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PURPOSE OF THE GUIDE
This Guide aims to assist seafood processors who are developing new packaged seafood
products to understand:
 The food safety risks, methodologies for their assessment and regulatory
requirements.
 A typical shelf-life assessment program including methodologies to determine
spoilage pathways and assessment.
 Background information of various processing and packaging techniques.
 The importance of the implementation of food safety plans including pre-requisite
programs and HACCP (Hazard Analysis Critical Control Point) plans.
The information in this Guide may also be relevant to existing packaged products or
non-packaged products. Importantly, this Guide should be used in conjunction with
documents that provide advice on practical aspects of new product development.
Examples of such documents include:


Seafood Packing Technologies by Seafood Services Australia (available from
www.seafood.net.au/downloads/HTG_003a.pdf).



Safe Seafood Australia by Food Standards Australia New Zealand (available from
http://www.foodstandards.gov.au).



Accelerated New Product Development: Blue Swimmer Crab Pilot by Curtin
University (available from http://www.seafoodcrc.com).
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SCOPE OF THE GUIDE
The following inclusions and exclusions provide further clarification on the project’s
scope and key issues contained within the Guide.

I NCLUSIONS
 The most widely available packaged seafood product types in Australia, namely:
o

canned finfish, crustaceans and molluscs

o

cold-smoked finfish

o

hot-smoked finfish and molluscs

o

modified atmosphere packaged (including vacuumed and gas flushed) finfish,
crustaceans and molluscs.

 Food safety hazards at all steps of the food chain (i.e. pre-, during and post-harvest).
 Common freshness attributes and their measures.
 Steps to determine shelf-life.
 Food safety and freshness testing methods and key references.

E XCLUSIONS
 Unlabelled seafood that is packaged or further processed in retail outlets (e.g.
seafood products that are wrapped in cling wrap at the store or a plastic bag
overwrapped in paper).
 Products that contain less than 80% fish content (e.g. fish burgers, pâtés and dips
such as salmon burgers, ocean trout dips and fish sauces).
 Fermented, cured or dried finfish products.
 Identification of critical control points (CCPs), and detailed information on the
development of HACCP plans and pre-requisite programs.
 The pre-harvest hazards of organic contaminants, veterinary drug residues,
Campylobacter, Bacillus, Shigella, Aeromonas and physical contaminants such as fish
hooks and shell fragments.

P a g e | ix
 Post-harvest hazards that should be controlled by pre-requisite programs. This
includes cross-contaminantion of microbiogical origin associated with poor hygeine
(Staphylococcus aureus, Salmonella, norovirus, hepatitis A virus), chemical
contaminants (disinfectants, sanitisers, lubricants) and physical contaminants (metal
fragements) associated with processing and packaging.
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CHAPTER 1:

INTRODUCTION

Australia has a reputation for safe, clean food; consumers expect that the food they
purchase is safe to eat and of a quality that they expect. Product failures and food safety
incidents can jeopardise the success of new product types and result in high profile
media attention which may further tarnish brand and public image. The flow-on effects
not only impact the seafood sector directly involved, but also all seafood producers due
to the resultant reduction of overall seafood consumption and consumer confidence.
Hence, the seafood industry must be aware of the food safety status of their products
and their legal requirements in the trade of the products. In order to reduce foodborne
illness, Local, State and Territory authorities require food businesses to produce food
that is safe for human consumption through compliance with the Australia New Zealand
Food Standards Code (Food Standards Code).
Food safety issues are also regulated internationally and food producers must adhere to
the regulations of the export destination. Market access detentions from violative
product can result in disproportionate market access barriers being instigated that can
damage the perception of Australian seafood.
The Food Standards Code also sets a requirement to date mark most packaged products.
Furthermore, if consumers are exposed to spoiled product there can be loss of
consumer confidence in the brand. For these and also ethical reasons, it is vital to know
product shelf-life.
The seafood industry must continue to evolve to meet changing consumer demands for
high quality and convenient packaged seafood. A number of processing and packaging
techniques have been developed and adopted by the seafood industry to improve
product convenience and/or extend product shelf-life. However, changing product
parameters can lead to the proliferation of pathogens that were previously considered
to be of low risk. For example, Listeria monocytogenes can be a risk in some seafood
products if the shelf-life and conditions allow the proliferation of this pathogen to
harmful levels. Naturally occurring Clostridium botulinum is another risk, where factors
such as application of an anaerobic environment (vacuum or modified atmosphere
packaging) could result in growth of this pathogen during storage.
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Food safety and quality related issues can be complex to navigate. This Guide provides
practical advice on how to identify any potential food safety issues associated with new
product types and also advice on how to determine shelf-life. Businesses developing
seafood products should consult with their relevant competent authority to determine
specific testing requirements for their product. Seafood businesses should also seek
independent legal advice in relation to any queries they may have regarding their
obligations.
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CHAPTER 2: REGULATIONS
SAFETY PROGRAMS

AND

FOOD

2.1 F OOD S AFETY R EGULATORY R EQUIREMENTS
There is an overarching requirement that all food sold must be safe for consumers. Food
Standards Australia New Zealand (FSANZ) is responsible for developing and
administering the Australia New Zealand Food Standards Code (Food Standards Code).
The Food Standards Code details regulations that cover the sale of food in Australia and
New Zealand and aims to protect public health and consumer safety. The Food
Standards Code is available from http://www.foodstandards.gov.au.
Each State and Territory in Australia has enacted legislation to adopt and enforce the
Food Standards Code. The Food Standards Code lists food regulations broken down into
four main categories:
Chapter 1: General Food Standards

that cover labelling requirements, substances

that can be added to food, safety of materials that come into contact with food, limits
for chemical and microbiological contaminants and maximum residue limits for both
veterinary and chemical residues in foods.
Chapter 2: Food Product Standards

that cover compositional requirements for

specific foods.
Chapter 3: Food Safety Standards

that cover requirements for food handlers

(Australia only).
Chapter 4: Primary Production Standards

that cover primary production and

processing standards for agricultural commodities. The relevant standard for seafood
is Standard 4.2.1 Primary Production and Processing Standard for Seafood (Australia
only). FSANZ have also produce a guide to this Standard, titled Safe Seafood Australia
(available from http://www.foodstandards.gov.au).
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Businesses developing seafood products should consult with their relevant competent
authority to determine specific testing requirements for their product. The competent
authority is the Local, State or Territory Government regulator for domestically sold
products. The export of fish and fish products for human consumption is regulated by
Australian Government legislation. This legislation sets out the requirements which
must be met to export fish and fish products from Australia, for the purpose of human
consumption. For additional information, including a number of guidelines for
compliance with the Export Control (Fish and Fish Products) Orders 2005 see
http://www.daff.gov.au/biosecurity/export/fish. Export product must also comply with
the food regulations of the importing country, which may be different to the Australian
regulations. The Australian Seafood Trade and Market Access Database contains
information

on

international

food

regulations

and

is

available

at

http://www.frdc.com.au/trade.

2.2 I NCOMING M ATERIALS
Prior to developing a new product, it is best to ensure that all seafood for processing is
sourced from third party accredited, HACCP approved suppliers who follow either the
practice of Australian Government Department of Agriculture (DAFF 2005), the Codex
Alimentarius Commission (C.A.C. 2009), or ISO 22000. This provides assurance that
upon receipt the raw materials used in product development contain acceptable levels
(including an absence if appropriate) of bacteria, viruses, moulds, yeasts, toxins,
chemicals, parasites and physical contaminants. The history of the incoming seafood,
including time-temperature profiles and physical handling from harvest to processing,
will impact on the appearance, shelf-life and overall acceptability of the end product.
Grading scales that assess product freshness, such as the Quality Index Methods and
Torry Methods (detailed in Section 6.2.6), should be used for evaluation purposes.

2.3 P RE -R EQUISITE P ROGRAMS (PRP S )
Pre-Requisite Programs (PRPs), also referred to as Good Manufacturing Practices
(GMPs), are support programs that can be validated, monitored and verified. Hazards
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that commonly occur at each or almost all of the steps of the processing are controlled
via PRPs instead of being repeated in food safety hazard plans. The implemention of
PRPs supports food safety hazard plans (see Section 2.4 for more details on hazard
analysis and critical control points). Examples of PRPs that could be applied include
programs to cover:
 good hygiene practice (GHP)
 product recall
 pest control
 approved suppliers
 maintenance
 calibration
 document control
 cleaning
 labelling
 training and
 verification.

2.4 HACCP P LANS TO R EDUCE F OOD S AFETY R ISKS
Prior to developing a product for commercial sale, seafood companies may be required
to identify relevant food safety hazards and implement preventative measures. This is
dependent on local requirements for their product type (check with your competent
authority). To achieve this, a HACCP plan should be developed and implemented by the
company. This is described under Chapter 3 of the Food Standards Code.
The HACCP system is an internationally recognised system used to manage food safety.
HACCP has been endorsed by the Codex Alimentarius Commission (Codex) as a tool that
can be used to systematically identify potential hazards which are specific to individual
products and processes, and describes measures for their control to ensure the safety of
seafood products. Information on general principles of food hygiene (CAC/RCP 1-1969)
is available from http://www.codexalimentarius.org. In addition, the Food and
Agriculture Organization of the United Nations (FAO; http://www.fao.org) and the
World Health Organization (WHO; http://www.who.int) provide HACCP guidance
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documents. It should be noted that if any changes are made to products (e.g. a change to
the processing plan, new ingredient, and/or new equipment), then the company must
reassess their HACCP plan. Exporting companies must be HACCP accredited and audited
by the Australian Government Department of Agriculture. More information on how to
develop and implement HACCP plans is provided by Australian Federal and State
Governments and additional guidance on Standard 3.2.1 (Food Safety Programs) is
available in the document ‘A Guide to Standard 3.2.1 Food Safety Programs’ available
from http://www.foodstandards.gov.au.
Information on international resources on HACCP is available in Appendix 1.

2.5 C OMPETENCY OF L ABORATORY , S AMPLING P LANS AND T ESTING
M ETHODS
Seafood businesses should choose laboratories carefully, as effective decision making
requires credible data. Laboratories used for seafood testing should be experienced in
analysis of the specific hazard in the composition of seafood being tested. Seafood
companies should in most cases select laboratories that are accredited for the proposed
test and matrix (seafood type) by the National Association of Testing Authorities
(NATA) or International Accreditation New Zealand (IANZ). NATA certifies and
approves laboratories in Australia; a list of accredited laboratories can be found at
http://www.nata.asn.au/. IANZ certifies and approves laboratories in New Zealand; a
list of accredited laboratories can be found at http://www.ianz.govt.nz.
The Food Standards Code specifies some analytical methods and recommends others.
For example, Clause 4(1) of Standard 1.6.1 makes reference to the Australian/New
Zealand Standard Methods for Food Microbiology (AS/NZS 1766) to determine whether
a food has exceeded the maximum permissible levels of foodborne microorganisms.
Standards Australia has been progressively reviewing the food microbiology test
methodology series and many of the AS/ANZ 1766 standards have been superseded and
published as AS 5013 standards.
FSANZ recommends using AOAC 977.13 to determine the level of histamine, AOAC
959.08 to determine the level of paralytic shellfish poison and AOAC 991.26 to
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determine the level of domoic acid. Alternative methods may be used when their
equivalence to the prescribed methods has been validated by the protocol provided in
the AS/NZS 4659 series.
Where analytical methods are not given in the Food Standards Code the processor must
ensure that the laboratory is competent to analyse the specific analyte in the matrix.
Considerations should also be given to the sampling plan, sample size and sample
collection and handling. The competent authority and selected laboratory should be
consulted for more specific information.
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CHAPTER 3: UNDERSTANDING POTENTIAL
HAZARDS IN AUSTRALIAN SEAFOOD
Hazards to human health can arise throughout the food supply chain, from pre-harvest
to consumption. In the past two decades, ciguatera, histamine, marine biotoxins, wax
esters, hepatitis A virus, norovirus, Salmonella, Staphylococcus aureus, vibrios, and
Listeria monocytogenes have all been implicated in food poisoning outbreaks from the
consumption of seafood in Australia. Hazards associated with seafood poisoning are
compiled in Table 1.
Table 1: Hazards that have been implicated in food related illnesses via seafood
consumption in Australia between 1988 and 2010, adapted from Sumner (2011).
NRVP* data (1988-2001)

OzFoodNet data (2001-2010)

Outbreaks

Cases
(deaths)

Outbreaks

Cases

Ciguatera

36

>314

65

>283

Histamine

11

54

27

94

Shellfish poison

3

117

0

-

Wax esters

1

>14

7

>84

Viruses

16

1864 (1)

7

135

Salmonella

0

-

5

60

Staphylococcus
aureus

0

-

1

3

Vibrio spp.

8

8 (6)

1

3

Listeria
monocytogenes

1

3

0

-

Unknown

0

-

20

151

Total

76

2374

133

>812

Hazard

* NRVP = National Risk Validation Project
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The following section provides information to assist seafood companies in the
identification of key biological, physical and chemical hazards that can arise from
seafood (finfish, molluscs and crustaceans) prior to and during harvest. Key hazards are
summarised in Table 2 and can be used to support the development of HACCP plans.
Table 2 is adapted from the Codex Code of Practice for Fish and Fishery Products
(available from http://www.codexalimentarius.org) and includes information on
Australian regulation requirements (available from http://www.foodstandards.gov.au).
Any hazards should be considered carefully by seafood producers, processors and
retailers to ensure all risk to consumers is minimised.
For the important hazards identified in Australian seafood, a stand-alone fact sheet has
been prepared (see Appendix 2). These fact sheets provide a short summary of the
following information:
 a description of the hazard
 prevalence of outbreaks in Australia
 dose required to cause illness
 illness symptoms
 inactivation and prevention strategies
 detection methods
 Australian regulatory requirements.
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Table 2: Key pre-harvest and harvest hazards in incoming finfish, molluscs and
crustaceans. These hazards should be considered in the pre-requisite programs.
Fish

Molluscs

Crustaceans

Chemical
Mercury
Cadmium
Arsenic (inorganic)
Lead
Pesticides, herbicides, algicides, fungicides
and antioxidants#
Veterinary drug residues#
Wax esters
Cyanotoxins
Ciguatoxins
Marine biotoxins
Biological
Vibrio parahaemolyticus, V. cholerae, V.
vulnificus
Histamine
Listeria monocytogenes
E. coli
Salmonella#
Coagulase-positive Staphylococci
Campylobacter#
Bacillus#
Shigella#
Aeromonas#
Clostridium botulinum
Parasites (nematodes, cestodes, trematodes)
Norovirus
Hepatitis A virus
Physical
Fish hooks#
Shell fragments#
Note: Table adapted from the Codex Code of Practice for Fish and Fishery Products. Red shaded cells
indicate that the Australia New Zealand Food Standards Code contains a regulatory requirement for
the hazard. Orange shaded cells indicate that the hazard could potentially occur or has caused an
illness in the past. The hazard identification component of the HACCP plan should consider all
hazards marked by red and orange shading.
#
Indicates that the hazard is excluded from the pre-harvest and harvest sections of this Guide because
the past 20 years there have been no documented seafood illnesses or fatalities associated.

Whilst in the preparation of this Guide every effort has been made to identify examples
of major hazards to be considered by seafood operators, it must be emphasised that
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each individual enterprise must gather scientific and technical data relevant to their
product type(s) to ensure they have identified all reasonable hazard(s).
The FSANZ User Guide to Standard 1.6.1 – Microbiological Limits for Food (available
from http://www.foodstandards.gov.au) states that “Reliance on microbiological criteria
alone is not enough to ensure food safety. The development of food safety programs based
on the principles of the hazard analysis critical control point (HACCP) system is the best
means of ensuring food safety. While these microbiological guidelines can help identify a
process failure, industry should develop more stringent target levels”. It is recommended
that the Codex Code of Practice for Fish and Fishery Products (available from
http://www.codexalimentarius.org) and the Food Standards Code (available from
http://www.foodstandards.gov.au) be consulted in this process.

3.1 P RE - HARVEST AND H ARVEST H AZARDS IN F INFISH
Prior to capture, finfish can potentially contain various microbiological and chemical
hazards. The presence/absence of these hazards is largely determined by the habitat,
diet and environment in which the finfish are caught. The main pre-harvest and harvest
hazard categories that should be considered include toxic metals, bacteria, biotoxins
and parasites (as highlighted in Table 2). The following section contains general
information on each of these hazard categories. Additional information on the hazards
described below can be found in fact sheets contained in Appendix 2 of this Guide, along
with references for more detailed information.
3.1.1 Toxic Metals in Finfish
Toxic metals such as mercury, cadmium, arsenic (inorganic) and lead can be naturally
present in the environment or can arise from anthropogenic sources. These toxic metals
can be harmful to humans exposed to significant concentrations over extended periods
of time (FAO/NACA/WHO 1999). The concentration of these metals will usually
increase in line with increasing trophic level. Lower order finfish generally contain
lower levels of these metals. When these animals are consumed by larger species, the
toxic metals accumulate to a higher level. Thus, the higher the trophic level, the greater
the potential for risk due to toxic metals. This accumulation process is sometimes
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referred to as biomagnification. The age of the fish can also be a contributing factor to
the concentration; older predatory fish have a longer period of time to biomagnify
metals from smaller prey fish. However, not all finfish species are at risk from toxic
metal contamination, so it is important to understand whether particular species of
finfish are susceptible to this specific hazard.
Additional information on toxic metals can be found in the fact sheet in Appendix 2.
3.1.1.1 Regulatory Requirements

There are regulatory limits in the Food Standards Code for arsenic (inorganic), lead, and
mercury in finfish. Maximum limits for these metals can be found in Table 3.
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Table 3: Maximum limits for toxic metals in finfish, adapted from Standard 1.4.1 of the
Food Standards Code β
Contaminant

Maximum Level
(mg/kg)

Note

Arsenic (inorganic)

2

-

Lead

0.5

-

Mean level of 0.5*
Mercury

Mean level of 1*
1#

Fish and fish products excluding gemfish,
billfish (including marlin), southern bluefin
tuna, barramundi, ling, orange roughy, rays
and all species of shark
Gemfish, billfish (including marlin), southern
bluefin tuna, barramundi, ling, orange roughy,
rays and all species of shark
Fish for which insufficient samples are
available to analyse in accordance with
Standard 1.4.1, clause 6

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au
* The Food Standards Code prescribes the sampling requirement for the measurement of mercury in
finfish. The reference to the mean level relates to the results obtained when the prescribed sample
plan is followed.
#
Where it is not possible to follow this sample plan due to insufficient lot numbers, the maximum
level applies to each result.
β

3.1.1.2 Detection Methods

There is a range of methods to test for toxic metals. Inductively coupled plasma-mass
spectrometry is one of the widely practised methods, listed in Table 4.
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Table 4: Potential methods of testing for toxic metals in finfish
Hazard

Test Type

Arsenic
(inorganic)

Inductively coupled plasma-atomic emission
spectroscopy after perchloric acid digestion
Inductively coupled plasma-mass spectrometry
after microwave digestion

Lead

Mercury

Method Reference *

Atomic absorption spectrophotometric
Atomic absorption spectrophotometry after
microwave digestion
Inductively coupled plasma-mass spectrometry
after microwave digestion
Atomic flameless absorption
spectrophotometry
Gas chromatographic method

AOAC 972.23
AOAC 999.10
AOAC 977.15
AOAC 983.20

* Current AOAC testing methods can be viewed from http://www.aoac.org.

3.1.2 Pathogenic Bacteria in Finfish
Once finfish are harvested, the immune system of the fish no longer functions, allowing
naturally occurring bacteria to grow. The proliferation of these bacteria can be
accelerated when temperature control is sub-optimal (Ababouch 2002); thus effective
chilling of fish immediately after harvest and throughout the supply chain is essential.
Naturally occurring bacteria that can be problematic include Clostridium botulinum and
Vibrio parahaemolyticus (see fact sheets in Appendix 2 for more information).
Although there have been no documented cases of botulism from the consumption of
Australian seafood (Sumner and Ross 2002), C. botulinum type E has been responsible
for a number of outbreaks in other countries due to the consumption of contaminated
ready-to-eat vacuum-packed finfish and other seafood products such as raw fish roe
(Eklund, Poysky et al. 1984, Korkeala, Stengel et al. 1998, Gram 2001, Sikorski and
Kolodziejska 2002, King, Niskanen et al. 2009, Austin and Leclair 2011).
Due to an increase in the number of human illness outbreaks related to the
consumption of Vibrio in seafood internationally, Codex has developed a guideline
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document (CAC/GL 73-2010) which provides details on how to control these bacteria in
seafood. The guideline is available from http://www.codexalimentarius.org.
Additional information on C. botulinum and pathogenic vibrios can be found in the fact
sheets in Appendix 2.
3.1.2.1 Regulatory Requirements

There is currently no microbiological limit listed in the Food Standards Code for C.
botulinum, nor its toxin or pathogenic vibrios in finfish. For information on importing
country requirements for the limits of these pathogens, visit the Australian Seafood
Trade and Market Access Database (available at http://www.frdc.com.au/trade).
3.1.2.2 Detection Methods

Australian Standard testing methods and other methods to test for C. botulinum and its
toxin, and the three commonly associated seafood-poisoning vibrios are listed in Table
5.
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Table 5: Potential methods of testing for C. botulinum and its toxin, and Vibrio spp. in
finfish
Hazard

Test Type

Method Reference *

Clostridium botulinum

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 17)

Mouse bioassay
C. botulinum toxin
Amplified ELISA

USFDA: Bacteriological Analytical
Manual (Chapter 17)

Culture based method

Australian Standard (AS 5013.18)

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 9)

Vibrio parahaemolyticus

Culture based method
Vibrio vulnificus
PCR
Culture based method
Vibrio cholerae
PCR

USFDA: Bacteriological Analytical
Manual (Chapter 9)

USFDA: Bacteriological Analytical
Manual (Chapter 9)

* The current Australian Standard for testing methods are available from SAI Global Limited and
can be viewed at http://www.saiglobal.com/. The USFDA Bacteriological Analytical Manual is
available from http://www.fda.gov.

3.1.3 Histamine in Finfish
Certain finfish species contain high levels of the amino acid histidine as part of the
normal biochemical constituents. The action of bacterial associated enzymes can break
down histidine to histamine, a biogenic amine. Consumption of significant quantities of
histamine can cause scombroid food poisoning (SFP) in humans (Ababouch 2002).
In 2012, the Food and Agriculture Organization of the United Nations and World Health
Organization held an expert meeting on SFP. The meeting resulted in a comprehensive
list of the finfish species associated with SFP. The list can be viewed from
http://www.fao.org/home/en.
Additional information on histamine can be found in the fact sheet in Appendix 2.
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3.1.3.1 Regulatory Requirements

The Food Standards Code sets the maximum limit of histamine in finfish and fishery
product at 200 mg/kg (current October 2013).
3.1.3.2 Detection Methods

The Association of Analytical Communities (AOAC) released an official method for
histamine analysis in seafood: AOAC 977.13. This method is referred to by FSANZ and
employs a simple alcoholic extraction and quantification by fluorescence spectroscopy.
The AOAC also describes a biological method (AOAC 954.04) and a chemical method
(AOAC 957.07) for testing histamine in seafood.

3.1.4 Parasites in Finfish
There are numerous pathogenic and non-pathogenic parasites in the aquatic
environment that sometimes live in association with marine animals. Ectoparasites live
on the skin of finfish, and can cause diseases in the fish. Contrastingly, endoparasites
live inside the finfish. Endoparasites of human health concern include parasitic worms
from the groups nematodes, cestodes and trematodes. Parasitic worms (or helminths)
are reported to occur worldwide, notably in developing countries (FDA 2011), where
they are found in the muscle, viscera and intestines of finfish. In Australia, nematodes in
the Anisakidae and Gnathostomatidae families have been identified in various species of
finfish, however, there have only been two cases of human illness reported in the past
decade as a result of these parasites (Shamsi and Butcher 2010). In 2012, a semiquantitative risk assessment of harmful parasites in Australian finfish was undertaken
(Anantanawat, Kiermeier et al. 2012). This risk assessment provides information on
which fish species are susceptible to contamination and is available from
http://safefish.com.au.
Additional information on cestodes, trematodes and nematodes can be found in the fact
sheet in Appendix 2.
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3.1.4.1 Regulatory Requirements

In Australia, seafood producers and processors may be required to have a HACCP plan
which requires parasitised and unwholesome finfish to be segregated and destroyed.
The Australian Government Department of Agriculture certifies and approves exporters
for HACCP and conduct audits on a regular basis (Anantanawat, Kiermeier et al. 2012).
China, Russia, Europe and the USA declare “nil tolerance” for most species of parasites
in imported finfish and/or fishery products.
3.1.4.2 Detection Methods

There is no standard method set in the Food Standards Code for detecting parasitic
worms in finfish. Example methods for testing parasitic worms in finfish are listed in
Table 6.
Table 6: Potential methods of testing for parasitic worms in finfish
Hazard

Parasitic
worms

Test Type

Method Reference *

Visual inspection (candling)

AOAC 985.12

Microscopic morphology
DNA typing by PCR

* Current AOAC testing methods can be viewed from http://www.aoac.org.

3.1.5 Ciguatoxins in Finfish
Ciguatera fish poisoning (CFP) is a foodborne illness caused by consumption of certain
reef-associated finfish contaminated by ciguatoxins, a type of marine biotoxin. In
Australia, the main fishing grounds implicated in CFP are in Queensland and the
Northern Territory, and occasionally CFP cases result from pelagic fish (usually Spanish
mackerel - Scomberomorus commerson) captured from northern New South Wales
waters. Currently there are no commercially available methods to test for ciguatoxins in
finfish in Australia. Therefore, current risk management strategies are based on
geographic location, size and species. Producers and processors of susceptible fish (e.g.
chinamanfish - Symphorus nematophorus, paddletail - Lutjanus gibbus, red bass -
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Lutjanus bohar, Spanish mackerel - Scomberomorus commerson) harvested in implicated
areas should be aware of the potential risk.
Additional information on ciguatoxins can be found in the fact sheet in Appendix 2.
3.1.5.1 Regulatory Requirements

There are no specific requirements in the Food Standards Code for ciguatoxins in finfish.
The Sydney Fish Market “Schedule of ciguatera high-risk areas and species size limits” is
the current de facto industry standard for risk management of ciguatoxic fish (available
from http://www.sydneyfishmarket.com.au).
The United States Food and Drug Administration (USFDA) recently incorporated an
action level of 0.01 ppb P CTX-1 equivalents for Pacific ciguatoxin in fish flesh in their
Fish and Fishery Products Hazards and Controls Guidance document (available at
http://www.fda.gov). This action level currently represents the detection limit of
various chemical detection methods.
3.1.5.2 Detection Methods

There is no reliable, low cost method currently available in Australia or elsewhere to
test finfish before sale or consumption for harmful levels of ciguatoxins. Some specialist
laboratories can detect and measure ciguatoxins in finfish at clinically-relevant
concentrations, but these techniques are time-consuming and costly, and are therefore
restricted to research investigations and epidemiological surveillance (in order to
support diagnoses of CFP via post-consumption testing). For these purposes, liquid
chromatography-mass spectrometry is generally used to test for ciguatoxins (Stewart,
Eaglesham et al. 2010).

3.1.6 Wax Esters in Finfish
Wax esters are fatty acids found in the muscle tissue of certain finfish species,
particularly Escolar (Lepidocybium flavobrunneum) and Oilfish (Ruvettus pretiosus).
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These fatty acids are indigestible to humans and, in sufficiently high doses, can cause
abdominal cramping, nausea and vomiting (Burke, Baillie et al. 2004).
Additional information on wax esters can be found in the fact sheet in Appendix 2.
3.1.6.1 Regulatory Requirements

There is no maximum limit set in the Food Standards Code for wax esters in finfish.
3.1.6.2 Detection Methods

There is no standard method listed in the Food Standards Code for detecting wax esters
in finfish. However, a rapid and inexpensive chemical test for their detection has been
developed overseas and could be adopted by Australian laboratories. Furthermore, DNA
barcoding can confirm the identity of fish species in cases where identity is uncertain or
disputed, in order to prevent the sale/processing of finfish likely to contain high levels
of wax esters.

3.2 P RE - HARVEST AND H ARVEST H AZARDS IN M OLLUSCS
Molluscs consist of bivalves (oysters, mussels, clams and cockles), gastropods (abalone)
and cephalopods (squid and octopus). The main species discussed in this Guide are
cephalopods, abalone and bivalve molluscs.
Bivalve molluscs are enclosed by two shells and are filter feeders. Bivalve molluscs
pump seawater to obtain oxygen and food particles. If the seawater contains toxic algae,
pathogenic bacteria or viruses, bivalves can concentrate these in their digestive glands
through filter feeding. Bivalves are often consumed raw or lightly cooked, which can
increase the risk from microbial hazards. Bivalves are inherently riskier than other
seafood species due to their filter feeding and the mode of consumption, as they are
frequently consumed raw or only lightly cooked, and the gut is often eaten along with
the flesh. Because of the heightened risk, all bivalve industry operators must be licensed
and operating in accordance with the Shellfish Quality Assurance Programs operated by
the relevant State or Territory Authority. Information regarding the food safety risk
management of bivalve molluscs in Australia can be found in the Australian Shellfish
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Quality

Assurance

Program’s

Operational

Manual,

available

from

http://www.pir.sa.gov.au/biosecuritysa/foodsafety/sasqap.
Additional guidance on key food safety parameters that should be considered by bivalve
mollusc producers can be found in the Codex Committee on Fish and Fishery Products
(CCFFP) Standard for Live and Raw Bivalve Molluscs, which can be viewed at
http://www.codexalimentarius.org.

3.2.1 Toxic Metals in Molluscs
As noted for finfish, toxic metals can either be naturally present in the environment or
can occur from anthropogenic sources. Toxic metals are variably distributed in marine,
coastal and estuarine systems. Individuals are exposed to these metals in small doses
through everyday living: excessive exposure to toxic metals can lead to chronic illness.
Molluscs can bioaccumulate heavy metals if they are present in the water column
through their feeding action, particularly bivalve molluscs as they are filter feeders
(Vahter, Berglund et al. 1996, Kruzynski 2004, Méndez, Palacios et al. 2006, Copes, Clark
et al. 2008). The critical metals to consider for molluscs are cadmium, arsenic
(inorganic), lead and mercury.
Additional information on toxic metals can be found in the fact sheet in Appendix 2.
3.2.1.1 Regulatory Requirements

There are regulatory limits in the Food Standards Code for arsenic (inorganic), lead,
mercury and cadmium in molluscs. Maximum limits for these metals can be found in
Table 7.
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Table 7: Maximum limits for toxic metals in molluscs, adapted from Standard 1.4.1 of
the Food Standards Code β
Contaminant

Maximum Level
(mg/kg)

Note

Arsenic (inorganic)

1

-

Lead

2

-

Mercury

Mean level of 0.5*

-

Cadmium

2

Excluding dredge/bluff oysters and queen
scallops

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au
* The Food Standards Code prescribes the sampling requirement for the measurement of mercury in
molluscs. The reference to the mean level relates to the results obtained when the prescribed sample
plan is followed.
β

For information on individual country requirements for toxic metals, visit the Australian
Seafood

Trade

and

Market

Access

Database

(available

at

http://www.frdc.com.au/trade).
3.2.1.2 Detection Methods

There are a range of methods to test for toxic metals. Inductively coupled plasma-mass
spectrometry is one of the most widely practised methods, listed in Table 8.
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Table 8: Potential methods of testing for toxic metals in molluscs
Hazard

Test Type

Arsenic
(inorganic)

Inductively coupled plasma-atomic emission
spectroscopy after perchloric acid digestion
Inductively coupled plasma-mass spectrometry
after microwave digestion

Lead

Mercury

Method Reference *

Atomic absorption spectrophotometric
Atomic absorption spectrophotometry after
microwave digestion
Inductively coupled plasma-mass spectrometry
after microwave digestion
Atomic flameless absorption
spectrophotometry
Gas chromatographic method

Cadmium

Inductively coupled plasma-mass spectrometry
after microwave digestion
Atomic absorption spectrophotometry after
microwave digestion

AOAC 972.23
AOAC 999.10
AOAC 977.15
AOAC 983.20
AOAC 999.10

* Current AOAC testing methods can be viewed from http://www.aoac.org.

3.2.2 Pathogenic Bacteria in Molluscs
Worldwide, the main bacterial pathogens associated with bivalves that have the
potential to cause illness are Vibrio parahaemolyticus, V. cholerae, V. vulnificus, E. coli,
Bacillus cereus, Campylobacter spp., Salmonella spp., Shigella spp., Aeromonas
hydrophila, and Pleisomonas shigelloides (Balshaw, Edwards et al. 2008). E. coli has
traditionally been used as a food safety indicator in the classification of growing areas of
bivalve molluscs (ASQAAC 2009). E. coli testing provides an indication of the level of
faecal contamination in a growing area and therefore indicates the risk for other enteric
bacteria such as Salmonella and Campylobacter (ASQAAC 2009).
Salmonellosis has rarely been reported in association with bivalve molluscs in Australia.
There are however documented outbreaks in the USA, UK and France (D'Aoust 1994,
Panisello, Rooney et al. 2000, Morrison, Armstrong et al. 2011). While the
epidemiological record with respect to Salmonella in bivalves is limited, a risk still
exists, as bivalves tend to be consumed raw. Recently an electronic expert working
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group was formed under the auspices of Codex to provide advice on whether there is a
significant public health risk posed by Salmonella in bivalves and to inform discussion
on the possible implementation of sampling plans and microbiological criteria. An
interim report of the electronic expert group on Salmonella in bivalve molluscs is
available from http://www.fao.org/home/en. The report determined that the risk from
Salmonella in Class A waters (equivalent to those growing areas in Australia classified
as Approved or Approved Conditional) is considerably reduced by the use of E. coli as a
faecal contamination indicator.
Similar to Salmonella, Campylobacter spp. have been isolated in bivalve molluscs
(Wallace, Guzewich et al. 1999, Wallace 2003), however Campylobacter has not been
reported to cause foodborne illnesses through the consumption of bivalve molluscs.
While these bacteria may represent a risk, the most common bacterial pathogens
responsible for illness outbreaks from shellfish worldwide are V. parahaemolyticus and
V. vulnificus. These bacteria are naturally occurring in seawater and particularly favour
warmer waters (Tantillo, Fontanarosa et al. 2004, Yam and Papadakis 2004). The key
risk management control strategy for vibrios revolves around ensuring the product is
under appropriate temperature control from harvest to consumption. A predictive
model was developed in Australia to calculate the growth rate of V. parahaemolyticus in
Pacific oysters after harvest under certain conditions (Tamplin, Fernandez-Piquer et al.
2011). Significant work has been undertaken in recent years by the Codex Committee
on Fish and Fisheries Products (CCFFP) to develop guidelines on the control of vibrios:
these guidelines contain an Annex on the application of general principles of food
hygiene to the control of V. parahaemolyticus and V. vulnificus species in bivalve
molluscs. This guidance can be found from http://www.codexalimentarius.org.
Additional information on pathogenic vibrios, Salmonella and E. coli can be found in the
fact sheets in Appendix 2.
3.2.2.1 Regulatory Requirements

There is no microbiological limit set in the Food Standards Code for pathogenic vibrios
and Salmonella in raw molluscs. There is a regulatory requirement for E. coli and a
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specified method and sampling plan are outlined in the Food Standards Code. The
sampling plan and microbiological criteria are listed in Table 9.
Table 9: Microbiological criteria for E. coli in molluscs, adapted from Standard 1.6.1 of
the Food Standards Code β
Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Microorganism

Seafood Type

Sampling
Plan, n

Sampling
Plan, c

Limits, m

Limits, M

E. coli

Bivalve
molluscs other
than scallops

5

1

2.3/g

7/g

β

n
c
m
M

current as at October 2013; Food Standards Code available from
http://www.foodstandards.gov.au
means the minimum number of sample units which must be examined from a lot of food as
specified in Column 3 of the table.
means the maximum allowable number of defective sample units. Defective sample unit means a
sample unit in which a microorganism is detected in a sample unit of a food at a level greater than
m.
means the acceptable microbiological level in a sample unit as specified in Column 5 of the table.
means the level specified in Column 6 of the table: when exceeded in one or more samples this
would cause the lot to be rejected.

3.2.2.2 Detection Methods

Australian Standard testing methods and other methods for pathogenic bacteria
potentially contaminating molluscs are listed in Table 10.
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Table 10: Potential methods of testing for Vibrio, Salmonella, E. coli and Campylobacter
in molluscs
Hazard
Vibrio
parahaemolyticus

Test Type

Method Reference

Culture based method

Australian Standard (AS 5013.18)

PCR

USFDA: Bacteriological Analytical Manual
(Chapter 9)

Culture based method
Vibrio vulnificus
PCR
Culture based method
Vibrio cholerae
PCR

USFDA: Bacteriological Analytical Manual
(Chapter 9)
USFDA: Bacteriological Analytical Manual
(Chapter 9)
USFDA: Bacteriological Analytical Manual
(Chapter 9)

Salmonella

Culture based method

Australian Standard (AS 5013.10)

E. coli

Culture based method

Australian Standard (AS 5013.19.1)

Campylobacter

Culture based method

Australian Standard (AS 5013.6)

* The current Australian Standard for testing methods are available from SAI Global Limited and can
be viewed at http://www.saiglobal.com/. The USFDA Bacteriological Analytical Manual is
available from http://www.fda.gov.

3.2.3 Marine Biotoxins in Molluscs
Some species of dinoflagellates and diatoms, both microalgae, produce toxins that can
be harmful to humans. Through the act of feeding, bivalve molluscs such as oysters,
mussels and clams can concentrate these toxins. If enough toxin is accumulated and the
shellfish are subsequently consumed by humans, illness can ensue (FAO 2004). Whilst
bivalves are the prime mollusc category that can accumulate marine biotoxins, abalone
have also been documented to accumulate paralytic shellfish toxins (PSTs) in South
Africa, Spain and Australia (Martinez, Franco et al. 1993, Pitcher, Franco et al. 2001,
Homan, Hallegraeff et al. 2010).
There are a range of toxin groups which are produced by various species of
dinoflagellates and diatoms. These toxins can be grouped into categories based on the
similarities of their chemical structures and the illnesses they induce. There are four
main groups of toxins that are regulated, these are:
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Paralytic Shellfish Toxins (PSTs)



Diarrhetic Shellfish Toxins (DSTs)



Amnesic Shellfish Toxins (ASTs)



Neurotoxic Shellfish Toxins (NSTs).

Additional information on marine biotoxins can be found in the fact sheets in Appendix
2.
3.2.3.1 Regulatory Requirements

The following are the regulatory limits for marine biotoxins in the edible portions of
bivalve molluscs in Australia (Table 11). These have also been used as a regulatory limit
for other seafood species during toxic algae bloom events. Regulatory limits may be
different in other countries; the PST limit in China for example, applies to all types of
seafood. For information on individual country requirements for marine biotoxin limits,
visit the Australian Seafood Trade and Market Access Database (available at
http://www/frdc.com.au/trade).
Table 11: The regulatory limits for marine biotoxins in the edible portions of bivalve
molluscs, adapted from Standard 1.4.1 of the Food Standards Code β

β

Contaminant

Maximum Level

Paralytic shellfish poisons

0.8 mg/kg (saxitoxin equivalent)

Neurotoxic shellfish poisons

200 MU/kg

Amnesic shellfish poisons

20 mg/kg (domoic acid equivalent)

Diarrhetic shellfish poisons

0.2 mg/kg (okadaic acid equivalent)

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au

3.2.3.2 Detection Methods

Various testing techniques for PSTs, NSTs, ASTs and DSTs are listed in Table 12.
Confirmatory methods have been internationally validated for these techniques. In
addition, a number of screening tests are becoming available. However, care needs to be
taken to ensure that the limitations of these screening methods are understood before
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interpreting the results. A competent authority (e.g. the State or Territory Shellfish
Quality Assurance Program ) should approve any test before use.
Table 12: Confirmatory methods of testing for marine biotoxins in bivalve molluscs
Hazards

Paralytic Shellfish
Toxins

Test Type
High performance liquid
chromatography (HPLC);
pre-column oxidation method
High performance liquid
chromatography (HPLC);
post-column oxidation method
Biological test (Mouse bioassay)

Amnesic Shellfish
Toxins
Diarrhetic Shellfish
Toxins
Neurotoxic Shellfish
Toxins

Method Reference *
AOAC 2005.06 #
AOAC 2011.02
AOAC 959.08 $

High-performance liquid
chromatography (HPLC)
Liquid chromatography- mass
spectrometry (LC-MS)
Liquid chromatography – mass
spectroscopy (LCMS)

McNabb, Selwood et al.
(2005) #
McNabb, Selwood et al.
(2005) #

APHA Mouse bioassay

APHA (1970)

Liquid chromatography- mass
spectrometry (LC-MS)

-

AOAC 991.26 $

* The current AOAC testing methods can be viewed from http://www.aoac.org.
#
These tests are currently being used to support the Australian Shellfish Quality Assurance
Program.
$
Method currently endorsed by FSANZ

3.2.4 Foodborne Viruses in Molluscs
Foodborne viruses are primarily transmitted via the faecal-oral route. Periodically
shellfish production areas can be contaminated by human faecal material which
contains foodborne viruses; bivalves can then concentrate these viruses from the
seawater. A range of different foodborne viruses have been detected in bivalve shellfish
(e.g. norovirus, aichivirus, rotavirus, enterovirus, adenovirus, astrovirus, sapovirus,
hepatitis A virus, hepatitis E virus), and some have been linked with human illness
(Glass, Bresee et al. 2001). However, the viruses which are widely associated with
seafood illness outbreaks are hepatitis A virus (HAV) and norovirus (NoV) (EFSA 2011).
These viruses are hardy survivors and they can retain infectivity under severe
environmental conditions (Greening, Hewitt et al. 2003, Brake, Holds et al. 2011). For
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this reason the primary control measure is the prevention of human waste entering
production areas (Hay 2010, Hay, McCoubrey et al. 2013).
Additional information on viruses can be found in the fact sheets in Appendix 2.
3.2.4.1 Regulatory Requirement

There are currently no formal regulatory criteria for NoV and HAV in Australia,
however, Codex has developed guidelines (CAC/GL 79-2012) on how to control viruses
in foods, which can be found from http://www.codexalimentarius.org.
3.2.4.2 Detection Methods

Only molecular biology (PCR) based methods can be used to detect and quantify NoV in
shellfish. The limit of detection of the method is approximately 100 NoV genomes per
gram of shellfish gut. The methods used cannot distinguish infectious and noninfectious virus particles. Recently an ISO technical specification for the detection of
NoV in shellfish has been released (Table 13).
Table 13: Potential methods of testing for norovirus and hepatitis A in molluscs
Hazard

Test Type

Norovirus
(Genogroup I and II)

Real time RT-PCR

Method Reference *
ISO/TS 15216-1
ISO/TS 15216-2
ISO/TS 15216-1

Hepatitis A virus

Real time RT-PCR
ISO/TS 15216-2

* The current ISO/TS testing methods can be viewed from http://www.iso.org.

3.3 P RE - HARVEST AND H ARVEST H AZARDS IN C RUSTACEANS
Crustaceans are a subgroup of invertebrate arthropods which have an exoskeleton. The
most common examples are prawns, lobsters, yabbies and crabs. Like other marine
species, crustaceans are perishable and thus often sold in live form; lobsters and crabs
in particular are often sold live in Australia. Other processed product forms commonly
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sold include cooked and peeled, uncooked and peeled, frozen whole and canned meat
portions.
3.3.1 Toxic Metals in Crustaceans
As noted for finfish and molluscs (see Sections 3.1.1 and 3.2.1), toxic metals can be
naturally occurring in the marine environment or they can originate from polluting
industries. The contamination pathway is most likely to be via the consumption of other
marine animals and plants, which can lead to a direct accumulation of toxic metals
(Kahlon 1993, Salaudeen, Akande et al. 2009). The critical metals to consider for this
type of seafood are arsenic (inorganic) and mercury. Producers of wild caught prawns
should also be aware that prawns caught in certain parts of Australian waters have been
documented to contain elevated levels of cadmium on some occasions (Sumner 2011).
Additional information on toxic metals can be found in the fact sheet in Appendix 2.
3.3.1.1 Regulatory Requirements

There are regulatory limits in the Food Standards Code for arsenic (inorganic) and
mercury in crustaceans. Maximum limits for these metals can be found in Table 14.
While Australia does not have limits for cadmium in crustaceans; some overseas
countries have requirements. For information on individual country requirements for
toxic metals, visit the Australian Seafood Trade and Market Access Database (available
at http://www.frdc.com.au/trade).
Table 14: Maximum limit of toxic metals in crustaceans, adapted from Standard 1.4.1 of
the Food Standards Code β
Contaminant

Maximum Level
(mg/kg)

Note

Arsenic (inorganic)

2

-

Mercury

Mean level of 0.5*

-

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au
* The Food Standards Code prescribes the sampling requirement for the measurement of mercury in
crustaceans. The reference to the mean level related to the results obtained when this sample plan
is followed.
β
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3.3.1.2 Detection Methods

There are a range of methods available to test for toxic metals. Inductively coupled
plasma-mass spectrometry is one of the widely practised methods, listed in Table 15.
Table 15: Potential methods of testing for toxic metals
Hazard

Test Type

Method Reference *

Arsenic
(inorganic)

Inductively coupled plasma-atomic emission
spectroscopy after perchloric acid digestion

-

Mercury

Inductively coupled plasma-mass spectrometry
after microwave digestion
Atomic flameless absorption
spectrophotometry
Gas chromatographic method

AOAC 977.15
AOAC 983.20

* Current AOAC testing methods can be viewed from http://www.aoac.org.

3.3.2 Pathogenic Bacteria in Crustaceans
Many naturally occurring bacteria, some potentially pathogenic, can be associated with
crustaceans including Clostridium botulinum Type E, Aeromonas spp., Vibrio spp.,
Bacillus cereus, Klebsiella spp., Micrococcus spp., and Pseudomonas spp. (Cockey and Chai
1991, Barbosa and Vaz-Pires 2004). Provided products are handled under welloperated HACCP, quality assurance systems and appropriate temperature control from
the time of harvest to consumption, the growth of pathogens can be minimised (Cockey
and Chai 1991). Nonetheless, there have been a few outbreaks in Australia involving
large groups of people associated with Vibrio parahaemolyticus and V. cholerae through
the consumption of imported prawns (Davey 1985, Kraa 1995). For more information
on the risk profile of Australian wild caught prawns, visit the SafeFish website at
http://safefish.com.au.
Additional detailed information on C. botulinum, Salmonella, Staphylococci and
pathogenic vibrios can be found in the fact sheets in Appendix 2.
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3.3.2.1 Regulatory Requirements

The Food Standards Code contains sampling plans and regulatory and advisory limits
for bacteria potentially contaminating crustaceans. The sampling plan and
microbiological criteria can be found in Table 16.
Table 16: Microbiological criteria for raw crustaceans, adapted from Standard 1.6.1 of
the Food Standards Code β
Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Microorganism

Seafood
Type
Crustacean
(raw)
Crustacean
(raw)
Crustacean
(raw)
Crustacean
(raw)
Crustacean
(raw)

Sampling
Plan, n

Sampling
Plan, c

Limits, m

Limits, M

5

2

5x105/g

5x 106/g

5

2

102/g

103/g

5

0

0/25g

5

1

102/g

5

0

0/g

Standard plate
count (SPC)
Coagulase-positive
Staphylococci
Salmonella
E. coli *
Vibrio cholerae *

103/g

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au
* Advisory criteria only.
n means the minimum number of sample units which must be examined from a lot of food as specified
in Column 3 of the table.
c means the maximum allowable number of defective sample units defective sample unit means a
sample unit in which a microorganism is detected in a sample unit of a food at a level greater than
m.
m means the acceptable microbiological level in a sample unit as specified in Column 5 of the table.
M means the level specified in Column 6 of the table, when exceeded in one or more samples would
cause the lot to be rejected.
β

3.3.2.2 Detection Methods

Australian Standard testing methods and other methods for testing for pathogenic
bacteria potentially contaminating crustaceans are listed in Table 17.

P a g e | 33
Table 17: Potenital methods of testing for C. botulinum and its toxin, Salmonella, Vibrio
and standard plate count
Hazard

Test Type

Method Reference *

Clostridium botulinum

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 17)

Mouse bioassay
C. botulinum toxin
Amplified ELISA
Salmonella

Culture based method

Australian Standard (AS 5013.10)

Culture based method

Australian Standard (AS 5013.18)

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 9)

Vibrio parahaemolyticus

Culture based method
Vibrio vulnificus
PCR
Culture based method
Vibrio cholerae
PCR
Standard plate count (SPC)

USFDA: Bacteriological Analytical
Manual (Chapter 17)

Culture based method

USFDA: Bacteriological Analytical
Manual (Chapter 9)

USFDA: Bacteriological Analytical
Manual (Chapter 9)
Australian Standard (AS 5013.1)

* The current Australian Standard for testing methods are available from SAI Global Limited and
can be viewed at http://www.saiglobal.com. The USFDA Bacteriological Analytical Manual is
available from http://www.fda.gov.

3.3.3 Marine Biotoxins in Crustaceans
Similar to bivalve molluscs, crustaceans such as lobsters and crabs have been found to
accumulate a high level of marine biotoxins. During the 2012 Tasmanian Alexandrium
tamarense bloom, lobster hepatopancreas (sampled from within the bloom boundry)
averaged 0.99 mg/kg of PST (maximum 2.82 mg/kg of PST), which exceeded the
regulatory limit for bivalves of 0.8 mg/kg of PST) (McLeod, Stewart et al. 2012). The
contamination pathway in crustaceans is thought to be through their consumption of
contaminated food. A number of instances of crustaceans with high biotoxin levels have
also been recorded elsewhere (Grindley and Sapeika 1969, Yentsch and Balch 1975,
Sang and Ming 1984, Haya, Oshima et al. 1994, Arnott 1998). Several cases of illness
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have been reported (Hashimoto, Konosu et al. 1967, Garth and Alcala 1977, Todd,
Kuiper-Goodman et al. 1993).
As in the description above for bivalves, there are a range of different toxins which are
produced by various species of dinoflagellates and diatoms and these toxins can be
grouped into categories based on the similarities of their chemical structures and the
illnesses they induce. There are four main groups of toxins that are regulated in
bivalves:


Paralytic Shellfish Toxins (PSTs)



Diarrhetic Shellfish Toxins (DSTs)



Amnesic Shellfish Toxins (ASTs)



Neurotoxic Shellfish Toxins (NTPs).

Additional information on marine biotoxins can be found in the fact sheets in Appendix
2.
3.3.3.1 Regulatory Requirements

The Food Standards Code contains regulatory limits for marine biotoxins in bivalve
shellfish. These regulatory limits are reported in Table 18. It should be noted that these
limits have been used as regulatory limits for other species during toxic algal bloom
events. Regulatory limits may be different in other countries; the PST limit in China for
example, applies to all types of seafood including crustaceans. For information on
individual country requirements for toxic metals, visit the Australian Seafood Trade and
Market Access Database (available at http://www.frdc.com.au/trade).
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Table 18: The regulatory limits for marine biotoxins in the edible portions of bivalve
shellfish, adapted from Standard 1.4.1 of the Food Standards Code β

β

Contaminant

Maximum Level

Paralytic shellfish poisons

0.8 mg/kg (saxitoxin equivalent)

Neurotoxic shellfish poisons

200 MU/kg

Amnesic shellfish poisons

20 mg/kg (domoic acid equivalent)

Diarrhetic shellfish poisons

0.2 mg/kg (okadaic acid equivalent)

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au

3.3.3.2 Detection Methods

Various testing techniques for PSP, NSP, ASP and DSP are listed in Table 19. The
confirmatory methods have been internationally validated. There are a range of
screening tests that are becoming available. Care needs to be taken that the limitations
of these methods are understood before interpreting the results. A competent authority
(e.g. the State Shellfish Quality Assurance Program) should approve any test before use.
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Table 19: Confirmatory methods of testing for marine biotoxins in molluscs
Hazards

Paralytic Shellfish
Toxins

Test Type
High performance liquid
chromatography (HPLC);
pre-column oxidation method
High performance liquid
chromatography (HPLC);
post-column oxidation method
Biological test (Mouse bioassay)

Amnesic Shellfish
Toxins
Diarrhetic Shellfish
Toxins
Neurotoxic Shellfish
Toxins

Method Reference *
AOAC 2005.06 #
AOAC 2011.02 #
AOAC 959.08 $

High-performance liquid
chromatography (HPLC)
Liquid chromatography- mass
spectrometry (LC-MS)
Liquid chromatography – mass
spectroscopy (LCMS)

McNabb, Selwood et al.
(2005) #
McNabb, Selwood et al.
(2005) #

APHA Mouse bioassay

APHA (1970)

Liquid chromatography- mass
spectrometry (LC-MS)

-

AOAC 991.26 $

* The current AOAC testing methods can be viewed from http://www.aoac.org.
#
These tests are currently being used to support the Australian Shellfish Quality Assurance
Program.
$
Method currently endorsed by FSANZ
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CHAPTER 4: HAZARDS ASSOCIATED WITH
PROCESSING AND PACKAGING
Many hazards associated with processing and packaging are derived from crosscontamination, re-contamination and/or poor personal hygiene by food handlers where
pre-requisite programs (PRPs) fail to maintain their effectiveness. Further information
on PRPs is discussed in Chapter 2. After excluding hazards carried from pre- and during
harvest, the key hazards to consider during processing and packaging steps are listed in
Table 20.
Table 20 is adapted from the Codex Code of Practice for Fish and Fishery Products
(available from http://www.codexalimentarius.org) and includes information on
Australian regulations (available from http://www.foodstandards.gov.au). Any hazards
should be considered carefully by seafood producers, processors and retailers to ensure
all risk to consumers is minimised.
A stand-alone fact sheet has been prepared for major hazards identified in Australian
processed seafood (see Appendix 2). These fact sheets provide a short summary of the
following information:
 a description of the hazard
 prevalence of outbreaks in Australia
 dose required to cause illness
 illness symptoms
 inactivation and prevention strategies
 detection methods
 Australian regulatory requirements.
While every effort has been made to identify the major hazards that should be
considered by seafood operators, it is stressed that each individual enterprise must
gather scientific and technical data relevant to their product type(s) to ensure they have
identified all hazards. It is recommended that the Codex Code of Practice for Fish and
Fishery Products (available from http://www.codexalimentarius.org) and the Food
Standards Code (available from http://www.foodstandards.gov.au) be consulted in this
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process. In addition, export markets may have different requirements, and the
Australian

Seafood

Trade

and

Market

Access

Database

(available

at

http://www.frdc.com.au/trade) should be consulted to identify market specific
requirements.
Table 20: Key biological, chemical and physical hazards associated with processing and
packaging of finfish, molluscs and crustaceans. Post-harvest hazards that can be
controlled by pre-requisite programs are excluded from further discussion unless listed
in the Food Standards Code for processed food.
Fish

Molluscs

Crustaceans

PRPs

PRPs

PRPs

Chemical
Tin (canned seafood)
Disinfectants, sanitisers and lubricants
Biological
Listeria monocytogenes

PRPs

Clostridium botulinum

PRPs

PRPs

PRPs

Coagulase-positive Staphylococci

PRPs

PRPs

PRPs

Salmonella

PRPs

PRPs

PRPs

Vibrio

PRPs

PRPs

PRPs

Norovirus

PRPs

PRPs

PRPs

Hepatitis A virus

PRPs

PRPs

PRPs

Standard plate count

PRPs

PRPs

PRPs

Physical
Metal fragments

PRPs

PRPs

PRPs

Hard or sharp objects

PRPs

PRPs

PRPs

Note: Table adapted from the Codex Code of Practice for Fish and Fishery Products. Red shaded cells
indicate that the Australia New Zealand Food Standards Code contains a regulatory requirement for
the hazard; Orange shaded cells indicate that the hazard could potentially occur. The hazard
identification component of the HACCP plan should consider all hazards marked by red and orange
shading.
PRPs = Pre-requisite programs

4.1 M ICROBIOLOGICAL L IMITS FOR C OOKED C RUSTACEANS
Cooked crustaceans either have an equivalent or lower microbiological limit when
compared to raw crustaceans. Lower microbiological limits are required for some
bacteria as cooked crustaceans are often sold in a form that is ready to consume without
any further steps that will reduce risk from microbial pathogens (such as cooking).
These microbial pathogens usually occur through cross-contamination either from food
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handlers or the raw product. Additional information on pathogenic microorganisms
that could contmaminate crusctacea (including S. aureus, Salmonella, E. coli and Vibrio)
can be found in the fact sheets in Appendix 2.

4.1.1 Regulatory Requirements
The Food Standards Code contains regulatory and advisory microbiological limits and
sampling plans for pathogenic bacteria that potentially contaminate cooked seafood.
These microbiological crieteria can be found in Table 21.
Table 21: Microbiological criteria for Salmonella, Staphylococci and standard plate
count, adapted from Standard 1.6.1 of the Food Standards Code β
Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Microorganism

Seafood
Type
Crustacean
(cooked)
Crustacean
(cooked)
Crustacean
(cooked)
Crustacean
(cooked)
Crustacean
(cooked)
Crustacean
(cooked)

Sampling
Plan, n

Sampling
Plan, c

Limits, m

Limits, M

5

0

0/25g

-

5

2

102/g

103/g

5

2

105/g

106/g

5

1

10/g

102/g

5

0

0

5

2

102/g

Salmonella
Coagulase-positive
Staphylococci
Standard plate count
(SPC)#
E. coli *
Vibrio cholerae *
Vibrio
parahaemolyticus *
β
#

*
n
c
m
M

103/g

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au)
Standard plate count at 30 °C with an incubation time of 72 hours
Advisory criteria only
means the minimum number of sample units which must be examined from a lot of food as specified
in Column 3 of the table.
means the maximum allowable number of defective sample units defective sample unit means a
sample unit in which a microorganism is detected in a sample unit of a food at a level greater than m.
means the acceptable microbiological level in a sample unit as specified in Column 5 of the table.
means the level specified in Column 6 of the table, when exceeded in one or more samples would
cause the lot to be rejected.

P a g e | 40

4.1.2 Detection Methods
Australian Standard testing methods and other methods for testing for pathogenic
bacteria potentially contaminating cooked seafood are listed in Table 22.
Table 22: Potential methods of testing for C. botulinum and its toxin, Salmonella,
Staphylococcus aureus, Vibrio and standard plate count
Hazard

Test Type

Method Reference

Clostridium botulinum

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 17)

Mouse bioassay
C. botulinum toxin
Amplified ELISA
Salmonella

Culture based method

USFDA: Bacteriological Analytical
Manual (Chapter 17)
Australian Standard (AS 5013.10)
Australian Standard (AS 5013.12.1)

Staphylococcus aureus

Culture based method

Australian Standard (AS 5013.12.2)
Australian Standard (AS 5013.12.3)

Culture based method

Australian Standard (AS 5013.18)

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 9)

Vibrio parahaemolyticus

Culture based method
Vibrio vulnificus
PCR
Culture based method
Vibrio cholerae
PCR
Standard plate count (SPC)

Culture based method

USFDA: Bacteriological Analytical
Manual (Chapter 9)

USFDA: Bacteriological Analytical
Manual (Chapter 9)
Australian Standard (AS 5013.1)

* The current Australian Standard for testing methods are available from SAI Global Limited and can be
viewed at http://www.saiglobal.com. The USFDA Bacteriological Analytical Manual is available from
http://www.fda.gov.
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4.2 L ISTERIA MONOCYTOGENES
Listeria species can be present in seafood either naturally or from contamination of the
processing plant (Huss, Jørgensen et al. 2000). However, only L. monocytogenes is
considered to be pathogenic to humans. It has been demonstrated that even with the
application of significant sanitisation routines, L. monocytogenes can still appear
sporadically (Eklund, Poysky et al. 1995). However, the inclusion of heat treatment for
cleaning and sanitation such as hot steam, air or water can decrease the prevalence of
Listeria within a factory setting (Autio, Hielm et al. 1999). In 2009, Codex adopted a ‘niltolerance approach’ to Listeria in ready-to-eat (RTE) foods, although they recognised a
group of products that may support minimal growth (<100 MPN/g at end of shelf-life)
of the pathogen. At the time this Guide was prepared, FSANZ was considering the
adoption of this standard domestically. Many RTE seafood products would fail to meet
the new criteria and control steps may be required. The inclusion of food additives such
as organic acids (Vogel, Hansen et al. 2010), nisin and other antimicrobials (Takahashi,
Kuramoto et al. 2011) have been demonstrated to inhibit growth of Listeria. Before
embarking upon the use of any potential additives, the food company should consult the
Food Standards Code to establish if the proposed additives are approved for use in their
product style.
Additional information on L. monocytogenes can be found in the fact sheet in Appendix
2.

4.2.1 Regulatory Requirements
The Food Standards Code contains a regulatory limit and sampling plan for L.
monocytogenes. The microbiological criteria is reported in Table 23. Limits are set for
bivalve molluscs that have undergone processing other than depuration and also for
RTE processed finfish, other than fully retorted finfish. For information on international
requirements, see the Australian Seafood Trade and Market Access Database (available
at http://www.frdc.com.au/trade).
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Table 23: Microbiological criteria for L. monocytogenes, adapted from Standard 1.6.1 of
the Food Standards Code β
Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Microorganism

Seafood Type

Sampling
Plan, n

Sampling
Plan, c

Limits, m

Limits, M

5

0

0/25g

-

Listeria
monocytogenes

Bivalve molluscs
that have
undergone
processing other
than depuration
Ready-to-eat
processed finfish,
other than fully
retorted finfish

5

1

0/g

102/g

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au
n means the minimum number of sample units which must be examined from a lot of food as specified
in Column 3 of the table.
c means the maximum allowable number of defective sample units defective sample unit means a
sample unit in which a microorganism is detected in a sample unit of a food at a level greater than m.
m means the acceptable microbiological level in a sample unit as specified in Column 5 of the table.
M means the level specified in Column 6 of the table, when exceeded in one or more samples would
cause the lot to be rejected.
β

4.2.2 Detection Methods
There are several Listeria testing methods. The nationally and internationally
recognised protocols are listed below:
i.

Australian Standards (AS 5013.24.1 and AS 5013.24.2) for testing Listeria
monocytogenes in food and animal stuff are based on the ISO 11290-1 method:
Horizontal method for the detection and enumeration of Listeria monocytogenes. The
current method is available from http://infostore.saiglobal.com/store.

ii.

For export products: the Australian Government Department of Agriculture have
approved a number of rapid methods using ELISA and PCR techniques (DA 2013):
available from http://www.daff.gov.au.

4.2.3 Useful Information
The following links provide guidance on control of L. monocytogenes:
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Codex Alimentarius Commission – Guidelines on general principles for the control of
L.

monocytogenes

in

foods

(CAC/GL

61

–

2007);

available

from

http://www.codexalimentarius.org


International Commission on Microbiological Specifications for Foods – Control of
Listeria

monocytogenes

in

the

smoked

fish

industry;

available

from

http://www.icmsf.org


New South Wales Food Authority – Listeria management program; available from
http://www.foodauthority.nsw.gov.au

4.3 C LOSTRIDIUM BOTULINUM
Clostridium botulinum is one of the most important pathogens in foods. It is
characterised by its anaerobic growth requirements, ability to form heat resistant
spores and potential for growth across a wide range of temperatures (Szabo and Gibson
2003). Prevalence of C. botulinum Type E has been historically low in the Australian
marine environment (Christian 1971, Eyles and Warth 1981, Fletcher, Murrell et al.
1988). However, in some overseas countries C. botulinum Type E is considered the most
common type of Clostridium detected in freshly harvested seafood and has caused
significant illness (Weber, Hibbs Jr et al. 1993, Hyytia, Hielm et al. 1998). C. botulinum is
considered to be a risk in product formats that contain environments that are conducive
to its growth and the production of neurotoxin, such as canned products and modified
atmosphere packaged products (including gas flushed and vacuum packed) where little
to no oxygen could be in the headspace (Reddy, Armstrong et al. 1992). The first line of
defence for products where processing does not inactivate the pathogen and its spores
is to keep strict temperature control of the product by maintaining a storage
temperature below 3 °C (Reddy, Armstrong et al. 1992). For canned products, the frontline defence is to apply a temperature profile that will achieve a 12 log cycle reduction
of C. botulinum (Huss 1997). For lightly preserved and fresh products, a 3% water phase
salt content is recommended and product should be maintained below 3 °C to prevent
growth (Huss 1997).
Additional information on C. botulinum can be found in the fact sheet in Appendix 2.
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4.3.1 Regulatory Requirements
There is no microbiological limit listed in the Food Standards Code for C. botulinum in
seafood. For information on international requirements, see the Australian Seafood
Trade and Market Access Database (available at http://www.frdc.com.au/trade).

4.3.2 Detection Methods
Methods to test for C. botulinum and its toxin are listed in Table 24.
Table 24: Potential methods of testing for C. botulinum and its toxin in seafood
Hazards

Test Type

Method Reference *

Clostridium botulinum

PCR

USFDA: Bacteriological Analytical
Manual (Chapter 17)

Mouse bioassay
C. botulinum toxin
Amplified ELISA

USFDA: Bacteriological Analytical
Manual (Chapter 17)

* The USFDA Bacteriological Analytical Manual is available from http://www.fda.gov

4.3.3 Useful Information
The following links provide guidelines and advice on the control of C. botulinum:
 FAO – Guide to Clostridium botulinum; available from http://www.fao.org/home/en
 USFDA – Guide to Clostridium botulinum in fish and fishery products; available from
http://www.fda.gov
 UK Food Standards Agency – Vacuum packing and modified atmosphere packing of
food:

control

factors

for

Clostridium

botulinum;

available

from

http://vacuumpackingtraining.food.gov.uk/

4.4 P REDICTIVE M ICROBIOLOGY
Predictive microbiology is defined as the objective evaluation of the responses of
specific microbes to the main controlling factors such as temperature, pH and water
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activity; usually throught the use of mathematical models. For food safety control
purposes many predictive software programs, including the Food Micro Model and
Pathogen Modelling Program (PMP), have been developed for Listeria monocytogenes
and Clostridium botulinum (Ross, Dalgaard et al. 2000, Dalgaard 2003). The models can
estimate the amount of microbial growth and after certain periods of time under
defined conditions, the likely reduction in microbial counts and the probability of
growth or toxin production within the defined time. Thus, validated predictive
microbiology is beneficial for new product development, establishment of critical
control points in HACCP plans, food safety objectives and quantitative microbiological
risk assessments. Many of the food safety models are fail-safe which means that the
predicted growth of the microorganism is faster in the program than would occur in
reality (Hyytia, Hielm et al. 1999).
Predictive model programs for pathogenic bacteria are listed below:
1. ComBase is the largest database of microbiological raw data which integrates the
Food Micro Model and the Pathogen Modelling Program with other data. It can be
accessed free of charge from http://www.combase.cc.
2. The Food Micro Model includes 23 growth and survival models and 7 models for heat
inactivation of primarily pathogenic microorganisms.
3. The Pathogen Modeling Program (PMP) is developed by USDA and also available free
of charge. The program consists of more than 40 models of growth, survival and
inactivation. Both web based and desktop versions are available, which are regularly
updated. PMP is available at http://pmp.arserrc.gov/PMPOnline.aspx.
4. Seafood Spoilage and Safety Predictor (SSSP), a program developed by the Technical
University of Denmark, includes shelf-life determination, specific spoilage organisms
(Photobacterium phosphoreum and Shewanella putrefaciens), histamine formation
and L. monocytogenes. The program has been developed specifically to determine
shelf-life of products with the effect of constant and fluctuating temperature
conditions (Dalgaard 2003). SSSP can be found at http://sssp.dtuaqua.dk.
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CHAPTER 5: SEAFOOD
PROCESSING OPTIONS

PACKAGING

AND

5.1 M ODIFIED A TMOSPHERE P ACKAGED S EAFOOD
Modified atmosphere packaging (MAP) technology has been used since the late 1920s
and has become increasingly popular as it has been demonstrated to extend the shelflife of products and improves convenience for consumers (Pastoriza, Sampedro et al.
1996). MAP is a technique which involves sealing the package of food and altering the
atmosphere inside the package. This can be achieved either by applying a vacuum or
replacing normal atmospheric air (approximately 21% oxygen, 78% nitrogen and 0.1%
carbon dioxide) with a single gas type or a mixture of gases. The materials used for MAP
may be pouches, trays in pouches and trays closed with a film. Tray materials, pouches
and films are impermeable to moisture and have low permeability to gases, particularly
oxygen and CO2. There are three types of MAP that are widely used in the food industry,
namely gas flushed pouches, vacuum packaged products and controlled atmosphere
packaging.
Vacuum packaging or gas flushed pouches are developed by removing the air inside
plastic pouches and flushing the pack with atmospheric air, a gas, or a gas mixture prior
to sealing, usually the residual air pressure is reduced (Jay, Loessner et al. 2005). The
plastic pouches used for vacuum packs are made of materials which have low oxygen
permeability to prevent O2 movement through the pack. The low O2 environments can
provide a hurdle for aerobic organisms (SoccolI and OettererII 2003) and can also limit
oxidation in the food products (Bak, Andersen et al. 1999). In controlled atmosphere
packs, a single gas or a mixture of gases, is used in specific ratios to fill the headspace of
the packs.
While MAP is useful in suppressing the growth of many microorganisms, some
pathogenic bacteria can grow under anaerobic conditions. Pathogens that need special
attention include Listeria monocytogenes and Clostridium botulinum. When developing
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new MAP products, steps should be taken to ensure and demonstrate control of such
microbes.

5.1.1 Gas Mixtures and Materials
Oxygen (O2), carbon dioxide (CO2) and nitrogen (N2) are three commonly used gases
that can be applied to food products. O2 is used in modified atmospheres as it maintains
myoglobin in red meats in an oxygenated form, resulting in the fresh red colour
associated with some meats (Church 1994). In contrast, in most seafood products, O2 is
reduced to the lowest concentration possible to prevent oxidation of lipids in the
products (Church 1994). However, in live bivalve products, elevated concentrations of
O2 can be used to reduce mortality (Pastoriza, Bernárdez et al. 2004). CO2 is used
frequently in MAP for its bacteriostatic effect (Sivertsvik, Jeksrud et al. 2002). The CO2
dissolves into the water and lipid phases on the surface of the packaged foods to form
carbonic acid which then dissociates into bicarbonate and hydrogen ions (H+) (Church
1994). CO2 is thought to inactivate bacteria in several ways, such as by interfering with
bacterial cell walls or the release of the acidic H+ ions within the bacterial cell which
disrupt metabolism resulting in an extension of the bacterial lag phase (Lampila 1993).
Importantly, CO2 is more soluble at lower temperatures and thus, MAP treatments using
CO2 are usually more effective at lower temperatures (Jay, Loessner et al. 2005). The
optimal gas mixtures depend on the product type. Equally important is the gas to
product ratio at fill, as fish flesh can absorb more than its own volume of CO2 within 24
hours (Rotabakk, Lekang et al. 2007). The amounts absorbed depend on the partial
pressures in the pack after it equilibrates. The most commonly used CO2 concentrations
are between 40% and 60%, at a gas to product fill ratio of about 2:1 (SoccolI and
OettererII 2003). Excessive concentrations of CO2 can result in pack collapse and
increased drip loss (Church 1994). N2 is an inert, tasteless gas that is used as a filler gas.
Its main role is to prevent pack collapse by reducing the concentration of CO2. Recently,
oxygen has been tried as a filler instead of N2 in fish not prone to oxidation as it can
reduce drip (Sivertsvik, Jeksrud et al. 2002).
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5.1.2 Food Safety Considerations for MAP Seafood
MAP can suppress the growth of some pathogenic bacteria through the use of different
gas mixtures. However, C. botulinum type E does not appear to be significantly
suppressed through the application of CO2 (Weber, Hibbs Jr et al. 1993, Hyytia, Hielm et
al. 1998, Gibson, Ellis-Brownlee et al. 2000). C. botulinum is only considered being a risk
in product formats where there is little or no oxygen available. L. monocytogenes is also
capable of growth in some MAP environments and can limit safe shelf-life (Mejlholm,
Bøknæs et al. 2005).
5.1.2.1 Useful Information

For guidelines and advice on control of L. monocytogenes and C. botulinum, see Section
4.2 and 4.3, respectively.
Additional information on C. botulinum and L. monocytogenes can be found in the fact
sheets in Appendix 2.

5.1.3 Processing Considerations for MAP Seafood
As discussed in Section 5.1.1, absorption of gases by products can result in pack collapse
leading to undesirable appearance of the packaged products. Additionally, the use of
excessive CO2 can lead to increased drip, especially when the concentration of CO2 is
greater than 60% in fatty fish or 40% in lean fish (Church and Parsons 1995).
For assessments of quality attributes, see Chapter 6 Determination of Shelf-life.

5.1.4 Additional Resources on MAP Seafood
For further information on how to develop MAP products and operate MAP machines
please refer to:
 The Seafood Packing Technologies guide: available from https://seafood.net.au/
 Vacuum and Modified Atmosphere Packaged Fish and Fishery Products (available
from http://seafood.ucdavis.edu/haccp/compendium/compend.htm)
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5.2 C OLD -S MOKED P RODUCTS
Cold smoking involves the smoking of food products at low temperatures resulting in an
incomplete coagulation of proteins (C.A.C. 2009). Similar to hot smoking (see Section
5.3), many finfish processors use cold smoking methodologies to achieve different
textures and flavours in their products; although its traditional purpose is to extend
shelf-life. Cold smoking is not commonly utilised for seafood other than finfish.
A generic cold smoking process incorporates preparation, salting, drying, cold smoking
and packaging steps, as detailed in Figure 1. Temperatures used for cold smoking are
commonly below 30 °C in Europe (Jahncke and Herman 2001). However, according to
the recommendations of the Association of Food and Drug Officials (AFDO 1991), cold
smoking temperatures should not exceed:
a) 32.2 °C for more than 20 hours,
b) 10 °C for more than 24 hours, or
c) 48.8 °C for more than 6 hours.
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Figure 1: Generic processing flowchart of cold-smoked fish (C.A.C. 2009). For additional
information, visit http://www.fao.org/docrep/011/a1553e/a1553e00.htm
Reception of raw materials
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5.2.1 Food Safety Considerations for Cold-Smoked Fish
The low temperatures commonly used in cold smoking (generally <32 °C) are
insufficient to significantly reduce the concentration of any pathogens that could be
present (Jahncke and Herman 2001). Cold smoking, therefore requires additional
processes for pathogen reduction (e.g. pH adjustments, salt concentration and drying),
as indicated in Figure 1. The major post-harvest hazards associated with cold-smoked
products are L. monocytogenes and C. botulinum type E.
Whilst the salting time and salt concentration varies for each product type, the final
concentration of water phase salt (WPS) in the product should be around 3.5% (Gram
2001). In Australia, there are no legal requirements for WPS in smoked products. Higher
WPS such as 5-6% have been evaluated and 5% was recommended as an upper limit
due to sensory quality of the product (Huss, Embarek et al. 1995). Food additives such
as organic acids can be used to reduce the risk related to L. monocytogenes (Gram 2001).
The SSSP software models the effect of various organic acids on the growth of L.
monocytogenes (Dalgaard 2003). For additional information on L. monocytogenes, see
Appendix 2.
Almost all cold-smoked fish products are vacuum packed. C. botulinum can grow in the
absence of oxygen (Szabo and Gibson 2003) and hence it is critical to store cold-smoked
products at chilled temperatures (<3 °C) or in a frozen form. For more information on C.
botulinum, see Appendix 2.
5.2.1.1 Useful Information

For guidelines and advice on control of L. monocytogenes and C. botulinum, see Sections
4.2 and 4.3, respectively.
Additional detailed information on L. monocytogenes and C. botulinum can be found in
the fact sheets in Appendix 2.
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5.2.2 Processing Considerations for Cold-Smoked Fish
Cold-smoked fish products are generally vacuum packed. Lean/white fish species that
have been cold-smoked generally have a longer shelf-life than cold-smoked fatty fish
(Bannerman 2001). Taste, texture and flavour of the product depend on several factors
including the size of the fish fillet, amount of salt and smoke used, degree of drying, and
temperatures (Arvanitoyannis and Kotsanopoulos 2012). For example, for a given
salt/brine absorption process, the resultant texture and flavour are dependent on the
size of the fish flesh. Thus, size-grading of fish portions prior to salting is essential. In
addition to the organoleptic or sensory properties of cold-smoked seafood, salting
reduces moisture content of the product and hence influences texture and flavour of the
product (Gram 2001).
Undesirable odours and flavours such as rancidity, sourness, bitterness, etc. can also be
developed by the action of specific spoilage organisms. These spoilage microorganisms
include lactic acid bacteria (Dondero, Cisternas et al. 2004).
For assessments of quality attributes, see Chapter 6 Determination of Shelf-life.

5.2.3 Additional Resources on Cold-Smoked Fish
For more information on general practice of smoked fishery products, see the Code of
Practice for Fish and Fisheries Products developed by the Codex (available from
http://www.fao.org/home/en.
A mathematical model that can be used to demonstrate likely increases in safety due to
food additives was produced by the National Institute of Aquatic Sciences, Denmark.
This is freely available software at http://sssp.dtuaqua.dk.
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5.3 H OT -S MOKED P RODUCTS
Hot smoking involves smoking the produce for an appropriate combination of
temperature and time to cause the complete coagulation of the proteins in the flesh
(C.A.C. 2009). The hot smoking process is used when new flavours and textures are
desired. During the hot smoking process the internal temperature of the flesh normally
reaches 70-80 °C to cook the flesh (Figure 2).
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Figure 2: Generic processing flowchart of hot-smoked seafood (C.A.C. 2009). For
additional information, visit http://www.fao.org/docrep/011/a1553e/a1553e00.htm
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5.3.1 Food Safety Considerations for Hot-Smoked Seafood
Hot smoking is generally sufficient to kill most bacteria and parasites, to destroy nonsporulated bacterial pathogens and damage bacterial spores of human health concern
(C.A.C. 2009). However, hot-smoked products provide a suitable matrix for growth of
pathogens after smoking as the competitive bacteria have been eliminated.
The key food safety controls that need to be considered during the hot smoking process
include pH, temperatures and salt concentration.
A pH of 5 or less has been shown to inhibit the growth of L. monocytogenes and C.
botulinum (Gram 2001, Peck 2006). The internal temperature of the product during
smoking is a CCP and that failure to reach it can result in potentially dangerous product.
The USFDA recommends smoking fish at a core temperature of at least 62.8 °C for a
minimum of 30 minutes (FDA 2001). During cooling, the core temperature of the
product should be reduced to below 10 °C within 3 hours and 3 °C or below within 12
hours (Flick and Kuhn 2012). It is also important not to package products that are yet to
be adequately cooled as this can result in the formation of condensation in the packet
which may be conducive to the growth of pathogens that could present a safety risk
(Flick and Kuhn 2012). For lightly preserved and fresh products, a 3% water phase salt
content should be used and the products should be maintained below 3 °C to prevent
pathogen growth (Huss 1997).
The salting/brining stage is the critical step during the hot smoking process as it
provides the fish fillet with flavour and creates an environment that limits growth of
some pathogens. The concentration of salt used should be directly proportional to the
size of the fish fillet and indirectly proportional to the immersion time (Bannerman
2001). Bannerman (2001) recommend brine strength of 80% (measured by
brineometer) for most products (refer to Table 25 for brine strength and salt
concentration). When hot smoked fish are kept at chilled temperatures (<3 °C), a
minimum concentration of 3% water phase salt (WPS) has been demonstrated to be
effective in preventing the growth of C. botulinum, particularly in mackerel and trout
(Bannerman 2001). The salt concentration can be calculated with the following formula:
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% 𝑠𝑎𝑙𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =

𝑆𝑎𝑙𝑡 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑔)
𝑥 100
𝑆𝑎𝑙𝑡 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑔) + 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑔)

Table 25: Brine strength, adapted from Bannerman (2001). The brineometer units are
a measure of 1% to 100% saturation levels.
Brineometer (%)

Salt concentration (g/litre brine)

10

26.4

20

52.8

30

79.2

40

105.6

50

132.0

60

158.4

70

184.8

80

211.2

90

237.6

100

264.0

5.3.1.1 Useful Information

For guidelines and advices on control of L. monocytogenes and C. botulinum, see Sections
4.2 and 4.3, respectively.
Additional information on L. monocytogenes and C. botulinum can be found in the fact
sheets in Appendix 2.

5.3.2 Processing Considerations for Hot-Smoked Seafood
The brine strength can change the flavour and texture of hot-smoked seafood.
Concentrations of brine that are too high may result in crystallisation of salt on the
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surface of the skin during the drying process (refer to Table 25 for brine strength and
salt concentration).
Hot-smoked fish products are generally vacuum packed. For fatty fish species, the
reduced concentration of oxygen helps retard rancidity. Smoked molluscs (meat from
mussels and oysters) are generally packed in small jars, covered with good quality
edible oil and the jars sterilised at 121 °C. The smoked meats may also be packed in cans
and heat processed (Bannerman 2001).
Lean/white fish species that have been hot-smoked generally have a longer shelf-life
than fatty fish (Bannerman 2001). The shelf-life depends on several factors including
the amount of salt and smoke used, degree of drying, and storage temperature
(Arvanitoyannis and Kotsanopoulos 2012).
Hot-smoked products can be frozen and kept in cold storage for extended periods when
vacuum packed, although, products with a high fat content are inclined to have a soft
texture after freezing and thawing (Bannerman 2001).
For assessments of quality attributes, see Chapter 6 Determination of Shelf-life.

5.3.3 Additional Resources on Hot-Smoked Seafood
The Seafood Network Information Center (formally UC Davis) provides information on
smoking available from http://seafood.oregonstate.edu/.

5.4 C ANNED S EAFOOD P RODUCTS
Canning is a heat treatment process generally undertaken at 121.1 °C in hermetically
sealed containers for a period of time that is sufficient to inactivate microorganisms
(Ababouch 2002). Canned products are often referred to as being ‘sterile’, however,
microorganisms can occasionally be recovered from viable spores. Canning can be a
cost effective way to preserve food as it can offer a product shelf-life of up to five years
at ambient temperature (Ababouch 2002).
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Canned seafood generally has a low acidity (pH > 4.6) and high water activity (aw >
0.98) (Ababouch 2002). Seafood species that are commercially canned include salmon,
shrimps/prawns, tuna, crab, sardines, mackerel and abalone. The canning process for
seafood is similar across each species although the exact temperature profile (121.1 °C
for a period of time) may differ slightly between products. The differences between
species include the preparation of raw materials (gutting/shelling/skinning), product
format of raw materials (frozen/fresh), heating rate (temperature and time) due to
different can and seafood piece sizes, and inclusion of marinating sauces/flavours.
Figure 3 provides a generic overview of the canning process.
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Figure 3: General canning process, adapted from Ababouch (2002)
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5.4.1 Food Safety Considerations for Canned Seafood
Storage temperature, pH and water activity are crucial in controlling acid tolerant
and/or thermophilic spore-forming bacteria, especially Clostridium botulinum in canned
foods (Ababouch 2002). However, the most important CCP is to achieve a retort profile
that will ensure inactivation of bacterial pathogens. It should be noted that canning does
not reduce the risk of scombroid toxins (ICMSF 2011).
Dissolution of tin from containers in the canning industry is rare due to improved
technology and enamel layers used in canning. However, the dissolution of tin from
defective canning materials can contaminate seafood content, especially if the content
consists of a high pH value and cans were stored open to the air for a period of time.
Whilst tin may not cause immediate illness, it is mandatory to test for tin contamination
in canned seafood (Ababouch 2002). Codex has developed a Code of Practice (CAC/RCP
60-2005) which provides details for the prevention and reduction of tin contamination
in

canned

foods.

The

Code

of

Practice

is

available

from

http://www.codexalimentarius.org.
5.4.1.1 Regulatory Requirements

The Food Standards Code contains a regulatory limit for tin in all canned food and the
maximum limit is listed in Table 26. For information on international requirements, see
the

Australian

Seafood

Trade

and

Market

Access

Database

(available

at

http://www.frdc.com.au/trade).
Table 26: Maximum limit for tin in all canned food, adapted from Standard 1.4.1 of the
Food Standards Code β

β

Contaminant

Maximum Limit (mg/kg)

Tin

250

Current as at October 2013; Food Standards Code available from http://www.foodstandards.gov.au)

5.4.1.2 Detection Methods

There are a range of methods to test for toxic metals. Inductively coupled plasma-mass
spectrometry is one of widely practised methods, listed in Table 27.
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Table 27: Potential methods of testing for tin in seafood
Hazard

Tin

Test Type

Method Reference *

Inductively coupled plasma-mass spectrometry
after microwave digestion

-

Atomic absorption spectrophotometric

AOAC 985.16

* Current AOAC testing methods can be viewed from http://www.aoac.org

5.4.1.3 Useful Information

For guidelines and advice on control of C. botulinum, see Section 4.3.3.
Additional information on C. botulinum and toxic metals can be found in the fact sheet in
Appendix 2.

5.4.2 Processing Considerations for Canned Seafood
Discolouration can occur in canned seafood, particularly for abalone and crabs. The
pigments formed are blue, grey or black and the discoloured product is generally
regarded as falling in the low grade/defect category.
Blue discolouration is believed to be the result of a reaction between oxygen and the
copper containing haemocyanin in the blood (haemolymph) of some crustaceans and
molluscs. This concept is discussed in more detail in Section 6.1.3. However, with
respect to canning the blue discolouration can become pronounced during the retort
process and various additives can be used to reduce or prevent its occurrence.
Commercial antioxidants such as citric acid and/or ethylenediaminetetraacetic acid
(EDTA), which act to capture metals that catalyse oxidation can be applied at different
steps of the canning process to reduce the discolouration (Warne 1988). The blue
colour development can also be controlled by the addition of the reducing agent sodium
metabisulphite or other sulphating agents. Susceptible products can either be dipped in
these additives or the additives can be added to the brine solution. Producers
considering the use of these additives, or others described in this document, should
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consult the Standard 1.3.1 of the Food Standards Code for a list of approved additives
(available from http://www.foodstandards.gov.au).
The grey discoloration can occur though Maillard browning, a chemical reaction
between reducing sugars and amino acids at high temperatures. A possible solution is to
lower retort temperatures and increase processing time (e.g. process at 115.6 °C rather
than at 121.1 °C) (Warne 1988).
Black discolouration is caused by a fungal infection, particularly of snow crabs
(Chionoecetes spp.). While light infections may be physically removed, crabs with heavy
infections should be culled as the shells cannot be completely cleaned (C.A.C. 2009).
For assessments of quality attributes, see Chapter 6 Determination of Shelf-life.

5.4.3 Additional Resources on Canned Seafood
More information on canning procedures for a range of seafood products can be
obtained from various Codex Standards referenced in Table 28.
Table 28: Codex Standards for canning of different seafood species
Product species

Standard Number

Salmon

CODEX STAN 3-1981

Shrimps or Prawns

CODEX STAN 37-1981

Tuna and Bonito

CODEX STAN 70-1981

Crab meat

CODEX STAN 90-1981

Sardines and Sardine type Products

CODEX STAN 94-1981

Finfish

CODEX STAN 119-1981

Additional guidelines (Manual on Fish Canning, by Warne (1988) – FAO Fisheries
Technical Paper – No. 285) is available from http://www.fao.org/home/en.
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5.5 P ACKAGING S UPPLIERS
There are a wide range of food packaging suppliers available in Australia that can
provide assistance and information on suitable packaging materials for use with
different product formats. The Packaging Council Australia contains a comprehensive
list of suppliers (a directory listing is available at http://www.pca.org.au).
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CHAPTER 6:
LIFE

DETERMINATION

OF

SHELF-

Standard 1.2.5 of the Food Standards Code requires most packaged products to be date
marked. Date marking, along with recommended storage conditions, provides
consumers with a measure of the shelf-life of foods under appropriate storage
conditions. The process of setting date marks is based on either quality attributes of the
food or health and safety considerations. It is the responsibility of companies attaching
labels to decide whether a ‘best-before’ or ‘use-by’ date is needed. The ‘best-before’ date
is the last date on which you can expect a food, with no food safety risks, to retain all of
its quality attributes, provided the package is unopened and the product has been
stored according to any stated storage conditions. The ‘use-by’ date is the last date on
which the food may be eaten safely, provided the package is unopened and has been
stored according to any stated storage conditions.
Regulatory requirements and brand-protection requires food businesses to know the
shelf-life of their packaged foods, with the exception of canned products. Decisions on
what types of testing are undertaken, to what extent they are assessed and by who, rest
solely with the company and often depend on available budget. The New Zealand Food
Safety Authority has published a useful guide to calculating the shelf-life of food, which
is available from http://www.foodsafety.govt.nz. The structure summarised in Figure 4
for assessing shelf-life, which is used in the following sections of this Guide is based
upon steps and concepts described in the New Zealand document (Anon 2005).
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Figure 4 Steps to determine shelf-life used in this Guide, adapted from Anon (2005)
Identify potential spoilage mechanisms and food safety risks

Determine appropriate testing methods

Design and implement shelf-life study

Determine and monitor the shelf-life

6.1 I DENTIFY P OTENTIAL S POILAGE M ECHANISMS AND F OOD S AFETY
R ISKS
Nearly all foods begin to deteriorate and lose freshness upon harvest due to a
combination of factors (Moir 2001). While the definition of shelf-life can vary (Barbosa,
Bremner et al. 2002), it can generally be defined as being from the point of harvest to
the point of spoilage. Whilst the point of harvest should be self-defining, the point of
spoilage can depend on the assessment criteria. Quality based spoilage can be
considered as the point when a food product becomes unsuitable for consumption as
judged by sensory evaluation (Moir 2001, Gram 2009). Rejection by sensory evaluation
may be due to objectionable odours, flavours, colour loss, changes in texture, formation
of slime or gases or other physical changes (Gram 2009). Importantly, factors relating to
the food safety status of a product do not relate to organoleptic shelf-life, as an
organoleptically spoiled fish may present no risk to a consumer; the reverse can also be
true (Gram 2009).
The shelf-life of unprocessed or minimally processed seafood is, in the main, shorter in
comparison with terrestrial meats. The shorter shelf-life of unprocessed or minimally
processed seafood is due to higher levels of low-molecular weight non-protein
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nitrogenous compounds plus free amino acids, all of which supply ready nutrients,
along with a high muscle pH, that favours a microbiota dominated by psychrotrophic
bacteria (Gram and Huss 1996, Gram and Dalgaard 2002, Jay, Loessner et al. 2005,
Slattery 2009). Seafood spoilage can occur through a combination of metabolic activities
of microbiota, enzymatic reactions and chemical reactions (Moir 2001). The exact
pathways of spoilage are determined by the composition of the food and storage
conditions that are applied (Ashie, Smith et al. 1996). Whilst the final stages of shelf-life
are often associated with degradation caused by microbial activities, the initial losses of
freshness associated attributes are partly due to the autolytic action of endogenous
enzymes or enzymatic spoilage (Ashie, Smith et al. 1996) and to the loss of volatiles that
provide the subtle characteristic flavours.

6.1.1 Microbial Spoilage
Fresh seafood contains a significant proportion of non-protein-nitrogen compounds
such as free amino acids, nucleotides and trimethylamine-oxide (TMAO) (Ashie, Smith
et al. 1996). Upon death, the innate immune system that controls resident and
pathogenic microbiota ceases to function (Schmitt, Rosa et al. 2012) and non-proteinnitrogen compounds make ideal substrates for the growth of most heterotrophic
bacteria (ICMSF 2005). The growth and metabolic activities of these microorganisms
can result in the development of offensive odours and flavours, discolouration, texture
changes (Ashie, Smith et al. 1996) and slime formation (Gram 2009). Some examples of
losses in sensory or organoleptic quality with respect to different types of bacteria are
provided in Table 29.
The natural microbiota of seafood is usually reflective of the waters from where it was
harvested. The concentration and type of bacteria varies depending on water conditions
and environmental temperature (ICMSF 2005). Only a small proportion of the initial
bacteria flora cause spoilage (Ashie, Smith et al. 1996). During storage these organisms
become abundant due to the selective action of storage conditions, microbial activities
and changes in biochemical composition (Ashie, Smith et al. 1996, Naum, Brown et al.
2008). Combinations of the above factors determine which bacterial species will
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become abundant. Those bacteria that actually contribute to the emergence of
undesirable sensory qualities are referred to as specific spoilage organisms (SSO). It is
important to identify the SSO for a given product type as these can be used to assess
microbial spoilage more reliably than the use of a standard plate count. Furthermore, if
growth curves of the SSO at various temperatures are generated they can be used for
mathematical models to predict the effects of storage.
The most commonly identified SSO of iced and cold stored fish are from the genera
Shewanella, Pseudomonas and Photobacterium (Ashie, Smith et al. 1996, Gram and
Dalgaard 2002, ICMSF 2005). The importance of the latter was not understood until
recently as it is killed by some standard microbiological analytical techniques (Dalgaard,
Mejlholm et al. 1997, ICMSF 2005). Both Shewanella and Photobacterium are capable of
reducing TMAO to trimethylamine (TMA); a compound that is responsible for fishy
odours that are often associated with spoiled seafood (Gram and Dalgaard 2002).
Pseudomonas is responsible for the production of fruity, rotten, sulphydryl odours and
flavours (Gram and Dalgaard 2002). Photobacterium appear to be of lesser importance
in Australian seafood than they are in seafood sourced from the northern hemisphere.
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Table 29: Different losses of sensory quality in various fish products are caused by
different types of bacteria, adapted from Gram and Huss (1996)
Sensory

Spoilage

impression

substrate

Spoilage product

Food product

Specific organism

Acetic acid
herring
preserve

Leuconostoc gelidum
Leuconostoc
gasicomitatum
Lactobacillus
alimentarius
Yeast
Shewanella baltica
Photobacterium
phosphoreum
Aeromonas spp.
Vibrio spp.
Enterobacteriaceae
Pseudomonas
Psychrobacter
Enterobacteriaceae,
lactic acid bacteria
P. phosphoreum
S. baltica
Enterobacteriaceae
Lactobacillus 68ake,
Lactobacillus curvatus
Pseudomonas
Enterobacteriaceae

Slime

Sugars

Extracellular
polysaccharide
(dextran)

Gas

Sugars, protein

CO2

Preserved
herring

Fishy off-odour

Trimethylamine
oxide

Trimethylamine

Several fish
products
Salted fish,
fresh fish

Musty off-odour
Ammonia

Amino acids

Ammonia, NH3

Several fish
products

Sulfide

Cysteine

Hydrogen sulphide,
H2S

Several fish
products

Sulfhydryl offodour

Methionine

Dimethyldisulfide,
(CH3)2S2

Several fish
products

Microbial activity that may result in spoilage can be analysed through microbiological
culture based techniques, detection of volatile base compounds and predictive models
(see Section 6.2.1 for methods).

6.1.2 Enzymatic Spoilage
Enzymes are proteins that can help speed up chemical and biochemical processes. For
example, endogenous digestive enzymes, which include a number of proteinases and
lipases, help break down food so that the nutrients contained within the food become
bioavailable for growth and energy. After death, endogenous enzymes remain active
and can cause discolouration, textural degradation, flavour and aroma issues. However,
some enzymes can also result in beneficial changes, especially during initial post-
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harvest storage, such as the development of desirable tastes and textures (Nielsen and
Nielsen 2012).
Adenosine-5’-triphosphate (ATP) is the main nucleotide that is present in muscle cells
of rested fish and represents a ready source of metabolic energy (Nielsen and Nielsen
2012). In post-mortem fish, ATP is gradually depleted by membrane and contractile
endogenous enzymes; a process which ultimately results in the formation of adenosine
diphosphate (ADP) and reduced pH (Nielsen and Nielsen 2012). Rigor mortis in postmortem fish occurs when decreasing levels of ATP results in protein filaments being
irreversibly bound (Cappeln and Jessen 2002). Dissolution of these proteins by enzymes
results in the end of rigor (Haard 2002). The catabolism of ATP to ADP is followed by
successive reactions resulting in nucleotide degradation (Figure 5).
Figure 5: Nucleotide degradation of ATP in seafood

ATP→ADP→AMP→IMP→HxR→Hx
where ATP is adenosine triphosphate, ADP is adenosine diphosphate, AMP is adenosine
monophosphate, IMP is inosine monophosphate, HxR is inosine and Hx is hypoxanthine

Sensory analysis with a hedonic flavour ranking system has established a relationship
between inosine monophosphate (IMP) and hypoxanthine (Hx), whereby increased
levels of IMP correlate with more favourable hedonic scores and an increased Hx level
corresponds to less favourable scores (Fletcher, Bremner et al. 1990). IMP has been
shown to enhance the pleasant flavour of meat or fresh seafood (Ashie, Smith et al.
1996, Nielsen and Nielsen 2012), whereas Hx is known to impart a bitter flavour
(Hughes and Jones 1966). The relative balance of the concentrations of IMP and Hx is
important in determining the inherent flavour and hence acceptability of the seafood.
In addition, changes in texture and taste occur during post-harvest storage. Some
enzymes catalyse the conversion of TMAO to dimethylamine and formaldehyde,
particularly during frozen storage (Nielsen and Nielsen 2012). Dimethylamine imparts a
milder odour than TMA (reported in Section 6.2.1.2), whereas formaldehyde can affect
meat texture, resulting in toughness, stringiness, loss of juiciness and increased drip
loss (Nielsen and Nielsen 2012).
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Seafood is generally well known for its abundance of polyunsaturated fatty acids
(PUFAs). During storage, these PUFAs can oxidise to form adverse odours and flavours
(German, Chen et al. 1985). It was originally considered that this occurred due to nonenzymatic action. However, it is now thought that this is at least in part facilitated by the
action of enzymes (German, Chen et al. 1985, McDonald and Hultin 1987).
The colour of seafood can also change post-harvest through the actions of endogenous
enzymes. The most notable of these processes is the action of polyphenoloxidase (PPO)
as a catalyst for the chain of reactions that result in melanosis (blackening) in
crustaceans (Ashie, Smith et al. 1996). The melanosis occurs following the oxidation of
phenols, via the action of PPO, to quinones; this oxidative reaction is followed by the
polymerisation of the quinones, resulting in the formation of very dark pigments
(Montero, Ávalos et al. 2001). The formation of these dark compounds is undesirable
and leads to the rejection of prawns by consumers. Other colour related deteriorations
due to enzymatic reactions in seafood include increased flesh opacity in raw fish and
also loss of the colour associated with carotenoids predominantly in crustaceans
(Ababouch 2002).

6.1.3 Chemical Spoilage
The most common types of chemical spoilage in seafood include lipid oxidation, heme
oxidation and Maillard reactions. Lipid oxidative processes lead to rancidity
(development of off flavours and odours), texture changes and detrimental colour
affects. While lipid oxidation can occur through autoxidation, photo-oxidation and
enzymatic oxidation pathways (Rustad 2010); autoxidation is consistently believed to
be the most common pathway (Fennema 1996). Lipid oxidation products can also
interact with other biochemical compounds, resulting in protein denaturation, texture
changes, darkening of colour and nutritional losses (Fernández, Pérez-Álvarez et al.
1997, Shahidi and Zhong 2010). Some lipid oxidation products are also harmful to
human health due to the formation of toxic and carcinogenic compounds (Ababouch
2002).
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Heme oxidative processes can interact with heme proteins, namely haemoglobin (blood
pigment) and myoglobin (muscle pigment). An oxidative process has also been reported
to be associated with the blue discolouration that occurs during canning of abalone
(Olley and Thrower 1977). This discolouration is usually concentrated around the
epipodium surrounding blood vessels and sinuses (Olley and Thrower 1977). The
‘bluing’ effect has been attributed to the oxidative state of the haemocyanin, a copper
containing pigment that acts as an oxygen transporter in abalone blood (Thrower
1977), as abalone blood becomes blue when oxidised (Olcott and Thrower 1972, James,
Olley et al. 1973).
Maillard browning is a chemical reaction between an amino acid and a reducing sugar.
Maillard browning usually requires heat and results in the formation of brown coloured
compounds. Under some processes Maillard browning is desirable, i.e. during cooking,
however during other processes, e.g. canning, it is undesirable.

6.1.4 Effect of Incoming Product on Shelf-life
In the chill range, temperature control is critical and this is just as important for
packaged as it is for non-packaged seafood. A rise in temperature from 0 to 4 °C doubles
the rate of deterioration and thus halves the shelf-life, while at 10 °C the rate of change
is 4 times as fast and shelf-life is only one quarter of what it could have been at 0 °C
(Bremner, Olley et al. 1987).
When selecting raw materials for packaging (or other uses), it is important to consider
the temperature history of the product (Bremner, Olley et al. 1987). A calculation of the
number of icedays (equivalent to the number of days on ice) is often used for this
purpose. For example, the attributes related to freshness of raw materials stored at 4 °C
for 6 days are equivalent to 12 days at 0 °C or 3 days at 10 °C.
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6.1.5 Evaluation of Food Safety Risks
Chapter 5 of this document has demonstrated that some processing and packaging
formats that extend shelf-life can lead to a higher level of food safety risks than that
present in the raw format. Specifically, the microbial pathogens Listeria monocytogenes
and Clostridium botulinum have been highlighted as potential risks associated with
processed product. The principals of HACCP (see Section 2.4) should be used to identify
particular pathogen-product combinations that should be considered; these can be
specific to individual processors and businesses must apply these principles to their
specific product to identify the potential product.

6.2 D ETERMINE A PPROPRIATE T ESTING M ETHODS
For each product attribute (i.e. odour, flavour, texture, colour/discolouration) there
could be several factors that may act either alone, or in combination, to affect that
attribute with regard to freshness. Table 30 provides a guide to potential causes and
techniques that can be used to measure impacts on each attribute. For example, changes
in odour can be associated with microbial and chemical spoilage. Consequently, for each
attribute or detrimental factor listed in Table 30, there are multiple test methods that
can be used to assess changes in the attributes. For each product type, it is useful to
identify the spoilage patterns of specific products and determine the most appropriate
and relevant testing or monitoring method. Evaluating the loss of desirable properties
can be a complex task and may require specialist advice and skills to design appropriate
experiments and interpret results.
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Table 30: Examples of spoilage issues, associated detrimental factors and potential
techniques for their measurement
Issue

Detrimental factor

Microbial spoilage

Odour

Flavour changes

Enzymatic spoilage

Slime formation

Discolouration

Flavour changes

Texture

Chemical spoilage

Odour

Flavour changes

Discolouration

Texture

Measurement/method

Section reference

Microbial growth

6.2.1

Sensory panel

6.2.5

Scoring systems

6.2.6

Trimethylamine and other volatile bases

6.2.1.2

Gas chromatography-mass spectroscopy

6.2.4

Microbial growth

6.2.1

Sensory panel

6.2.5

Trimethylamine and other volatile bases

6.2.1.2

Gas chromatography-mass spectroscopy

6.2.4

Sensory panel

6.2.5

Scoring systems

6.2.6

Sensory panel

6.2.5

Scoring systems

6.2.6

Instrumental

6.2.7.2-6.2.7.3

Sensory panel

6.2.5

K-value

6.2.2.1

Sensory panel

6.2.5

Subjective

6.2.8.1

Instrumental

6.2.8.2

Sensory panel

6.2.5

Scoring systems

6.2.6

Trimethylamine and other volatile bases

6.2.1.2

Gas chromatography-mass spectroscopy

6.2.4

Sensory panel

6.2.5

TBARs and peroxide value

6.2.3.1

Gas chromatography-mass spectroscopy

6.2.4

Sensory panel

6.2.5

Scoring systems

6.2.6

Instrumental

6.2.7.2-6.2.7.3

Sensory panel

6.2.5

Subjective

6.2.8.1

Instrumental

6.2.8.2

P a g e | 74

6.2.1 Methods to Assess Microbial Spoilage
6.2.1.1 Culture Based Techniques

When using culture based techniques to evaluate spoilage resulting from bacterial
activities, all microbiological samples should be prepared using the methods in
Australian Standard AS 5013.11.3 (Food Microbiology – Microbiology of Food and
Animal Feeding Stuffs—Preparation of Test Samples, Initial Suspension and Decimal
Dilutions for Microbiological Examination – Specific Rules for the Preparation of Fish
and Fishery Products). The current Australian Standard is available from
http://infostore.saiglobal.com/store.
A range of microbiological media for culturing is commercially available; the types of
microbiological media used depend on the required analysis, as reported below. After
preparation, culture plates are inoculated, incubated and examined. For spread and
pour plating inoculation techniques, AS1766.1.4- 1991 and AS1766.1.3- 1991 should be
used, respectively.
A list of NATA accredited laboratories within Australia capable of conducting these tests
can be found at http://www.nata.asn.au.
Standard (Aerobic) Plate Counts
Standard (aerobic) plate counts or SPC are commonly used to assess microbial
contamination in seafood: AS 5013.1 lays down the method for estimating a standard
plate count. However, for shelf-life analysis, inoculated plates are generally incubated at
25 °C for 72 hours rather than 30 °C (ICMSF 1986) as this lower temperature is more
appropriate for assessing spoilage bacteria. If psychrotrophic counts are being
estimated, samples are incubated at 7 °C for 10 days (Gram 2009).
Anaerobic Plate Count
Anaerobic plate counts are useful for analysis of modified atmosphere packaged
product to reveal growth of anaerobes. Plates are prepared and assessed similarly to
standard plate counts, except that the plates are incubated in an anaerobic (oxygen
free) environment, often in a hermetically sealed chamber with a modified atmosphere.
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Shewanella species
Counts of presumptive Shewanella species are normally quantified by the pour plate
technique at 46 °C in Lyngby Iron Agar (Atlas 1997). Inoculated plates are incubated at
25 °C for 48 hours with a 5 mL overlay. Black colonies are assumed to be Shewanella or
Shewanella-like bacteria.
Pseudomonas species
Counts of Pseudomonas species can be estimated by spread plate technique using
Cetrimide Fucidin Cephaloridine (CFC) Pseudomonas agar and incubated for 48 hours.
This is a commercially available microbiological media and must be prepared using the
appropriate CFC supplement.
Lactic Acid Bacteria
Counts of lactic acid bacteria can be estimated by pour plate technique using de Man,
Rogosa, Sharpe (MRS) agar at 46 °C with a 5 mL molten overlay of molten (46 °C) MRS
agar and incubated for 72 hours. This is a commercially available microbiological media.
Photobacterium
Despite its recognised importance as a seafood spoilage organism, there are currently
no microbiological media available for the determination of Photobacterium
phosphoreum. However, Dalgaard, Mejlholm et al. (1996) have described a conductance
method using incubation under CO2 to increase selectivity towards CO2 resistant P.
phosphoreum. The presence of luminescent bacteria can also be rudimentarily estimated
by viewing standard plate counts in the dark.
6.2.1.2 Analysis of Trimethylamine and Other Volatile Bases

Trimethylamine (TMA) has commonly been used as an indicator of the decomposition
of seafood as it contributes to typical fishy odours that become apparent during storage
and is formed via the reduction of TMAO by Shewanella, Aeromonas spp.,
psychrotolerant Enterobacteriaceae, P. phosphoreum, hydrogen sulphide producing
bacteria and Vibrio spp. (Gram and Dalgaard 2002). Methodologies for the
determination of TMA have been comprehensively reviewed (Howgate 2010). TMA can
be measured directly, or measured as a component of the total volatile base-nitrogen
(TVB-N). TMA and TVB-N are useful for demonstrating that the product is spoiled and
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likely to be unsuitable for consumption. However, neither method is ideally suited to
estimating the remaining shelf-life (Howgate 2010).
Trimethylamine
The AOAC lays down a Official Method 971.14 for the analysis of TMA in seafood. In this
method, TMA is extracted using trichloroacetic acid and appropriate amounts of the
extract are mixed with formaldehyde, potassium carbonate and toluene. The toluene
phase is removed, a solution of picric acid is added and the ionisation of the picrate salt
is measured photometrically. Some authors report improved results using a solution of
potassium hydroxide in place of potassium carbonate (Murray and Gibson 1972). It
should be noted that picric acid is an explosive compound and should be handled with
extreme care. Furthermore, it can be expensive to dispose of the left over reagent and
resultant waste chemicals appropriately.
Total Volatile Base-Nitrogen (TVB-N)
TVB-N is the summation of TMA, dimethylamine and ammonia. The European
Commission stipulates an official method for the determination of TVB-N (EC
2074/2005). In this method nitrogenous bases are extracted in perchloric acid. The
extract is made alkaline with sodium hydroxide and the nitrogenous bases volatilised by
steam distillation and the distillate absorbed in a solution of boric acid. The
concentration of combined nitrogenous bases is determined by titration using a pH
indicator. It is critical to standardise the rate of distillation in order to minimise
ammonia decomposition (Howgate 2010).
6.2.1.3 Microbiological Analysis using Predictive Models

Many predictive microbiological models have been developed for SSO as well as
pathogenic bacteria. Predictive microbiology is defined as the growth responses of the
microbes of concern with respect to the main controlling factors such as temperature,
pH and water activity. Predictive models can be used to estimate bacteriological growth
without having to undertake individual, time-consuming assays. Using known
parameters, predictive models can predict the amount of microbial growth after certain
periods of time, reduction in microbial counts over time and the probability of growth
or toxin production within a defined time. Thus, validated predictive microbiology is
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beneficial for new product development, establishment of critical control points in
HACCP plans, food safety objectives and quantitative microbiological risk assessment
(QMRA).
To increase accessibility, several predictive models have been incorporated into
computer software that can compile different models for each SSO in different product
formats to estimate shelf-life of the products. However, all programs require the basic
growth parameters that dictate growth patterns. The Seafood Spoilage and Safety
Predictor (SSSP) software is freely available and includes models for the important SSO
P. phosphoreum and Shewanella putrefaciens (Dalgaard, Buch et al. 2002). Other
programs such as the Food Spoilage Predictor consists of models for psychrotolerant
Pseudomonads in aerobically stored fresh fish. However, for all of these models, it is
fundamental to have identified the SSO for the product.
Predictive model programs for specific spoilage organisms are listed below:
1. ComBase is the largest database of microbiological raw data which integrates Food
Micro Model and Pathogen Modelling Program and other data. It can be accessed
free of charge via http://www.combase.cc. Examples of included spoilage organisms
include Bacillus spoilage bacteria, Brocothrix thermosphacta, enterobacteriaceae,
lactic acid bacteria, Shewanella putrefaciens and spoilage yeasts.
2. Forecast is a collection of SSO models, which considers the effects of fluctuating
temperature, dynamic processing environments, MAP and new product types. A fee
applies for this service. For more information visit http://www.campdenbri.co.uk/.
3. The Food Spoilage Predictor program, developed by the University of Tasmania,
uses temperature logger which are linked to software containing microbiological
growth models. Thus it can predict the total shelf-life and the remaining shelf-life at
any time in the cold chain.
4. The Seafood Spoilage and Safety Predictor (SSSP), a program invented by the
Technical University of Denmark, includes shelf-life determination, specific spoilage
organisms (P. phosphoreum and S. puftefaciens), histamine formation and L.
monocytogenes. The program has been developed specifically to determine the shelflife of products suffering constant and fluctuating temperature conditions (Dalgaard
2003). SSSP can be found at http://sssp.dtuaqua.dk/.
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6.2.2 Methods to Assess Enzymatic Spoilage
6.2.2.1 Analysis of Nucleotide Degradation using K-value

The K-value was first proposed by Saito, Arai et al. (1959) as a biochemical index for
fish quality and freshness assessments. Since then the K-value and its derivatives,
including Ki-value (sometimes reported as K’-value or K1-value), G-value, P-value, Hvalue and Fr-value, have been used on a variety of seafood species and products (Özogul
2010). The equations for these values are presented in Figure 6. The rate of nucleotide
degradation varies with species, seasonality, stress during capture, body location (i.e.
dark or white muscle) and storage and handling conditions (Özogul 2010). The choice of
which index to use generally depends on the degradation patterns of the metabolites
(Shahidi, Chong et al. 1994), however, it is reported that the G-value and P-value are
more useful with lean fish (Özogul 2010).
Figure 6: Calculation of K-value and its derivatives
K-value=

HxR+Hx
×100
ATP+ADP+AMP+IMP+HxR+Hx

𝐾i -value=

G-value=

P-value=

HxR+Hx
x100
IMP+HxR+Hx

HxR+Hx
𝑥100
AMP+IMP+HxR

𝐻𝑥𝑅 + 𝐻𝑥
x100
𝐴𝑀𝑃 + 𝐼𝑀𝑃 + 𝐻𝑥𝑅 + 𝐻𝑥

H-value=

𝐹r =

Hx
x100
IMP+HxR+Hx

𝐼𝑀𝑃
𝑥100
𝐼𝑀𝑃 + 𝐻𝑥𝑅 + 𝐻𝑥

Calculations require nucleotides to be reported in molality (i.e. moles/g tissue)

The determination of the ATP-related compounds generally involves the extraction of
the nucleotides using either perchloric acid or trichloroacetic acid, followed by highperformance liquid chromatography (HPLC) analysis. While it has often been
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recommended that samples prior to extraction and purification be stored in liquid
nitrogen to stop all enzymatic reactions, storage at -18 °C may also be suitable (VecianaNogues, Izquierdo-Pulido et al. 1997) but in both cases the frozen material must be
homogenised from the frozen state and not thawed first, otherwise the chain of
reactions from ATP through to Hx will have been rapidly instigated, particularly in the
zone of thermal arrest between about -6 °C to -1 °C, and thus the results will not reflect
the levels when the sample was taken. Typical nucleotide extraction procedures are
reported below.
Acid Extraction
Frozen tissue is homogenised in either perchloric acid or trichloroacetic acid for a few
minutes under cold conditions. The mixture is centrifuged, the resultant supernatant is
then filtered and neutralised. Any particulates are removed with further centrifugation
and filtration (Aristoy, Mora et al. 2010).
RP-HPLC Analysis of Nucleotide Extracts
Ion pair RP-HPLC methods with a C-18 column and UV detector (254nm) are the most
widely used methods of analysis (Aristoy, Mora et al. 2010). The mobile phase often
consists of a phosphate buffer, however a gradient with methanol or acetonitrile can
improve the resolution and shorten analysis time.

6.2.3 Methods to Assess Chemical Spoilage
6.2.3.1 Determining the Extent of Lipid Oxidation

The extent of lipid oxidation is often assessed by sensory evaluation (see Section 6.2.5).
However, specialised methods, including the peroxide value (PV) and thiobarbituric
acid-reactive substances (TBARS), can also be used to quantify the concentration of
primary and secondary oxidation products, as can GC-MS techniques, which are
described under Section 6.2.4. Standardised sampling is very important as the degree of
oxidation decreases with the depth of tissue from which the sample was taken.
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PV Assay
There are a number of PV methods that can be used to measure the concentration of
primary oxidation products. Most techniques are based on the ability of the primary
oxidation products to liberate iodine from potassium iodide. During the course of
oxidation, peroxide values reach a peak and then decline.
TBARS Assay
The thiobarbituric acid reactive substances (TBARS) assay measures the concentration
of secondary oxidation products. The American Oil Chemists’ Society (AOCS) Official
Method for TBARS (Method Cd 19-90) dissolves lipids in a solution of thiobarbituric
acid in butanol, which is heated and the absorbance of the solution is read at 530nm.
While TBARS levels are not an absolute indicator to freshness and cannot solely be used
to determine shelf-life thresholds, the results can correlate with sensory evaluation
scores. Furthermore, this approach can be useful for the assessment of frozen products.

6.2.4 Determining Volatile Components using Gas Chromatography –
Mass Spectroscopy
The fresh volatiles of raw seafood can degrade through several pathways including
enzyme-mediated conversion of lipids to aromas; the formation of secondary oxidation
products such as aldehydes, ketones, free fatty acids and alcohols (Kim, Morrison et al.
2011) and enzymatic conversion of sulphur and nitrogen containing compounds to
volatiles such as dimethyl sulphide and trimethylamine (Howgate 2010, Kim, Morrison
et al. 2011). These pathways can also be responsible for altered tastes associated with
spoiled products (Sohn and Ohshima 2011). The volatile profile of a food product
generated by gas chromatography–mass spectroscopy (GC-MS) can be considered to be
a chemical fingerprint of a food (Bianchi, Cantoni et al. 2007). Further, GC-based results
can correlate to sensory analysis, and serve as markers for flavour and odour
development (Frankel 1998).
Various techniques can be used to extract the volatile compounds from samples prior to
loading to the GC. However, the predominant methods used with seafood include static
headspace, dynamic headspace and static headspace-solid phase micro extraction (SH-
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SPME). The advantages of static headspace include ease of use, ease of automation,
speed and the fact that there is no need to manipulate or extract the sample (Frankel
1998). Dynamic headspace sampling provides increased detection of volatile and semivolatile compounds over static headspace sampling and is also more sensitive (Overton
and Manura 1995) and uses lower extraction temperatures than the static headspace
method (Frankel 1998), although, the extraction process is more elaborate in
comparison with the static headspace method. However, in recent years, SP-SPME
coupled to GC-MS has been increasingly used for the evaluation of volatile compounds
in seafood (Duflos, Moine et al. 2005, Iglesias and Medina 2008, Iglesias, Medina et al.
2009, Soncin, Chiesa et al. 2009, Sarnoski, O'Keefe et al. 2010, Maqsood and Benjakul
2011, Miyasaki, Hamaguchi et al. 2011, Leduc, Tournayre et al. 2012). The reason that
the use of this extraction method has proliferated since its initial description by Arthur
and Pawliszyn (Arthur and Pawliszyn 1990), is that it is fast, solvent free, easily
automated (Iglesias, Medina et al. 2009) and has similar sensitivity compared with
other exhaustive extraction methods (Bojko, Cudjoe et al. 2012).

6.2.5 Sensory Analysis
Sensory analysis is a rapid tool to assess attributes associated with the freshness of
seafood and importantly, it can yield specific information on predicted consumer
perceptions (Hyldig and Green-Petersen 2004). Sensory tests can be either based on
objective testing using a trained panel or subjective testing, which usually involves inhouse assessment or the use of a consumer panel. A trained panel involves the use of
panellists who are selected based on their skills in consistently assessing sensory
characteristics; trained panels can be expensive and difficult to access. A consumer
panel is normally comprised of large numbers of panellists who often have no specific
knowledge of the product attributes being assessed.
Codex lays down a guideline for the sensory evaluation of fish and shellfish in
laboratories (CAC-GL 31-1999 available from http://www.codexalimentarius.org). The
Codex guideline is intended primarily for objective testing methods using trained
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panels. The guideline represents a comprehensive resource for the development of
adequate facilities, selection of sensory panellists and procedures for analysis.
6.2.6 Scoring Systems for Freshness
6.2.6.1 Quality Index Method

A quality index method (QIM) is a sensory method for estimating remaining shelf-life of
chilled seafood through the supply chain (Boulter, Poole et al. 2006) and is highly useful
in an industry-based setting for the assessment of whole fish, determining the freshness
of any incoming product that will be processed. The technique is based upon a method
originally described by Bremner (1985), where the characteristics targeted by these
methods change throughout storage due to deterioration of freshness. Characteristics
assessed are attributes such as gill colour, odour and flesh texture. Scores from each
attribute, scored from 0 (fresh) to 3 (deteriorated), are summed to form the total
sensory score (Martinsdottir 2002); the higher the score, the less fresh the fish. A
correctly developed QIM will increase linearly with storage time (Martinsdottir 2002).
These methods are advantageous as they are quick to undertake (once developed), can
predict shelf-life and are suitable for use by the industry (Nielsen, Hyldig et al. 2002).
Importantly, the QIMs take species-specific differences into account. As a result it is
necessary for individual QIMs to be developed for each species. The efficiency and
usefulness of these methods has resulted in their use internationally by food processing
factories, auction facilities and also in research institutes (Hyldig and Green-Petersen
2004).
QIMs have been developed for a wide variety of seafood both domestically (Boulter,
Poole et al. 2006) and internationally (Table 31). However, it is worth noting that
changes to packaging type may change the spoilage profile and adjustments may be
needed to the QIM to account for these subtle changes. The Australian Quality Index
Manual currently describes methods for 14 species of Australian seafood (Boulter,
Poole et al. 2006). The manual (Report No 2003/237) is available from
http://www.frdc.com.au.
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Table 31: Some of the quality index methods that have been published internationally
within the scientific literature
Type

Scientific name

Reference

Anchovy

Engraulis anchoita

Massa, Manca et al. (2012)

Bogue

Boops boops

Seabream (snapper)

Pagellus bogaraveo, Sparus aurata
L., Sparus aurata

Squid

Photololigo duvaucelii

Cuttlefish

Sepia aculeate, S. officinalis

Atlantic herring

Clupea harengus

Arctic char

Salvelinus alpinus

Southern sheatfish

Silurus meridionalis

Li, Yu et al. (2007)

Cod

Gadus morhua

Warm, Boknaes et al. (1998),
Cardenas Bonilla, Sveinsdottir
et al. (2007)

Hybrid striped Bass

Morone saxatilis and M. chrysops

Nielsen and Green (2007)

Octopus

Octopus vulgaris

Barbosa and Vaz-Pires (2004)

Mediterranean hake

Merluccius merluccius

Atlantic salmon

Salmo salar

Bogdanović, Šimat et al.
(2012)
Huidobro, Pastor et al. (2000),
Sant'Ana, Soares et al. (2011)
Tantasuttikul, Kijroongrojana
et al. (2011)
Sykes, Oliveira et al. (2009),
Tantasuttikul, Kijroongrojana
et al. (2011)
Mai, Martinsdóttir et al.
(2009)
Cyprian, Sveinsdóttir et al.
(2008)

Baixas-Nogueras, Bover-Cid et
al. (2003)
Sveinsdottir, Martinsdottir et
al. (2002)

6.2.6.2 Torry Method

The Torry scoring scheme is a grading method to estimate freshness attributes of
various cooked and raw fish and shellfish by using sensory descriptions. The score
ranges from 10 being very fresh to 3 being spoiled (Figure 7 and Figure 8). Generally,
anything below 3 is considered to be unfit for human consumption. Some users may set
an average score of 5 or 5.5 as the limit for consumption (Bremner, Olley et al. 1987). It
is recommended that raw fish being assessed by the Torry scheme should not be
thawed or have been stored in chilled seawater as these conditions can affect the score.
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For a more accurate result, fresh fish and shellfish should be assessed within the first
few days after harvest (Olafsdottir, Lauzon et al. 2006).
Figure 7: An example of the Torry Score sheet for raw Haddock, adapted from Archer
(2010)

Figure 8: An example of the Torry Score sheet for cooked Haddock, adapted from
Archer (2010)
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6.2.7 Methods to Assess Colour
The visual characteristics of a product are usually the first sensation that a consumer
perceives. Attributes such as colour can be paramount to product acceptance by
consumers. Colour is associated with flavour and freshness as it often correlates with
physical, chemical and sensory aspects of the food (Leon, Mery et al. 2006, Pedreschi,
Leóna et al. 2006). Colour can be measured using either basic sensory analysis,
specifically designed instruments or by Digital Image Analysis (DIA).
6.2.7.1 Sensory Assessment of Colour

Basic sensory analysis can be used to assess the degradation of colour post-harvest.
Colour swatches can be developed such as the Roche Color Card for Salmonids which is
used to determine the deposition of astaxanthin (Smith, Hardy et al. 1992). These types
of charts can be developed for the specific, intended seafood or product. A fully trained
sensory panel could also be used to evaluate colour changes during storage.
6.2.7.2 Colorimeters

The most common system used to describe colour in the analysis of foods
instrumentally is the CIE L*a*b* colour space described by the Commission
Internationale d’Eclairage in 1976 (CIE 1976). In this colour space, the L* value is a
measure of lightness (from 0 to 100), a* is a measure of green and magenta (negative
values indicate green and positive values magenta) and b* is a measure of blue and
yellow (negative values indicate blue and positive values yellow). Specialised handheld
chromameters can be purchased that express results in the CIE L*a*b* colour space.
These instruments produce reliably repeatable results providing the instruments are
used consistently, are calibrated appropriately and samples are prepared carefully and
consistently.
6.2.7.3 Digital Image Analysis

Digital image analysis (DIA) using standard photographic equipment can capture
extremely detailed information over a large surface area and is a useful, cost effective
and objective tool for the analysis of colour degradation of seafood during storage. The
use of DIA for seafood is limited thus far, however it has been utilised in the analysis of
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foods with issues such as the browning of potato chips during cooking (Pedreschi,
Leóna et al. 2006), discolouration of beef during storage (Larraín, Schaefer et al. 2008)
and enzymatic browning of vegetables (Zhou, Harrison et al. 2004). Images should be
collected using a standard digital camera under a controlled light source that is not
impacted by surrounding light, using the longest exposure setting possible. Images can
then be exported to third party software such as Adobe Photoshop; either the whole
product or specific sections can be selected and the CIE L*a*b* values of the selection
estimated using the Average Blur tool. Image segmentation algorithms have also been
developed for high throughput analysis that are less labour intensive and can rapidly
increase the speed of data collection (Kang and Sabarez 2009).

6.2.8 Methods to Assess Texture
The textural quality of seafood is a major factor in its appeal. Textural properties are
sensed primarily by the sense of touch and are related to the deformation,
disintegration and flow of the food under a force (Bourne 2002). The textural quality of
seafood depends on several intrinsic, post-mortem (rigour mortis) and extrinsic
parameters that include the type or species of fish species, its age, size, biological
condition, methods of catch, storage conditions, processing conditions and culinary
treatments (Sánchez-Alonso, Barroso et al. 2010). For example, during frozen storage,
fish muscles (myofibrillar proteins and collagens) can aggregate inducing a toughening
of the muscle (Sánchez-Alonso, Barroso et al. 2010). Thus the rate and extent of rigor
mortis also affects fish toughness.
A variety of methods can be used to measure or monitor changes in textural parameters
of foods. Numerous instrumental and sensory methods have also been used to evaluate
the texture of fish and fish fillets (Hyldig and Nielsen 2001).
6.2.8.1 Subjective Texture Profiling

Subjective methods measure an individual’s response to the test product. Subjective
evaluations can be standardised by including samples with distinct properties. The
finger method (using one’s finger to press into a sample) is an example of a subjective
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technique to evaluate firmness. The selection of the most suitable test and test
conditions depends on the purpose of the study and the type of seafood being studied.
6.2.8.2 Objective Texture Profiling

Objective methods usually involve scientific instruments and processors to determine
individual textural characteristics of seafood (Bourne 2002).
Puncture test
The puncture test is one of the most widely used and simplest types of texture
measuring assessments and is especially suitable when the size and shape of the
specimen is highly variable (Bourne 2002). The puncture measures the force required
to push a punch or probe into a food. The yield-point (point at which the punch or probe
penetrates the food) is proportional to both the area and perimeter of the plunger, and
can be used to determine the compression coefficient and shear coefficient (Bourne
2002). In general the diameter of the specimen should be at least three times the
diameter of the plunger and this can be achieved by using 1) a larger sample or 2) a
smaller plunger. For thin or small samples, a support plate with a hole in the centre
under the punch is recommended. The diameter of the hole is suggested to be 1.5-3
times bigger than the diameter of the punch to give adequate support without
introducing errors through compression or bending effects (Bourne 2002).
Cutting-shear test (Warner-Bratzler shear)
Cutting shear tests, which can be used to estimate toughness and have been frequently
used on terrestrial meat products, are also used on some seafood products including
prawns. The cutting blade acts like a guillotine and the sample is subject to a
combination of tension, compression and shearing forces. The shape, thickness and
bevel of the cutting blade, its speed and the gap between the cutting blade and the
sample support affect the test results (Bourne 2002).
Kramer test
Kramer tests can be measured in a Kramer shear-compression cell. The standard cell
contains 10 blades which pass through a food sample. During the test a complex
combination of compression, extrusion, shear and friction occur (Bourne 2002).
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Compression tests
Compression tests can be destructive or non-destructive. In non-destructive testing the
compression force is kept small to ensure that there is no fracture, breakage, or other
irreversible damage to the sample. In destructive testing the compression force is
increased to a level at which the sample is irreversibly damaged (Bourne 2002).
Tensile tests
Tensile tests are not widely performed with foods as mastication involves compressive
forces (Bourne 2002).
Texture profile analysis
Texture profile analysis (TPA) is a mechanical testing procedure that is used to
determine a number of textural parameters that can correlate with sensory evaluations.
The TPA compresses the sample twice in a reciprocal motion. This two-bite assay can
imitate the action of mastication by jaws through the compressing and decompressing
of the sample. The rate of compression/decompression and extent of compression can
impact on the results. A compression of 90% of the initial height is common (Bourne
2002). A typical TPA curve is shown in Figure 9. The force-time data from the TPA curve
can be used to determine a number of important textural parameters, including those
reported in Table 32.

P a g e | 89
Figure 9 Generalised texture profile analysis curve, reproduced from Bourne (2002)
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Table 32: Common textural parameters derived from a texture profile analysis, adapted
from Bourne (2002)
Textural parameter

Description

Hardness

The height of the force peak on the first compression cycle
(first-bite)

Fracturability (brittleness)

Force at which there is a significant break in the curve during
the first compression (first-bite)

Cohesiveness

Ratio of the positive force areas from the first and second
compressions (Area2/Area1, see Figure 9)

Springiness

The distance the food recovered its height during the time that
elapsed between the end of the first bite and the start of the
second time

Adhesiveness

Negative force area from the first bite (work required to pull
the compressing plunger way from the sample)

Gumminess

Calculated from the product of hardness x cohesiveness

Chewiness

Calculated from the product of gumminess x springiness

6.2.9 Methods to Assess Processing Related Food Safety Risks
Nationally and internationally approved testing methods for seafood hazards that could
be impacted by shelf-life are provided in Table 33. It should be noted that some of the
methods listed are specified in Australian Standards, whilst others have been sourced
from policies issued by the USFDA. Seafood producers and processors should take great
care to review their regulatory requirements independently by seeking advice on
sampling plans from appropriately qualified experts to ensure that the method selected
is appropriate. The National Association of Testing Authorities which certifies and
approves laboratories in Australia can be found at http://www.nata.asn.au. It should be
noted that for some pathogen/product combinations, the mathematical models
described under Sections 4.4 and 6.2.1.3 can be used to indirectly model growth.
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Table 33: Examples of potential test methods for different hazards in processed
seafood products
Hazards

Test Type

Method Reference *
Australian Standard (AS 5013.24.1)

Listeria monocytogenes

Culture based method
Australian Standard (AS 5013.24.2)

Clostridium botulinum

PCR
Mouse bioassay

C. botulinum toxin
Amplified ELISA
Salmonella

USFDA:
Bacterioloigical
Manual (Chapter 17)

Anaytical

USFDA:
Bacterioloigical
Manual (Chapter 17)

Anaytical

Culture based method

Australian Standard (AS 5013.10)

Culture based method (MPN)

Australian Standard (AS 5013.15)

Culture based method (rapid
assay)

Australian Standard (AS 5013.19.1)

Culture based method

Australian Standard (AS 5013.18)

PCR

USFDA:
Bacterioloigical
Manual (Chapter 9)

Campylobacter

Culture based method

Australian Standard (AS 5013.6)

Bacillus cereus

Culture based method

Australian Standard (AS 5013.2)

Shigella spp.

Culture based method

Australian Standard (AS 5013.25)

E. coli

Vibrio
parahaemolyticus

Anaytical

Australian Standard (AS 5013.12.1)
Staphylococcus aureus
(coagulase-positive)

Culture based method

Australian Standard (AS 5013.12.2)
Australian Standard (AS 5013.12.3)

Standard plate count
(SPC)

Culture based method

Australian Standard (AS 5013.1)

Scombroid (Histamine)
Poisoning

Fluorescence spectroscopy

AOAC 977.13

* The current Australian Standard for testing methods are available from SAI Global Limited and can
be viewed at http://saiglobal.com/. The USFDA Bacteriological Analytical Manual is available from
http://www.fda.gov. AOAC methods available from http://www.aoac.org
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6.3 D ESIGN AND I MPLEMENT S HELF - LIFE S TUDY
The shelf-life of seafood products can be estimated by undertaking controlled storage
trials. The robustness that is built into these assessments provides confidence in the
shelf-life estimates and provides increased brand protection. Planning a shelf-life study
can be complex and the following factors should be considered:


Food safety risks: This should be determined on an individual basis by HACCP. Some
of the pathogens may be sporadic in occurrence in the product and a basic
determination of uncontaminated product cannot be used to estimate safe shelf-life.
For these risk factors, it may be necessary to undertake challenge testing where a
known quantity of pathogens are artificially seeded into the product to assess if the
shelf-life that can be achieved in terms of freshness, could result in growth of
pathogenic microorganisms to harmful levels.



Freshness attributes: This is dictated by the nature of the seafood species and
product format; e.g. rancidity can be a particularly important for frozen and/or fatty
fish, yet of little importance in a refrigerated lean fish. Testing undertaken often
includes sensory and depending on the nature of the product and budget,
microbiological and chemical testing.



Shelf-life trials: Trials should be undertaken using the storage temperature and
conditions that will be ideally used for the product. Although, the impact of potential
temperatures that may occur during transport and retail storage can also be
assessed.

In the planning stages for all of these assessments:


The storage time should exceed the likely shelf-life to ensure that the point of
spoilage is captured (Anon 2005).



Consideration should be given to the sampling points (usually in days, weeks or
months depending on the product) that should be used during the study; while an
increase in sampling points can increase cost, it can also provide a more precise
estimation of the point of spoilage. It is possible to bias some of the sampling points
towards the expected spoilage point if there is existing knowledge of the product.
Although, fresh samples should still be collected so that changes in the product can
be demonstrated.
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Suitable replication should be considered to account for variation in results. This
should be informed by statistical design; however, as a minimum 3 samples should
be collected as this will give an indication of variation between replicates (Anon,
2005). Ideally, samples should be collected from individual packets to show
variation between packs or units rather than within.



Consideration to undertaking repeat studies should be undertaken; this can account
for variation in in-coming product such as seasonal changes in the microbiological
profile.



Once collected, samples for microbial analysis should be stored at <10 °C and
analysed within 24 hours. Samples for chemical analysis should be analysed
immediately or snap frozen and stored at -80 °C.



Accelerated shelf-life trials using warmer storage temperatures change the
microbial profile of a food product and the subsequent spoilage profile is changed.
These types of trials should not be used for shelf-life assessments of seafood.

6.4 D ETERMINE AND M ONITOR THE S HELF - LIFE
Results of the storage trial should be collated and used to determine the time point that
would result in rejection by a consumer; this could be from factors such as loss of
flavour, unappealing physical attributes or the emergence of spoilage odours and
flavours. Results of food safety testing should also be assessed to determine a time point
that can safely be achieved without posing a risk. It should be noted that the safe shelflife may be different to the organoleptic shelf-life; shelf-life is determined by whichever
period is shortest (Anon, 2005). The stated shelf-life of the product should incorporate a
suitable margin (several days) to account for variances in storage temperature and
other factors than can occur in an actual supply chain (Anon, 2005). Repeat experiments
modelling these variations can be used to build confidence into the length of this
margin.
Ongoing monitoring of shelf-life should be undertaken as part of brand protection
activities and HACCP. If a firm relationship is established between microbial or chemical
data and the sensory scores, it may be possible to use these as indicators in lieu of a
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sensory panel as these can be expensive and difficult to access (Anon, 2005). Collecting
samples of your product from the end of an actual supply chain can be an effective way
to review the shelf-life of your product (Anon, 2005).
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CHAPTER 7:

CONCLUDING REMARKS

Quality and safety are best achieved by:


Starting with raw materials of the highest quality



Following standard processing protocols



Implement appropriate PRPs



Identifying and controlling likely hazards (HACCP)



Understanding and managing the intrinsic properties of the final product that affect
food safety and shelf-life.

This Guide can be considered in two very broad, but inter-related, categories; preprocessing and processing and packaging.

7.1 P RE - PROCESSING
Environmentally and/or naturally contaminated raw materials such as those with heavy
metal content, toxins from algae, parasites and bacterial pathogens above their
respective agreed limits should not enter the food supply. The main barriers are
controlling where, when and how the harvest takes place to prevent the harvest of
suspect materials. Monitoring programs within HACCP and PRPs are intended to ensure
the safety of the raw materials.
For many of these issues there is no process or practice that can rid the product of the
contaminant and most post-harvest treatments are ineffective in ridding the product of
contamination to achieve a safe output, with the exception of some heat labile
organisms, for which canning is employed. Processors need to have confidence that
their raw materials have gone through approved PRP and HACCP plans.

7.2 P ROCESSING AND P ACKAGING
Overlaying the above are post-harvest treatments designed to minimise the rates of
change in the product. The prime means is by control of temperature, and this applies
from the point of catch or harvest. With the exception of live products, the greatest
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effect on both safety and quality can be achieved by keeping the materials at as close to
a temperature of 0 °C as possible. This step alone would be likely to achieve double the
shelf-life and improve the average overall quality of product in the market place.
Effective temperature control is cheaper than additives and complex packaging
procedures and provides greater assurance of safety by minimising growth of
undesirable bacteria but methods selected to achieve temperature control must be
practical at all steps of the chain through distribution to display.
A combination of temperature control with packaging techniques provides an additional
benefit in the reduction of levels of spoilage organisms and hence reduced rates of
change in product characteristics. Control of temperature in heat processing is also
critical for cold-smoking (around 30 °C) and hot-smoking (around 70-80 °C) and
temperatures between these boundaries must be avoided. Canning requires sufficient
heating to render the contents commercially sterile. Monitoring of heating, cooling and
storage temperatures should be mandatory within companies as part of their HACCP
and PRPs.
Another aspect to consider is that the design and implementation of newer packaging
concepts is now tending toward combinations of processing and packaging techniques
to select a more benign microflora to maintain quality and extend shelf-life. However, it
must be remembered that the deteriorative enzymes naturally present in the seafoods
will still be the limiting factor, as there are no means known to prevent their actions in
raw chilled product that will not irrevocably change the nature of the product. New
product technology must work within these constraints. Tests to determine changes in
final products and in raw materials must carefully be considered and matched to the
purpose.
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CHAPTER 8:

OTHER USEFUL INFORMATION



SafeFish; website available at http://safefish.com.au



Codex Alimentarius Commission – Food Hygiene – Basic Texts – Second Edition;
available at http://www.fao.org/DOCREP/005/Y1579E/Y1579E00.HTM



http://www.fao.org/DOCREP/005/Y1579E/Y1579E00.HTMFood Quality and Safety
Systems – A Training Manual on Food Hygiene and the Hazard Analysis and Critical
Control Point (HACCP) System; available at
http://www.fao.org/docrep/W8088E/W8088E00.htm



Australian Seafood Trade and Market Access Database; available from
http://www.frdc.com.au/trade



Packaging materials and machines suppliers; list available from
http://www.pca.org.au



ISO22000: 2005 Food safety management systems – requirements for any
organization in the food chain; available at
http://www.iso.org/iso/catalogue_detail?csnumber=35466



Food Standards Australia New Zealand; website available at
http://www.foodstandards.gov.au
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CHAPTER 10: GLOSSARY
Biotoxins

Poisonous compounds synthesised or excreted by toxinproducing algae that can accumulate through trophic
levels (food chains).

Bivalve molluscs

Any mollusc of the class Bivalvia, having two shells
hinged together, a soft body, and lamellate gills,
including oysters, clams, scallops, and mussels.

Cephalopod

Any mollusc

of the class Cephalopoda, usually

possessing tentacles attached to the head, including
cuttlefish, squid and octopus.
Contaminant

Any biological or chemical agent, foreign matter or other
substances not intentionally added to food that may
compromise food safety or suitability.

Critical control point (CCP)

A step in the HACCP process at which a control point can
be applied to reduce or eliminate a food safety hazard.

Crustacean

Any aquatic arthropods of the class Crustacea, including
lobsters, crabs, shrimps, usually characterised by a
segmented body, a chitinous exoskeleton, and paired,
jointed limbs.

Depuration

The reduction of microorganisms in live bivalve
molluscs to a level acceptable for direct consumption by
holding animals for a period of time under controlled
conditions.

D time

The time taken at a given temperature for the surviving
population of a given organism to be reduced by 90%
(i.e. 1 log 10).

Fatty/oily fish

Fish in which the main fat reserves are in the body
tissue and the fat content is more than two per cents.
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Finfish

Any cold-blooded aquatic vertebrates having jaws, gills,
and fins (usually) including the sharks, rays, teleosts,
lungfish, etc.

Gastropod

Any of numerous molluscs of the class Gastropoda, such
as snails, whelks and slugs, having a single shell, often
coiled, reduced, or undeveloped, and moving by means
of a wide muscular foot.

Growing areas for bivalve

Areas approved by the relevant state/territory authority

shellfish

for the production or harvesting of bivalve molluscs
either by natural growth or by aquaculture, destined for
human consumption. The growing areas may be
approved as production or harvesting areas for bivalve
molluscs for direct consumption, or they may be
approved as production or harvesting areas for bivalve
molluscs for either depuration or relaying.

HACCP

A formal system that identifies, evaluates and controls
hazards that are significant for food safety.

Haemolymph

The circulatory fluid of certain invertebrates, analogous
to blood in arthropods and to lymph in other
invertebrates.

Hermetically sealed containers

Containers that are completely sealed to protect the
content against the entry of gases and microorganisms
during and after heat treatment.

Lean/white fish

Fish in which the main fat reserves are in the liver and
having less than two per cent fat in the body tissue.

Mesophilic

Organisms that thrive in moderate temperatures,
typically between 25 and 40 °C.

Modified atmosphere packaging

Packaging in which the atmosphere or pressure
surrounding the seafood is different from the normal
composition of air. Vacuum packaging and packaging
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using barrier films are included within this category.
Mollusc

Any invertebrate of the phylum Mollusca, typically
having a calcareous shell of one, two, or more pieces
that wholly or partly enclose the soft, unsegmented
body. Includes the chitons, snails, bivalves and
cephalopods.

Organoleptic

Being, affecting, or relating to qualities (as taste, colour,
odour and feel) of a substance (as a food or drug) that
stimulate the sense organs.

Packaging materials

Wrapping material around a consumer item, which
includes plastic and barrier bags, trays or pouches and
cans.

Pre-requisite program

Also known as a ‘good manufacturing program’, this is a
program required prior to the application of the HACCP
system to ensure that a fish and shellfish processing
facility is operating according to the Codex Principles of
Food Hygiene, the appropriate Code of Practice and
appropriate food safety legislation.

Psychrophilic

Organisms that thrive in a cold environment, i.e.
-15 °C to 10 °C.

Raw materials

Fresh and frozen seafood and/or their parts and other
food ingredients that may be utilised to produce fish and
fishery products intended for human consumption.

Seafood

Edible fish including freshwater fish or shellfish or roe
etc., or other aquatic plants or animals intended for
human consumption.

Shellfish

An aquatic animal, such as a mollusc or crustacean, that
has a shell or shell-like exoskeleton.
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Validation

A process that obtains evidence that the elements of a
plan e.g., HACCP, are effective. Validation is a part of the
verification process.

Verification

The application of methods, procedures, tests and other
evaluations, in addition to monitoring in order to
determine compliance with the HACCP plan. Verification
is an additional process to validation process.

Water phase salt

The concentration of salt in the water portion of the fish
flesh.

Whole fish (or round fish)

Fish as captured: ungutted, unscaled.

Z time

The z-value of an organism is the temperature, in
degrees Fahrenheit or Celsius, that is required for the
thermal destruction curve to move one log cycle. Z time
relates to D time.

Units
1 gram (g) = 1,000 milligrams (mg)
1 mg = 1,000 micrograms (g)
1 mg/kg = 1 part per million (ppm)
1 g/kg = 1 part per billion (ppb)
1 litre (L) = 1,000 millilitres (mL)
1 mL = 1,000 microlitres (L)
1 metre (m) = 100 centimetres (cm)
1 cm = 10 millimetres (mm)
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MU = unit of measure described in Recommended procedures for examination of
seawater and shellfish, Irwin N. (ed.) 4th Ed. 1970, American Public Health Association
Inc.
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CHAPTER 11: ABBREVIATIONS
AIFST

Australian Institute of Food Science and Technology Inc.

AOAC

Association of Analytical Communities

aw

Water activity

CAC

Codex Alimentarius Commission

CCFFP

Codex Committee on Fish and Fisheries Products

CCP

Critical control point

ELISA

Enzyme-linked immunosorbent assay

FAO

Food and Agriculture Organization of the United Nations

FSANZ

Food Standards Australia New Zealand

HACCP

Hazard analysis and critical control point

ICMSF

International Commission on Microbiological Specifications for
Foods

IQF

Individually quick frozen

MAP

Modified atmosphere packaging

NATA

National Association of Testing Authorities

PCR

Polymerase chain reaction

PMP

Pathogen Modelling Program

RTE

Ready to eat

SSO

Specific spoilage organisms

SSP

Seafood Spoilage Predictor

USFDA

United States Food and Drug Administration

WHO

World Health Organization

WPS

Water phase salt
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APPENDIX 1: INTERNATIONAL FOOD SAFETY
ORGANISATIONS
Food Safety Program Resources Developed by International Organisations:
 Basic texts on food hygiene. Third edition. Codex Alimentarius Commission; website:
http://www.codexalimentarius.org —see ‘Official standards’- ‘Special publications’
 Food Safety Enhancement Program: Canadian Food Inspection Agency; website:
www.inspection.gc.ca
 Food quality and safety systems: a training manual on food hygiene and the Hazard
Analysis and Critical Control Point (HACCP) System: Food and Agriculture
Organisation of the United Nations; website:
www.fao.org/docrep/W8088E/w8088e00.htm
 Safer food better business: Food Standards Agency, United Kingdom; website:
http://www.foodstandards.gov.uk
 Seafood HACCP guidance by USFDA: http://www.fda.gov/Food/FoodSafety/ProductSpecificInformation/Seafood/SeafoodHACCP/default.htm
 Seafood HACCP guidance by the Seafood Network Information Center (formally UC
Davis); website http://seafood.oregonstate.edu
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APPENDIX 2: FACT SHEETS DESCRIBING FOOD
SAFETY HAZARDS

Ciguatoxins Fact Sheet
What is Ciguatera?
Ciguatera is a foodborne intoxication caused
by consumption of ciguatoxins: a group of
stable, fat-soluble chemical toxins that are
found in particular fish species which spend
some or most of their life-cycle on coral
reefs. Precursor toxins to ciguatoxin are
produced by dinoflagellate microalgae, and
then modified as they move up marine food
chains, for example as herbivorous fish are
eaten by small carnivorous fish, which are in
turn eaten by larger carnivorous fish. The
transformed toxins that cause illness are
mainly found in large carnivorous fish.

What are the symptoms?
Mild intoxication may involve only gastro-intestinal
upset (nausea, vomiting, diarrhoea, gut pains)
which resolves in a day or two. More severe
poisoning may cause one or more of the following
neurological signs and symptoms:







What outbreaks have occurred?
Ciguatera is the most common food poisoning event
related to finfish consumption in Australia.
Numerous cases and outbreaks, including some
fatal intoxications, have occurred in Australia over
many decades. These cases relate to both
commercial and recreational catch and domestic
and export products. Fish captured from coastal
and oceanic waters in Queensland and the Northern
Territory account for most cases and outbreaks of
ciguatera from Australia.
Several ciguatera source regions are known around
the world, including the South Pacific, Hawaii, the
Caribbean and Gulf of Mexico, and the western
Indian Ocean.
How much ciguatoxin is a harmful dose?
Ciguatoxins are highly potent, and are capable of
initiating ciguatera poisoning in very low
quantities. Fish containing as little as one tenthousandth of a gram of the most potent ciguatoxin
per gram of fish flesh may cause illness.

Itching, which may be intense and unrelenting
for days or weeks
Alterations in sensory perception, where
contact with cold surfaces or taking cold drinks
may provoke burning or electric-shock-like
sensations
Tingling or painful sensations in hands, feet or
genitals
Dizziness, low blood pressure, cardiac
abnormalities
Joint and/or muscle pain, lassitude

Symptoms can last for days, weeks, months or
(rarely) years following a single ciguatera
poisoning incident.
What can be done to inactivate or eliminate
ciguatoxins?






It’s recommended to be aware of ciguatera high
risk areas and species size limits. The Sydney
Fish Market’s schedule lists fish to avoid: high
risk species (Chinaman or Chinaman Snapper,
Tripletail Maori Wrasse, Red Bass, Paddle-tail
or Humped-back Red Snapper and Moray Eel),
and specified fish from high risk areas (listed),
or above specified size limits.
Ciguatoxins are heat-stable, so are not
destroyed by cooking or freezing.
Ciguatoxins are tasteless and odourless, so
fresh and visually-appealing fish may be toxic.
If neurological symptoms occur within 24 hours
of a fish meal, seek medical attention; request
attending doctors inform public health
authorities if ciguatera poisoning is diagnosed.

How can we monitor ciguatera?
There is currently no technology that is reliable and
cost-effective for testing fish prior to sale or
consumption for ciguatoxins.
Ciguatoxins in fish can be measured by some
specialist laboratories, but the analysis is expensive
and therefore currently only suitable for postintoxication testing or research. Individual fish
suspected of causing ciguatera cases or outbreaks
should be retained or retrieved, and forwarded to
local public health authorities.
Regulatory standards
Current Australian seafood industry risk
management protocols involve restrictions on sale

based on maximum size limits, high-risk species
and capture location. See the Sydney Fish Market
Schedule for details.
There are currently no regulatory limits in Australia
for ciguatoxin in seafood.
The US Food and Drug Administration have
recently set action limits of 10ng Pacific ciguatoxin
and 100ng Caribbean ciguatoxin per kg fish tissue.
EU regulations state that fish products containing
ciguatoxins should not be marketed.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
Queensland Health Food Safety fact Sheet: naturally occurring seafood toxins
http://www.health.qld.gov.au/foodsafety/documents/fs-37-sea-toxin.pdf
Stewart, I., et al., Emerging tropical diseases in Australia. Part 2. Ciguatera fish poisoning. Annals of Tropical
Medicine and Parasitology, 2010. 104(7):557-71.
Sydney Fish Market: schedule of ciguatera high-risk areas and species size limits
http://www.sydneyfishmarket.com.au/Portals/0/Ciguatera_Schedule.pdf
US Food and Drug Administration: Fish and fishery products hazards and controls guidance – 4th edition 2011
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Seafood/ucm201
8426.htm
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Clostridium botulinum
Fact Sheet
What is Clostridium botulinum?
Clostridium botulinum is a naturally occurring
bacterium and is one of the most important
pathogens in foods. It can be characterised by
its anaerobic growth requirements, ability to
form heat resistant spores and potential for
growth across a wide range of temperatures.
Some strains are capable of producing a
potent neurotoxin that can cause severe
illness in humans and animals.

Who is at risk?
All consumers are susceptible to the neurotoxins
produced by C. botulinum, although, the immunocompromised, the elderly and young children may
require less toxin to become ill.
What are the symptoms?




What strains are considered a risk in seafood?
C. botulinum Type E is considered the most
common form detected in freshly harvested
seafood and has been associated with illnesses due
to seafood consumption in other countries.
What seafood presents the highest risk?
Packaging formats that contain environments that
are conducive to anaerobic growth and allow
production of the neurotoxin, such as improperly
canned product, vacuum packaged and modified
atmosphere packaged seafood.



What can be done to inactivate or eliminate C.
botulinum?




What outbreaks have occurred in Australia?
There have been no documented cases of botulism
from the consumption of Australian seafood.
Furthermore, there have been no documented
reports of this organism in Australian seafood.
How much C. botulinum is a harmful dose?
The dose response of the botulism neurotoxin is
unknown. For neurotoxins of C. botulinum Type E
(the most common type associated with seafood),
approximately 10 μg of toxin is estimated to result
in death. However, the production of toxins
depends on the strain, the numbers of spores
present and the storage conditions.

Initial symptoms include nausea, vomiting, and
diarrhoea.
Neurological symptoms following that begin
with cranial nerve areas including eye, throat
and mouth, followed by paralysis of motor
nerves down the body.
Constipation and abdominal pain persists
throughout.
Severe symptoms include lack of muscle coordination, fatigue and respiratory impairment
and failure.



The first line of defence for products that are
considered a risk is strict temperature control
of the product by storage at temperatures at or
below 3 °C.
For canned product, temperature profiles
should be achieved during canning that will
achieve a 12 log cycle reduction of C. botulinum.
For lightly preserved and fresh product a 3%
water phase salt content should be used.

How can we test for C. botulinum?




There is no Australian standard method for
testing C. botulinum. However testing methods
such as traditional culture, PCR and ELISA are
available.
Neurotoxin detection can be performed by
mouse bioassay, immunoassays, and DNA based
techniques.

Regulatory standards
There is no specific Australian limit for C.
botulinum Type E in seafood. Although, other
countries such as India and Thailand do set limits
for C. botulinum; International regulatory limits can

be found in the Trade & Market Access Database,
available at
www.frdc.com.au/tradehttp://www.frdc.com.au

/trade

Where can I access more information?
BATES, J. R. & Bodnaruk, P. W. 2003. Clostridium botulinum. In: HOCKING, A. D. (ed.) Foodborne Microorganisms
of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food Science and Technology
Inc.
GRAM, L. 2001. Potential hazards in cold-smoked fish: Clostridium botulinum type E. Journal of Food Science, 66,
S-1082-S-1087.
BELL, C. & KYRIAKIDES, A. 2000. Clostridium botulinum: a practical approach to the organism and its control in
foods, Oxford, Blackwell Science.
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Amnesic Shellfish Toxins
(Domoic Acid) Fact Sheet
What is Domoic Acid/Amnesic Shellfish
Poisoning?
Domoic acid (DA) is a neurotoxin produced
by a group of marine microalgae known as
diatoms, mostly of the genus Pseudonitzschia. The term “amnesic shellfish
poisoning (ASP)” was coined to describe
domoic acid intoxication, from the
observation that many of the victims of the
outbreak were affected by memory
dysfunction. However, DA can cause a range
of other severe neurological impacts,
including chronic epilepsy, and can be found
in many other marine food animals,
including crustaceans, tunicates, fish,
mammals and seabirds, as well as a range of
gastropod and cephalopod molluscs.





How much domoic acid is a harmful dose?
A dose of about 1 milligram of domoic acid per
kilogram body weight is thought capable of
initiating symptoms of poisoning, i.e. around 65
milligrams for a 65 kg adult. This equates to 325
milligrams DA per kg of seafood in a 200g portion.
What are the symptoms?




What are the causative organisms?
In Australia the known causative diatoms are from
the Pseudo-nitzschia seriata group (P. multiseries
and P. australis) and the P. delicatissima group.
These species grow naturally in marine
environments. When they are present in significant
levels they may cause a hazard, particularly in
bivalve shellfish as they are further concentrated
through filter feeding.
What outbreaks have occurred?




The first DA outbreak occurred in Canada in
1987, when 107 people who had eaten DAcontaminated mussels were sickened, four of
whom became comatose and subsequently died.
14 individuals suffered long-term neurological
damage.
No reports of illness attributable to DA
poisoning have been received in Australia.

Short-term mussel fishery closures have
occurred in South Australia due to excess
Pseudo-nitzschia counts.
In 2010 a toxic Pseudo-nitzschia bloom in
Wagonga Inlet on the NSW far south coast
resulted in a four-month oyster harvesting
closure.

Mild intoxication may involve only gastrointestinal upset (nausea, vomiting, diarrhoea,
gut pains).
Symptoms of neuro-intoxication include
headache, convulsive seizures, myoclonus
(involuntary, irregular muscle contractions),
cognitive impairment and disorientation,
anterograde amnesia (inability to lay down new
memories following neurological damage),
respiratory difficulty and coma.

What can be done to reduce or manage the risk?






DA is heat-stable and therefore not degraded or
destroyed by cooking, although some leaching
into cooking water may be expected.
Shellfish production in Australia requires
adherence to algal biotoxin management plans
to control this hazard. Each State monitors
commercial shellfish areas for toxic algae in the
water and/or toxins in the shellfish. Detection
of either factor above compliance levels results
in mandatory closure of fisheries until toxin
concentrations return to safe levels.
Longer term depuration treatments may
facilitate the elimination of domoic acid, but





should be confirmed with chemical and/or
biological testing.
Avoid consumption of crustacean tomalley
(“mustard”) during bloom events as
crustaceans are known to concentrate domoic
acid in the hepatopancreas.
Public health authorities may caution or restrict
recreational shellfishing when waters are
affected by toxic microalgal blooms.

How can we test for domoic acid?




Microscopy technique can be used to detect the
presence of potentially toxic diatoms in water
samples.
Antibody-based screening test kits or
confirmatory chemical testing conducted by

specialist analytical laboratories can be used to
detect DA in seafood tissue samples.
Regulatory standards
The Australian regulatory limit for DA in bivalve
molluscs is 20 milligrams per kg
(http://www.foodstandards.gov.au/). State food
safety regulators may apply this limit in the case of
other seafood products found to be contaminated
with DA.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
FAO 2004. Marine Biotoxins. FAO Food and Nutrition Paper 80, Rome. Food and Agriculture Organization of the
United Nations.
HALLEGRAEFF, G. M. 2003. Algal toxins in Australian shellfish. In: HOCKING, A. D. (ed.) Foodborne
Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food Science
and Technology Inc.
PULIDO, O. M. 2008. Domoic acid toxicologic pathology: a review. Marine Drugs 6:180-219
US Food and Drug Administration: Fish and fishery products hazards and controls guidance – 4th edition 2011
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Seafood/ucm201
8426.htm
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Escherichia coli Fact Sheet
What is Escherichia coli?
E. coli is a part of the normal microbial flora
in the intestinal tracts of humans and other
warm-blooded animals. Most E. coli strains
are harmless; however some strains are
pathogenic.
Pathogenic E. coli strains are classified into
specific groups based on the mechanism by
which they cause disease and clinical
symptoms. These groups include:







Enteropathogenic E. coli (EPEC)
Enteroaggregative E. coli (EAEC)
Enteroinvasive E. coli (EIEC)
Enterotoxigenic E. coli (ETEC)
Diffusely adhering E. coli (DAEC)
Enterohaemorrhagic E. coli (EHEC)




How much E. coli is a harmful dose?
Doses causing illness vary depending on the specific
E. coli group and the immune response of
individuals. The infectious dose (in healthy adults)
ranges from 10-100 cells for EHEC to 10 million to
10 billion cells for ETEC and EPEC.
What are the symptoms?
Symptoms from STEC usually begin 3 to 4 days
after exposure and most patients recover within 10
days. Infections may range from asymptomatic (no
clinical symptoms) or can cause



Diarrhoea, abdominal cramps, vomiting and
fever.
In some cases haemorrhagic colitis
(characterised by severe abdominal cramps and
bloody diarrhoea)
Haemolytic uremic syndrome
(a combination of anemia, low platelet count
and acute kidney failure) which can result in
death.

All categories of E. coli may be shed in the
faeces of infected humans, creating the
potential to be spread to other humans,
animals and the environment. E. coli is often
used as an indicator of faecal pollution.



The Shiga toxin producing E. coli (STEC)
strains, are often associated with more
severe illnesses, these belong to the EHEC
group. Of these, O157:H7 is the most
commonly reported in Australia.

Hazards from E. coli can be prevented by:

What can be done to manage E. coli in seafood?




What outbreaks have occurred?
Infection with STEC is a notifiable disease in all
Australian states and territories. Seafood was not
implicated in any Australian outbreaks between
1988 and 2010.
How is E. coli transmitted?



Consumption of contaminated food or water
Direct contact with infected animals

Person-to person
Cross-contamination





Not harvesting from contaminated waters
Prevention of contamination during processing
by Good Manufacturing Practice (e.g. wearing
gloves and proper personal protection), good
personal hygiene, proper sanitisation of food
contact surfaces and utensils, and prohibiting
people that are ill from working in food
operations.
Adequately cooking seafood to eliminate
pathogens (e.g. heating to an internal
temperature of 72 °C and maintaining for 1
minute)
Maintaining seafood below 6.5 °C or above
49.4 °C to prevent growth

Use of E. coli for managing of shellfish food
safety
Due to their prevalence as gut flora, general E.coli
are used widely in shellfish growing area
management as indicators of faecal pollution. They
are used to classify production areas as to
suitability for direct harvest, and to determine
when the risks of faecal pollution are high,
prompting closure of harvest areas. In this case
they are acting as indicators for a wide range of
bacterial and viral pathogens that can be difficult to
monitor directly.
How can we test for E. coli?
E. coli can be measured through a variety of
laboratory techniques that may be either culture

based or DNA based. The technique chosen depends
on the level of specificity required (i.e. whether you
are looking for total E. coli or specific strains). DAFF
provides different testing methods for general E.
coli, E. coli non-O157 (STEC) and E. coli O157:H7
(see the reference below).
Regulatory standards
The Australian regulatory limit for E. coli can be
found in Section 1.6.1 of the Australia New Zealand
Food Standards Code, available at
http://www.foodstandards.gov.au.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
DAFF. 2006. DAFF approved methods for microbiological testing of meat and meat products [Online]. Available:
http://www.daff.gov.au/__data/assets/pdf_file/0006/2157504/approved-methods-for-microbiologicaltesting.pdf [Accessed 3 September 2012].
FDA. 2012. Pathogenic Escherichia coli group. In: Bad Bug Book: Foodborne Pathogenic Microorganisms and
Natural Toxins Handbook. 2nd Ed. Center for Food Safety and Applied Nutrition (CFSAN) of the Food and Drug
Administration (FDA), U.S. Department of Health and Human Services.
FSANZ. 2013. Shiga toxin-producing Escherichia coli (STEC). In: Agents of Foodbourne Illness. 2nd ed. Food
Standards Australia New Zealand, Canberra.
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Hepatitis A Virus (HAV)
Fact Sheet
What is Hepatitis A virus?



Hepatitis A virus (HAV) is a human enteric
virus which causes acute infectious disease of
the liver, known as hepatitis. Hepatitis is a
generic term for inflammation of the liver and
can also be caused by chemicals, drugs or
other viral infections. HAV is a non-enveloped,
spherical (approximately 30 nm in diameter),
positive stranded RNA virus.









HAV spreads via the faecal to oral route, either
by direct contact with a HAV infected person or
by ingestion of HAV contaminated food or
water.
Foodborne illness accounts for approximately
5% of all HAV cases worldwide.
HAV can enter the aquatic environment from
septic tank leachates, boat discharges, sewage
discharges and people defecating or vomiting
into waterways.
Filter feeding bivalve molluscan shellfish can
acquire HAV from their aquatic environment.
Other seafood products may become
contaminated via infected workers during
processing if good hygiene practice is not
followed.

What shellfish
occurred?





related

What are the symptoms caused by HAV?





How is HAV transmitted?

outbreaks

have

HAV has been widely linked to consumption of
contaminated shellfish worldwide.
The first documented shellfish related outbreak
of “infectious hepatitis” occurred in Sweden in
1955.
The most significant shellfish related outbreak
of HAV occurred in 1988 in Shanghai, China,
resulting in approximately 300,000 cases of
illness.

Australia has only reported one shellfish related
outbreak of HAV; in 1997 consumption of
contaminated oysters from Wallis Lakes, NSW,
resulted in 444 illnesses, including one death.





HAV is an acute illness with moderate onset of
symptoms (fever, malaise, anorexia, nausea,
abdominal discomfort, dark urine) and
jaundice.
The incubation period of HAV ranges from 1550 days.
Illness generally lasts for 2 months, but can be
longer.
HAV is shed in high quantities in the faeces of
infected people 2 weeks prior to the onset of
symptoms, and for at least 4 weeks during
symptomatic infection.
Effective vaccination against HAV is possible.

How much HAV is a harmful dose?
The infectious dose of HAV is low, presumed to be
10-100 virus particles.
What can be done to inactivate or eliminate
HAV?








Freezing and refrigeration does not significantly
reduce viral load in shellfish.
Depuration is ineffective in controlling viruses
in shellfish.
Pasteurisation of shellfish is unlikely to
inactivate HAV.
Human enteric viruses are very stable at low pH
levels. A greater than 3 log10 inactivation of HAV
may occur at pH < 3; however, this may render
the sensory quality of food unacceptable.
Ultraviolet (UV) irradiation is ineffective in
reducing viral loads in or on food.
Cooking shellfish at temperatures exceeding
90 °C for greater than 90 seconds is likely to
significantly reduce the level of infectious HAV.

What can be done to manage HAV in seafood?








Regular sanitary/pollution source surveys of
shellfish growing areas to identity potential
faecal inputs and manage harvest accordingly.
Regulation of shellfish harvesting areas to
ensure adequate periods of closure following a
faecal contamination event.
Use of extended relay periods to cleanse
shellfish grown in poor or unknown water
quality.
Prevention of contamination during processing
of seafood through good hygiene and
manufacturing practices.

How can we test for HAV?
Only molecular biology (real time RT-PCR) methods
are sensitive enough to detect and quantify HAV in

shellfish. The limit of detection of the method is
approximately 100 genomes per gram of shellfish
gut. The method used cannot distinguish between
infectious and non-infectious virus particles.
Recently an ISO technical specification for the
detection of HAV in shellfish was released
(ISO/TS15216, 2012).
Regulatory standards
There are currently no formal regulatory criteria
for HAV. Codex has developed guidelines on how to
control viruses in foods, available at
http://www.codexalimentarius.org, and testing for
HAV following high risk events is recommended.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I get more information?
C.A.C. 2012. Guidelines on the application of general principles of food hygiene to the control of viruses in food.
Codex Alimentarius Commission, Food and Agriculture Organization of the United Nations, World Health
Organization.
FDA 2012. Bad Bug Book, Foodborne Pathogenic Microorganisms and Natural Toxins, USA, Food and Drug
Administration.
GROHMANN, G. & LEE, A. 2003. Viruses, Food and Environment. In: HOCKING, A. D. (ed.) Foodborne
Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food Science
and Technology Inc.
ISO 2012. ISO/TS15216: Microbiology of food and animal feed - Horizontal method for determination of
hepatitis A virus and norovirus in food using real-time RT-PCR.
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Histamine (Scombroid
Poisioning) Fact Sheet
What is Histamine?
Scombroid food poisoning is caused by
ingestion of fish containing high
concentrations of histamine, which is a
product of the degradation of the amino acid
histidine. Histidine can be found freely in the
muscles of some fish species and can be
degraded to histamine by enzymatic action of
some naturally occurring bacteria.
Which types of fish can be implicated?
The scombrid fish such as tuna and mackerel are
traditionally considered to present the highest risk.
However, other species have also been associated
with histamine poisoning; e.g. anchovies, sardines,
Yellowtail kingfish, Amberjack, Australian salmon
and Mahi Mahi.
Which bacteria are involved?

What are the symptoms?
Initial symptoms resemble some allergic reactions,
including sweating, nausea, headache and tingling
or a peppery taste in the mouth and throat.
Other symptoms include urticarial rash (hives),
localised skin inflammation, vomiting, diarrhoea,
abdominal cramps, flushing of the face and low
blood pressure.
Severe symptoms include blurred vision, severe
respiratory distress and swelling of the tongue.
What can be done to manage histamine in
seafood?




A variety of bacterial genera have been implicated
in the formation of histamine; e.g. Clostridium,
Morganella, Pseudomonas, Photobacterium,
Brochothrix and Carnobacterium.
What outbreaks have occurred?
In Australia, 38 outbreaks (148 cases) were
reported between 1988 and 2010. Many of the
outbreaks were associated with tuna, however
other implicated species included Mahi Mahi,
sardines, anchovies and Australian Salmon. Both
domestically harvested and imported fish have
been implicated with disease. Illnesses were
associated with seafood consumed both from
restaurants and also in home settings.
How much histamine is a harmful dose?
A threshold dose is considered to be 90 mg/100 g.
Although levels as low as 5-20 mg/ 100 g could
possibly be harmful; particularly in susceptible
individuals.

Histamine levels can increase over a wide range
of storage temperatures. However, histamine
production is highest over 21.8 °C. Once the
enzyme is present in the fish, it can continue to
produce histamine at refrigeration
temperatures.
Preventing the degradation of histidine to
histamine by rapid chilling of fish immediately
after death, followed by good temperature
control in the supply chain is the most
appropriate control. However, a novel strain of
Morganella has the ability for growth at 0-2 °C.
Thus temperature control may not eliminate
risks in all circumstances.

How can we test for histamine?





There are several analytical techniques that
have been described by the AOAC including: a
biological method (AOAC 954.04),
a chemical method (AOAC 957.07) and
a fluorometric method (AOAC 977.13).
Commercially available ELISA based kits can be
used.
Histamine concentration can vary considerably
between anatomical locations and this should
be considered in sampling plans.

Regulatory standards
The Australian regulatory limit for histamine can be
found in Section 1.4.1 of the Australia New Zealand
Food Standards Code, available at
http://www.foodstandards.gov.au.
Codex sets decomposition and also hygiene and
handling limits for a variety of seafood products

including sardines and sardine-type products;
canned fish; salted herring and sprat; frozen finfish
and products comprised of finfish; crumbed or
battered fish and fish portions; boiled dry salted
anchovies; and fish sauce.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
LEHANE , L. & OLLEY, J. 2000. Histamine fish poisoning revisited. International Journal of Food Microbiology, 58
(1-2), pp. 1-37.
FAO/WHO 2012. Joint FAO/WHO Expert Meeting on the Public Health Risks of Histamine and Other Biogenic
Amines from Fish and Fishery Products. Rome, Italy: Food and Agriculture Organization and World Health
Organization.
EMBORG, J., DALGAARD, P. & AHRENS, P. 2006. Morganella psychrotolerans sp nov., a histamine-producing
bacterium isolated from various seafoods. International Journal of Systematic and Evolutionary Microbiology, 56,
2473-2479.
HAHN, S. & CAPRA, M. 2003. Fishborne illnesses: Scombroid and Ciguatera Poisoning. In: HOCKING, A. D. (ed.)
Foodborne Microorganisms of Public Health Significance. Sixth ed. North Ryde, NSW: Australian Institute of Food
Science and Technology Inc. pp. 689-701
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Listeria monocytogenes
Fact Sheet
What are Listeria?
Listeria are naturally occurring bacteria that
can be found in many environments including
animals, soils, and processing facilities.
Listeria monocytogenes is the only type of
Listeria that is pathogenic to humans. The
capability of L. monocytogenes to grow at
refrigeration temperatures increases the risk
from this pathogen.

What are the symptoms?
Symptoms of listeriosis can vary, but can include:




What can be done to manage L.monocytogenes?


What seafood presents a risk?
Seafood that possesses a long shelf-life is
considered to present a higher-risk; e.g. smoked
fish.




How does seafood become contaminated?
L. monocytogenes is commonly associated with
processing environments and can persist in drains,
floors and wet areas. Cross-contamination from
these areas is the usual source.
Who is at risk?
Some members of the population are considered as
high risk groups including pregnant women and
their foetuses, neonates, the elderly and the
immuno-compromised.
What outbreaks have occurred?
There have been no recorded outbreaks in
Australia attributed to Listeria in Australiansourced seafood; however, there have been recall
events of contaminated product. There have been
illnesses associated with seafood overseas,
including New Zealand.









Educational efforts targeted at high-risk sectors
of the population advising them against eating
high risk products
Application of appropriate food processing
technologies to high risk products
Effective cleaning and sanitation of processing
areas. Particular care for floors, drains, walls,
hollow rollers, conveyor strips, rubbers seals
and inaccessible areas in equipment and
machinery
Modern smooth surfaces and competent
drainage have been found to reduce the risk of
Listeria contamination
Effective HACCP-based food safety programs
Effective sampling plans for testing of L.
monocytogenes in processing plants and end
product
Separation of raw and processed product to
prevent cross contamination
Good personal hygiene during processing in the
factory

How can we test for L. monocytogenes?


How much L. monocytogenes is a harmful dose?
A harmful dose can range from 102 to 106 cells
dependent on strain and human host.

Influenza-like symptoms such as fever,
headaches and muscle aches.
Can be gastrointestinal illness – vomiting and
diarrhoea, although this is less common; and
Septicaemia – fever, chills, rapid heart rate,
breathing difficulties.



Australian Standard method AS 5013.24.1-2009
for testing Listeria monocytogenes in food and
animal stuff is based on ISO 11290-1:1996
method: Horizontal method for the detection
and enumeration of Listeria monocytogenes.
For export products the Department of
Agriculture has approved a number of rapid
methods by using ELISA and PCR techniques



(http://www.daff.gov.au/biosecurity/export/m
eat/elmer-3/approved-methods-formicrobiological-testing-of-meat-and-meatproducts).
It is not uncommon to detect non-pathogenic
Listeria species during the first stage of culture
based testing. These may not be a concern from
a safety and regulatory perspective unless
further stages of the testing confirm these as L.
monocytogenes.

Regulatory standards
Australia has standards for Listeria monocytogenes
under the Australia New Zealand Food Standards
Code for ready to eat processed fish and processed
bivalve molluscs, available at
http://www.foodstandards.gov.au.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
SUTHERLAND, P. S., MILES, D. W. & LABOYRIE, D. A. 2003. Listeria monocytogenes. In: HOCKING, A. D. (ed.)
Foodborne Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food
Science and Technology Inc.
CAC/GL 61 - 2007 guidelines on the application of general principles of food hygiene to the control of Listeria
monocytogenes in foods
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Toxic Metals Fact Sheet
What is Arsenic?
Arsenic is present in seafood mostly as an
organic form, which is much less toxic than
inorganic. Arsenic is a recognised human
carcinogen.
What is Cadmium?
Cadmium is widely distributed in the
environment, and can be found in many food
items, including some seafood products.
Cadmium is a carcinogen and is toxic to the
kidneys.
What is Mercury?
Mercury in organic form, particularly
methylmercury, is of greatest concern to
public health. Methylmercury is fat-soluble,
and therefore tends to be found in higher
concentrations in large carnivorous fish such
as shark, swordfish and some tuna.
Methylmercury has harmful effects on the
development of brain, so pregnant women and
children are the main focus of seafood safety
interventions.
What is Lead?
Lead causes harmful effects on the kidneys
and nervous system. Children are particularly
sensitive to the neurotoxic effects of inorganic
lead because the blood-brain barrier is
underdeveloped. Dietary exposure to lead
occurs through a wide range of foods and
beverages; some seafood products can
contribute to lead intake.

What outbreaks have occurred?
Toxic metals are rarely found in seafood at
concentrations likely to cause outbreaks of acute
illness. Adverse human health effects arise from
repeated, cumulative low-dose exposures from a
wide range of dietary and non-dietary sources, of
which seafood consumption may in some cases be a
significant contributor.
How much toxic metal is a harmful dose?
Doses of toxic metals from seafood consumption
alone are unlikely to cause acute illness. Harmful
concentrations of specific metals in particular food
items are assessed by food safety authorities based
on information relating to typical consumption
patterns and the known chronic health effects of
exposure from dietary and other sources.
What are the symptoms?




Overt signs and symptoms of acute metal
poisoning are unlikely to be attributable to
consumption of seafood alone.
Foetal and childhood exposure to
methylmercury and/or lead may manifest as
subtle but measureable dose-related cognitive
impairment.

Long-term excess exposure to particular toxic
metals, from all sources (dietary and non-dietary),
can cause:




Chronic renal failure, cancers of the breast,
prostate and uterus and bone disease –
osteoporosis, osteomalacia and spontaneous
fractures – associated with chronic cadmium
poisoning; and
Cancers of the skin, lungs, bladder and kidney,
and chronic skin diseases – hyperkeratosis and
dyspigmentation – associated with chronic
arsenic poisoning.

What can be done to manage toxic metals in
seafood?







Metals in seafood tissues cannot be destroyed
by cooking or processing.
Fish meal is the principal source of toxic metals
in farmed fish; alternative fish feeds produced
from vegetable sources can considerably reduce
fillet loads of arsenic and mercury.
Toxic metals accumulate preferentially in
crustacean hepatopancreas, so processes
and/or advisories to eliminate or reduce
consumption of crab, lobster or prawn
“mustard” may be considered.
Toxic metals may be present at high levels in
some estuarine, coastal and marine waters and
food webs from both natural and humanassociated sources. Public health authorities
may place controls or advisories around the
collection of seafood, particularly shellfish and
bottom dwelling fish, from these areas.

How can we test for toxic metals?
Modern chemical methods can accurately detect
and quantify a range of toxic metals in seafood and
water; several analytical laboratories offer these
services. Inductively coupled plasma-mass
spectrometry is one of the more widely adopted
methods.
Regulatory standards
National and international food safety agencies
monitor and regulate specific seafood products for
toxic metal levels. Maximum allowable levels in
Australia vary for different seafoods and can be
found at http://www.foodstandards.gov.au.
International regulatory limits can be found in the
Trade & Market Access Database, available at
http://www.frdc.com.au/trade.

Where can I access more information?
Berntssen MH, Julshamn K, Lundebye AK 2010. Chemical contaminants in aqua feeds and Atlantic salmon
(Salmo salar) following the use of traditional versus alternative feed ingredients. Chemosphere 78(6):637-46.
FAO/WHO 2011. Report of the Joint FAO/WHO Expert Consultation on the Risks and Benefits of Fish
Consumption., 50 pp.
FSANZ 2011. Mercury in fish. Food Standards Australia New Zealand, Canberra.
http://www.foodstandards.gov.au/consumer/chemicals/mercury/pages/default.aspx
International Programme on Chemical Safety 2001. Environmental Health Criteria 224: Arsenic and Arsenic
Compounds. World Health Organization, Geneva
SATARUG, S., GARRETT, S. H., SENS, M. A. & SENS, D. A. 2010. Cadmium, environmental exposure, and health
outcomes. Environmental Health Perspectives, 118, 182-190
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Norovirus (NoV) Fact Sheet
What is Norovirus?
Noroviruses (NoV) are small, round
(approximately 27-35 nm in diameter), nonenveloped viruses which have a single
stranded RNA genome. NoV are very diverse,
with over 25 different strains which infect
humans. NoV strains are grouped into at least
five different genogroups, of which
genogroup I, II and IV most commonly infect
humans. Human NoV is the leading cause of
non-bacterial gastroenteritis worldwide.
Immunity to the virus is often short lived and
new pandemics appear every 2-3 years. No
effective vaccine to human NoV is currently
available.
How is Norovirus transmitted?












NoV is highly contagious and spreads via the
faecal to oral route.
Transmission can be person-to-person, through
contaminated surfaces or through consumption
of contaminated food and water.
Foodborne illness accounts for 12-47% of all
NoV cases worldwide.
NoV can enter the aquatic environment via
septic tank leachates, boat discharges, sewage
discharges and people defecating or vomiting
directly into waterways.
Once NoV enters the aquatic environment,
bivalve shellfish accumulate the viruses through
the act of filter feeding.
NoV is accumulated and retained within the
digestive tissues of bivalves, persisting in
tissues long after bacterial indicators of sewage
contamination are detectable.
Seafood products may become contaminated by
infected workers during processing if good
hygiene practice is not followed.

What outbreaks have occurred?
Between 2001-2010, 17 Australian outbreaks of
suspected shellfish related NoV illness were
reported to OzFoodNet. Recent Australian
outbreaks reported were in:




2008 following consumption of oysters from
the Kalang River (NSW) causing illness in 40
people; and
2013 following consumption of oysters from
Tasmania causing illness in over 500 people.

What are the symptoms?





Vomiting (projectile in >50% of cases), stomach
cramps, watery non-bloody diarrhoea,
abdominal pain, low grade fever (< 50% of
cases) and headaches.
The incubation period is 10 – 50 hrs and
symptoms generally last 24 – 60 hrs.
Infected humans excrete high levels of NoV in
their faeces (≤1011 virus particles/g faeces) for
up to 2-3 weeks, long after symptoms have
ceased.

How much is a harmful dose?
The median infectious dose of NoV is estimated to
be very low (18 virus particles), although the
probability of becoming ill in susceptible
individuals is dose-dependent.
How can the risk be minimised?




Freezing and refrigeration does not eliminate
NoV.
Depuration is ineffective in eliminating viruses
from shellfish.
Cooking shellfish at temperatures exceeding
90 °C for greater than 90 seconds is likely to
significantly reduce the level of infectious NoV,
although heating at 60 °C for 30 minutes and
pasteurisation are not sufficient to eliminate
viruses.

What can be done to manage Norovirus in
seafood?








Regular sanitary/pollution source surveys of
shellfish growing areas to identity potential
faecal inputs and manage harvest accordingly.
Regulation of shellfish harvesting areas to
ensure adequate periods of closure following a
faecal contamination event.
Use of extended relay periods to cleanse
shellfish grown in poor or unknown water
quality.
Prevention of contamination during processing
of seafood through good hygiene and
manufacturing practices.

How can we test for Norovirus?
Only molecular biology (real time RT-PCR) methods
are able to detect and quantify NoV in shellfish. The

limit of detection of the method is approximately
100 viral genomes per gram of shellfish gut. The
method used cannot distinguish between infectious
and non-infectious virus particles. Recently an ISO
technical specification for the detection of NoV in
shellfish was released (ISO/TS15216, 2012).
Regulatory standards
There are currently no formal regulatory criteria
for NoV in Australia. Codex has developed
guidelines on how to control viruses in foods,
available at http://www.codexalimentarius.org,
and testing for NoV following high risk events is
recommended.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
C.A.C. 2012. Guidelines on the application of general principles of food hygiene to the control of viruses in food.
Codex Alimentarius Commission, Food and Agriculture Organization of the United Nations.
GROHMANN, G. & LEE, A. 2003. Viruses, Food and Environment. In: HOCKING, A. D. (ed.) Foodborne
Microorganisms of Public Health Significance. 6th ed. New South Wales: Australian Institute of Food Science and
Technology Inc.
ISO 2012. ISO/TS15216: Microbiology of food and animal feed – Horizontal method for determination of
hepatitis A virus and norovirus in food using real-time RT-PCR.
PATEL, M. M., HALL, A. J., VINJÉ, J. & PARASHAR, U. D. 2009. Noroviruses: A comprehensive review. Journal of
Clinical Virology, 44, 1-8.
TEUNIS, P. F. M., MOE, C. L., LIU, P., MILLER, S. E., LINDESMITH, L., BARIC, R. S., LE PENDU, J. & CALDERON, R. L.
2008. Norwalk virus: How infectious is it? Journal of Medical Virology, 80, 1468-1476.
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Diarrhetic Shellfish Toxins
(Okadaic Acids)Fact Sheet
What are Okadaic Acids/DiarrheticShellfish
Poisons?
Okadaic acids (OA) and Dinophysistoxins
(DTXs) are also known as diarrhetic
shellfish toxins, DST’s. They are a group of
chemically-related lipophilic toxins that can
contaminate shellfish and other seafood
items and cause acute gastro-intestinal
illness in humans, often referred to as
diarrhetic shellfish poisoning (DSP).
Pectenotoxin, an unrelated lipophilic toxin
that is often detected with OA, is included in
DST’s for regulatory purposes in Australia,
but there is some controversy over its
toxicity to humans.



How much okadaic acid is a harmful dose?
A dose of about 1 microgram per kilogram body
weight is thought capable of initiating symptoms of
okadaic acid poisoning, i.e. around 65 micrograms
for a 65 kg adult. This equates to 325 micrograms
OA per kg flesh in a 200g portion of seafood.
What are the symptoms?





What are the causative organisms?
DSTs are produced by marine microalgae known as
dinoflagellates. In Australia the known causative
species are Dinophysis acuminata, D. acuta, D.
caudata, D. fortii and Prorocentrum lima.
These species grow naturally in marine
environments. When they are present in significant
levels they may cause a hazard in bivalve shellfish
as they are further concentrated through filter
feeding.
DST producing species are found in all states in
Australia at various levels.





Outbreaks of gastro-intestinal illness suspected
to have been caused by consumption of pipis
(Plebidonax deltoides) contaminated by heatstable toxins have occurred in NSW.
A six-week shellfish harvesting ban was
imposed on leases in Smoky Bay, South

Nausea, diarrhoea, vomiting, abdominal pain
and headache are the characteristic symptoms.
Usually resolves by three days following
consumption of contaminated shellfish.
No fatalities have been reported
May present a risk of dehydration requiring
fluid and electrolyte replenishment, particularly
in young children or the elderly.
Okadaic acid is a potent tumour promoter,
which raises concerns about the possibility of
harmful effects from chronic, low-dose
exposure. Such exposures are difficult to
measure, so the concerns of public health
agencies are currently directed toward
concentrations of OA in shellfish that cause
acute gastro-intestinal illness.

What can be done to manage DSTs?


What outbreaks have occurred?


Australia, after OA toxins were detected
following a dinoflagellate bloom in 2003.
A permanent ban on recreational harvesting of
pipis from the Ballina area is in place due
contamination with OA toxins.



Commercial shellfish production in Australia
requires adherence to algal biotoxin
management plans to control this hazard.
Detection in shellfish product of DSTs that
exceed regulatory compliance levels results in
mandatory closure of fisheries until toxin
concentrations return to safe levels.
Relaying shellfish to uncontaminated areas may
facilitate the elimination of DSTs, but should be





confirmed with chemical and/or biological
testing.
Public health authorities may caution or restrict
recreational shellfishing when waters are
affected by toxic microalgal blooms.
DSTs are heat-stable, so cooking will not
deactivate them.

How can we test for DSTs?




Monitoring source water samples by
microscopy to detect the presence of potentially
toxic dinoflagellates.
Monitoring seafood tissues for DSTs either via
antibody-based screening test kits or
confirmatory chemical testing conducted by
specialist analytical laboratories.

Regulatory standards
The Australian Food Standard maximum limit for
DST in bivalve molluscs is 200 micrograms OA
equivalence per kg, available at
http://www.foodstandards.gov.au. State food
safety regulators may apply this limit in the case of
other seafood products found to be contaminated
with DSTs. International regulatory limits for DSTs
vary. Some countries may not include pectenotoxin,
or may also have limits for Azaspiracid, Yessotoxin
and Gymnodimine – related algal toxins that do not
cause diarrhoea.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
FAO 2004. Marine Biotoxins. FAO Food and Nutrition Paper 80, Rome. Food and Agriculture Organization of the
United Nations.
HALLEGRAEFF, G. M. 2003. Algal toxins in Australian shellfish. In: HOCKING, A. D. (ed.) Foodborne
Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food Science
and Technology Inc.
Prego-Faraldo MV et al 2013. Okadaic acid meet and greet: an insight into detection methods, response
strategies and genotoxic effects in marine invertebrates. Marine Drugs 11:2829-45.
US Food and Drug Administration: Fish and fishery products hazards and controls guidance – 4th edition 2011
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Seafood/ucm201
8426.htm
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Harmful Parasitic Worms
Fact Sheet
What is a Nematode?
Nematodes are worms that can grow up to 2
cm long in fish. They are almost colourless,
tightly coiled, and encapsulated as a cyst in the
gut and belly flap. Nematodes may migrate to
the flesh, particularly in fish left ungutted after
capture. Their prevalence is high in Australia.
What is a Cestode?
Cestodes live in the gut of vertebrates and can
grow to 15 meters in the intestine. Although
common in many parts of the world no records
exist for any of these species in Australia.





What are the symptoms?







What is a Trematode?
Trematodes, known as flukes, are small
worms which may grow to a few centimetres
in length and infect the lungs (Paragonimus),
liver (Fasciola and Clonorchis) or blood
(Schistosoma) of humans. No records exist for
trematodes infecting fish for human
consumption in Australia.
What outbreaks have occurred?
Recorded illness is rare in Australia, with only 2
separate illnesses reported from the consumption
of Gnathostoma s and Anisakis nematodes in locally
caught Australian fish. However, Australian caught
Tuna are often found to contain nematodes.



One viable parasitic worm can cause gastroallergy: an allergic reaction to the live parasite
resulting in gastrointestinal symptoms.

Ingestion of a living larva can cause
gastrointestinal reactions such as abdominal
pain, vomiting, diarrhoea, and nausea.
Infections from Gnathostomes can also cause
subcutaneous swelling and damage to the
nervous system.
In less severe cases, weight loss and loss of
appetite are as the results of chronic infection.
A. simplex can cause an allergic reaction
ranging from itchy skin, through to severe
urticaria to anaphylaxis. Such symptoms often
appear within two hours of consumption of
infested fish, but can take up to six hours. The
long-term impact on health is not certain.

What can be done to manage parasites in
seafood?






How much of parasite is harmful?
There are three types of foodborne parasitic
infections:

One dead larvae or the presence of its antigen
could induce an allergic reaction to the Anisakis
simplex nematode.
One viable Gnasthostaoma parasite can cause
infection.



Freezing at -20 °C for a minimum of 24 hours or
-35 °C for at least 15 hours is recommended.
Cooking at a core temperature of 60 °C for a
minimum of a minute is recommended.
Salting (dry salting, curing, marinating and
pickling), cold smoking, fermentation and
modified atmosphere packaging do not
inactivate anisakid larvae.
In Europe, removing the viscera and belly flap
has been found to reduce the numbers of
parasites in fish flesh, particularly with
A. simplex in herring, mackerel and blue
whiting.
Fish fed on pelletised feed have not been found
to contain larvae.

How can we detect/test for parasites?





Visual inspection at harvest (commercially
used) and during chef preparation
Candling - inspection under UV light
(commercially used)
Microscopic examination and
Real-time Polymerase Chain Reaction (PCR)

Regulatory standards

include the assessment of risk from parasites. The
Department of Agriculture certifies and approves
export producers/processors for HACCP and
conduct audits on a regular basis.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.
China, Russia, Europe, USA and Codex Alimentarius
Commission declare nil tolerance for most species
of parasites in imported fish or fishery products.

In Australia, seafood producers/processors are
required to have a HACCP plan which should
Where can I access more information?
ANANTANAWAT, S., KIERMEIER, A., MCLEOD, C. & SUMNER, J. 2012. A semi-quantitative risk assessment of
harmful parasites in Australian finfish. South Australia: South Australian Research and Development Institute.
EUROPEAN FOOD SAFETY AUTHORITY, E. 2010. Scientific opinion on risk assessment of parasites in fishery
products. EFSA Journal, 8, 91.
WHO 1999. Food safety issues associated with products from aquaculture, World Health Organization.
WOOTTEN, R. & CANN, D. 2001. Round worms in fish, FAO Corporate document repository.
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Salmonella Fact Sheet
What are Salmonella?
Salmonella are facultative anaerobic, nonsporulating, Gram negative bacteria. The
genus Salmonella consists of the two species
Salmonella enterica and Salmonella bongori. S.
enterica has six subspecies and 1,500
serotypes. S. enterica is a frequently reported
cause of foodborne illness, occurring in both
food poisoning-triggered epidemics and in
isolated cases.

seafood products requiring minimal cooking,
and shellfish eaten raw.
What are the symptoms?
S. enterica predominantly causes two distinct
diseases:



How is Salmonella transmitted?






Salmonella are widely distributed in nature and
can enter the aquatic environment, food and
water through animals, domestic stock, poor
sanitation and inappropriate disposal of human
and animal wastes.
Salmonella related gastroenteritis has been
frequently linked with the consumption of
contaminated fresh produce, raw meats,
poultry, eggs and dairy products.
A small number of outbreaks have been
associated with seafood. The presence of
Salmonella in seafood may derive from
contamination occurring in the natural aquatic
environment, in aquaculture or during
processing and storage.

What outbreaks have occurred?






In Australia, only five outbreaks including 60
cases have been reported in relation to the
consumption of seafood.
Salmonella have been identified as a cause of
seafood related outbreaks in the European
Union, the United Stated and in other countries.
The US FDA has demonstrated the presence of
Salmonella in a variety of fish and shellfish,
including ready-to-eat seafood products,

Gastroenteritis or “food poisoning” caused by
non-typhoidal Salmonella serotypes. It is
characterised by sudden nausea, vomiting,
abdominal cramps, diarrhoea, headache, chills
and fever. The symptoms can be mild to severe
and may last between 5-7 days.
Typhoid fever is caused by S. enterica Typhi and
Paratyphi, which only occurs in humans. If
untreated, the fever can last for weeks;
however, with antimicrobial treatment patients
recover within 10-14 days. Effective vaccination
against typhoid fever is possible.

How much is a harmful dose?




The infectious dose of Salmonella varies with
both serotype and the contaminated food
matrix.
Human trials suggest approximately 105 colony
forming units are required to infect healthy
adults.

What can be done to inactivate or eliminate
Salmonella?
Salmonella can be killed by exposure to:








≥60 oC for 4-6 minutes,
≥30% NaCl (salt) concentration,
water activity of below 0.94,
pH of less than 3.8, although this is dependent
on the type of acid used,
A high concentration of chlorine. It has been
found that this can achieve a 1 – 2.5 log10
reduction in colony units per gram of food, and
Irradiation, although effectiveness is dependent
on food product and the level of pathogen
contamination.

What can be done to manage Salmonella in
seafood?



Good Manufacturing Practice
Good Hygiene Practice

How can we test for Salmonella?
There are several testing methods for Salmonella in
foods. The recommended methods are based on the
International Standard (ISO 6579) and Australian
Standard (AS 5013.10-2009).

Regulatory standards
The Australian regulatory limit for Salmonella can
be found at Food Standard 1.6.1
(http://www.foodstandards.gov.au/).
International regulatory limits can be found in the
Trade and Market Access Database available at
www.frdc.com.au/trade.

Where can I access more information?
JAY, S., DAVOS, D., DUNDAS, M., FRANKISH, E. & LIGHTFOOT, D. 2003. Salmonella. In: HOCKING, A. D. (ed.)
Foodborne Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food
Science and Technology Inc.
SUMNER, J. 2011. Hazards affecting Australian seafood. South Australia: Australian Seafood Cooperative
Research Centre, Fisheries Research and Development Corporation.
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Staphylococcus aureus
Fact Sheet
What is Staphylococcus aureus?
Staphylococcus spp. are ubiquitous in the
environment and can be found in food due
to environmental, human and animal
contamination.
S. aureus is a Gram-positive, non-motile,
spherical (cocci) shaped, non-spore forming
bacterium that is responsible for almost all
staphylococcal food poisoning. S. aureus can
grow under aerobic and anaerobic
conditions, but is a poor competitor and is
often outcompeted by other
microorganisms.
S. aureus is a versatile human pathogen
capable of producing highly heat-stable
enterotoxins that can cause gastroenteritis.
What foods are most at risk?
Foods that require extensive handling during
preparation and are kept above refrigeration
temperature (4 °C) for extended periods after
preparation have an increased risk.

susceptible individuals (young children, the elderly
and severely debilitated) ingestion of 0.1-0.2
micrograms of enterotoxins is sufficient to cause
symptoms.
What are the symptoms?
The onset of staphylococcal symptoms are usually
rapid (1-7 hours after ingestion) and in many cases
acute. Symptoms commonly include nausea,
abdominal cramping, vomiting and diarrhoea. In
more severe cases, dehydration, headache, muscle
cramping, and transient changes in blood pressure
and pulse rate may occur.
The duration of illness usually lasts from only a few
hours to one day; however in some instances,
hospitalisation may be required.
Fatalities from staphylococcal food poisoning are
rare in the general population but have been
reported from other countries.
What can be done to manage S. aureus in
seafood?


Prevention of contamination during processing
by Good Manufacturing Practice (e.g. wearing
gloves and proper personal protection), Good
Personal Hygiene and proper sanitisation of
food contact surfaces and utensils.
Avoid time and temperature abuse of food
products, especially those that require
considerable handling during preparation.

What outbreaks have occurred?



Since 2001, there has been only 1 reported
outbreak involving three cases of staphylococcal
food poisoning that was linked to seafood
consumption. This outbreak occurred in 2006 and
was associated with the consumption of sushi rolls.

How can we test for S. aureus?

How much S. aureus is a harmful dose?
Staphylococcal enterotoxins are produced during
the exponential growth phase of S. aureus. The
intoxication dose of the enterotoxins is less than 1.0
microgram. This toxin level is typically reached
when S. aureus populations exceed 105-108 colony
forming units per gram of food. However, in

Enumeration of S. aureus by enrichment isolation,
or selective enrichment isolation, may be achieved
by using either:


The Australian Standard direct plate count (AS
5013.12.1-2004). The direct plating method is
suitable when S. aureus is expected to be
greater than 100 colony forming units per gram
of food.



The Australian Standard most probable number
(AS 5013.12.3-2004). The most probable
number procedure is recommended for
surveillance of products expected to have a
small population of S. aureus and a large
population of competing organisms.

Regulatory standards
Australian regulatory limit for S. aureus can be
found in Section 1.6.1 of the Australia New Zealand
Food Standards Code, available at
http://www.foodstandards.gov.au.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
FDA. 2012. Staphylococcus aureus. In: Bad Bug Book: Foodborne Pathogenic Microorganisms and Natural
Toxins Handbook. 2nd ed. Center for Food Safety and Applied Nutrition (CFSAN) of the Food and Drug
Administration (FDA), U.S. Department of Health and Human Services.
FSANZ. 2013. Staphylococcus aureus. In: Agents of Foodbourne Illness. 2nd ed. Food Standards Australia New
Zealand, Canberra.
STEWART, C. M. 2003. Staphylococcus aureus and Staphylococcal Enterotoxins. In: HOCKING, A. D. (ed.)
Foodborne Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of
Food Science and Technology Inc.
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Paralytic Shellfish Toxins
(Saxitoxins) Fact Sheet
What are
Poisons?

Saxitoxins/Paralytic

Shellfish




Saxitoxins (STXs) are a group of chemicallyrelated neurotoxins produced by a group of
marine microalgae known as dinoflagellates.
The term “paralytic shellfish poisoning
(PSP)” was coined to describe the illness and
deaths caused by eating contaminated
shellfish. Saxitoxins have also been found in
fish, crustaceans, cephalopod molluscs and
ascidians, as well as a wide range of filterfeeding, herbivorous and carnivorous
gastropods.
What are the causative organisms?
In Australia the known causative dinoflagellates are
from the Alexandrium genus (most commonly A.
catenella, A. minutum, A. ostenfeldii and A.
tamarense) and Gymnodinium catenatum. These
species grow in marine environments. When they
are present in significant levels they may enter the
tissues of marine animals, mainly through feeding
behaviours. STXs are water soluble and tend to be
found more in filter-feeders and planktivores, but
lower-level carnivores may bioaccumulate STXs at
levels that can be hazardous to humans. Bivalve
shellfish present the greatest risk.

How much saxitoxin is a harmful dose?
A dose of about 1.5 micrograms of STX equivalents
per kilogram body weight is thought capable of
initiating symptoms of saxitoxin poisoning, i.e.
around 100 micrograms for a 65 kg adult. This
equates to 500 micrograms STX equivalents per kg
seafood in a 200g portion.
This dose is a topic of some controversy amongst
expert groups. It is calculated from published
reports of mild symptoms of STX poisoning in
individuals who may be particularly sensitive to the
toxin/s, and is lower than the concentration of
saxitoxins currently mandated as the safety level in
Australia and most other countries. The current
regulatory level has been in operation for many
decades, with a long history of protecting public
health from STXs in commercial shellfish.
What are the symptoms?




STXs have been recorded from Tasmania, Victoria,
South Australia and New South Wales.
What outbreaks have occurred?
Toxic blooms and associated seafood product
contamination has resulted in considerable
economic disruption to affected industries.
Fortunately, Australia’s regulatory oversight seems
to have been largely effective to date, as there are
only a few anecdotal and case reports of relatively
mild human illness, all from non-commercial
harvests.

In Tasmania in 2011 one male was hospitalised
following consumption of mussels.
Several anecdotal cases exist from the
consumption of Tasmanian mussels during
extensive blooms in 1986 and 1993.





STXs block nerve conduction, manifesting as
respiratory distress due to partial paralysis of
the muscles necessary for breathing.
Mild neurological symptoms encompass
tingling or numbness around the lips or in
fingers and toes (paraesthesias), sensations of
floating or weightlessness (dysaesthesias), or
gastrointestinal upset (nausea, vomiting,
diarrhoea, gut pains).
More severe poisoning may present with
functional weakness (impaired grip strength,
staggering gait), difficulty breathing and signs
of acute respiratory insufficiency, e.g. cyanosis
of the lips or fingernails.
Severe STX intoxication can cause catastrophic
acute respiratory failure and death by
asphyxiation.

What can be done to manage saxitoxins in
seafood?








Shellfish production in Australia requires
adherence to algal biotoxin management plans
to control this hazard. Each State monitors
commercial shellfish areas for toxic algae in the
water and/or toxins in the shellfish. Detection
of either factor above compliance levels results
in mandatory closure of fisheries until toxin
concentrations return to safe levels.
Relaying shellfish to uncontaminated areas may
facilitate the elimination of STXs, but should be
confirmed with chemical and/or biological
testing.
Avoid consumption of crustacean tomalley
(“mustard”) during bloom events as
crustaceans are known to concentrate STXs in
the hepatopancreas.
Public health authorities may caution or restrict
some commercial and recreational fishing
activities when waters are affected by toxic
microalgal blooms.

How can we test for saxitoxins?




Monitoring source water samples by
microscopy to detect the presence of potentially
toxic dinoflagellates.
Monitoring seafood tissues for STX either via
antibody-based screening test kits or
confirmatory chemical testing conducted by
specialist analytical laboratories.

Regulatory standards
The Australian regulatory limit for STX in bivalve
molluscs is 800 micrograms STX equivalents per kg,
available at http://www.foodstandards.gov.au.
State food safety regulators usually apply this limit
in the case of other seafood products found to be
contaminated with STXs.
International regulatory limits can be found in the
Trade & Market Access Database available at
www.frdc.com.au/trade.

Where can I access more information?
FAO 2004. Marine Biotoxin. Rome, Italy: Food and Agriculture Organization of the United Nations.
HALLEGRAEFF, G. M. 2003. Algal toxins in Australian shellfish. In: HOCKING, A. D. (ed.) Foodborne
Microorganisms of Public Health Significance. Sixth ed. New South Wales: Australian Institute of Food Science
and Technology Inc.
TURNBULL, A., HARRISON, R. & MCKEOWN, S. 2013. Paralytic Shellfish Poisoning in South Eastern Tasmania.
Communicable Diseases Intelligence 37, 3.
US Food and Drug Administration: Fish and fishery products hazards and controls guidance – 4th edition 2011
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Seafood/ucm201
8426.htm
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Vibrio Fact Sheet
What are Vibrio?
Vibrio are naturally occurring marine
bacteria that is found in most aquatic
environments. Some species of this bacterial
group are known to cause human illness.

How much Vibrio is a harmful dose?




Which species are harmful to humans?
Although the majority of Vibrio species are
considered non-pathogenic to humans, some have
been associated with human illness. The three
species widely regarded to be associated with
human illness are: Vibrio parahaemolyticus, V.
vulnificus and V. cholera. Several other species have
also been associated with illness, either at a lower
frequency or with less conclusive evidence:
V. alginolyticus, V. carchariae, V. cincinnatiensis,
V. damsel, V. fluvialis, V. furnissii, V. hollisae,
V. metschnikovii, and V. mimicus.

What are the symptoms of V. parahaemolyticus
associated with the consumption of seafood?




What outbreaks have occurred?





Illnesses associated with Vibrio contaminated
seafood are rare in Australia.
A total of 5 cases associated with bivalve
shellfish have occurred between 1992 and
2013. One of these cases resulted in a mortality
from V. parahaemolyticus. The remaining four
cases were associated with V. vulnificus and two
of these patients died.
Two large outbreaks of V. parahaemolyticus
(1990 and 1992) were associated with
imported prawns.

Severe gastrointestinal illness including
diarrhoea, which can sometimes be bloody,
abdominal pains, nausea and vomiting
Occasional septicaemic infection, only rarely
associated with mortality

What are the symptoms of V. vulnificus
associated with the consumption of seafood?


What types of illness can occur?
There are three distinct syndromes that can occur
from Vibrio infections: gastrointestinal illness,
septicaemic infection and wound infections. The
latter is not associated with consumption of
seafood.

Approximately 106 cells of V. cholera in healthy
adults
Approximately 2 x 105 - 3 x 107 cells of V.
parahaemolyticus in healthy adults
The dose of V. vulnificus for healthy people is
unknown, but in at risk groups (see susceptible
individuals below) it may be less than 100 cells.



Primary septicaemia with symptoms of fever
chills and nausea may occur in susceptible
individuals e.g. immuno-compromised and can
result in mortality
Gastroenteritis, which presents as vomiting,
diarrhoea and abdominal pains.

What are the symptoms of V. cholera (Non
O1/O139) associated with the consumption of
seafood?



Diarrhoea (bloody) and abdominal cramps
Fever, and although rarer in occurrence,
septicaemia can also develop in compromised
individuals

Which seafood can be considered vectors?




Bivalve shellfish (V. parahaemolyticus and V.
vulnificus)
Prawns/shrimp (V. cholerae)
Finfish (V. parahaemolyticus)

What increases the risk?


Post-harvest temperature abuse throughout the
supply chain can allow the growth of these






pathogens in the seafood to levels associated
with illness.
Susceptible individuals (the immunocompromised, those who suffer from liver
disease and/or have excess levels of iron in the
blood serum) are at a greatly increased risk of
septicaemia.
Harvesting of seafood from areas of lower
salinity can present a higher risk.
In Australia, the prevalence of Vibrio species is
not well understood, and the relationship
between temperature and salinity has not been
explored.

What decreases the risk?


The Australian Shellfish Quality Assurance
Program Operations Manual sets maximum
storage temperatures for live bivalves postharvest to control the growth of indigenous
pathogens. Shell stock must be placed under
ambient refrigeration at 10 °C or less within 24
hours of harvest or depuration. Under the NSW
Shellfish Industry Operations Manual, Sydney
Rock Oysters must be stored at 25 °C or less
within 24 hours of harvest and at 21 °C or less
within 72 hours of harvest.







Vibrios are highly susceptible to heat. Heating
to greater than 65 °C will inactivate pathogenic
strains.
Appropriate adherence to regulatory
temperature controls is the best preventative
measure.
Depuration is not effective in removing Vibrio
from bivalve shellfish.

How can we test for Vibrio?




Microbiological analysis using selective media
Identification of isolates by biochemical
phenotype or Polymerase Chain Reaction (PCR)
PCR detection direct from enrichment cultures

Regulatory standards
There is no standard set for Vibrio in the Australia
New Zealand Food Standards Code. Limits are set
by several countries including (but not limited to)
Canada, China, India, Japan, Thailand the United
Stated of America.
International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
DESMARCHELIER, P. M. 2003. Pathogenic Vibrios. In: HOCKING, A. D. (ed.) Foodborne Microorganisms of Public
Health Significance. Sixth ed. New South Wales: Australian Institute of Food Science and Technology Inc.
HUDSON, A. & LAKE, R. 2012. Risk profile: Clostridum botulinum in ready-to-eat smoked fish and shellfish in
sealed packaging. Wellington, New Zealand: Ministry for Primary Industries.
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Wax Esters Fact Sheet
What are Wax Esters?
Wax esters are fatty acid components of
certain types of fish. Wax esters are
indigestible by humans and cause a condition
known as steatorrhoea or, more specifically,
keriorrhoea, in which anal leakage of an oily
residue occurs, sometimes accompanied by
abdominal cramping, nausea and vomiting.
What fish species are wax esters found?
Wax esters are found in the fats of certain types of
fish, and in particular Escolar (Lepidocybium
flavobrunneum) and Oilfish (Ruvettus pretiosus).
These two species contain very high proportions of
indigestible wax esters.





How much wax ester is a harmful dose?
A single meal of Escolar or Oilfish is sufficient to
cause gastro-intestinal symptoms.
What can be done to manage wax esters in
seafood?


Fish mislabelling and misidentification has led to
instances where Escolar or Oilfish have been
incorrectly or fraudulently sold in Australia under
different names, such as Butterfish and Rudderfish.
Escolar has been sold in other countries under
names such as Sea Bass, Cod, White Tuna and
Hawaiian Butterfish.



What outbreaks have occurred?



Reported outbreaks from consumption of wax
esters are infrequent in Australia. One outbreak
was reported from NSW in 2001, where delegates
at a conference consumed mislabelled Escolar for
lunch. Of the 44 delegates interviewed by public
health officers, 20 reported symptoms. Other cases
and outbreaks have been reported from Victoria
and South Australia.
What are the symptoms?




Oily diarrhoea is caused by accumulation of
indigestible fish oils in the rectum before being
expelled, often involuntarily.
Symptoms are not life-threatening, and the
diarrhoea caused by wax ester consumption

does not result in dehydration or electrolyte
imbalance.
Severity ranges from a painless discharge of oily
yellow, orange or green liquid to more intense
diarrhoea, nausea, vomiting and abdominal
cramping.
Symptom onset ranges from hours to days
following a single exposure.

Cooking does not destroy or degrade wax
esters. Some agencies recommend grilling in
order to separate oils from the flesh, but others
dispute such advice, suggesting that water loss
from grilling or baking can concentrate the oil
content.
Addressing the issue of fish mislabelling,
misidentification and substitution is an
important management intervention.

How can we test for wax esters?



A rapid and inexpensive chemical test for
detecting wax esters in fish has been developed
overseas and could be adopted by Australian
laboratories.
DNA barcoding can confirm the identity of fish
species in cases where the provenance is
uncertain or disputed.

Regulatory standards
There is no regulation against the sale of Escolar or
Oilfish in Australia. Some state authorities, e.g.
Queensland, recommend a health warning about
the risks of consuming these fish is displayed at the
point of sale.
Regulatory intervention is highly variable
internationally. Escolar and Oilfish are prohibited

for import and sale in Japan, Italy and South Korea.
Other countries do not regulate these fish.

regulatory practices that can impact on the sale of
Escolar or Oilfish.

Requirements for veracity and integrity in product
labelling represent more widely-adopted

International regulatory limits can be found in the
Trade & Market Access Database, available at
www.frdc.com.au/trade.

Where can I access more information?
Ling HK, Nichols PD, But PPH (2009). Fish-induced keriorrhea. Advances in Food and Nutrition Research 57:1-52
Queensland Health 2011. Food Safety Fact Sheet No. 9: Escolar and oilfish health warning
http://www.health.qld.gov.au/foodsafety/documents/fs-9-oilfish.pdf
Yohannes K, Dalton CB, Halliday L, Unicomb LE, Kirk M (2002) An outbreak of gastrointestinal illness
associated with the consumption of escolar fish. Communicable Diseases Intelligence 26(3):441-5
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APPENDIX 3: COMPILATION OF FOOD SAFETY METHODS
Potential test methods including nationally and internationally approved methods for seafood hazards have been compiled into Table
34. It should be noted that some of the methods listed are specified in the Australian Standards, whilst others have been sourced from
policies issued by the USFDA. Seafood producers and processors should take care to review their regulatory requirements
independently by seeking advice on sampling plans from appropriately qualified experts to ensure that the method selected is
appropriate. The National Association of Testing Authorities which certifies and approves laboratories in Australia can be found at
http://www.nata.asn.au.
Table 34: Examples of potential test methods for different hazards in seafood products
Hazards

Test Type

Method Reference *
Microbiological hazards
Australian Standard (AS 5013.24.1)

Listeria monocytogenes

Culture based method
Australian Standard (AS 5013.24.2)

Clostridium botulinum

PCR

USFDA: Bacteriological Analytical Manual (Chapter 17)

Mouse bioassay
USFDA: Bacteriological Analytical Manual (Chapter 17)

C. botulinum toxin
Amplified ELISA
Salmonella

Culture based method

Australian Standard (AS 5013.10)
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Culture based method (MPN)

Australian Standard (AS 5013.15)

Culture based method (rapid assay)

Australian Standard (AS 5013.19.1)

Culture based method

Australian Standard (AS 5013.18)

PCR

USFDA: Bacteriological Analytical Manual (Chapter 9)

E. coli

Vibrio parahaemolyticus

Culture based method
USFDA: Bacteriological Analytical Manual (Chapter 9)

Vibrio vulnificus
PCR
Culture based method

USFDA: Bacteriological Analytical Manual (Chapter 9)

Virbio cholerae
PCR
Campylobacter

Culture based method

Australian Standard (AS 5013.6)

Bacillus cereus

Culture based method

Australian Standard (AS 5013.2)

Shigella spp.

Culture based method

Australian Standard (AS 5013.25)
Australian Standard (AS 5013.12.1)

Staphylococcus aureus
(coagulase- positive)

Culture based method

Australian Standard (AS 5013.12.2)
Australian Standard (AS 5013.12.3)

Standard plate count (SPC)

Culture based method

Australian Standard (AS 5013.1)
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Visual inspection (candling)
Parasitic worms

AOAC 985.12

Microscopic morphology
DNA typing by PCR
ISO/TS 15216-1

Norovirus (Genogroup I and II)

Real time RT-PCR
ISO/TS 15216-2
ISO/TS 15216-1

Hepatitis A Virus

Real time RT-PCR
ISO/TS 15216-2
Chemical hazards

Scombroid (Histamine)
Poisoning

Fluorescence spectroscopy

Ciguatoxins

Liquid chromatography- mass spectrometry (LC-MS)

Paralytic Shellfish Toxins
(Saxitoxin equivalent)

High performance liquid chromatography (HPLC);
pre-column oxidation method
High performance liquid chromatography (HPLC);
post-column oxidation method

Amnesic Shellfish Toxins
(Domoic Acid equivalent)

AOAC 977.13

AOAC 2005.06 #
AOAC 2011.02 #

Biological test (Mouse bioassay)

AOAC 959.08

High-performance liquid chromatography (HPLC)

AOAC 991.26
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Diarrhetic Shellfish Toxins
(Okadaic Acid equivalent)
Neurotoxic Shellfish Toxins
(Brevetoxins)
Arsenic (inorganic)

Cadmium

Lead

Liquid chromatography- mass spectrometry (LC-MS)

McNabb, Selwood et al. (2005) #

Liquid chromatography- mass spectrometry (LC-MS)

McNabb, Selwood et al. (2005) #

APHA Mouse bioassay

APHA (1970)

Liquid chromatography- mass spectrometry (LC-MS)
Inductively coupled plasma-atomic emission
spectroscopy after perchloric acid digestion
Inductively coupled plasma-mass spectrometry after
microwave digestion
Atomic absorption spectrophotometry after
microwave digestion
Inductively coupled plasma-mass spectrometry after
microwave digestion

AOAC 999.10

Atomic absorption spectrophotometric

AOAC 972.23

Atomic absorption spectrophotometry after
microwave digestion
Inductively coupled plasma-mass spectrometry after
microwave digestion
Mercury

Tin

AOAC 999.10

Atomic flameless absorption spectrophotometry

AOAC 977.15

Gas chromatographic method

AOAC 983.20

Inductively coupled plasma-mass spectrometry after
microwave digestion
Atomic absorption spectrophotometric

AOAC 985.16
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Waxy esters

Identification of fish species by PCR

* Current national and international approved testing methods can be obtained as follows:
Australian Standards available from SAI Global Limited http://infostore.saiglobal.com/store/default.aspx
USFDA Bacteriological Analytical Manual available from http://www.fda.gov
AOAC International methods available from http://www.aoac.org
ISO/TS methods available from http://www.iso.org/iso/home.htm
#
These tests are currently being used to support the Australian Shellfish Quality Assurance Programme at the time of writing this Guide.

