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The seafood industry has been facing the challenge of becoming familiar with changing export market standards in order to maintain market access and take advantage of Australian products where market premiums may exist due to a safe food status. Both of these challenges require independent data and testing to verify access and premium claims.   

Likewise the domestic seafood market has become more aware of food safety issues so that in order to maintain market share in the domestic market, food standards have become more important and risk assessments have become part of quality assurance systems. 

In March 2005, the Food Standards Australia and New Zealand Board approved the Final Assessment Report for the Primary Production and Processing Standard for Seafood. That report contains a scientific evaluation of risk within the seafood industry and management options to minimise the risk.  It proposed applying basic food safety requirements to the seafood industry and documented food safety management systems to the highest risk sector of the industry, namely the seafood businesses that handle oysters and other bivalves (www.foodstandards.gov.au). 

The research that FRDC has funded in this area is aimed at not only maintaining and improving the market for seafood, but also to improve consumer health and minimise negative impacts on the community including public health costs. Food safety is heavily regulated for both exported and domestically consumed produce. 

FRDC had viewed food safety as an important part of the future of the seafood industry and had been supporting projects in that area for some years.  


The Cluster 
    
Projects 
Table 1 presents the details for each of the 13 projects included in this cluster.
The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporation Chairs. 



Table 1: Summary of Project Details

	Project Number
	Project Title 
	Other Details

	1998/319


	Oyster depuration: a re-assessment of depuration conditions and the role of bacterial and viral indicators in determining depuration effectiveness
	Organisation: University of NSW
Period: Jul 1998 to May 2005
Principal Investigator: Ken Buckle

	1999/351



	Australian prawn industry quality standard:  development of a third party audited seafood industry quality standard for prawn vessels and processors incorporating food safety standards
	Organisation: Australian Prawn Promotion Association 
Period: Jul 1999 to Apr 2004 
Principal Investigator: Martin Perkins 

	1999/357


	Establishment of the  Seafood Services Australia Stage 1 - seafood quality management and seafood safety (SeaQual Australia)
	Organisation: Seafood Services Australia Ltd 
Period: Mar 1999 to May 2003
Principal Investigator: Ted Loveday 

	2000/257


	Analytical techniques for assessment of water quality, contamination and quality assurance in farmed Pacific oysters in SA
	Organisation: Flinders University 
Period: Oct 2000 to Mar 2006
Principal Investigator:  Richard Bentham

	2002/401


	Pilot project to determine the effectiveness of FoodSafe Plus as a tool in meeting FSANZ Food Safety Standards
	Organisation: WA Fishing Industry Council 
Period: Oct 2002 to Nov 2004 
Principal Investigator: Don Nichols  

	2002/421


	Seafood safety program industry diary


	Organisation: Seafood Industry Victoria 
Period: Nov 2002 to Feb 2004 
Principal Investigator: Ross McGowan

	2002/425


	Food safety and quality assurance for cooked prawns: development and evaluation of a framework for the validation of a supply chain approach
	Organisation: South Australian Research and Development Institute
Period: Feb 2003 to Feb 2004
Principal Investigator: Connor Thomas

	2002/426


	APFA integrated HACCP/QA/EMS program

	Organisation: Australian Prawn Farmers Association 
Period: Apr 2003 to Dec 2005
Principal Investigator: Brad Hutchings 

	2002/427


	National Seafood Emergency Plan - Queensland Trial Workshop

	Organisation: QLD Seafood Marketers Association Inc.
Period: Apr 2003 to Mar 2004
Principal Investigator: Martin Perkins

	2003/229


	Identification and management of potential food safety issues in aquaculture-produced yellowtail kingfish (Seriola lalandi)
	Organisation: South Australian Research and Development Institute
Period: Jul 2003 to Jun 2005 
Principal Investigator: David Padula 

	2003/401


	A study on allergic health problems in the Australian seafood processing industry
	Organisation: QPI&F
Period: Apr 2003 to Jan 2004
Principal Investigator: Stephen Thrower

	2005/401


	A supply chain assessment of marine vibrios in oysters: prevalence, quantification and public health risk
	Organisation: University of Adelaide 
Period: Oct 2005 to Oct 2006
Principal Investigator: Connor Thomas

	2007/406


	Food safety validation of storage/transport temperatures for live Australian oyster species
	Organisation: South Australian Research and Development Institute
Period: Apr 2007 to May 2007
Principal Investigator: Andrew Pointon



Project Objectives
Table 2 presents the rationale and objectives for each of the projects included in the cluster.

Table 2: Description of Project Rationale and Objectives

	Project Number 
	Rationale and Objectives

	1998/319
Oyster depuration







	Rationale: The NSW oyster industry had suffered severe economic losses during the past 20 years as the result of major outbreaks of gastroenteritis and other oyster-borne diseases.  There was a need to re-examine the conditions for depuration of NSW oysters harvested in very different geographic and environmental conditions with particular reference to water temperature, salinity and turbidity during depuration.  

Objectives:
1. To optimise the process of oyster depuration with respect to conditions of:  initial load of contamination; water temperature, salinity, turbidity and oxygen content; oyster:water ratio; time of depuration; geographical location of oysters; and oyster eating quality.
2. Based on the findings from objective 1, and in consultation with the NSW Department of Health, NSW Fisheries and representatives of the oyster industry, to develop and write modifications to the Code of Practice for the Depuration of Oysters in NSW.
3. In conjunction with the NSW Shellfish Quality Assurance Program, to conduct a series of workshops aimed at education of farmers in management of the quality and safety of oysters.	
4. To investigate the possibility of using bacteriophages as an additional indicator of oyster safety and the performance of oyster depuration, with specific reference to the elimination of human viruses such as Norwalk and Hepatitis A viruses.  Correlate bacteriophage occurrence and behaviour in oysters during purification with traditional E. coli standards and human virus behaviour as measured by an inactivated strain of polio virus.

	1999/351
Prawn quality standards



	Rationale:  It was recognised that the Australian prawn industry needed to meet the consumer demands for quality and food safety or lose market share to competing suppliers or other products and/or suffer price reductions.  A total quality management system for the prawn industry which is third party auditable and which links vessels and processing factories under a prawn mark was seen to satisfy the needs of all sectors.   

Objective:
1. To initiate a Quality Management System for the Australian sea-caught prawn industry by:
· reviewing, validating and updating the Code of Practice to ensure it establishes an agreed set of standards across the industry, applicable and achievable in all fisheries, covering boats and shore-based processing operations and all markets.
· establishing a training regime by creating a core of trainers to implement a ‘train the trainer’ program so that trawler crews and shore-based processing staff thoroughly understand the requirements and their responsibilities in catching and processing the product, with a support network to provide assistance and advice; assistance with development of Food Safety Plans and adoption of ISO 9002 standards will also be provided.     
· developing a third party auditable certification quality management system based on the industry quality standards in the Code of Practice; a single audit will incorporate quality and regulatory standards – AQIS, State and ANZFA requirements and be agreed by all regulatory authorities.    
· ensuring that the quality management system is capable of   modular expansion to incorporate standards for Occupational Health and Safety, environmental protection and sustainable trawling.

	1999/357
Seafood quality and safety




	Rationale: An industry workshop had identified the need for work to be carried out in relation to seafood safety and quality, particularly in the development of agreed and accredited industry guidelines and in the eventual development of agreed industry standards.  It was agreed that SeaQual Australia could provide immediate benefits to all States by providing key linkages with agencies with responsibility for food regulation and by networking the State based SeaQual operations. 

Objectives:
1. To establish SeaQual Australia (SeaQual Mark 2) and State SeaQuals in each State and the Northern Territory. 
2. To implement the “Seafood Industry's Strategic Plan for Achieving Seafood Excellence" (SISPASE) with a high priority on Food Safety and Quality Management.	 
3. To establish the Australian Seafood Centre: delivery of cost effective, competitively priced seafood post harvest services through the integration of new and existing services (including SeaQual Australia) under one centre.

	2000/257
Assessing Pacific Oysters







	Rationale: A need was identified to develop and provide reliable tests for quality assurance and identification of contamination of farmed oyster stock and waters where oysters are harvested. The development of such tests was seen to enable marketing of quality assured contaminant free produce.

Objectives:
1. To develop sensitive tests using polymerase chain reaction (PCR) to detect a range of viruses of direct significance to human health directly from shellfish. The range would include hepatitis A virus, Norwalk virus, Astrovirus, and Adenovirus.
2. To assess coliphage concentrations, and indicator micro-organisms as reliable tools for assessment of faecal contamination (Clostridium spp., Bacteroides spp. coliforms) in oyster tissues, and harvest water.	 
3. To assess faecal origin and contamination of oysters and harvest water by Gas-Chromatography-Mass Spectrometry analysis for faecal steroid profiles.
4. To adapt developed biochemical markers in blue mussel (M.edulis) to oysters as indicators of stress from adverse environmental conditions of microbial and chemical origin. 
5. To combine and correlate the above analytical techniques to provide a comprehensive assessment of the extent of contamination of oysters and their harvest waters by pathogens of faecal origin. These techniques would be more reliable than current faecal indicator techniques and allow accurate determination of closure safety zones. 
6. To identify and validate reliable, cost effective monitoring tools for quality assurance of farmed oysters, leases and closure safety zones applicable to South Australian waters. 
7. To develop methodologies for quality assurance with national applicability to the oyster farming industry. 
8. To assess the correlation between the presence of enteric virus nucleic acid with coliphage determinations from shellfish tissue and harvest water.

	2002/401
Effectiveness of FoodSafe Plus 










	Rationale: The FoodSafe Plus Food Safety Program is a do-it-yourself HACCP-based food safety program, developed by the Australian Institute of Environmental Health.  It was designed for the food service sector.  Food safety consultants were contracted to assess the effectiveness of the FoodSafe Plus manual for businesses in the fishing industry sector wishing to introduce their own food safety program.  

Objectives: 
1. To determine the effectiveness of FoodSafe Plus in meeting the criteria of the current and proposed national and state food safety legislation. 
2. To have a minimum of five seafood businesses in Western Australia accredited with FoodSafe Plus. 
3. To undertake a benefit/cost analysis of businesses that become FoodSafe Plus accredited. 
4. To have at least two environmental health practitioners (EHP's) in Western Australia experienced in the accreditation of seafood businesses to the standards of FoodSafe Plus.

	2002/421
Seafood safety diary







 

	Rationale:  As industry is obliged to have a Food Safety Program (FSP), there was perceived a need for a customised diary with daily pages for operators to fill in records that supported their FSP. The diary was envisaged to be a proactive and workable tool to cushion the demand for extensive documentation.    

Objectives:
1. To research and compile the specific needs for inclusion in this industry "diary".  This will be collected from research involving industry (catching and post-harvest sectors) including stakeholders such as Environmental Health Officers and appropriate authorities.
2. To research and create a visual reference list of similarly designed diaries in other states and/or international examples of what constitutes the best visual presentation of such information (i.e. design outlay and size(s) of fonts and icons). 
3. To develop the design, information and visual appropriateness of the content of outlay of proposed diary.

	2002/425
Safety and QA for cooked prawns






 


	Rationale: Access to international markets and state food safety legislation and food standards are increasingly based on the risk assessment approach that needs to be supported by validated quality systems. It was timely therefore, for industry to develop and validate an integrated supply chain approach to food safety that had international standing as a basis for meeting public health and trade access requirements.

Objectives: 
1. To develop an approach designed to validate the APPA Code of Practice across the supply chain for cooked prawns as a model for crustacean industries.  
2. To benchmark industry performance criterion (i.e. quantify decrease/increase of indicator organisms) for cooking, freezing and preparation for retail (thawing, retail hygiene) processes.  
3. To benchmark industry product criteria (i.e. levels of food safety and shelf life micro-organisms) across the supply chain to evaluate conformity with the ANZFA Food Standards Code.

	2002/426
APFA integrated HACCP/
QA/EMS program





	Rationale: At the time of funding there was no current food safety program developed for the prawn farming industry and no training programs available for employees. This project addressed this issue to meet new food safety legislation and to enable growers to meet the then current requirements by supermarkets and other sectors. 

Objectives:  
1. To enable all prawn farmers in the Association to gain third party certification to an audited safe food and quality program and be trained to operate the Program to improve food safety and quality of the end product. All workers within the industry to gain a minimum competency level for working with prawns and seafood in general.
2. To develop and implement the program in keeping with the ASS (with the guidance of SSA).  This will be Australian seafood industry’s first on ground, industry-wide application of the ASS.	 
3. To provide worked several examples/templates for the prawn industry of: a) a simple environmental management plan that addresses APFA Code of Practice; b) an environmental management system (EMS) that addresses the majority of environmental compliance issues (based on ISO 14001 format); c) additional elements to allow transition to ISO 14001 EMS certification; and d) a worked example of an integrated QA and EMS to certification standards. 
4. To develop a training program, co-joint with the safe food and quality program, so that the industry will gain a satisfactory competency level of awareness and ability to implement relevant environmental programs.

	2002/427
National Seafood Emergency Plan




	Rationale: A Seafood Emergency Plan was developed through Seafood Services Australia to provide a proactive and simple step-by-step response and recovery guide, should an emergency occur. Queensland industry has participated in the initial stages of the SSA national plan and is keen to ensure the framework is established in this state.

Objectives: 
1. To test the draft manual plan in a desktop exercise.
2. To introduce the nominated team members and alternates to the plan and train them in the use of the plan. 
3. To use learned experience to tailor the manual further in Queensland.

	2003/229
Safety issues for yellowtail kingfish







	Rationale: State food safety legislation and national/international food standards and market access requirements are increasingly based on the Codex risk assessment approach that needs to be supported by validated quality systems. Specific food safety issues for the developing yellowtail kingfish industry needed addressing.

Objectives:
1. To determine risk factors for food safety hazard levels in Yellowtail Kingfish. 
2. To define market requirements and identify minimum criteria (levels of detection etc) to direct testing. 
3. To define priorities for development of a product integrity program. 
4. To provide food safety risk management options for industry. 
5. To define any food safety R&D priorities.

	2003/401
Allergic health problems 










	Rationale: Since December 2002 Food Standards Australia and New Zealand (FSANZ) required all food produced to be labelled with potential allergens. A duty of care was perceived to be owed by employers to people working in the catching, processing and retail of seafood.  Better information was predicted to allow preventive measure to be taken to control exposure to airborne allergens and costly litigation to be avoided.

Objectives:
1. To determine the various occupational settings in which exposure to seafood allergens occurs and to identify specific work processes associated with high risk exposure.
2. To determine the prevalence of work related allergic health problems (rhino-conjunctivitis, urticaira/eczema, asthma).	 
3. To determine the level of occupational health service provision and surveillance of workers in these various workplaces. 
4. To characterise the demographic profile of seafood processing workplaces in Australia in the context of the risk from allergen exposure.

	2005/401
Marine vibrios in oysters




	Rationale: It was argued that levels and presence of pathogenic Vibrio spp. associated with oysters do not correlate with the presence of faecal indicator organisms currently used to monitor presence of enteric viruses and bacteria. Consequently, marine vibrios could represent a risk to public health and foreign market access that has not been rigorously assessed and is currently not monitored.

Objectives:
1. To determine numbers of marine vibrios and total viable counts of bacteria associated with oysters harvested from South Australian waters, across the annual growing cycle. 
2. To determine numbers of marine vibrios and total viable counts of bacteria present in seawater associated with South Australian oyster leases during the annual growing cycle. 
3. To obtain unequivocal evidence for the presence of potentially pathogenic strains of Vibrio spp. associated with South Australian oysters, seawater associated with oyster leases and retail product. 
4. To provide information about the effects of current harvest and post-harvest handling on numbers of pathogenic marine vibrios.

	2007/406
Live oyster storage and transport




 

	Rationale: Industry faced a range of regulatory requirements for storage and transport of live oysters. The present investigation was to identify those microbiological hazards reasonably likely to occur in oyster harvest, storage and processing, identify knowledge gaps and identify research priorities.

Objectives:
1. To conduct a hazard identification to clarify food safety risks. 
2. To use the hazard identification to inform the technical interpretation of existing requirements with AQIS and NSW, Tasmanian and South Australian regulators and seek agreement on scientifically justifiable critical limits and define data gaps for validation of alternative temperature regimes. 
3. To detail the scope of any research required.



Project Investment
The following tables show the annual investment by project for both the FRDC (Table 3) and for researchers and other investors (Table 4). Table 5 provides the total investment by year from both sources.   
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Table 3: Investment by FRDC by Project for Years Ending June 1999 to June 2007 (nominal $)

	Project
	1999
	2000
	2001
	2002
	2003
	2004
	2005 
	2006
	2007
	Total

	1998/319
	90,090
	90,090
	39,744
	39,743
	0
	0
	24,386
	0
	0
	284,053

	1999/351
	0
	63,000
	63,918
	52,600
	0
	931
	0
	0
	0
	180,449

	1999/357
	156,000
	405,000
	360,170
	415,510
	90,430
	0
	0
	0
	0
	1,427,110

	2000/257
	0
	0
	71,322
	71,322
	174,433
	0
	70,787
	0
	0
	387,864

	2002/401
	0
	0
	0
	
	29,568
	21,392
	0
	0
	0
	50,960

	2002/421
	0
	0
	0
	0
	3,850
	500
	0
	0
	0
	4,350

	2002/425
	0
	0
	0
	0
	23,781
	5,944
	0
	0
	0
	29,725

	2002/426
	0
	0
	0
	0
	15,600
	54,600
	7,800
	0
	0
	78,000

	2002/427
	0
	0
	0
	0
	1,000
	4,000
	0
	0
	0
	5,000

	2003/229
	0
	0
	0
	0
	0
	64,609
	16,152
	0
	0
	80,761

	2003/401
	0
	0
	0
	0
	3,964
	2,931
	0
	0
	0
	6,895

	2005/401
	0
	0
	0
	0
	0
	0
	0
	20,183
	9,812
	29,995

	2007/406
	0
	0
	0
	0
	0
	0
	0
	0
	9,800
	9,800

	Total
	246,090
	558,090
	535,154
	579,175
	342,626
	154,907
	119,125
	20,183
	19,612
	2,574,962


Source: FRDC project management database   

Table 4: Investment by Researchers and Others by Project for Years Ending June 1999 to June 2007 (nominal $)

	Project 
	1999
	2000
	2001
	2002
	2003
	2004
	2005 
	2006
	2007
	Total

	1998/319
	61,413
	61,413
	27,093
	27,092
	0
	0
	16,624
	0
	0
	193,634

	1999/351
	0
	246,869
	250,466
	206,116
	0
	3,648
	0
	0
	0
	707,100

	1999/357
	87,736
	227,777
	202,564
	233,688
	50,859
	0
	0
	0
	0
	802,625

	2000/257
	0
	0
	61,722
	61,722
	150,953
	0
	61,259
	0
	0
	335,655

	2002/401
	0
	0
	0
	0
	10,444
	7,556
	0
	0
	0
	18,000

	2002/421
	0
	0
	0
	0
	1,000
	0
	0
	0
	0
	1,000

	2002/425
	0
	0
	0
	0
	113,400
	0
	0
	0
	0
	113,400

	2002/426
	0
	0
	0
	0
	28,800
	100,800
	14,400
	0
	0
	144,000

	2002/427
	0
	0
	0
	0
	3,200
	0
	0
	0
	0
	3,200

	2003/229
	0
	0
	0
	0
	0
	57,670
	0
	0
	0
	57,670

	2003/401
	0
	0
	0
	0
	0
	23,089
	0
	0
	0
	23,089

	2005/401
	0
	0
	0
	0
	0
	0
	0
	41,599
	26,099
	67,698

	2007/406
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total
	149,149
	536,059
	541,845
	528,618
	358,656
	192,763
	92,282
	41,599
	26,099
	2,467,071


Source: FRDC project management database; applicant and other investment based on project proposals.   



Table 5: Annual Investment in Cluster (nominal $)

	Year ending June
	FRDC
	Researchers and Others  
	Total

	1999
	246,090
	149,149
	395,239

	2000
	558,090
	536,059
	1,094,149

	2001
	535,154
	541,845
	1.076,999

	2002
	579,175
	528,618
	1,107,793

	2003
	367,012
	375,280
	742,292

	2004
	154,907
	192,763
	347,670

	2005
	94,739
	75,659
	170,398

	2006
	20,183
	41,599
	61,782

	2007
	19,612
	26,099
	45,711

	Total
	2,574,962
	2,467,071
	5,042,033


	

Outputs 

Table 6 provides a summary of activities and outputs for each of the projects.

Table 6: Summary of Project Activities and Outputs

	Project  
	Activities/Outputs

	1998/319
Oyster depuration 








	· Research on depuration of artificially inoculated Sydney Rock Oysters (SRO) harvested from five estuaries in New South Wales (Pambula River, Hawkesbury River, Port Stephens, Wallis Lake and Nambucca River) and on Pacific oysters harvested from Port Stephens, has shown that the current procedures specified in the Code of Practice produce acceptable E. coli levels for the majority of conditions studied. 
· Minimal changes to the Code of Practice are recommended based on the results obtained. Storage time after harvest for SRO before depuration may be extended to 7 days, beyond the current limit of 4 days, without risk to food safety. 
· The uptake of three bacteriophages into oysters and their removal during depuration was examined. Bacteriophage levels were reduced to some extent during depuration, but not to the extent of removal of E. coli. The relevance of the behaviour of such viral indicators to the presence of viruses in oysters requires further research. 

	1999/351
Prawn quality standards 




	· The production of the two learning guides – “Handling Prawns at Sea, A Guide for Prawn Trawler Crew at Level 1 – ISBN 0-9581998-0-9” and “Handling Prawns at Sea, A guide for Prawn Trawler Skippers and Crew at Advanced Level – ISBN 0-9581998-1-7” were the main results of this project. 
· The Code of Practice and the training materials that were developed early in the project were incorporated into the guides so that the initial results could be disseminated in a user-friendly format. 
· The format can be used with the training package to deliver competencies towards real qualifications for trawler crew and skippers. 
· There is also a Trainers Guide in electronic format that provides resources, lesson plans and assessment tools. 
· The 4 volumes of the code have been incorporated in the 2 learning guides and are in a much user-friendlier format so that all crew members will get access to them. 

	1999/357
Seafood quality and safety




 


	· The major output of the project was the creation in 2001 of a single entity (Seafood Services Australia or SSA) to manage the plethora of food safety and seafood quality initiatives as well as to coordinate other initiatives in relation to post-harvest industry development.  
· The project ensured through networking that all States were empowered to develop complementary processes to manage industry development issues at the State level, and to provide input to the development of national industry standards promoting the adoption of world’s best practice.  
· The project furthered the information and capacity building work undertaken by SeaQual Stage 1 and gradually incorporated a number of functions and responsibilities previously undertaken by FRDC Projects 2000/400 (National Seafood Centre) and 2000/240 (AUSEAS).
· A large number of products and publications were released by both SeaQual Stage 1 and SSA over the three years.  
· SSA Ltd was established with a clear mandate to act as a catalyst for seafood industry development.
· SSA facilitated the development of the Australian Seafood Standards, a voluntary standard that defined seafood safety outcomes to be achieved; this was a major input into the National Industry Standards.
· Other outputs included a seafood safety certification system and seafood primary products and processing standards. 

	2000/257
Assessing Pacific Oysters 











	· The project focused on methods of assessing the contamination of oysters by human faecal contamination as current methods of using tests for coliform bacteria have been demonstrated to be unreliable indicators of enteric virus contamination. 
· New techniques applied were Polymerase Chain Reaction (PCR) methods for enteric viruses, coliphage plaque assays and determinations of faecal sterols. 
· A new and more rapid method for faecal sterol analysis was developed that was as sensitive as the current method. The method reduced sample processing time from 5 days to 24 hrs. This new technique was able to detect reproducibly faecal sterols in oysters at concentrations of less than 1µg g-1 of tissue.
· Reproducible PCR methods were developed for Hepatitis A, Norovirus (G2), Enterovirus, Adenovirus and Astrovirus. 
· Statistical interpretation of the comparison of results using different methods was limited due to a lack of supply of naturally contaminated oysters.
· Results indicated that positive coliform estimations are reliable indicators of faecal contamination, and that presence of coliphage in determinations is a reliable indicator of the presence of enteric viruses. 
· It was also clear that negative test results for either coliforms of coliphage were not reliable predictors of the absence of enteric viruses. Ultimately analysis for specific viral contamination would be necessary to guarantee shellfish quality for export markets.

	2002/401
Effectiveness of FoodSafe Plus









 


	· The project demonstrated that businesses that comply with FoodSafe Plus have work practices that will conform to the Australian Seafood Standard and thus comply with their responsibilities under the mandatory Food Safety Standards. 
· The benefit/cost analysis showed that businesses that comply with Food Safe Plus have direct and indirect cost savings that outweigh the direct and indirect cost of implementation.
· At the time of writing the final report, eight business were accredited, or in the final stages of accreditation. 
· Although currently one of the simplest HACCP based food safety program models available, FoodSafe Plus would require considerable amendment to be a suitable model for the fishing industry sector.  
· The consultants experience from this project found that participants were isolated, easily confused and intimidated by the size of the manual.  They also had difficulty relating to the examples used and lacked the confidence and knowledge to modify forms for their own businesses without help.
· Based on the findings of this pilot program, it was recommended that FoodSafe Plus, as it currently existed, not be promoted for the fishing sector and a program should be developed specifically for this industry sector that includes program criteria aligning with the Australian Seafood Standard, the Food Safety Standards (Standards 3.2.1, 3.2.2, 3.2.3) and the Primary Processing and Production standard for Seafood and which incorporates appropriate, simple examples.

	2002/421
Seafood safety diary










	· Specific needs for the diary were researched and industry input facilitated from environmental health officers, wholesalers, importers, manufacturers, aquaculturists and individual fishermen to obtain information on any specific needs.
· Research via the internet on international seafood diaries came up with very little information and more effort went into investigation of similar diaries within Australia including the Meat Industry Diary produced in Queensland and a diary organised for the Restaurant & Catering Association.
· Sagamore Industries P/L was identified as a company that produces such diaries and information on design was obtained.  
· A brief mock-up diary was produced to show the size, design, some information and visuals of the outlay of the proposed diary.
· As the project was not going to resolve in an immediate ‘product’ there was no finalisation of the revenue issue and that was something that SSA could finalise when or if the project became a commercial proposition.

	2002/425
Safety and QA for cooked prawns 







	· Participating boats were selected at random to obtain a cross-sectional profile of the fleet. 
· Background information on boat hygiene procedures and dipping or cooking/cooling procedures were obtained for all participants. All samples were tested according to Australian Standards.
· Prawns harvested from the Spencer Gulf region of South Australia meet FSANZ food safety standards. Processing procedures used on boat did not contribute additional contamination by micro-organisms of public health significance.
· The Standard Plate Count of cooked prawns was similar to, or greater than that of green prawns. This result indicated the industry is performing below potential. The impact of failure to reduce microbial load is potential loss of shelf-life. This was indicated by retail shelf-life data.
· A survey of hygiene practices across boats in the fleet indicated little standardisation of the type and manner of use of sanitisers, hygiene and sanitation practices and policies to deal with involvement of sick crew in processing of prawns.

	2002/426
APFA integrated HACCP/
QA/EMS program





	· This project has established the Australian prawn farming industry at the forefront of meeting new food safety legislation and is the first example of industry-wide application of the Australian Seafood Standard.  
· A suite of manuals and electronic tools have been developed as part of the project. These manuals comprise the Safe Food and Quality Management Program Manual which is a suite of 30 documents detailing all steps in the prawn quality management system. 
· The manual also contains a suite of template documents for record keeping.
· All prawn farms have gained third party certification.  
· The project has also resulted in a world first ISO14001 certification of a prawn farm.  Rocky Point Prawn Farm achieved ISO14001 accreditation in October 2003.  
· The draft EMS Manual has been forwarded to Seafood Services Australia and will constitute the next major component of the Association’s initiatives in relation to environmental sustainability.

	2002/427
National Seafood Emergency Plan




	· Slide show for the workshop was tailored to suit the seafood industry and in particular to suit Queensland conditions.
· Handouts detailing the workshop procedure were produced.
· Copies of the National Seafood Emergency Plan for all the attendees at the workshop were produced.
· Guest speakers were recruited to ‘set the scene’ by identifying potential outcomes from an emergency if it was not controlled and also to illustrate case studies of food safety outbreaks that have occurred.
· A scenario was developed that would enable the workshop participants to test their reaction to an emergency and also to ensure that the reaction was consistent with National guidelines.
· The workshop to develop the Queensland State SEP was held on 31 October 2003.
· The Queensland plan was developed and a commitment was made by the two peak industry bodies in Queensland (QSIA & QSMA) to maintain the State based plan which will be linked to the National SEP.
· Volunteers who will work together to maintain the plan were recruited from the attendees at the workshop.

	2003/229
Safety issues for yellowtail kingfish









	· During 2003/2004 commercial aquaculture-produced Yellowtail Kingfish (Seriola lalandi) and Mulloway (Argyrosomus japonicus) from the Spencer Gulf region in South Australia (SA) were studied on a through-chain basis to identify residues of trade or food safety significance. 
· This work included the examination of commercial manufactured feeds and the examination of seafloor sediment from underneath a sea-cage site. 
· The study encompassed trade sensitive residues such as heavy metals, metalloids, pesticides, dioxin, PCBs and antimicrobials in wild and aquaculture produced Yellowtail Kingfish and Mulloway (aquaculture-produced only). 
· All Yellowtail Kingfish and Mulloway which formed part of this study fully met the standards set by the Australian competent authority, Food Standards Australia New Zealand (FSANZ) within the Australia New Zealand Food Standards Code; the Japanese Ministry of Health, Labour and Welfare within the Food Sanitation Law; the Codex Alimentarius Commission; the United States Food and Drug Administration and the European Commission. 
· There were no detectable levels of any pesticide, antibiotic, cadmium, lead or tin found in any Yellowtail Kingfish or Mulloway tested. 
· The market specific priorities for a future product integrity program were identified. 
· Feeds have been identified as a hazard source for the industry due to variable origins of raw ingredients used by manufacturers. The South Australian Marine Finfish Farmers Association Inc (SAMFFA) and Australian feed manufacturers are investigating risk management measures for these hazards. 

	2003/401
Allergic health problems


 

	· A survey of over 800 companies in the aquaculture and processing sectors of the Australian seafood industry on the provision of occupational health services and the prevalence of allergic health problems.
· The 140 responses showed about half of the workplaces provided an on-site occupational health service and conducted some form of medical surveillance program.
· There was a positive trend between the size of an operation and provision of an occupational health program.
· Only 9% of workplaces operated an industrial hygiene program.
· The most common form of allergy experienced was urticaria (skin rashes) followed by asthma, rhinitis and rhino conjunctivitis.  These results are in agreement with more extensive studies done overseas.
· It was suggested that an awareness program be instituted to alert management and workers to the possibility of allergies, and appropriate avoidance procedures be instituted.

	2005/401
Marine vibrios in oysters





	· Pacific oysters and lease seawater samples were collected on a monthly basis over a 13-month period. Total viable counts and counts of Vibrio species were determined using standard microbiological methods.
· Potentially pathogenic V. parahaemolyticus, but not V. vulnificus, were detected in some samples of oyster meat obtained from grow areas. 
· Marine vibrios do not proliferate in oysters stored at 4 °C or 8 °C. The significance of this finding is that oysters could be safely stored/transported at 8 °C instead of the AQIS mandated 5 °C, without increasing risk of illness to end consumers from vibriorelated infections.
· Vibrio parahaemolyticus (pathogenic and non-pathogenic types) were not detected in samples of oysters obtained from wholesale/retail outlets. 
· Microbiological quality of oysters at the farm level is not reflected in the microbiological quality of oysters at the wholesale/retail end of the supply-chain.
· Industry should examine the significance of this data in terms of impact on quality and if necessary, review post harvest storage transport and processing to ensure quality assurance across the supply-chain.
· On the basis of the results obtained, further study of the impact of inter-tidal exposure on the microbiology of oysters needed to be carried out. Furthermore, the outcomes of that work were to be used to establish industry wide recommendations and practices for harvesting and post harvest storage.
· Findings were communicated through industry sector meetings in South Australia.  

	2007/406
Live oyster storage and transport






	· A  Hazard Identification (HI) for microbial hazards associated with oysters has been undertaken to inform negotiations with seafood regulators regarding ‘temperature equivalence’; and development of a research program to validate various storage regimes for live oysters.
· Enteric viruses, Vibrio parahaemolyticus and Vibrio vulnificus are identified as hazards reasonably likely to occur in oysters. However, unlike the marine Vibrio species, the prevalence and concentration of viruses in oysters is not influenced by storage regime.
· Since temperature may influence the growth of vibrios in live oysters, two storage regimes are considered worthy of research to redress knowledge gaps.
· Growth and survival of V. parahaemolyticus in Sydney rock oysters should be monitored according to the existing dispensation (oysters stored no warmer than 25 °C for 72 hours, then colder than 15 °C thereafter) and for the ASQAP requirement (oysters must be stored colder than 10 °C after 24 hours).
· Growth and survival of V. parahaemolyticus in Pacific oysters should be monitored according to the ASQAP requirement (oysters must be stored colder than 10 °C after 24 hours).
· The requirement for exported live oysters to be held at a temperature below 5 °C is considered untenable since it leads to mortality of the product.




Outcomes

Table 7 provides a summary of outcomes for each of the projects.  

Table 7: Summary of Project Outcomes

	Project
	Outcomes

	1998/319
Oyster depur-ation 





	· The NSW industry at this time used depuration to manage food safety for oysters; all other states had adopted the Shellfish Quality Assurance Program that assessed growing regions for contamination risk and included rules that prevented sales until conditions improved.  
· The information gained from the project was to be used to revise the current regulations regarding the usage of depuration plants for oysters in NSW. 
· Only some minor revisions to the then current regulations were made as a result of the project. 
· Regulatory reform at the time was under control of Safe Food NSW and subsequently the NSW Food Authority; reforms were more commonly based on harvest area closures due to water pollution rather than changes to depuration technology.
· There were most likely no cost saving to oyster producers as when incidents occurred, most producers stopped harvesting and depurating.

	1999/351
Wild catch prawn quality standards





	· The development of an industry quality standard and the method of distributing it to all vessels were regarded as a key market support tool. 
· The booklets and their extension ensured that a consistent quality image was created for prawn importers and consumers.
· The two Learning Guides have provided a valuable resource for training prawn trawler crews. 
· The two guides have also been valuable to prawn buyers and prawn processors as they document common industry standards.
· The adoption by industry has been extensive – virtually every prawn vessel in Australia has a copy available, either to supplement the owners or company’s manual or to be used as the vessel manual.
· There have been measurable benefits to the crews of the vessels using the learning guide as purchasing companies are paying significantly better prices to those vessels who meet all the requirements of the standard.
· Current information available indicates that all boats are meeting the standard at least 95% of the time. When they have big catches of banana prawns there may be a lapse. The standard has set a benchmark that all buyers expect the vessels to adhere to. If prawns do not meet the standard then they may not be able to be sold easily or for a premium price (Martin Perkins, pers. comm., 2009).
· Third party auditing has not been achieved as the distribution of vessels around Australia made it extremely hard to co-ordinate third party auditing. Vessels that are export registered are audited by AQIS and third party auditing was seen as an extra impost that was doubling up on standards that were already being checked.

	1999/357
Seafood quality and safety









	· Facilitated the development of industry standards throughout all sectors of the seafood industry.
· SSA collectively developed the seafood safety policy and the seafood primary production standard.
· SSA has allowed more effective and industry wide addressing of the needs and concerns of relevant government agencies and customers.  
· In its first three years, SSA focussed on coordinating the highest priority industry areas, namely the EMS program, the National Seafood Standards, and fish naming; post harvest activities and the demand side of industry development were still to be addressed at the end of the project.
· SSA’s initiatives in driving the National Seafood Standards was a major contribution that probably resulted in improved perceptions of seafood safety and help to address regulatory standards, albeit more attention being needed at the end of the project in compliance and adoption.
· SSA has coordinated industry input to policy and regulatory measures including that for management of mercury and Listeria, ensuring pragmatic and relevant risk management actions are taken and minimising costs to seafood businesses while maximising safety to consumers.
· Most of the projects that SSA invested in the three year project had a long-term payback period. 
· SSA received further funding from FRDC when this project was completed. The business plan for the next phase of funding continued the emphasis on food quality and food safety as one of its five action programs. 

	2000/257
Assessing Pacific Oysters





	· The project was hampered by lack of access to positive contaminated shellfish especially from sources of human effluent so that there was some doubt as to whether negative coliform test results are strong predictors of the absence of enteric viruses. 
· An important outcome of the project was the ability to detect virus particles at the levels indicated using real time PCR for all of the “of interest” enteric viruses without inhibition. 
· The project was not able to come to definitive answers about any of the techniques, except that if E. coli are absent in samples then it will be highly likely that enteric viruses will be absent. 
· To the knowledge of the Principal Investigator the tests have not been adopted by industry. The emphasis on depuration for oysters in the Eastern States had some influence on this.
· The oysters used in the study and field samples taken from oyster leases in South Australia had no evidence of viral contamination. A problem in the study was obtaining ‘naturally contaminated’ shellfish from oceanic leases. The study demonstrated that viral and bacterial pathogens in SA oyster leases were of little public health significance. The study also demonstrated that it was possible if required to detect a single viral particle in a contaminated oyster (Richard Bentham, pers. comm., 2009).
· A current collaboration is being considered by the SeaFood CRC for an honours project in collaboration with SARDI. The project looks at detection of Norovirus in cattle and catchments as potential sources of contamination of estuarine oyster leases.
· The techniques used to detect viruses have been used in other health related projects, and in clinical diagnostic laboratories. The norovirus detection method was also used to assist in a disease outbreak investigation conducted by the Victorian Health department.

	2002/401
Effective-ness of Food-Safe Plus 


	· FoodSafe Plus has a wide recognition in Western Australia outside of the seafood sector but was not implemented by the seafood industry.
· Specific seafood safety standards have not been mandated in Western Australia largely due to the export nature of most seafood businesses that are covered under AQIS.
· Other states have mandated seafood safety standards but, to our knowledge, FoodSafe Plus has not been one of the systems implemented. 

	2002/421
Seafood safety diary 
	· This project faced change of staff problems at Seafood Industry Victoria and no outcome was finalised. 
· The outputs provided an excellent base for SSA to further investigate the commercialisation of the Seafood Industry Diary.  

	2002/425
Safety and QA for cooked prawns









 





	· The project has provided a baseline of industry hygiene, processing and product performance for the Spencer Gulf West Coast Prawn Fishermen’s Association (SGWCPFA).
· A set of strategies that may enhance product safety and shelf-life has been established. 
· Public health and trade access requirements are being better met.
· Confidence for the fleet that the prawns processed on board the vessels are safe for consumption when they leave the vessel for distribution, thus safeguarding the reputation of the region’s product.
· Findings were actively communicated to industry sector meetings in South Australia and a published copy of the project report was distributed to all operating vessels.
· The project findings highlighted the need for industry to understand how to best look after product (both green prawns and cooked) and hence strategies were put in place to ensure that potential risks were managed. Performance is monitored twice a year through “AA” (Approved Arrangements) with the Association’s AQIS program and audits (Greg Palmer, SGWCPFA).
· Shelf Life has been extended by understanding the importance of how to handle prawns properly and how to use preservatives (metabisulphite) correctly.
· Overall the standard of prawns from Spencer Gulf has lifted in the market place since the project was completed.
· When prawns were being exported to the EU, it was critical to get the metabisulphite right, i.e. to extend the shelf life; feedback from exporting was good (Greg Palmer, SGWCPFA).
· On the domestic market buyers have now become more confident that the product would be less likely to let them down; however, domestic demand has been steady, so it is difficult to assess whether demand has increased due to this project.

	2002/426
APFA integrat-ed HACCP/
QA/EMS program







	· The Australian Prawn Farming Industry is now operating to an agreed grading system and are all operating to an agreed and auditable standard. 
· All participating producers now also meet the requirements of major retailers and supermarkets.  
· The Association has received very positive feedback from food safety regulators including Safe Food Queensland, Safe Food NSW and Food Standards Australia New Zealand.  The Association has been advised that Safe Food Qld is considering using the APFA Safe Food and QA Program as the model code for application in other sectors of the industry.
· The project has facilitated a change in the culture of the industry and increased producers’ awareness of the competitive advantages which can arise from addressing food safety and quality issues.  
· The program is suitable for use as a blueprint for other seafood sectors. 
· Recent reports from participating members validate an increase in profitability through better returns for their produce (December 2006).

	2002/427
National Seafood Emergency Plan





	· A seafood emergency plan is in place for Queensland industry as part of the National Plan.
· Government and Industry worked well together producing excellent responses to the practice scenario.
· The major benefit of the project in Queensland has been to produce industry and government agreed strategies to handle a seafood safety emergency. QSMA and QSIA have agreed to work together to update the Queensland contact details annually and also to adopt any new findings from future workshops in other states.
· The adoption by industry in Queensland was outstanding and a considerable number of industry members are now aware of the National Seafood Emergency Plan. 
· The industry is still aware of the plan and it contents, the plan was updated by SSA in 2009, and an exercise was carried out in October 2009.
· There has not been a real ‘emergency’ since the plan was developed.

	2003/229
Safety issues for yellowtail kingfish
	· Data collected within this project was used to satisfy formal EU product integrity market access requirements (managed by DAFF) for YTKF and Mulloway in 2003 & 2004. 
· DAFF was also examining feed data collected within this project as part of the development of national residue limits for residues in aquaculture feeding materials.
· The project led to the establishment of the EU residue control program that has provided access to the EU market and to other markets including Russia, US, China and Hong Kong. The program is run by SARDI under a Deed of Agreement with the Australian Government.
· The residue test results fulfilled the US FDA requirements have allowed access to WholeFoods supermarket chain in the US for SA YTKF.  
· Even though Mulloway also has the same access to the EU market, the industry is to be discontinued once present stocks are sold as growth was slow and feed conversion efficiency low.
· Results of the project have been used in the development of two new communal Seafood CRC projects (2008/905 and 2008/906); the project has also supported the Seafood CRC project 2008/711 in supporting veterinary medicine and agricultural chemical registration in the generation of data packages for the APVMA.
· The knowledge generated in the project is currently being used to support DAFF in the development of national stockfeed standards.
· The safety of Australian farmed YTK and Mulloway has been referred to by the Heart Foundation in its 2008 report (www.heartfoundation.org.au/SiteCollectionDocument/HW%20FS%20FishOil%20RevEv.pdf) 

	2003/401
Allergic health problems









	· Education of management and workers was required to enable them to recognise an allergic response; fact sheets and/or posters were suggested.
· Instituting industrial hygiene and medical surveillance programs (focussing on skin and lungs) through the provision of occupational health services especially in small and medium sized enterprises in the post harvest sectors of the industry was suggested.
· Instigation of surveillance and reporting systems to identify when a problem is occurring, focussing especially on the oyster and mussel processing plants that appear to form a large proportion of activities.
· Introducing workplace controls such as the provision of local exhaust extraction systems and protective clothing where this is practical. 
· Moving workers with early allergic symptoms to areas of low/no exposure to prevent them from developing further complications.
· It is likely that some of these strategies were followed but investigations by Martin Perkins did not find any company who had a reference to allergies in their OH&S Plans (Martin Perkins, pers.comm., 2009).

	2005/401
Marine vibrios in oysters






	· Information on risk and sources of pathogenic vibrios disseminated to all potential beneficiaries including oyster growers, oyster processors, and consumers.
· The project identified a potential market advantage in some export areas as results indicated that there is negligible risk to consumers of oysters from infections caused by pathogenic vibrios, and it is therefore possible that oysters may be marketed as a premium product in foreign export markets such as Japan and the United States.
· The project proved that it was unnecessary to monitor for vibrio (Gary Zippel, pers. comm., 2009).  
· The project also identified several areas for further targeted research aimed at increasing the quality of product.

	2007/406
Live oyster storage and transport


























	· The project has provided industry with evidence to challenge apparent anomalies in domestic and export requirements for live oysters to support harmonisation of standards across jurisdictions.
· Harmonisation of requirements across jurisdictions for domestic and export handling of live oysters in line with present ASQAP requirements.
· The Hazard Identification was used to consult with industry who has advised on priorities for further research to support the development of Codes of Practice and development of ‘Use by Dates’ based on safety requirements related to Vibrio parahaemolyticus.
· SSA has sent letters to AQIS and the state Competent Authorities along with the Hazard Identification report seeking clarification of present regulations to regularise the position of export live oysters within the overall context of live seafood export.
· Informal advice was received from AQIS that the new Orders do not require that live shellfish have to be held at 5 °C or less. The finding has allowed AQIS to apply flexibility in the application of the current regulatory requirements for temperature control of Export Orders for Fish and Fishery Products.
· Consultation with industry indicates AQIS has allowed some flexibility on the basis of demonstration of food safety “equivalence”. This is based on data from project 2007/406. Two major export companies have submitted the final reports from this project to AQIS as evidence to validate use of an alternative temperature (<10°C) as part of their AQIS audits. Data from an additional related project SIDF 2005/401 was also submitted by one of these export companies to AQIS to support the equivalence claim (Andrew Pointon, pers. comm., 2009). 
· Domestically, the report has been provided to industry members of ASQAAC (which is comprised of industry, state and federal jurisdictions) and this has provided a basis to continue to regulate Pacific oysters as per the ASQAP Guideline (<10°C) which was validated by project 2007/406.
· Acceptance of data that validates food safety “equivalent risk” to support implementation of alternative arrangements is in accord with CODEX and WTO principles. 
· Consequently, this flexibility of national and state jurisdictions is an example where research outputs have reduced regulatory costs.
· One large producer has reported that the relaxed regulation has assisted him to minimise the time of chill down on farm prior to transport. This results in a shorter supply chain and a longer effective shelf life.
· Another producer has indicated that without this relaxation of the regulation that they would suffer significant product losses due to mortalities resulting from product chilled to and stored below 5°C.
· The recommendations of this project have led to further research in two areas. In the first new research area (Seafood CRC 2007/700), industry has undertaken temperature profiling of their supply chains to characterise what temperatures oysters are currently subjected. That work produced a simple cost effective framework for industry to use to monitor their product from harvest to wholesale. Secondly, new research is being undertaken to quantify the growth rates of marine pathogenic Vibrios in live Australian oysters. It is hoped that this work will assist in reducing the regulatory burden on the Australian oyster industry through provision of further food safety equivalence data.



Benefits 

Table 8 describes the principal benefits from each of the projects.

Table 8: Description of Project Benefits 

	Project
	Benefits

	1998/319
Oyster depuration
	· No significant benefits to industry or consumers.   

	1999/351
Prawn quality standards
	· A more consistent quality image for the prawn industry through grading standards.
· Improved returns for prawn fishers through a combination of increased demand and higher prices.
· Reduced food safety incidents.   

	1999/357
Seafood quality and safety
	· Improved image regarding product quality and safety for the seafood sector, probably resulting in a very small increase in demand for domestic seafood. 
· Small level of cost reduction to seafood businesses.

	2000/257
Assessing Pacific Oysters 
	· The study demonstrated that viral and bacterial pathogens in SA oyster leases were of little public health significance. 
· Scientific contribution to techniques for detecting viruses in other projects and diagnostic laboratories.

	2002/401
Effectiveness of FoodSafe Plus 
	· Raised awareness of the importance and cost-effectiveness of food safety programs, but probably did not deliver any benefits.   

	2002/421
Seafood safety diary 
	· Raised industry awareness of the importance of food safety programs but probably did not deliver any significant benefits. 

	2002/425
Safety and QA for cooked prawns
	· Raised awareness of safety in handling green and cooked prawns.
· Raised image of the prawn industry in South Australia. 
· Reduced food safety incidents. 

	2002/426
APFA integrated HACCP/
QA/EMS program
	· A more consistent quality image for the farmed prawn industry through grading standards.
· Improved returns for prawn farmers who are in competition with imported prawns
· Reduced food safety incidents.    

	2002/427
National Seafood Emergency Plan
	· Reduced costs of a seafood safety incident for both domestic consumption and export trade. 

	2003/229
Safety issues for yellowtail kingfish
	· Improved export market access and prices for yellow tail kingfish.

	2003/401
Allergic health problems 
	· Potential for reduced incidents of exposure and severity and improved management of allergic incidents for those employed in seafood industry.

	2005/401
Marine vibrios in oysters
	· Potential avoidance of monitoring for Vibrio parahaemolyticus.
· Strengthened quality assurance program. 

	2007/406
Live oyster storage and transport 
	· Reduced costs along the supply chain as well as lower mortalities of live oysters. 



Summary of Benefits 
Table 9 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment. 

Table 9: Summary of Benefits in a Triple Bottom Line Framework

	Economic
	Environmental
	Social

	1. Increased domestic and export demand for seafood in particular farmed oysters, both wild caught and farmed  prawns and farmed kingfish  
	
	4. Reduced public health risks from food poisoning   

	2. Reduced industry losses in the event of a food safety incident
	
	5. Reduced incidence and severity of allergic reactions in the seafood workforce

	3. Cost reductions along the oyster supply chain 
	
	



The benefits identified above have been classified into other categories in Table 10. This provides a subjective assessment of the magnitude of each benefit and its distribution among beneficiaries.   

Table 10: Summary of Importance of Benefits by Beneficiary Type  

	
	Fishing industry
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. ***
2. *
3. ***
	
	

	Environmental 
	
	
	

	Social
	5. * 
	
	4. *



Public versus Private Benefits 
Both private and public benefits will arise from the cluster investment. On the basis of the five benefits listed in Table 10, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up about 20% of the total benefits. If the subjective weightings provided in Table 10 are taken into account, then 11% of the total benefits could constitute public benefits to Australia. 

Distribution of Benefits Along the Fish Supply Chain 
The demand driven private benefits will initially be captured by marketers and consumers of seafood.  However, these benefits will be shared back along the fish supply chain including fishers and aquaculture producers. The reduced industry losses from less food safety incidents will be shared along the supply chain. The reduced allergic reaction impacts and improved public health will also be shared between producers and consumers.   

Benefits to Other Industries
It is likely that most industry benefits will be confined to the fishing industry.

Benefits Overseas
Some social spillover benefits to overseas societies are likely from enhanced food safety.

Additionality and Marginality
The investment in the projects in this cluster has been an important component of FRDC's total investment (medium priority). If FRDC had received reduced funding from government, some investment would probably still have been made due to regulatory pressures and industry being a major beneficiary. Further detail is provided in Table 11.

Table 11: Potential Response to Reduced Public Funding to FRDC

	1. What priority were the projects in this cluster when funded?
	Medium 

	2. Would FRDC have funded this cluster if only half of public funding of FRDC had been available?
	Yes, but with a lesser total investment of about 50-75% of actual. 

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Yes but with 25-50% of actual funding  



Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 12 (updated in May 2007 and current as of July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)).



Table 12: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

	1. An environmentally sustainable Australia
2. Promoting and maintaining good health
3. Frontier technologies for building and transforming Australian industries
4. Safeguarding Australia
	1. Productivity and adding value 
2. Supply chain and markets 
3. Natural resource management 
4. Climate variability and climate change 
5. Biosecurity 
Supporting the priorities:
1. Innovation skills 
2. Technology 



A major focus of the food safety investment has been on National Research Priority 2 (Promoting and maintaining good health). The investment was strongly associated with Rural Research Priority 2 (Supply chain and markets) and had some alignment with Rural Research Priority 1. 


Quantification of Benefits

Benefits Valued 
The benefits from this cluster investment that are valued in the following economic analysis are:
· An increased demand for farmed prawns, wild caught prawns, and for Yellow Tail Kingfish (both export and domestic).
· A cost reduction along the supply chain in the case of a seafood safety incident.
· A cost reduction along the supply chain for oyster transport. 
· Reduced incidence of food poisoning from seafood.  

Those benefits identified but not valued include:
· Benefits to seafood industry workers (reduced costs and increased quality of life) prone to allergic reactions.

Demand Increases  
Consumption of seafood in both the domestic and export markets experiences severe competition from seafood production in other countries. Seafood also experiences severe competition from other sources of food protein such as white and red meats. Experience and perceptions regarding food safety can influence relative demand for such protein sources.

The various sources of demand enhancing activities from the projects in the cluster have been identified in the outcomes. Some projects contributed to generic safety levels (both actual and perceived) across the industry, while other projects were geared to specific industries (e.g. prawns, oysters). 

The demand increases valued include:  
Quality standards for farmed prawns 
It is assumed that 80% of the 3,300 tonnes per annum production of farmed prawns is sold to large supermarket chains and is where any price increase (or avoided price decrease) may have occurred. The other 20% goes to the Sydney fish market. Major competition is from imported prawns. It is assumed that the project (2002/426) has resulted in a 1% increase in price (or avoided price decline) for that portion of production sold through supermarket chains.  

Wild catch prawn standards
The food standards were influenced by two projects (1999/351 and 2002/425). Vessels that do not meet the quality standards (1999/351) could be getting at least 2.5% less for their prawns on average throughout the year. This would be made up of a combination of extra cold storage charges and extra handling fees necessary to reprocess them as well as a discounted price. This benefit would have commenced in about 2005 as this was the time when the market started to tighten up and vessels that did not meet the standard received a lower price. Without the project, it is assumed that this change would have been forced on the industry anyway but the project brought forward the benefits by five years. Also, even with the project, other factors contributed including the efforts of the fishers, so that the FRDC project is attributed only 40% of the benefits.

Price premium for Yellow Tail Kingfish
There are about 4,000 tonnes of YTK currently produced at an average sale price of about $5,000 per tonne farm gate price. Of this, 35% is assumed to be exported. This quantity is assumed to have benefited in terms of access and has returned 5% more in price than otherwise would have been the case. This benefit is attributed 100% to project 2003/229. 

Emergency Incidents - Industry Losses Avoided   
The benefits from project 2002/427 have been minor to date but could be significant in the future as the greater preparedness provides potential for reducing costs of a seafood safety incident for both domestic consumption and export trades.

The change in preparedness for Queensland due to investment is valued through an assumption on the probability of a food safety incident and the decrease in costs associated with the increased preparedness, should an incident occur.

The probability of a medium sized food safety incident ($10 m loss to the industry through market closures or demand decreases) is taken to be 0.10 per annum, that is, one incident could occur every ten years. Being equipped with the correct procedures and strategies through the national program would have already reduced the risk and cost to the industry. The additional reduction in the cost of the incident due to the improved preparedness in Queensland is assumed to be 10% compared to what would have happened without the specific Queensland project.  

Oyster transport 
The following valuation of benefits has been provided largely by Andrew Pointon and his team at SARDI. 

Export market  
Based on information from one producer, a predicted reduction in costs has been developed for all exports industry-wide if the temperature changes were used across the supply chain. Based on the ABARE 2007/2008 figures reported for oyster exports, this reduction in savings would have been $12,768 p.a. For details, see Appendix 1. Further to this, a 0.5% mortality rate of exported product due to chilling to <5°C is estimated to result in a loss of $10,500 p.a. of product (i.e. 0.5% of total wholesale value).

Domestic market 
One of the early concerns of the project by industry was that the current domestic guidelines that are stipulated by ASQAAC may be changed to be in line with the AQIS 2005 Export Orders for Fish and Fishery Products (<10°C). The probability that this may have happened is estimated at 50%. Using a medium length domestic supply chain as an example, a predicted potential cost savings industry-wide has been developed. Based on the ABARE 2007/2008 figures reported for oyster production, this reduction in savings would have been $940,000 p.a. (See Appendix 1), with an expected savings of $470,000 p.a.   Further to this, a 0.5% mortality rate of domestic product due to chilling to <5°C is estimated to result in a loss of $445,000 p.a. (i.e. 0.5% of total wholesale value).

Overall, it is assumed that the project contributed strongly to these savings and 75% of the savings identified are attributable to the project investment. 

Reduced Incidence of Seafood Poisoning   
The projects that have the strongest implications for reducing the incidence of food poisoning include: 1999/351, 2002/425 and 2002/426.  

Food poisoning incidents in Australia are reported as being about 5.4 million incidents per annum. Food poisoning results, on average, in 120 deaths, 1.2 million visits to doctors, 300,000 prescriptions for antibiotics, and 2.1 million days of lost work each year (Kirk et al, 2008). The estimated annual cost of food poisoning in Australia is $1.2 billion; the primary cost is lost productivity.
  
It is difficult to estimate accurately the involvement of seafood in food poisoning incidents. OzFoodNet (2007) reports that fish and seafood made up 13% of the categories of food vehicles implicated in foodborne disease outbreaks. If food poisoning incidents are assumed proportional to disease outbreaks, then it can be assumed that 13% of the cost of food poisoning may implicate seafood ($156 m per annum).

However, the projects in the cluster with potential impact on food poisoning would have only affected a small proportion of seafood types, namely prawns. Prawns contribute about 10% of combined wild catch and aquaculture production on a tonnage basis.

The reduced incidence for these specific sectors would also be difficult to estimate as all projects did not address all stages of the supply chain (e.g. retail handling and in house sources of contamination). For example, a conservative estimate of food poisoning incidents that occur in the home is 20% (Juliana Madden, pers. comm., 2009). It is assumed that the projects would target impacts on only 20% of incidents and that these impacts would be a reduction in incidents of 25%.  

Summary of Assumptions
A summary of the key assumptions made is shown in Table 13.

Table 13: Summary of Assumptions

	Variable
	Assumption
	Source

	Demand Changes  

	Farmed prawns 

	Average Australian production of farmed prawns   
	3,304 tonnes per annum (average for years ending June 2006 to June 2008) 
	ABARE (2009)

	Average price achieved for farmed prawns 
	$14.02 per kg (average for years ending June 2006 to June 2008)
	ABARE (2009)

	Proportion of farmed prawns destined for supermarkets 
	80%
	Helen Jenkins (2009)

	Impact on price (either an increase or an avoided decrease)  
	1%
	Consultant estimate 

	Year of first impact 
	2007/08
	Consultant estimate

	Wild catch prawns 

	Average Australian production of wild catch prawns   
	18,959 tonnes per annum (average for years ending June 2006 to June 2008) 
	ABARE (2009)

	Average price achieved for wild catch prawns 
	$12.32 per kg (average for years ending June 2006 to June 2008)
	ABARE (2009)

	Impact on price (either an increase or an avoided decrease)  
	2.5%
	Consultant estimate 

	Attribution to the projects  
	40%
	Consultant estimate 

	Period that benefits brought  forward 
	5 years
	Consultant estimate 

	Year of first benefit 
	2005/06
	Martin Perkins (2009) 

	Yellow Tail Kingfish 

	Average Australian production of YTK   
	4,000 tonnes per annum 
	Consultant estimate after discussions with FRDC personnel  

	Average price achieved for YTK 
	$5,000 per tonne 
	Consultant estimate 

	Impact on price (either an increase or an avoided decrease)  
	5% price impact for 35% of production 
	Consultant estimate 

	Attribution to the projects  
	100%
	Consultant estimate 

	Year of first benefit 
	2006/07
	Consultant estimate 

	Cost reductions for Emergency Incidents

	Probability of a medium size emergency food incident 
	0.1 per annum
	Consultant estimate 

	Cost to industry of a medium size incident if it occurred 
	$10 m for one year 
	Consultant estimate 

	Cost reduction likely due to the project (assumes the national plan already in place) 
	10%
	Consultant estimate 

	Year of first benefit 
	2004/05
	Consultant estimate 

	Cost reductions for oyster transport 

	Export cost savings 
	$12,768 per annum 
	Appendix 1, Table 1 

	Export mortality savings 
	$10,500 per annum 
	Consultant estimate after discussions with Andrew Pointon

	Potential domestic market cost savings 
	$940,000 per annum 
	Appendix 1, Table 2

	Probability of domestic market regulations changing 
	50%
	Consultant estimate  

	Domestic market mortality savings 
	$445,000 per annum 
	Consultant estimate after discussions with Andrew Pointon

	Attribution of benefits to the project 
	75%
	Andrew Pointon (pers. comm., 2009)

	Year of first benefits 
	2008/09
	Andrew Pointon (pers. comm., 2009)

	Reduction in Food Safety Incidents 

	Cost of food poisoning in Australia 
	$1.2 billion per annum 
	Kirk et al (2008)

	Proportion of incidents  involving seafood  
	13%
	OzFoodNet (2007)

	Proportion of seafood types  addressed by relevant projects in the cluster 
	10% of tonnage seafood produced in Australia based on prawns as % total wild catch and aquaculture  
	Consultant estimate

	Reduction in incidence of seafood poisoning costs due to the relevant projects 
	5% (assumes that 20% of incidents are potentially reducible due to the nature of the projects and that these incidents are reduced by 25%) 
	Consultant estimate




Results

All past costs and benefits were expressed in 2008/09 dollar terms using the CPI. All benefits after 2008/09 were expressed in 2008/09 dollar terms. All costs and benefits were discounted to 2008/09 using a discount rate of 5%. The base run used the best estimates of each variable, notwithstanding a high level of uncertainty for many of the estimates.  Investment criteria were estimated for both total investment and for the FRDC investment alone. All analyses ran for the length of the investment period plus 30 years from the last year of investment (2006/07). 

The present value of benefits (PVB) from each source of benefits was estimated separately and then summed to provide an estimate of the total value of benefits.  Table 14 shows the sources of benefits, expressed as the PVB and the percentage of total benefits.    

Table 14: Source of Benefits (discount rate 5%, 30 year period)

	Benefit
	PVB
($ m)
	% Total 

	Demand change - farmed prawns 
	6.28
	11.8

	Demand change - wild catch prawns 
	12.29
	23.1

	Demand change - Yellow Tail Kingfish
	6.32
	11.9

	Reduced costs of seafood emergencies
	2.04
	3.9

	Reduced costs of oyster transport 
	11.19
	21.1

	Reduced costs of food poisoning 
	14.98
	28.2

	Total
	53.10
	100.0



Tables 15 and 16 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

Table 15: Investment Criteria for Total Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	7.78
	25.05
	33.67
	45.71
	53.10

	Present value of costs  ($m)
	9.01
	9.01
	9.01
	9.01
	9.01

	Net present value ($m)
	-1.24
	16.04
	24.65
	36.70
	44.09

	Benefit–cost ratio 
	0.9
	2.8
	3.7
	5.1
	5.9

	Internal rate of return (%)
	2.0
	21.0
	23.0
	23.8
	23.9



Table 16: Investment Criteria for FRDC Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	3.98
	12.83
	17.24
	23.41
	27.20

	Present value of costs  ($m)
	4.63
	4.63
	4.63
	4.63
	4.63

	Net present value ($m)
	-0.65
	8.19
	12.61
	18.78
	22.56

	Benefit–cost ratio 
	0.9
	2.8
	3.7
	5.1
	5.9

	Internal rate of return (%)
	2.0
	20.8
	22.8
	23.6
	23.6



The annual cash flow of undiscounted benefits is shown in Figure 1 for both the total investment and for the FRDC investment.

Figure 1: Annual Cash Flow of Benefits

[image: ]

Table 17 shows a subjective assessment of the different benefits against the rural research priorities.  Bear in mind that this assessment refers only to those benefits that were valued. 



Table 17: Benefits Valued and Rural Research Priorities
 
	Benefit 
	PVB
($m)
	Product-ivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Manage-ment 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority 

	Demand for farmed prawns 
	6.28
	0
	100
	0
	0
	0

	Demand change - wild catch prawns 
	12.29
	0
	100
	0
	0
	0

	Demand change - Yellow Tail Kingfish
	6.32
	0
	100
	0
	0
	0

	Reduced costs of seafood emergencies
	2.04
	100
	0
	0
	0
	0

	Reduced costs of oyster transport 
	11.19
	100
	0
	0
	0
	0

	Reduced costs of food poisoning 
	14.98
	0
	100
	0
	0
	0

	Total ($m)
	53.10
	13.24
	39.87
	0
	0
	0

	Total (%)
	100.0
	24.9
	75.1
	0
	0
	0



Sensitivity Analysis
A sensitivity analysis was carried out on the discount rate and results for the total investment are reported in Table 18. Table 18 shows that the investment criteria are moderately sensitive to the discount rate.  

Table 18: Sensitivity to Discount Rate  
(Total investment, 30 years)

	Criterion 
	Discount Rate 

	
	0%
	 5% (Base)
	10%

	Present value of benefits (m$)
	82.31
	53.10
	41.28

	Present value of costs (m$)
	6.24
	9.01
	12.88

	Net present value (m$)
	76.08
	44.09
	28.40

	Benefit-cost ratio
	13.2
	5.9
	3.2



As shown in Table 14, there were six independent sources of benefits, three of which would have paid for the total cluster investment in their own right. Hence, the overall result was quite insensitive to changes on one or more of assumptions associated with each benefit.  

For example, even if the three demand increases were each varied up and down by 50%, the probability distribution of the benefit-cost is still positive over this range. Using Monte Carlo simulation, there was a 90% probability that the benefit-cost ratio fell between 5.3 and 6.5.  

Confidence Rating  
The results produced are highly dependent on the assumptions made, many of which are uncertain.  There are two factors that warrant recognition.  The first factor is the coverage of benefits.  Where there are multiple types of benefits it is often not possible to quantify all the benefits that may be linked to the investment.  The second factor involves uncertainty regarding the assumptions made, including the linkage between the research and the assumed outcomes 

A confidence rating based on these two factors has been given to the results of the investment analysis (Table 19). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 19: Confidence in Analysis of Marketing Cluster

	Coverage of Benefits
	Confidence in Assumptions

	High
	Medium




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 20. The investments analysed in this evaluation have addressed KPIs in challenges C and E. In particular, significant contributions have been made to KPIs C1, C2 and E1.



Table 20: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

	A. Natural resource sustainability 
	1. Self or co managed fisheries governance structures and processes 
2. Reduction of species that are overfished
3. Increased use of fisheries R&D outputs by fisheries management agencies  

	B.  Resource access and resource allocation 
	1. Socio-economic resource allocation assessments incorporated into fisheries resource allocation processes
2. Evidence of improved use of spatial management as a tool for fisheries management 

	C. Response to demand; profitability 
	1. New markets accessed
2. Third party audited quality standards for vessels and processors
3. Increase in finfish production through improved feeds and feeding practices
4. Commercial operation for fish processing waste
5. Use of improved stock from selective breeding programs    

	D. People development 
	1. Seafood people to complete Australian Rural Leadership program annually
2. Postgraduate student completions
3. Industry people to attend “Advance in Seafood” Leadership Development Program   

	E. Community and consumer support 
	1. Increased consumption of seafood
2. Aquaculture ventures able to access new sites 


(a) Note that many projects were started under previous R&D plans 


Lesson Learnt for Future Investment

A characteristic of many of the investments in this cluster was their win–win nature where increased food safety (actual or perception) firstly raises the image of the industry and potentially the demand for seafood. Second, in the case of actual food safety enhancements, the community and seafood consumer both benefit. Additional costs have not appeared prominent, in fact, in one case the investment has been shown to reduce supply chain costs by without compromising food safety. This is a strong argument for such investments to be supported jointly by industry and public funding. 



Conclusions

Investment was made in a total of 13 projects within the cluster with the FRDC contribution approximating 51% of the total costs involved.

Both private and public benefits will arise from the cluster investment. On the basis of the five principal benefits identified, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up about 20% of the total benefits. If subjective weightings are taken into account, then over 11% of the total benefits could constitute public benefits to Australia. 

The principal industry benefit from the cluster investment was its influence on the demand of Australian produced seafood in both domestic and export markets. Other principal benefits were associated with cost reductions along the supply chain. Public benefits were associated with a higher quality of life for seafood consumers and those working in the seafood industry.

Overall, the investment criteria estimated for the total investment of $9 million (present value of costs) in the 13 projects in the cluster were positive with a net present value estimated at $44 million and a benefit-cost ratio of just under 6, all estimated using a discount rate of 5% (benefits estimated over 30 years from the final year of investment). 
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Annex 1: Cost Savings for Oyster Transport

The following estimates have been made by Andrew Pointon and the SARDI team 

Table 1: Export (Based on supply chain from Coffin Bay to Hong Kong)
	AQIS (<5°C)
	Equivalence (<10°C)
	Reduced cost ($)

	[bookmark: _Hlk245097507]Chill on farm for 12 hours (10 hours running -10Kw chiller)
	$20
	Chill on farm for 3 hours
	$6
	14

	Truck-14 hours ($2/hour)
	$28
	Truck-14 hours ($1.60/hour)
	$22.40
	5.60

	Airport store (4 hours)
	$4
	Airport store (4 hours)
	$2.40
	1.60

	Plane 10 hours (8 hours running- 10Kw chiller)
	$16
	Plane 10 hours (4 hours running- 10Kw chiller)
	$8
	8

	Airport store (4 hours)
	$4
	Airport store (4 hours)
	$2.40
	1.60

	Truck- 3 hours ($2/hour)
	$6
	Truck-3 hours ($1.60/hour)
	$4.80
	1.20

	Oyster wholesaler for 3 days (48 hours running -10Kw chiller)
	$96
	Oyster wholesaler for 3 days (36 hours running -10Kw chiller)
	$72
	24

	Total reduced cost per 1 ton shipment
	   56

	Extrapolated based on ABARE statistics  (228 tons)
	12,768 pa



Table 2: Domestic (Based on supply chain from Hobart to Sydney)
	AQIS (<5°C)
	Equivalence (<10°C)
	Reduced cost ($)

	[bookmark: _Hlk245133864]Chill on farm for 12 hours (10 hours running -10Kw chiller)
	$20
	Chill on farm for 3 hours
	$6
	14

	Truck-16 hours ($2/hour)
	$32
	Truck-16 hours ($1.60/hour)
	$25.60
	6.40

	Melbourne depot (6 hours)
	$6
	Airport store (6 hours)
	$3.60
	2.40

	Truck-9 hours ($2/hour)
	$18
	Truck-9 hours ($1.60/hour)
	$14.40
	3.60

	Sydney depot (2 hours)
	$2
	Airport store (2 hours)
	$1.20
	0.80

	Oyster wholesaler for 10 days (168 hours running -10Kw chiller)
	$336
	Oyster wholesaler for 10 days (144 hours running -10Kw chiller)
	$288
	48

	Total reduced cost per 1 ton shipment
	75.20

	Extrapolated industry wide based on ABARE statistics  (12,500 tons)
	940,000 pa


 
Note: Assumptions used in Tables 1 and 2
· ABARE statistics for 2007/2008 have been used to estimate number of shipments
· An average size shipment has been estimated based on knowledge of industry
· Power is calculated based on 10Kw compressor costing $2 per hour
· Airport stores are costed at a lower rate as they are permanently running and would also house other products
· 10 days holding at wholesaler domestically is estimated based on a 12-14 day shelf life of Pacific oysters.
· These calculations do not incorporate any reduction in associated labour costs, storage time or increased technology to assist compliance to the standard. i.e. this is a conservative estimate.
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