were four sampling stages in 

total. In Scotland mussels were sampled after 

grading and after depuration or storage on ice (48 

h). In Wales, after 22 h transport from Scotland to 

Swansea University, and finally after 24 h re-

watering .  Transport was as follows, six bags of 

mussels  were put into 8 polystyrene boxes with 

and without ice, and with and without a lid, as 

shown in figure 1. The mussels were then driven 

to Swansea in a refrigerated conditions set at 7C. 

In each stage mussels were sampled to collect 

either blood and water mantle cavity to measure 

ammonia, and to assess mortality and gaping. 

Additionally bags were weighted before and after 

22 h of transport.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Experimental set up.   - blood samples;  - water mantle cavity samples;  - temperature loggers.  M -mortality. 
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Results 

Mortality after grading, depuration and storage 

Results indicate that re-watering might have a 
beneficial effect, as only 2 % of mussels died after 
depuration comparatively to the 6 % obtained after 
dry storage (Figure 2). Also, there was no gaping 
after depuration but after 48 h of dry storage on ice, 
1 % of mussels were gaping. 
 
Mortality after transport 

Mortality was between 5 % for depurated mussels 
transported with ice and lid, and 4 % for the 
remaining treatments. This result is not conclusive, 
though, as there is not information for all treatments 
(no figure shown).  

Mortality after re-watering 

After 24 h re-watering mussels that hadn’t been 
depurated, and therefore spent 60 h out of water 
had the highest mortalities especially those in 
boxes without a lid. In general, even comparing 
mussels that were depurated, and only spent 22 h 
out of water, those in boxes without a lid had a 
slightly higher mortality. 

.  

 

 

 

 

 

Figure 2 Mortality and gaping (%) after grading, after 48 h 

depuration and after 48 h dry storage on ice. 

 

 

 

 

 

 

 

 

 

 
Figure3 Mortality after re-watering considering all transport 

treatments: mussels in a box with ice a lid; with ice but no lid; 
without ice but with the lid and without both ice and lid. 

Weight loss 

During the trial conducted in Swansea University, 
bags were weighed before and after transport 
and even though there is a great variability 
between bags, mussels lost weight (Figure 4).  In 
general non depurated mussels lost more weight 
than depurated mussels. The results also indicate 
that there is no real difference between 
treatments (boxes) in the non-depurated mussels 
with an average weight loss between 11.8 and 
14.2 %. 

Probably because these mussels had previously 
been on ice for 48 h. However, there is a 
tendency for depurated mussel to lose more 
weight in the box without ice and lid (7.4 %) than 
in the box with ice and lid (2.7 %). The results 
obtained in the box with ice but without lid (3.8 ± 
2.3 %)  are slightly lower than the number 
reported by the mussels farmer (8 %), with 
mussels transported under the same conditions. 

 

 

Figure 3 Average weight 
loss (%) of musseles after 
transport and STDV. Two 
types of mussels were 
transported: depurated 
during 48 h  and stored on 
ice during 48 h. Transport 
treatments: 1) box with ice 
and a lid (Ice&Lid); 2) box 
with ice but no lid (Ice  No 
Lid); 3) box without ice but 
with a lid (No Ice Lid) and 
4) box without ice and 
without a lid No Ice & No 
Lid.  
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Ammonia in the blood after grading, 
depuration, transport and re-water 

Measurements of ammonia in the blood provide a 

rapid, quantitative index of the physiological state of 

mussels.   

 

Results indicate that in general ammonia increases 

during emersion and that mussels recover if re-

watered.   After 48 h depuration in immersed 

conditions, ammonia content in the blood is similar 

to just after grading, but after the same period on 

ice, the ammonia content increases. After 22 h on 

ice with a lid, mussels that have been depurated 

have a similar ammonia content to mussels that 

were stored.  in the same conditions for 48 h 

immediately after grading.  

This could indicate that a maximum threshold is 

reached for mussels  on ice after 24 h.However, if 

mussels are kept on ice for more than 48 h, in this 

case 60 h, the ammonia content can increase 

further and reach extreme high values (> 20 

ice but with a lid the ammonia content does not 

reach the maximum values that are reached with 

ice, especially in the depurated mussels. Once 

mussels are re-watered after dry storage, with or 

without ice, for 22 or 60 h, they all recover, and 

ammonia levels decrease to values similar to the 

initial stage, that is immediately after grading. This 

means that re-immersion is a  effective recovery 

step. 

 
Figure 4 Average ammonia concentration ±STDV in the serum of mussels during the 84 h experiment, that is immediatly after 
grading, after 48 h depuration and after the same period on ice. These mussels were then transfered to transport boxes under 
different conditions during more 22 h, at this stage the experiment was running for 60 h, and then mussels were re-watered 
during 24 h. 

Recommendations to the industry 

 Coordination is key to avoid delays and 

breakdown in product quality. Develop and 

maintain a harvest plan that includes 

transporting product pre and port harvest.   

 Containers must not be overloaded 

 Use care in moving or unloading containers to 

prevent shock stress 

 Minimize product exposure to sunlight, wind, 

rain or snow. 

 Record keeping is essential. Check and 

record temperatures of product before 

loading onto truck. Check and record  

temperature at the time of unloading at the 

centre. If mussels are being held for an 

extended period of time, continue to monitor 

and record temperatures on a regular basis. 

 
For more information go to  Best practice 
handling & transportation of live mussels. 

Contact   

Swansea University, Centre for 

Sustainable Aquatic Research, Singleton 
Park, Swansea, SA2 8PP, UK 

Sara Barrento    S.I.barrento@swansea.ac.uk 
Alex Keay          A.J.Keay@swansea.ac.uk 
Ingrid Lupatsch  I.Lupatsh@swansea.ac.uk  

http://www.musselsaliveproject.com/content/download/15450/116613/version/1/file/MusselsAlive_D4%201_Report%20on%20Best%20Practice%20handling%20and%20trasnportation%20of%20live%20mussels.pdf
http://www.musselsaliveproject.com/content/download/15450/116613/version/1/file/MusselsAlive_D4%201_Report%20on%20Best%20Practice%20handling%20and%20trasnportation%20of%20live%20mussels.pdf
mailto:S.I.barrento@swansea.ac.uk
mailto:A.J.Keay@swansea.ac.uk
mailto:I.Lupatsh@swansea.ac.uk
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Quality and survival of mussels after transport 
 

Summary 

With this experiment we tested the survival and 
quality of mussels during storage after different 
holding durations, transport conditions and re-water 
duration after transport. 

 

Experiment Set up 

Mussels from Scotland (Oban) were initially 

transported to Swansea University in Styrofoam boxes 

in 5kg net bags with ice. After 22 h in transport 

conditions, mussels were re-watered in a holding 

system at 5⁰C. Different samples were taken from this 

system at different times (Figure 1). 

 

With this experiment we analysed: 

 the nutritional quality of mussels that were re-
watered for 1 day, 15 days and 30 days 

 

 the survival of mussels after different 
transport conditions 

a) Simulated transport in Swansea 
university (12 net bags with 1kg mussels 
each in Styrofoam box with loose ice) 

b) Transport courier from Swansea 
University, Wales to IPMA, Portugal (5 kg 
mussels in Styrofoam box with packed ice)  

 the survival of mussels during storage after 
different post transport conditions 

1. Mussels re-watered in Swansea after 24h 
simulated transport for 30 minutes 

2. Mussels re-watered in Swansea after 24h 
simulated transport for 1 h 

3. Mussels re-watered in Swansea after 24h 
simulated transport for 3 h 

4. Mussels that were not re-watered in 
Swansea after 24h simulated transport  

5. Mussels that were not re-watered in 
Portugal after transport 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Experiment set up diagram. 

Results 

Nutritional Quality after different holding periods 

The nutritional quality of raw and micro waved mussels did not change during the holding period. 
Therefore, even after 30 days without feeding, mussels maintain their original quality as far as the 
proximate chemical composition is concerned.  

 

Scotland 24h 

transport TO  

 

Swansea          

 Re-water 24 h 

 

IPMA             

 Analyse quality 

 

Processed mussels 

(freeze dried) send TO 

 

Swansea             

 Hold mussels in water for 15 days 

 

IPMA       

 1) Analyse quality of mussels  

 1.1) Storage 13 days (survival) 

 

Live + Processed 

mussels sent TO 

 

Swansea             

 Hold mussels in water for 30 days 

 

Transport 

24h TO 

 

IPIMAR              
 Analyse quality 

 

Swansea day 16             

 1) Simulate 24h transport 

 1.1) Re-water mussels after simulated transport for 30 min, 1h and 3h 

 1.2) Storage 13 days (survival) 
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Table 1 Biometry average values (weight, length and meat yield) followed by the standard deviation and proximate chemical 
composition of mussels (average and standard deviation wet weight) in the holding system at 5⁰C for 1, 15 and 30 days. 

 
Raw mussels  Micro waved mussels 

 
Day 1 Day 15 Day 30  Day 1 Day 15 Day 30 

Total weight (g) 17.3 ±3.6 19.0±2.5 18.1±2.0  9.0±1.5 9.6±1.8 9.4±1.6 

Length (mm) 57.4±1.9 57.5±1.8 57.3±1.5  57.3±2.0 57.4±1.4 57.0±2.2 

Meat Yield (%) 22.0±4.5 20.7±3.8 19.6±4.2  35.0±5.8 38.2±7.0 39.3±9.4 

Ash (%) 2.9±0.7 3.1±0.3 2.7±0.5  2.8±0.2 5.8±0.2 3.5±0.4 

Fat (%) 1.8±0.5 2.3±0.3 1.9±0.3  2.3±0.2 3.2±0.0 2.3±0.3 

Carbohydrates (%) 0.5±0.2 0.9±0.1 0.2±0.1  1.6±0.1 1.6±0.3 0.7±0.1 

Protein (%) 14.7±3.6 17.0±1.5 14.4±2.5  15.5±0.9 20.9±0.2 17.6±1.6 

Moisture (%) 76.4±5.6 73.2±2.2 77.4±3.7  74.7±1.6 66.7±0.7 72.5±3.0 
 

Mortality after transport 

A total of 256 mussels (5 kg) were transported in a 
Styrofoam box with packed ice from Swansea 
University, UK to IPIMAR, Portugal. After 26 h, four 
mussels had died during transport (1.3 %).  
A total of 708 mussels (12 kg) were placed in 1 kg net 
bags (12 bags) and transport was simulated in a 
Styrofoam box with ice in a cool room (6-7 ⁰C). After 
24 h of simulated transport, one mussel had died (0.1 
%).  

Weight gain after re-water 

The weight of mussels was measured after transport 
and then after re-water. The average  weight gain 
due to re-water was 8.3 ± 4.8 %. It was therefore 
highly variable especially in the first half hour and 
after 3h. 

Survival Table during storage 

Mussels survival during 13 days of storage after 
different transport (simulated transport or courier 
transport) and post transport conditions (Re-water 
vs. No re-water) is shown in table 1. 

 

 

 Figure 2 
Mortality after 24 h simulated transport in Swansea, and 
courier transport from Swansea University (UK) to IPIMAR 
(Portugal).  

 

Figure 3 
Mussels’ weight gain after re-water for 30 minutes, 1h and 3 
hours. 

 
Re-water duration Swansea IPIMAR 

Days 30 min 1h 3h No-rewater No-rewater 

1 100 100 100 100 98 

4 99 99 99 99 - 

5 99 98 98 97 97 

6 98 98 98 97 97 

7 98 97 98 96 96 

8 97 97 97 96 - 

9 96 97 96 95 - 

10 94 97 93 95 - 

11 92 96 88 92 84 

12 - - - - 81 

13 85 91 76 85 74 
 

Table 2 Survival of mussels during 13 days of storage on ice, 
after different transport and post transport conditions. 

After 11 days storage, mortality of mussels 
transported by courier and stored without a re-
water period showed a much higher mortality than 
any of the mussels that were sampled in Swansea 
(simulated transport). The treatment with the 
lowest mortality was mussels re-watered for 1 h 
after 24 h simulated transport. Survival curves 
were analysed to check significant differences 
between the treatments. 

Survival Curves 
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Survival Curve
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In this case a survival curve is a statistical picture of the survival experience of some group of mussels in the 
form of a graph showing the percentage surviving versus time. In this trial 5 treatments were tested 

corresponding to 5 survival curves: 

 
c) Mussels re-watered in Swansea after 24h 

simulated transport for 30 minutes 
d) Mussels re-watered in Swansea after 24h 

simulated transport for 1 h 
e) Mussels re-watered in Swansea after 24h 

simulated transport for 3 h 
f) Mussels that were not re-watered in Swansea 

after 24h simulated transport  
g) Mussels that were not re-watered in Portugal 

after real conditions transport 

 
There were significant differences between survival curves. However, these were not a consequence of the 
re-water period after transport but were mainly related to courier transport to IPIMAR. There were no 
significant differences between re-watered mussels and non-re-watered mussels in Swansea. But less 
mussels that were transported to IPIMAR survived than any of the treatments tested in Swansea even 
comparing to mussels that were not re-watered in Swansea. This might indicates that transport has a great 
effect on survival during storage. It is also important to bear in mind that the sample sizes were quite 
different. Further trials are need to assess the benefits of re-watering after courier transport conditions.  

 

Recommendations to the industry 

This was a preliminary experiment and the results 
are not definite, however it is important to point 
out that  mussels can regain weight when re-
watered after 24h transport. In this experiment 
the weight gain was only 10% but previous 
experiments showed that there can be a weight 
gain between 14 and 16 % after only 10 minutes 
re-water.   

Also transport has a significant effect on survival, 
in this case it was shown transport from the UK to 
Swansea has a negative effect on survival in 
comparison to simulated transport for the same 
transport period.     

Contact   

Swansea University, Centre for 

Sustainable Aquatic Research, Singleton 
Park, Swansea, SA2 8PP, UK 

Sara Barrento S.I.barrento@swansea.ac.uk 
Alex Keay       A.J.Keay@swansea.ac.uk 
Ingrid Lupatsch I.Lupatsch@swansea.ac.uk 
 

IPMA, Portuguese Institute of the Sea and 

Atmosphere  
Av. De Brasilia 1449-006, Lisboa, Portugal 
 
Antonio Marques A.Marques@ipma.pt 

 

 

mailto:S.I.barrento@swansea.ac.uk
mailto:A.J.Keay@swansea.ac.uk
mailto:I.Lupatsch@swansea.ac.uk
mailto:A.Marques@ipma.pt


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Apeendix 
How to use the QR code 



 

 
 
 
 
 
 
What is QR code? 
 
Like barcodes, but better.  QR stands for quick response and look like black 
squares on a white background. You can find them everywhere, in flight 
tickets, wine bottles, magazines, etc. QR codes basically encode information, 
this can be a web address or your email, phone number or a message.  
 
QR code and MusselsAlive factsheets 
 
MusselsAlive has used the QR code to encode links to power point 
presentations, videos or picture galleries.  
 
   
How can I use the QR code 
 
The information can be accessed by a QR code scanner, this can be your 
smartphone or your tablet. Several smart phones come with a QR reader 
already installed. If yours doesn’t you can download ScanLife, a free app  

 you also need access to the internet. http://getscanlife.com
 
So you just need:  

 
   

http://getscanlife.com/

