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Shellfish quality

This discussion will focus on: 
– genetic selection for increased yields, shell shape 

and color, 

– hatchery and production tools, 

– processing tools, and 

– creative value-added products. 
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Pacific oyster

Kumamoto oyster

European oyster

Olympia oyster

Manila clam

Mussel

Geoduck

Examples of cultured shellfish – US west coast
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Genetic selection and controlled breeding

Use of hatcheries and breeding procedures to 
enhance or improve shellfish quality:
–selective breeding for a variety of food quality, size and 
appearance features, 

–development of triploid shellfish to improve quality during 
the summer months.

Provide gains in 
yield and other 
product benefits 
comparable to 
other food crops
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Genetic selection and controlled breeding

Yields of corn US are now about 150 bushels per acre per 
year, versus 20 to 30 bushels per acre per year in the period 
between 1860 and 1950.
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Genetics research

Improve oyster and clam 
broodstock to enhance 
commercial yields and control 
shell color: 

– family selection -- Molluscan 
Broodstock Program (MBP) and 
similar programs in Chesapeake 
Bay and France;

– crossbreeding “hybrid vigor” --
Taylor Shellfish Farms, in 
Washington State, and the 
University of Southern California 
(USC).  
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Other breeding strategies

– create low salinity 
tolerant stocks

– enhance  shell patterns   

– reduce tendency to 
“hook” at the hinge; 

– increase cupping in 
shells 

– reduce shell roughness



PSI 8

Triploidy

Developed and commercialized in oysters, and more 
recently for Manila clams, mussels, geoducks and other 
bivalve shellfish species.   
– generally lack viable gametes 

– rarely are reproductively competent  

– tend to grow faster than diploids  

– more marketable when product is grown in warm water

– potential application for shellfish restoration and protection of 
wild stocks

***Triploid or tetraploid shellfish are not genetically modified 
organisms (GMO)***
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Triploidy - processes

Triploidly in shellfish is created by two processes –
– Induced or chemical treatment

– “natural” method.  

Induced triploids --
– always less than 100% triploidy, 

– tend to have somewhat lower yields and survival rates 

Natural triploids –
– tetraploid males are fully fertile 

– resulting triploid shellfish are nearly 100% sterile

– growth and survival better than chemical triploids
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Triploidy

Yield of oysters by ploidy group in Netarts Bay, Oregon for meat weight 
at the end of a 26 month growout period. 

Source: http://www.4cshellfish.com/Growers.html
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Production and growout

Bottom cultured shellfish:
• oysters may exhibit varying 

growth and shell shape

• influenced by sediment 
composition, tidal elevation 
and other variables  

• may be grown in bags, under 
protective netting or in tubes 
to reduce predation and 
improve consistency

• wide range of production 
methods and species cultured 
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Production and growout

Off bottom culture:
• preferred method in many 

areas of the world for mussels, 
oysters and scallops.   

• can allow some control over 
shell shape.   

• can allow continuous product 
harvest.  

• higher costs for growout bags, 
long-line floats or rafts, other 
materials and structures. 
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Production and water quality

• Shellfish may concentrate pathogenic bacteria and viruses, 
protozoa, biotoxins, heavy metals and organic 
contaminants.   

• Some farmers have the capability of transferring 
moderately contaminated live product to uncontaminated 
growing waters or to upland treatment or “depuration” 
systems.  

• Depuration is effective for treatment of low levels of 
bacterial contamination, but is relatively ineffective for the 
removal of viruses, heavy metals, marine biotoxins, and 
may degrade the food quality of the shellfish.

Food safety is a key issue affecting bivalve quality 
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Cadmium in shellfish

Average Seasonal Cadmium 
Levels (µ/g wet wt) in Oysters

Wa Or Ak Ca

1 ppm 
EU ML
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Cadmium 
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Cadmium uptake

Apr to July 05 seed data

Assume Cd is lower in fast 
growing oysters: “The 
faster the growth rate, the 
shorter the amount of time 
spent accumulating Cd”
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Cadmium field results

• Shellfish growing areas exhibit relatively consistent 
patterns of Cd enrichment.

• Tissue Cd levels seem to be more directly related to 
particulate Cd levels (phytoplankton?), rather than Cd 
dissolved in seawater or in sediments.

• There are no obvious industrial/Cd waste sources.

• Tissue weight and growth rate may be important 
determinants of Cd levels.

• Cd in oyster tissues is only slowly depurated*

*Wen-Xiong Wang, Department of Biology, HKUST, Kowloon, Hong Kong
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Provisional cadmium vs health

Cadmium intake based on the consumption of one meal of six oysters
PTWI = provisional tolerable weekly intake
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Provisional cadmium vs health

• Individuals that consume oysters and perhaps other shellfish 
at mean consumption rates and mean Cd concentrations 
remain below the PTWI

• Individuals may exceed the PTWI if they consume large 
amounts of oysters and smoke

• Evidence does indicate that Cd uptake will be enhanced in 
Native American, and Asian/Pacific Islander populations.

• Recent fish consumption surveys for west coast tribes 
indicate that individuals consume 10 times the amount of 
shellfish consumed by the average American in the 90% 
group.
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Production and geography

Today, there are at least 200 
unique oyster “appellations” in 
North America, each producing 
oysters with a distinct and 
consistent flavor.  For example:

– Malpeques

– Moonstones

– Hama hamas 

– Kusshis

– Shoalwaters 

– Hog Island sweetwaters  

“Oysters taste like the sea”
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Fresh and raw processing

• Critical for highest quality -
- temperature control and 
rapid transport.  

• Traditional packaging -- in 
the shell or as a shucked 
product. 

• Advanced packaging --
non-drip plastic bags, 
controlled atmosphere 
(MAP) or vacuum packs

Most cultured bivalve shellfish 
are consumed live and/or raw, 
and as fresh cooked products
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Fresh and raw processing
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Individually Quick Frozen (IQF)

• IQF has the biggest market 
share of the post harvest 
processed PHP raw oyster 
market.  

• Maintains the flavor and 
appeal of non-processed 
oysters, a major selling 
point. 

• Cryogenic freezing is used to 
accelerate the freezing cycle.   

• A new facility in Washington 
state can process 900 dozen 
top-off single oysters an 
hour! 
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Individually Quick Frozen (IQF)
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Heat – Cool Pasteurization (HCP)

• The “Ameripure” Process

• Results in a raw, yet dead oyster with a “fresh” 
taste, good shelf life, high yield, good appearance, 
and low processing cost.

• Very effective for reduction of Vibrio vulnificus

• Patented and, as yet, not widely applied
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Irradiation 

• Use gamma; electron beam; or x-rays   

• Advantages of continuous processing and low per unit 
costs

• Outweighed by --

– limited availability and high capital cost of large-scale 
processing facilities, 

– reduced efficacy for viruses, and 

– consumer reluctance to purchase irradiated food 
products. 
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High Hydrostatic Pressure (HHP) 

• Speeds shucking and 
extends  shelf-life 

• Kills Vibrios    

• Limited throughput   

• Great product appearance   

• Also effective for hard 
clams and non-bivalve 
shellfish

“Fresher Under Pressure”
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High Hydrostatic Pressure (HHP) 
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Value Added Processing

• Target individual consumers 
and markets not comfortable 
or familiar with fresh and 
raw shellfish.

• Examples: 
– ‘Knusper-Muscheln’ 

(Crispy Mussels) high 
production volumes.  

– Prepackaged oyster 
shooters and 
microwaveable frozen 
clam products 
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Conclusion

• Manipulation of cultured 
bivalve shellfish offers 
considerable potential for 
improvement of product 
quality. 

• The tools are similar to 
those used for other food 
crops

• Commercial application is 
at an very early stage of 
development.

• Increasing production of 
shellfish, and the global 
availability of shellfish in 
world markets will spur 
new developments
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