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ABSTRACT
In long supply chains, especially those with multiple product handlers, temperature
control is essential. Understanding how temperature affects prawn quality helps
Quality Assurance managers focus their attention on the most critical points in the
chain. Currently, knowledge about prawn supply chain performance is mostly
anecdotal. As a result, when retail customers complain about prawn quality,
unsubstantiated blame can be directed back up the chain, where controls may have
been excellent. Thus, the goals of this project were to understand how temperature
affects prawn quality parameters, how Australian supply chains perform, and then to
provide the industry with tools to manage supply chains.
To achieve these goals, researchers at Curtin University and the University of
Tasmania quantified temperature effects on sensory, chemical and microbial quality
parameters for raw and/or cooked Banana, Endeavour, King and Bay prawns. These
results were translated into predictive tools showing frozen temperature and duration
did not markedly affect prawn quality. However, once thawed, higher storage
temperatures quickly did.
Time-Temperature Indicators (TTIs) were used to monitor temperature from harvest
to retail, for Spencer Gulf, Moreton Bay, Northern Prawn and Exmouth fisheries.
Results showed very good supply chains performance. Measurements at retail
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operations, however, showed greater variation at temperatures more quickly
reducing quality.
Coupled with TTIs (e.g. OnSolution® Thermocron i-button), the predictive tools can
help companies monitor and optimise supply chain performance so the best quality
can be delivered to customers. It is recommended that project results be
disseminated through the ACPF, and incorporated into training resources for all
prawn handlers. Other outputs included new QIM schemes for Spencer Gulf raw and
cooked King prawns, plus a new a tool estimating the death of Vibrio
parahaemolyticus in frozen and iced prawns.

1.1
1.
2.
3.
4.

PROJECT OBJECTIVES:

Produce predictive models for prawns that consider fishery and product type
Map supply time-temperature profiles to identify points that reduce product quality
Validate predictive models in commercial supply chains
Identify appropriate Temperature Time Indicators (TTI) for industry to evaluate
the performance of supply chains

1.2

OUTCOMES ACHIEVED

This project resulted in multiple outcomes for the prawn industry.
Predictive Models to Manage Supply Chains: Predictive models can be thought of as
condensed knowledge, in which large amounts of information are distilled into a
mathematical equation to predict how product characteristic change. In this project,
models were produced for different prawn fisheries and species by measuring how
microbial and sensory factors change as a function of storage time and temperature.
The most useful models were those for Quality Index Measure (QIM), total bacteria,
pH and texture, where change correlated with product temperature. In contrast,
prolonged frozen storage had little effect on these parameters.
The resulting predictive models will help companies understand the importance of
paying rigorous attention to chilled/refrigerated storage so that the highest sensory
and microbiological properties can be maintained. Also, these tools can be used to
monitor and design supply chains, especially when integrated with TTI sensors, and
thus increase shelf-life, quality and market access, and decrease waste.
Time-Temperature Maps of Supply Chain Performance: OnSolution® Thermochron ibuttons were placed with product to measure storage temperature from harvest to
retail. These loggers demonstrated that, overall, the wild caught prawn industry
maintains the product in a frozen state, usually below -25°C, during on-board
processing and below or at -18°C through on-land transport and storage. Logger
data showed retail storage was where product was exposed to the greatest
temperature fluctuations, often >5°C, producing a rapid loss of product quality.
TTIs recommended to Industry: Thirty-one commercially available TTI’s were
evaluated for use in segments of the prawn supply chain. While the notion of a realtime TTI was attractive, due to the long-term nature of frozen prawn supply chains
and the effect on battery-life, the OnSolution® Thermocron i-button was the
recommended TTI. Two prawn companies participating in the project implemented
the i-button, finding it to be cost-effective and simple to implement. Technological
6

advances in the near future should result in real-time sensors with better battery-life,
allowing supply managers to monitor and deliver the highest quality products to
markets. In the meantime, more basic TTIs, such as the i-button, can be used to
evaluate supply chain integrity and retroactively determine market performance. Due
to the high turnover of product in retail operations, implementing TTIs in this critical
part of the supply chain poses a greater challenge. The short-term solution is likely
enhanced food handler training.
Workshops: Project results were presented at two meetings (October 2013 and
February 2014) by Curtin University. Feedback from the prawn industry indicated
outreach mechanisms, other than workshops, are a better way to communicate
results of the project. These extension vehicles may include: 1) short summaries of
results disseminated through ACPF, 2) incorporation of project results into training
resources, 3) simple summaries for cold store operators, and 4) summaries for, and
possibly presentations at, retailers meetings/conferences.
Additional outputs: Other outputs not originally planned in the project were realised
and added value to the overall outcomes. These included:
1) new QIM schemes for Spencer Gulf raw king prawns and cooked prawns;
2) a model for the inactivation of Vibrio parahaemolyticus in prawns stored frozen at
0°C. This model allows industry to realise a ‘credit’ for operating intact cold chains,
which will reduce Vibrio parahaemolyticus levels slowly over time. This may be
particularly useful to support access in countries that impose specific maximum
tolerance levels for Vibrio parahaemolyticus (e.g. 10,000 per gram in the USA); and
3) knowledge about how bacterial spoilage communities differ among prawn species,
fishery and storage temperature.

1.3












LIST OF OUTPUTS PRODUCED
Consumer organoleptic profiles for prawns, as a function of species, time and
storage temperature
Microbiological profiles for prawns, as a function of species, time and storage
temperature
Literature review of prawn shelf-life and supply chains
QIM for raw and cooked prawns
Supply chain prawn temperature profiles on-board, during transport and at
retail
Predictive models for total bacteria and sensory factors for refrigerated and
frozen prawns
Predictive models for the inactivation of Vibrio parahaemolyticus in prawns
stored frozen and at 0°C
Evaluation of commercially-available TTI devices, with the OnSolution
Thermocron i-button recommended as the most appropriate for use by ACPF
members
Profiles of bacterial communities in different prawn species and during
storage
A Prawn Quality Predictor – an Excel workbook that predicts how sensory
and microbiological parameters change with temperature
These outputs can be obtained from the Australian Seafood CRC website,
and from the University of Tasmania (mark.tamplin@utas.edu.au)
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Body of Report
2. Introduction and Background
As identified by the Spencer Gulf value chain analysis (Project 2009/786), prawns
can go through a four-step supply chain before finally reaching the consumer, often
including a 'value-adding' step. Ensuring that consumers receive high quality prawns
depends on the effective management of product throughout the supply chain
(including fishermen, wholesalers, and retailers/fishmongers). Prawn fishermen have
received reports of low quality prawns, in particular ‘black spot’, linked to vessels
producing a consistent and high quality product. This suggests downstream
temperature-abuse conditions are the likely cause of low product quality.
As a consequence, the fishers, being the first in the supply chain, are normally held
accountable for such poor downstream conditions, generally in the form of reduced
future prices. As a consequence, consumers tend to lack confidence about the
freshness and quality of prawn products on display, or packed at retail outlets.
Therefore, investigating supply chain performance would provide important insights
into where product quality is compromised, and thus permit mitigating measures to
increase market value.

2.1

Need

There are many opportunities for product to deteriorate in the value chain; however
taking the appropriate corrective actions implies a transparent view of handling
conditions. For seafood in general, temperature has the greatest effect on
deteriorating product quality. However, it is not just temperature, but time of
exposure. As such, understanding the specific time-temperature profile of a product
is essential for determining how the supply chain can be improved to maximize
quality, and handling conditions that do not.
Currently, knowledge about the performance of prawn chains is mostly anecdotal,
and does not ensure remedial actions will be appropriately targeted. A remedy to this
situation is using Time-Temperature Indicators (TTIs). In their simplest form, TTIs
provide clear evidence about supply chain performance. However time-temperature
effects on prawn quality parameters (sensory, chemical and microbial) cannot be
extrapolated across all product forms. For example, microbiological changes
affecting quality occur at different rates for raw versus cooked, and for frozen versus
chilled product. Such differences are influenced by processes reducing microbial
load, which inactivate or activate chemical reactions, or increase water activity in the
product. Also, microbial load and types of spoilage organisms likely differ by fishery.
For example, tropical conditions select for species of bacteria that do not survive well
under refrigeration conditions, as compared to produce harvested from cooler
environments.
For these reasons, this project was designed to develop predictive models (tools)
that consider effects of fishery and product type on changes in prawn quality, thereby
providing industry with robust tools to improve supply chain performance. However,
successfully using such predictive tools assumes industry collects time-temp data.
Therefore, this project also identified and evaluated TTIs most suitable (accurate,
robust and cost-effective) for industry application.
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2.2
1.
2.
3.
4.

Objectives

Produce predictive models for prawns that consider fishery and product type
Map supply time-temperature profiles to identify points reducing product quality
Validate predictive models in commercial supply chains
Identify appropriate TTIs for industry to measure performance of supply chains

3. Methods
3.1

Experimental design

The experimental design was separated into five phases:
1. Consult with industry to identify priority product types, supply chains and
quality parameters for prawns.
2. Review technical knowledge of the problem
3. Develop predictive models that considered fishery and product type
4. Map time-temperature profiles and validate predictive models in commercial
supply chains
5. Evaluate and recommend suitable TTIs for commercial monitoring of supply
chains

Phase 1. Consult with industry to identify priority product types, supply
chains and quality parameters
The project team met with industry members to verify the proposed fisheries and
product types were appropriate for the intended project outcomes, and that the
experimental design fit the project budget. This also involved project management
meetings with ACPF, Jayne Gallagher and project co-PIs from the Australian wildcaught project concept project (2011/747). Candidate fisheries considered included:
Spencer Gulf, South Australia: this fishery represented the operating systems of
cooking on-board, as well as packing raw product and freezing systems on-board
vessels (both plate and blast freezers). Trips were often less than ten nights of actual
fishing. Only (Western) King prawns were harvested. Good linkages existed between
ACPF members, South Australian Prawn Cooperative Ltd and the supermarket
chain, Drakes (approximately 40 stores in South Australia). This was a temperate
fishery.
Moreton Bay, Queensland: this fishery included multiple prawn species: ([Eastern]
King, Greasyback, and Brown Tiger prawns). It also represented a day-fishery brining
harvest for processing on land. Good linkages existed between the ACPF and the
Moreton Bay Seafood Industry Association, and this project supported their valuechain analysis project (run by Principal Investigator, Janet Howieson).
Northern Prawn Fishery: this was a multi-species prawn fishery, and included
catches of King, Endeavour, Banana and Tiger prawns. It also represented a
‘mother-ship’ fishery, where smaller boats unloaded product to a larger storage
vessel, unlike a day or single vessel fishery. Good linkages existed between this
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fishery and Woolworths, through MSC certification, although the ACPF had not been
involved in this process.
Shark Bay, Western Australia: this is a multi-species fishery, including catches of
King, Endeavour, Banana and Brown Tiger prawns. The ACPF had good linkages
with the fishery through their membership and representation on the ACPF Board of
Directors. The fishery was also in West Australia.

Phase 2: Review technical knowledge of the problem
Information relevant to the project has been reported in technical reports from other
projects, and in the published literature. Curtin University collected and reviewed
information to refine experimental design (e.g. relevant microbial, chemical and
sensory properties and value ranges, knowledge of cold chains), and identify data
accelerating model development.

Phase 3: Develop predictive models that considered fishery and product
type
Predictive models represent condensed knowledge, in which large amounts of
information are distilled into a mathematical equation predicting how product
characteristics change as the environmental changes (e.g. temperature). In this
project, models were produced for different prawn fisheries and species by
measuring how microbial and sensory factors changed as a function of storage time
and temperature.
The effect of frozen and refrigerated storage on product parameters was studied.
Refrigeration studies were performed for all product-fishery combinations, at 0, 5 and
10°C. The effect of freezing temperature and storage time was also studied for
Banana and King prawns at -10 and -26°C.
Refrigerated prawns were sampled at five time intervals over eight days. Frozen
prawns were tested at 0, 3, 6 and 12 weeks. Three prawns, single or combined, were
tested per time interval. Model data were produced from two independent trials.
Product parameters evaluated were:
1. Microbial
a. total microbial count (TVC)
b. total sulphide-producing bacterial count
c. Vibrio species count
2. Chemical
a. pH
b. total volatile basic nitrogen (TVBN)
c. trimethylamine (TMA)
3. Physical
a. weight
b. drip loss
4. Sensory and QIM
a. colour
b. glossiness
c. odour
d. shell hardness
11

e.
f.
g.
h.
i.
j.

peelability
freezer burn
legs
eyes
blackening
texture

The QIM for cooked King prawns (FRDC project 2003/237) was used as a template
to develop applicable QIM/quality parameters schemes.
Primary models were produced for each parameter as a function of isothermal
storage temperature. Secondary models were produced to describe change in
primary parameter, as a function of temperature. A tertiary model (user interface)
was produced in Excel.
Supplemental studies were also performed. These included measuring the
inactivation of Vibrio parahaemolyticus in frozen and 0°C product, and measuring
changes in the total bacterial community profile (linked to CRC project 2008/768 [Dr
Shane Powell]).

Phase 4: Map time-temperature profiles and validate predictive models
in commercial supply chains
Supply chains were mapped by positioning a TTI (i.e. OnSolution Thermocron ebuttons) with product during storage and transport. Resulting time-temperature
records were used to evaluate supply chain performance. These profiles were then
used to design temperature ranges for model validation studies.

Phase 5: Evaluate and recommend suitable TTIs for commercial
monitoring of supply chains
A survey of commercially available TTIs was conducted to determine types
compatible with industry supply chain operations and investment. Candidate TTIs
were evaluated in field tests for efficiency and ease of data acquisition.
Based on project results, presentations were made to industry, describing results of
the project, strengths and weaknesses in the supply chain, and recommended TTIs.

3.2

Materials and methods

Review of technical knowledge
Information relevant to the project may have been available in technical reports from
other projects and in the published literature. The project team collected and
reviewed information to assist in experimental design, and data to accelerate model
development.

Predictive models for combinations of fishery-product type
Predictive models were developed for each fishery-product type combination. The
minimum design for each model included three temperatures, five time intervals,
three sample replicates and two independent trials.
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Detailed methods for the analyses to support the predictive model development are
described below.
Prawn samples
Four different prawn species from five prawn fisheries were tested. Cooked frozen
Endeavour prawns were sourced from Exmouth (MG Kailis), cooked and raw frozen
king prawns from the Spencer Gulf (Spencer Gulf King Prawns), raw chilled bay
prawns from Moreton Bay (Morgans Seafood) and raw frozen banana prawns from
waters north of Darwin (Austral Fisheries). Storage temperature varied for both
freezing and chilled storage conditions. Frozen prawns were stored at -10 or -26ºC,
and fresh and thawed pawns at 0, 5 and 10ºC. Fresh and thawed prawns were
stored for a total of eight days; frozen prawns were stored for 3, 6 and 12 months.
Microbiological analysis
Prawn samples were prepared by homogenising (in a Colworth stomacher) 3-5
macerated prawns in 90 ml sterile peptone diluent (0.1% weight/volume;
Chinivasagam, Bremner, Thrower, & Nottingham, 1996). Samples were diluted in 10fold serial increments, and then plated onto the media described below using a spiral
plater (Don Whitely Scientific).
Plate Count Agar (PCA)
Plate count agar was used measure the total number of viable bacteria. PCA was
made of 5 g tryptone, 2.5 g yeast extract, 1 g D–glucose and 15 g agar, mixed with 1
L distilled water and adjusted to pH 7.0 (Anon., 1994; Buchbinder, Boris, &
Goldstein, 1953).
Iron Agar (IA)
Iron agar was used to identify hydrogen sulphide producing bacteria by counting
black pigmented colonies on the agar, indicating thiosulphate and/or L–cysteine was
decomposed. The medium was prepared using 20 g of proteose peptone No.2
(Bacto), 6 g Lab Lemco powder (Oxoid), 6 g yeast extract (Oxoid), 0.6 g ferric citrate
(Sigma), 0.6 g sodium thiosulphate (Sigma), 10 g sodium chloride (AnalaR) and 24 g
bacteriological agar (Oxoid), mixed with1 L distilled water and pH adjusted to 7.4. A
solution of 0.04 % L-cysteine was added prior to use (Gram, Trolle, & Huss, 1987;
Nordic Committee on Food Analysis, 2006).
Thiosulfate-citrate-bile salts-sucrose agar (TCBS agar)
TCBS agar is a selective medium for Vibrio species that are natural contaminants of
raw seafood (Desmaechelier, 1999). The medium was bought from PathWest Media
(Perth, W.A.).
Bacterial community analysis
The microbial community composition was determined using next-generation, highthroughput pyrosequencing of the microbial 16S rRNA gene. This method produces
thousands of short DNA sequences of a gene used as a taxonomic marker for
bacteria. The sequences are long enough to separate them into operational
taxonomic groups (groups whose DNA sequences are more than 3% different) and to
identify these groups to the genus level. The high number of sequences generated
means that the data can be regarded as semi-quantitative: if a sequence is present
as a very high proportion of the total number of sequences it came from a species
that was also present in high proportion. Due to DNA extraction inefficiencies and
potential PCR biases, it is not quantitative: that is, a sequence that appears 50 times
is not exactly five times more abundant than a sequence that appears 10 times.
13

Samples were analysed in duplicate. The prawn homogenate was thawed and 2 ml
centrifuged at 10 000 x g for 10 min. The supernatant was discarded and the pellet
transferred to the bead tube from the PowerSoil DNA extraction kit (MoBio) and the
manufacturer’s standard protocol followed. The 16S rRNA gene was amplified in 50
μl reactions using 0.1 μM each of the primers 341F (CCT ACGGGAGGCAGCAG)
and 1492R (TACGGYTACCTTGTTACGACTT), 1 ng bovine serum albumin and
MyTaq mastermix (Bioline Australia). The thermal cycling conditions were 95°C for 1
min followed by 30 cycles of 94°C for 15 s, 55°C for 15s and 72°C for 20 s with a
final extension at 72°C for 3 min. The PCR product was precipitated using ethanol
and dried pellets were sent to MR DNA (Shallowater, Texas, USA) for sequencing.
PCR products were re-amplified using HotStar Taq Plus mastermix (Qiagen) and the
primers 515F and 806R (Caporaso et al. 2011). The thermal cycling program
consisted of 95°C for 3 min followed by 28 cycles of 94°C for 30 s, 53°C for 40s and
72°C for 1 min with a final extension at 72°C for 5 min. Sequencing was carried out
on an Ion Torrent PGM following the manufacturer’s standard protocols. Data was
processed using the pipeline developed by MR DNA. Briefly, sequences were
trimmed of barcodes and primers then poor quality sequences (length less than 150
bp or containing homopolymers of 6 or more or containing ambiguous base calls or
chimeric sequence) were removed. Sequences were clustered into operational
taxonomic units (OTU) at the 3% dissimilarity level and a representative from each
OTU was taxonomically classified using the Classifier tool on the Ribosomal
Database Project website (http://rdp.cme.msu.edu/). Finally, a table was constructed
showing how many times each OTU appeared in each sample. This data was
analysed using multivariate methods in the Primer6 package (PrimerE Ltd).
Measurement of Vibrio parahaemolyticus inactivation in frozen and 0°C prawns
Evaluation of injection protocol
Samples. Prawns were harvested by a commercial fisher in South Australia in
November 2013. Following collection, prawns were quick-frozen and shipped by
overnight courier to the Hobart. Prawns were collected after arrival and stored at
−20°C. Prawns used for experiments were defrosted overnight at room temperature
and peeled.
Bacterial strains. Six V. parahaemolyticus strains (24339, 24340, 24657, 24658,
24659, and 24660) isolated from shrimp in Thailand, and kindly provided by Orasa
Suthienkul, Faculty of Public Health, Department of Microbiology, Mahidol University,
Bangkok, Thailand, were used. Cultures were stored at −80°C in modified tryptone
soy broth (mTSB) (TSB [Oxoid] supplemented with 3% NaCl and adjusted to pH 8.4)
with addition of 15% (vol/vol) glycerol (Sigma-Aldrich, Steinheim, Germany).
Inoculum preparation. Each V. parahaemolyticus strain was transferred from −80°C
storage to a plate of mTSA (mTSB with addition of 1.5% agar [grade J3; Gelita]) and
incubated at 25°C for 18 to 24 h. A loop full of each mTSA culture was transferred to
and enriched in 9 ml marine broth (MB). MB consisted of 0.5% bacteriological
peptone (Oxoid), 0.1% yeast extract (Oxoid), and 3.5% (weight/volume) sea salts
(RedSeaFish, Sydney), with pH adjusted to 8.4. The six broths were incubated at
25°C for 18 to 24 h. Each culture was adjusted to an optical density (OD540) of 0.15 to
0.25 using 200 μl in a Spectrostar Nano Absorbance Microplate Reader (BMG
Labtech). Five-millilitre aliquots of each working culture were combined to produce a
30-ml cocktail of approximately 108 total colony-forming units (CFU)/ml. The
inoculum was kept on ice during the injection process.
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Prawn inoculation. Three different techniques were tested: 1) four peeled prawns
injected with 0.1 ml of the inoculum cocktail using a 1-ml syringe equipped with a 23gauge needle (Terumo); referred to as “injecting”; 2) four peeled prawns submerged
in a solution (1:10) prepared by adding 20 ml of inoculum in a sterile jar containing
180 ml of MB; referred to as “submerging”; and 3) the skin of four peeled prawns
directly inoculated with 0.1 ml of inoculum on the surface with a pipette; referred to as
“topping”.
Storage conditions. The inoculated and control prawns were quick frozen in liquid
nitrogen, placed in an open plastic container and stored in the incubator at -40°C for
3 days.
Bacterial enumeration. At the time of bacteriological analysis, prawns were thawed at
4°C overnight and tested individually the following day. Each prawn was placed in a
sterile 400-ml filter stomacher bag (A. I. Scientific, Hallam) with an equal weight of
peptone salt solution (PSS) (0.1% bacteriological peptone [Oxoid], 3% NaCl [Ajax
Finechem, NSW], pH 7.4); and the sample stomached (Colworth Stomacher 400; A.
J. Seward, London) for 2 min. The stomached samples were diluted in 10-fold serial
increments with PSS, and 100 μl plated in duplicate on TCBS agar (CM0333; Oxoid,
Adelaide, Australia) and on modified TSA agar (mTSA: TSB [CM0129; Oxoid,
Adelaide, Australia] supplemented with 3% NaCl and adjusted to pH 8.4, with the
addition of 1.5% agar [grade J3; Gelita, QLD, Australia]). The TCBS and mTSA
plates were incubated at 37°C for 16 to 18 h. Plated dilutions yielding 30 to 300
CFU/plate were counted manually, and the number of CFU per gram of homogenate
was calculated.
Determination of thaw protocol
The procedures were the same as those described above, with the following
exceptions.
Prawn inoculation. The surface of 15 peeled prawns was inoculated with 0.1 ml of
inoculum using a pipette.
Storage conditions. Fourteen inoculated prawns were quick-frozen in liquid nitrogen,
placed in an open plastic container and stored at -40°C and -20°C, for 1 and 7 days.
Bacterial enumeration. The procedure was as described for the injection protocol
test, except that at the time of bacteriological analysis, prawns were thawed at 4°C
overnight or at room temperature for one hour.
Evaluation of the inactivating effect of liquid nitrogen. The procedures were the same
as those described above, with the following exceptions.
Storage conditions. The inoculated and control prawns were quick frozen in liquid
nitrogen, placed in an open plastic container and stored in incubator at -40°C and 20°C for 1 day.
Inactivation studies
Prawn samples. Prawns collected and shipped as described above, and then thawed
under refrigerated overnight and peeled before testing. A total of 190 prawns were
tested in each trial.
Prawn inoculation. Prawns were surface-inoculated with 0.1 ml of the strain cocktail.
15

Storage conditions. For each trial, inoculated and control prawns were placed in
different sterile Whirl-Pak plastic bags. Thirty-two bags contained four inoculated
prawns and thirty-one two control prawns. All bags were submerged in liquid nitrogen
until the whole prawn had a frozen appearance (~30 sec). Ten sets of bags were
placed into six different coolers: three for the inoculated samples and three for
controls. Coolers were stored at 0, -20 and -40◦C for 55 days. The temperature was
monitored during storage using a temperature data logger (iButton; Maxim Integrated
Products, Inc., Sunnyvale, CA).
Bacterial enumeration. At the time of bacteriological analysis, prawns were thawed at
room temperature for 1 to 2 h. Bacterial enumeration was performed at each time
point for two samples of two inoculated prawns, and one sample of two control
prawns. Each sample (a total of three per time interval) was placed in a sterile 400-ml
filter stomacher bag with an equal weight of PSS and the sample stomached for 2
min. Stomached samples were diluted in 10-fold serial increments with PSS, and 100
μl plated in duplicate on TCBS agar, and on mTSA. TCBS and mTSA plates were
incubated at 37°C for 16 to 18 h. Plated dilutions yielding 30 to 300 CFU/plate were
counted manually, and the number of CFU per gram of homogenate calculated.
For samples stored longer than a week, V. parahaemolyticus was also enumerated
using a 3-tube Most Probable Number (MPN) method. A 2 ml sample of prawn
homogenate was mixed with 8 ml modified APW (mAPW) (1% bacteriological
peptone [Oxoid], 3% NaCl [Ajax Finechem], pH 8.4), and then serial 10-fold dilutions
(vol/vol) in mAPW prepared. One millilitre of all dilutions was individually added to
three tubes containing 10 ml mAPW and incubated at 37°C for 16 to 18 h. A loop full
of the top 1 cm of sample of each turbid broth was transferred to TCBS and plates
incubated at 37°C for 16 to 18 h. According to the presence or absence of positive
raw colonies in the TCBS agar, total populations of V. parahaemolyticus were
determined using an MPN table.
Biochemical Analysis
TMA
TMA-N analysis was performed using the method developed by (Baixas-Nogueras,
Bover-Cid, Veciana-Nogués, & Vidal-Carou, 2002) based on the Dyer (1959)
method. To begin, 25 g of prawn was added to 50 ml of 7.5 % aqueous
trichloroacetic acid. The fish was homogenised using a mortar and pestle and the
mixture was then filtered using Whatman paper No. 1. Once the samples were
prepared, 1 ml of sample extract was added to 3 ml deionised water. Added to every
sample tube was 1 ml of 20% FA, 10 ml of anhydrous toluene and 3 ml of potassium
carbonate solution. The tubes were stoppered and shaken vigorously and the toluene
phase transferred into tubes containing 0.2 g of anhydrous sodium sulphate. The
tubes were then shaken to obtain a dehydrated extract. Five milliliters of the waterfree toluene extract was mixed with 5 ml of 0.2 % picric acid solution in another tube.
Absorbance was measured using a spectrophotometer (CM-500i/CM-500C) at 410
nm wavelength. The TMA-N was calculated from the optical densities using the
standard curve. The calibration curve used for this method involved dispensing 1, 2,
3 and 4 ml of a 0.01 mg/ml TMA-N standard solution along with 3, 2, 1 and 0 ml of
deionised water, respectively.
TVBN
Another method used to determine the amount of TVB-N present in the prawn flesh
was based on a distillation and titration method (Baixas-Nogueras, Bover-Cid, Vidal16

arou, Veciana-Nogues, & Marine-Font, 2001). All samples were prepared using the
same method for TMA analysis. Ten millilitres of the extract was transferred into a
distillation tube and 3 drops of phenolphthalein was added. Forty percent sodium
hydroxide was then added to the tube until the extract had alkalised and a pink colour
appeared. The mixture was then distilled until 125 ml of distillate was collected into
an Erlenmeyer flask containing 20 ml of 4 % boric acid containing 3 to 4 drops of
indicator. The distillate was then titrated using 0.01 N hydrogen chloride, with and
end point of green to red. The control for this test was a sucrose solution. All TVB - N
values were calculated by multiplying the titration (less the value from the blank) by
2.8. All answers were expressed in mg N per 100 g sample.
pH
pH was measured using a calomel electrode (SE 104) pH meter (Knick-Portamess
913 (X) pH meter, Germany, Berlin). Glass calomel electrode was dipped into minced
shrimp meat at room temperature (Qingzhu, 2003).
Texture
Texture was measured based on the method of Macagnano et al. (2005). The
measurements were taken using a stable micro systems (SMS) texture analyser
(TA·XT2i). Prawns tested were compressed by 5 % with an aluminium cylinder probe
(diameter 10 mm) with a cross speed of 0.8 mm/sec. The pressure was kept constant
for 60 sec and the relaxation profile was measured. The relaxation profile was
measured by dividing each data point by the maximum force exerted. The
calculations were as follows:
Force 1- Force 2 = Force 3
Force 1 being the initial force, force 2 being the final decaying force and force 3 being
the difference between the two. The changes in force 3 over time enabled
measurement of the difference in texture as the fish deteriorate.
Drip loss
Drip loss during thawing was expressed as:
DL: DL = [(W0 – WF)/W0] x 100 (%)
Where W0 is the initial sample weight and WF is the final sample weight (in grams).
Thawing loss of thawed samples was determined through the known weights of
samples before and after thawing and expressed as percent thawing loss. Samples
were thawed in a cold room (4°C) for 24 h and weighed to calculated drip loss after
thawing (DLT). Each experimental value represents the average of three
determinations (Goncalves, Rech, Rodrigues, & Pucci, 2008).
Colour
Colour assessment was determined using a spectrophotometer over a 1 cm diameter
circle standardised. Individuals were measured in triplicate along the lateral and
dorsal sides of the first three abdominal segments and these measures were
averaged to give one reading for each individual (Wade et al., 2012). A Minolta
spectrophotometer (CM-500i/CM-500C) was used to measure the colour changes
experienced by Banana, Endeavour, King and Bay prawns during storage. The
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measured colours were expressed as CIE Lab coordinates which displays as L, a*
and b*. L measures lightness on a 0-100 scale from black to white, a* measures the
red (+) to green (-) spectrum and b* measures the yellow (+) to blue (-) spectrum.
Colour was also assessed using photos taken of each sample with a Canon EOS
50D camera in a box covered in matt black material. Canon 100 mm macro and
Sigma 18-50 mm telephoto lenses were used. In order to minimise variations in
photos due to environmental conditions, halogen lights were mounted above each
corner of the box at the angle of diffuse light (45ºC). Digital photos were uploaded
into Photoshop and prawns were overlaid, resized, outlined, selected and a blur
function chosen to obtain the average colour of the prawn. Colour results were
presented as CIE L*, a* and b* values.
Sensory and Quality Assessment
Prior to the beginning of this project the QIM schemes available for Australian prawn
species included king prawns (cooked) and aquacultured black tiger prawns
(cooked). There are many wild species of prawns that do not have a QIM scheme. As
an alternative for developing individual schemes for the wild caught species of
Australian prawn being used in this project it was decided to use a generic scheme
for both cooked and raw prawns developed by Chinivasagam et al. (1998) (Fig. 1).
The QIM measured the overall appearance, texture and odour of the prawn, and the
overall appearance. Each of the sensory attributes were monitored and changes
were recorded every 2 days for fresh prawns over a period of 8 days. Freezer
storage affects were also monitored throughout this project, with the prawns being
assessed for quality at 0, 3, 6 and 12 months. At these time points the prawns were
thawed and monitored for 8 days at 0°C. The data collected throughout the spoilage
process allowed comparisons between the spoilage rates of each species to be
made.
The prawns were also assessed using an informal sensory assessment for raw and
cooked prawns developed by South Australia Research & Development Institute
(SARDI) (Fig. 2) (Hunt et al., 2011). This sensory assessment monitored
appearance, odour, shell hardness and peelability, firmness, flavour and after taste.
This sensory tool was not as useful as the generic QIM and so it was discontinued for
the second trials.
Development and Validation of Raw and Cooked Prawn QIM Schemes
The generic scheme for raw and cooked prawns showed a good correlation between
ice days and storage. It was decided to continue with developing the generic
schemes further and to validate them using the prawns species used for this project.
The QIM for cooked king prawns from FRDC project 2003/237, as well as the generic
QIM scheme (Fig. 1), were used as a template to develop applicable QIM/quality
parameters schemes.
Prawns used to develop and test the (final) generic cooked QIM scheme included the
prawns being investigated for this project, cooked king prawns, cooked tiger prawns
and cooked endeavour prawns. A Curtin University Masters of Food Science
Student, Carol Low, worked on the validation of the generic quality schemes for
cooked prawns on this project, as well as the Spencer Gulf raw frozen king prawns
quality/shelf-life assessment.
The prawns used to develop and test the (final) raw generic QIM scheme included
raw banana prawns, raw king prawns and raw tiger prawns.
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Figure 1. Generic scheme for cooked and raw prawns developed by Chinivasagam et
al. (1998).
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Figure 2. Informal sensory assessment for raw and cooked prawns developed by
South Australia Research and Development Institute (SARDI) (Hunt et al., 2011).

Predictive models
Data were collected for each product parameter described above (microbial,
chemical, sensory) and then plotted against storage time. Curves (primary models)
were fitted to data to calculate the rate at which the product parameter changed with
storage time. These rates were then plotted against temperature to produce
secondary models. Parameters were also plotted against each another to identify
potential correlations.

Time-temperature profiles in commercial supply chains
Harvest to wholesale/retail
Time temperature profiles were recorded using general Thermocron® i-button data
loggers (OnSolution, Australia), having a temperature range of -30 to 85°C. Each
logger was sealed in a small plastic airtight bag and placed in another brightly
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coloured bag for easy retrieval, along with instructions. Loggers were set to record
temperature each hour. Approximately ten loggers were sent to cooperating
companies in the Spencer Gulf, Northern Prawn Fishery, and Exmouth Gulf fishery.
Loggers were dispersed amongst a variety of boats and added to prawns once they
had been boxed prior to storage in blast freezers. Loggers remained within prawn
boxes until they were retrieved by processors or retailers. Hence, they recorded the
temperature within the freezer on-board the boat, during unload and transport to the
processor/ retailer. Instructions placed with the prawns provided procedures to return
the loggers to Curtin University.
Approximately ten loggers and instructions were also sent to Moreton Bay, a fresh
supply chain, where prawns were caught and sold the same day. There, loggers
were placed with prawns once they had been added an ice slurry, and then retrieved
before prawns were packed.
Over 40 loggers were sent out to participating companies; only 10 were returned.
The information retrieved from the data loggers, however, showed a consistent
temperature pattern, and so further trials were not deemed necessary.
Retail
Thermocron™ temperature loggers, sealed and set to record every 20 minutes, were
sent to three retailers across Australia. MG Kailis in Melville, WA were provided five;
Seafood Market at Noosa Junction, Qld five, and DeCosti’s in Sydney four loggers.
The retailers were very co-operative, and all loggers were returned with data
recorded.
The information recorded on the Thermocron™ was retrieved via the manufacturer’s
software and then transferred into an Excel® sheet for analyses.

Validation of predictive models
The initial plan was to validate the performance (robustness) of each predictive
model in commercial supply chains, with a minimum of a two-hour trawl time. Product
parameters (microbiological, chemical and sensory) were to be measured
immediately at harvest and at the end of each supply chain, and then data loggers
positioned with product to record time-temperature profiles. Product handling was to
be visually assessed and recorded. Fishers were to be trained to collect timetemperature and handling behaviour using data loggers and visual measurements.
However, the collated temperature data indicated that temperature abuse was not
occurring on-boat, but further down the supply chain. Considering the logistics of
collecting such data where temperature abuse specifically occurred (i.e. retail) would
be difficult, the project instead produced validation data using simulated retail
temperature conditions in laboratory incubators. This was done after consulting the
Australian Council of Prawn Fisheries, The outline of the validation procedures is
shown below.
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Number of samples
per time point

3-4 prawns

Sample times

0 days
5 days
12 days

Temperature profile

Tests

Species tested*

15.5 h @ 0°C
0.5 h @ 8°C
8.0 h @ 2.5°C
0.5 h @ 8°C
QIM
pH
TVC
Texture
King prawns (raw)
King prawns (cooked)
Banana prawns (raw)
Endeavour prawns (cooked)

*Bay prawns not tested, as they were difficult to obtain fresh for shipment to Curtin
University in WA.

For each of the three trials, frozen cooked and raw King, cooked Endeavour and raw
Banana prawns were defrosted overnight at 1°C. To mimic temperature fluctuations
occurring at retail outlets, prawns were transferred to different incubation
temperatures throughout the day, repeating this for seven cycles. Specifically, once
defrosted, prawns were placed at 8°C for 30 minutes; this increase in temperature
simulated retail prawns being left on the bench while the retail display cabinet was
prepared. Prawns were then moved to 2.5°C and held there for approximately eight
hours, simulating conditions in a display cabinet during a normal sales day. Prawns
were then moved back to the 8°C incubator for 30 minutes to simulate being placed
again on a bench while the display cabinet was cleaned. Finally, prawns were moved
into a 1°C incubator for 15.5 hours, mirroring overnight storage in a retail cool room.
This cycle was repeated seven times. Three separate validation trials were
performed.
At each sampling point, three to four prawns of each species/product type were
tested for QIM, TVC, pH and texture. Product was tested at three time points. These
were: 1) after frozen product was thawed overnight at 1°C, 2) after three temperature
cycles, and 3) after seven temperature cycles. Most prawns have a turnover of three
days at retail, therefore these sample time points encompassed maximum and
minimum freshness levels.
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Models were validated by entering the seven fluctuating time-temperature profiles
into the Excel model spreadsheet, and then comparing observed and predicted
parameter values. Model bias was calculated by dividing predicted parameter value
by observed parameter value, and then calculating averages after three and seven
cycles.

Review of TTIs for commercial application in prawn supply chains
A survey of commercially available TTIs was conducted to determine the type(s)
most compatible with industry supply chain operations and investment. TTIs were
identified through internet web sites, telephone and expert consultation. Dr. Stephen
Pahl of SARDI, who was producing a review of smart packaging for the ASCRC at
the time of this project activity, was also consulted. Candidate TTIs evaluation were
based on commercial off-the-shelf availability, recordable temperature range,
practical use in prawn supply chains, ease of data acquisition, power source, if
applicable.

4. Results
4.1

Industry consultation to identify priority product types,
supply chains and quality parameters.

Following consultation with the wild caught prawn industry, the following supply
chains were confirmed as case studies for the project.
1.
2.
3.
4.
5.

Fishery
Spencer Gulf
Spencer Gulf
Exmouth
Northern Prawn Fishery
Moreton Bay

Species
King
King
Endeavour
Banana
Bay

Product type
raw-frozen
cooked-frozen
cooked-froze
raw-frozen
raw-chilled

Industry partners also requested the impact of long-term freezer storage (10 and 26°C) on product quality be investigated for storage periods of up to 12 months for
frozen raw Banana and frozen cooked King prawns. Prawns were stored at these two
temperatures and tested at 0, 3, 6 and 12 months (results explained below).

4.2

Review current knowledge of the problem

A literature review was completed and is shown in Appendix 1. This information
assisted in confirming fishery-products and subsequent test methodologies.

4.3

Production of predictive models for combinations of
fishery-product type
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Prior to generating data for the model studies, new QIMs were required for the
various species-product types.

Development and validation of raw and cooked prawn QIM schemes
Due to the lack of validated QIM schemes available for wild caught Australian
prawns, new QIM schemes were developed for both cooked and raw prawns. As
discussed previously, development was based on the generic QIM scheme
developed by Chinivasagam et. al. (1998). Adjustments were made to the previous
schemes of Chinivasagam et al. (1998) (Fig. 1) and SARDI (Hunt et al. 2011) (Fig.
2), to better describe characteristics of raw and cooked prawns, following sensory
training sessions. The different prawn species trialled included, cooked Tiger, King
and Endeavour prawns. Raw products included Tiger, King and Banana prawns.
In the new QIM schemes for cooked prawns, there was a high correlation (R 2 =
0.9824) between QIM score and ice-day (Fig. 3).

Figure 3. Correlation between QIM score and ice-day for cooked Tiger, King and
Endeavour prawns.

There was also a high correlation between the QIM score and ice-day for raw
prawns, with an associated correlation of R 2 = 0.9792, (Fig. 4).
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Figure 4. Correlation between QIM score and ice-day for raw Tiger, King, Banana
prawns.
The final versions of the cooked (Fig. 5) and raw (Fig. 6) QIM schemes are shown
below and were used in storage experiments to generate model data.
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Figure 5. QI for cooked Australian prawns.
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Figure 6. QIM for raw (raw) Australian prawns.
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Changes in prawn quality parameters during refrigerated storage
Each candidate product parameter was tested for each prawn species-product type.
If the parameter changed as a function of storage time and temperature (i.e. the rate
of change was related to storage temperature), then this parameter was considered a
potential candidate for modelling. After reviewing all data, candidate parameters
included total plate count (aerobic plate count/total viable count), QIM, pH and, to a
lesser extent, texture.
Sample plots showing how parameters changed with storage time are show in
Appendix 2 for cooked-frozen King (Fig. 1-4), raw-frozen King (Fig. 5-8), cookedfrozen King prawns stored for 12 months, then thawed (Fig. 9-11), raw-frozen
Banana (Fig. 12-15), raw-frozen Banana prawns stored for 12 months, then thawed
(Fig. 16-18),cooked-chilled Bay ((Fig. 19-22), cooked-frozen Endeavour (Fig. 23-26),
and cooked-chilled Tiger prawns (Fig. 27-30). Appendix 3 shows the average profiles
all products at 0 and 10°C.
Total bacterial count
As anticipated, the total plate count increased with storage temperature. In addition,
the rate of increase, increased with temperature (Table 1), making this parameter
relevant for modelling temperature effects in supply chains.
QIM
QIM scores for all species increased as a function of storage time, and the rate of
change increased with temperature. Prawns held at 0°C usually displayed a relatively
low QIM score until day-4, after which spoilage increased more rapidly. Like
temperature, the rate of change increased with temperature.
pH
The pH of prawns increased during storage. The rate of change was similar for
prawns held at 0 and 5°C, in comparison to a markedly faster rate of change at 10°C
(Table 1). The lack of trend in rate of change over 0 and 10°C, made this parameter
less amenable to modelling.
Texture
The texture of prawns became softer as the number of ice days increased. In
contrast to cooked product, the rate of change was less for raw-frozen product.
Prawns held at 10°C were softer by 8 days of storage, compared to 0 and 5°C Like
pH, the lack of trend in rate of change over 0 and 10°C, made this parameter less
useful for modelling the effects of fluctuating temperature in supply chains.

Secondary models for quality parameters in refrigerated prawns
Predictive models have greatest utility for industry when they are able to estimate
how product attributes change under dynamic conditions experienced in food
processing and supply chains. This implies there are smooth trends in how the
parameter changes when the environment changes.
As described above, total bacterial counts and QIM met this criterion, whereas pH
and texture proved more variable and potentially less useful (Table 1). These latter
cases do not mean the findings are not useful, since texture and pH did show trends
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at certain temperatures and for different product types (e.g., as cooked versus raw
product) that can be useful in guiding quality control.
Appendix 4 shows plots of quality parameter change as a function of refrigeration
storage temperature. The Y axes were normalised to demonstrate how rates of
change varied by product type. Rates of change were then translated into secondary
models listed in Tables 1 and 2.
The rate of QIM rate was similar among products, although notably higher for raw
King prawns. Microbial growth would be expected to faster for raw products that
provide a rich source of nutrients. The rate of growth was not as fast for the other raw
product (Banana prawns), possibly indicating species of spoilage bacteria from
warmer tropical waters are not well adapted for fast growth at refrigerated
temperatures.
In contrast, total bacterial growth rate was more uniform among different species and
product forms. This finding may allow the use of a single model to estimate bacterial
spoilage for refrigerated product.
pH change varied more among products, with higher rates observed for raw-frozen
King, and cooked-chilled Bay and Tiger prawns.
As stated earlier, texture decreased with storage time and at higher refrigerated
temperature. The highest rate was observed for raw-frozen King prawns.
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Table 1. The rate of quality parameter changes in prawn species stored at 0, 5, and
10°C.

Product form

storage
temp

rate log
TVCa

rate
QIM

rate
pH

rate
texture

Endeavour

Cooked

frozen

0
5
10

0.013
0.019
0.028

0.049
0.069
0.077

0.003
0.003
0.005

‐1.898
‐1.210
‐4.903

Banana

raw

frozen

0
5
10

0.028
0.030
0.030

0.043
0.045
0.058

NDb
ND
ND

ND
ND
ND

King

raw

frozen

0
5
10

0.011
0.018
0.037

0.086
0.114
0.202

0.004
0.004
0.011

‐1.138
‐3.186
‐2.222

King

cooked

frozen

0
5
10

0.005
0.017
0.021

0.072
0.054
0.082

0.005
0.003
0.006

0.476
‐0.642
‐8.138

Tiger

cooked

chilled

0
10

0.008
0.010

0.042
0.036

0.000
0.009

1.079
‐6.969

Bay

cooked

chilled

0
5
10

0.015
0.023
0.024

0.056
0.067
0.070

0.004
0.007
0.008

‐1.201
‐3.695
‐3.750

a TVC
b

- total bacterial count
ND – parameter not determined
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Table 2. Model equations.

Prawn
type
Endeavour
cooked
frozen
Banana raw
frozen
King raw
frozen
King cooked
frozen
Bay cooked
chilled
a

Target
model
conditions
effect of
storage temp
(0‐10C)
effect of
storage temp
(0‐10C)
effect of
storage temp
(0‐10C)
effect of
storage temp
(0‐10C)
effect of
storage temp
(0‐10C)

log10 TVC

QIM

Texture

pH

y=0.0056(temp
)+0.1097

y=0.0029(temp
)+0.0508

y=‐
0.3005(temp)‐
1.1678

y=0.0002(tem
p)+0.0031

NA a

y=0.0017(temp
)+0.0294

NA

NA

y=0.0106(temp
)+0.1071

y=0.0117(temp
)+0.0758

NA

y=0.00060(te
mp)+0.0032

y=0.0080(temp
)+0.0723

y=0.0010(temp
)+0.0673

y=0.8614(temp
)+1.5391

y=0.00005(te
mp)+0.0044

y=0.0034(temp
)+0.1253

y=0.0014(temp
)+0.0573

y=‐
0.2549(temp)‐
1.6072

y=0.00050(te
mp)+0.0004

parameter could not be modelled with reasonable confidence.

Supplemental study of Inactivation rates for Vibrio parahaemolyticus in
frozen and 0°C product
In addition to the planned milestone deliverables, the project team believed it was
important to understand how pathogenic Vibrio bacteria are affected by the cold
chain, as this is relevant to international market access. Vibrios are known to die
under cold temperature, thus knowing the rate of bacterial death would let the
industry understand the ‘credit’ that accrues by operating an intact cold chain, as well
as assist in risk management.
This research showed Vibrio parahaemolyticus, one of the more significant Vibrio
species in market access, died slowly over time (Appendix 5).
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Figure 7. Secondary plot of V. parahaemolyticus inactivation rate versus
temperature.
The model form was,
inactivation rate (log10 MPN/hour) = (0.00008 * temperature) + 0.0029
Predictions were limited to the temperature range of 0 to -40°C.

Influence of frozen storage time and temperature on prawn quality
parameters
After the project was approved and underway, we learned that industry was also
interested to know if freezer temperature, and the duration of freezing, aftected the
rate of product spoilage after thawing and storage. These effects were evaluated by
freezing raw Banana and cooked King prawns at -10 and -26°C, storing product for
up to 12 months, and then thawing and measuring quality parameters of product
stored at 0°C.
It must be emphasised that when cooked King and raw Bana prawns were sampled
after 0, 3, 6 and 12 months of frozen storage, linear regression fits to data mostly
showed low R2 values, i.e. low significance. However, there were some apparent
trends, as described below.
For cooked King prawns, QIM0°C rate decreased the longer product was frozen; the
effect was greater for product stored at -10°C, although the r2 values were not high
(Table 3, Appendix 6). In contrast, the rate of pH and texture change at 0°C
increased with time of frozen storage; as for QIM, the effect was greater for product
stored at -10°C. More simply stated, the longer cooked King prawns were frozen, the
slower the QIM changed, the faster the pH rose, and the faster texture became
firmer, for thawed product stored at 0°C.
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In contrast, for raw Banana prawns, the rate of change in QIM increased the longer
product was stored. Also, unlike cooked King prawns, the rate of pH change was less
the longer product is stored frozen. Similar to cooked King prawns, the rate of texture
change increased the longer product was frozen. More simply stated, the longer raw
Banana prawns were frozen, the faster the QIM changes, the slower pH rose, and
the faster texture became firm, for thawed product stored at 0°C.
Table 3. The effects of long-term frozen storage (-10 and -26°C) on rate of change in
quality parameters for cooked King and raw Banana prawns thawed and then held at
0°C.
Species

Product
Form

Storage
temperature
-10°C

King

cookedfrozen
-26°C

-10°C
Banana

Raw-frozen
-26°C

Time
(months)
0
3
6
12
0
3
6
12
0
3
6
12
0
3
6
12

QIM

pH

Texture

0.050
0.033
0.058
0.009
0.063
0.051
0.044
0.055
0.058
0.048
0.051
0.068
0.058
0.043
0.042
0.062

0.0011
0.0011
0.0002
0.0091
0.0020
0.0024
0.0030
0.0046
0.0043
0.0038
0.0027
0.0029
0.0043
0.0021
0.0022
0.0017

-0.32
-3.91
6.46
2.83
-1.37
0.91
0.48
0.92
-0.50
-2.19
-2.34
-0.05
-0.50
-3.83
-0.79
0.68

Time-temperature profiles for commercial product
Results of the time-temperature monitoring are described below.
The data show temperature profiles in the supply chain of different prawn fisheries,
on board vessels and through transport to retail outlets. The fisheries included
Spencer Gulf, Moreton Bay, Northern Prawn Fishery and Exmouth.
At least five loggers were distributed to each fishery for placement on different boats.
Unfortunately, some loggers were thrown away. This explains why some fisheries
have multiple sets of data and others, such as Moreton Bay, only one.
Product temperature data were also collected from various retail outlets across the
country.
Temperature On-board Vessels
Spencer Gulf
Once the prawns were graded and boxed, temperature loggers were placed on top of
the product. The loggers were labelled with an instruction sheet in a brightly
coloured, easy to spot water proof case. The boxes containing the loggers were then
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placed in the blast freezer and once frozen (usually after 24 hours) would have been
transferred to the freezer hold. The loggers were retrieved once the boat landed,
generally before product unloading or before transfer to a cold store.
Figures 8 and 9 show profiles for two loggers placed in different boxes of prawns
during the same fishing trip on a prawn trawler. The temperature profiles show
prawns were held at a relatively steady temperature of -25°C. There was a slight
increase on the 26th when product was unloaded from the blast freezer and placed
into the freezer hold. The temperature remained below -15°C throughout transfer.
The temperature began to slowly increase on the 27th, when prawns were transferred
to an onshore freezer. There, they reached -10°C before the temperature logger was
retrieved.

Logger inserted

Product added to
freezer hold

Logger retrieved

Product added
to onshore

Figure 8. Temperature logger data for on-board handling of prawns, including
transfer from the blast freezer to the freezer hold, and then to an onshore freezer.
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freezer hold

Logger retrieved
Product added
to onshore

Figure 9. Temperature logger data for on-board handling of prawns, including
transfer from the blast freezer to the freezer hold, and then to an onshore freezer.
Moreton Bay
The prawns caught in Moreton Bay were not snap-frozen as in many other prawn
fisheries. Once the prawns were caught and sorted, they were bagged and placed in
an ice cold slurry before being distributed at market. A temperature logger was
added to the bag of prawns before they were placed in an ice-cold slurry.
Figure 10 demonstrates prawns were maintained between 1 and 2°C. Prawns were
held at this temperature for approximately two hours, after which the logger was
removed. It was assumed this was one of the last catches before the boat was
unloaded, which would explain why prawns were only stored for two hours.
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Logger inserted
Logger retrieved

Figure 10. Temperature logger data for on-board handling of prawns in Moreton Bay.
Northern Prawn Fishery
Five temperature loggers were distributed to the Northern Prawn Fishery. Once the
prawns had been graded and boxed, temperature loggers were placed on top of the
product. Boxes containing loggers were placed in the blast freezer, and once frozen
(usually after 24 hours), transferred to the freezer hold. The loggers were distributed
among two different prawn species and grades, caught at different times throughout
the fishing trip (Tiger 9/12 9kg (caught 19-10-12), Endeavour U20 9kg (caught 18-1012 & 22-10-12), Endeavour U15 9kg (caught 20-10-12 & 21-10-12)).
Figure 11 shows some temperature variation on-board the trawler. As mentioned
previously, prawns were placed with the logger before they were snap-frozen.
Temperature increased over time to an average of -35°C. This was most likely when
product was shifted from the blast freezer to the freezer hold. Temperature eventually
stabilised at -40°C, with fluctuations intermittently up to -30°C. This increase in
temperature was caused by product addition to the freezer hold.
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Logger retrieved
Logger inserted
Product added to
freezer hold
Product in blast
freezer

Figure 11. Temperature data for on-board handling of prawns for the Northern prawn
fishery (Tiger 9/12 9kg, caught 19-10-12).
Figure 12 shows very little variation in temperature. The prawns were placed in with
the logger before they were snap-frozen. There was a slight increase in temperature
just above -30°C, while prawns were transferred from the blast freezer to the freezer
hold. The temperature then stabilised at -40°C.

Logger inserted
Product moved
from blast freezer
to freezer hold

Logger retrieved

Figure 12. Temperature data for on-board handling of prawns for the Northern prawn
fishery (Endeavour U20 9kg, caught 22-10-12).
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Figure 13 also shows little variation in temperature. There was a slight increase in
temperature to -30°C, when prawns were transferred from the blast freezer to the
freezer hold, after which temperature stabilised at -40°C.

Logger inserted
Product moved
from blast freezer
to freezer hold

Logger retrieved

Figure 13. Temperature data for on-board handling of prawns in the Northern prawn
fishery (Endeavour U20 9kg, caught 18-10-12).
Figure 14 illustrates more variation within temperature on-board a trawler. This
difference was possibly due to the quantity of prawns placed in the blast freezer,
affecting efficiency. Temperature fluctuations continued until the temperature logger
was retrieved.
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Logger retrieved

Logger inserted

Product transferred
from blast freezer to
freezer hold
Product added to
freezer on boat

Figure 14. Temperature data for on-board handling of prawns in the Northern prawn
fishery (Endeavour U15 9kg, caught 21-10-12).
Figure 15 shows very little variation in temperature. There was no observed increase
in temperature as prawns were moved from the blast freezer to the freezer hold.
Temperature was stable at -40°C for most of the trip.

Logger retrieved

Logger inserted

Figure 15. Temperature data for on-board handling of prawns in the Northern prawn
fishery (Endeavour U15 9kg, caught 20-10-12).
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Temperature from Boat to Retail (frozen storage)
Once prawns were graded and boxed, temperature loggers were placed on top of
product. Boxes containing loggers were then placed in the blast freezer and, once
frozen (usually after 24 hours), transferred to the freezer hold. Temperature loggers
remained with the product until retail outlet.
Three fisheries were covered in these trials: Spencer Gulf, Northern Prawn Fishery
and Exmouth. Moreton Bay was not included in these trials because the fishery only
handled fresh product.
Spencer Gulf
Figure 16 shows temperature data collected for prawns originating from Spencer
Gulf. Storage temperature on board the vessel was stable at -32°C, then increased to
-20°C, when prawns were unloaded and placed in a transport truck. The temperature
remained at -20°C until prawns were received at the retail outlet, and the temperature
logger removed.

Logger retrieved
Prawns transferred from
boat to transport truck
(Freezer)
Logger inserted

Figure 16. Temperature data from boat to a retail outlet.
Figures 17 and 18 show additional temperature profiles for prawns in a Spencer Gulf
boat-retail supply chain. In both cases, prawns were held below -20°C until unloaded
and transferred to a cold store or retail truck. Prawns were then transferred to a retail
freezer, with temperature increasing to -10°C.
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Logger retrieved

Logger inserted
Prawns transferred from
boat to cold store/ retail
truck

Prawns held in
retail freezer

Figure 17. Temperature data from boat to retail outlet.
Figure 18 displays data for a second Spencer Gulf boat to retail supply chain. Prawns
were below -30°C on the boat, after which they were unloaded and transported to a
retail outlet in Victoria. The temperature remained close to -20°C for the remainder of
the supply chain.

Logger

Prawns put in
blast freezer
and freezer
hold)

Prawns transported
from boat to retail outlet
and stored

Figure 18. Temperature data from boat to retail outlet.
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Logger
removed

Figures 19A and 19B show temperature data from two separate transport trucks
delivering product from Spencer Gulf to Western Australia. Temperature was
maintained at approximately -20°C. Figure 19B shows an increase in temperature
after prawns were transferred from the truck to the cold store at the courier company,
before collected in Perth.

Logger inserted Logger retrieved

Figure 19A. Temperature data from Spencer Gulf to Perth in a freezer transport
truck.

48

Logger retrieved

Logger inserted

Prawns transferred to
cold store at courier
from transport truck

Figure 19B. Temperature data from Spencer Gulf to Perth in a freezer transport
truck.
Northern Prawn Fishery
Figures 20 and 21 display data documenting temperature throughout supply chains in
the Northern Prawn Fishery. Overall there was good temperature control on board the
boat and throughout unloading from mother ship to cold store. A temperature of
approximately -15°C and below, was maintained until loggers were retrieved.

Logger inserted

Logger retrieved

Product
added

Prawns held in cold store on
transport boat from mother ship

Figure 20. Prawn temperature from Northern Prawn Fishery to Perth (Mothership
through to cold store).

Logger inserted
Logger retrieved

Prawns held in cold store on
transport boat from mother ship

Figure 21. Prawn temperature from Northern Prawn Fishery to Perth (Mothership
through to cold store).
Exmouth Fishery
Figures 22 and 23 are data from the Exmouth Fishery, from boat to retail.
Temperature increased while product was loaded into the freezer hold, but
remained below -20°C. Temperature increased during offloads of prawns to a
freezer truck, although it remained below -15°C. Figure 23 showed a rapid increase
in temperature, where the product reached 5°C during offload from the boat. This
indicated prawns were likely left on the dock. There was also an increase during
unloading the freezer truck.
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Logger retrieved
Logger inserted
Prawns transferred from
transport truck to retail cold
store

Product added to
freezer on boat

Prawns transferred
from boat to transport
truck

Figure 22. Temperature data for an Exmouth Gulf Fishery to Perth supply chain.

Product transferred from boat
to transport truck (freezer)
Logger inserted
Prawns transferred to
retail store
Prawns kept in boat
freezer during moon
break
Logger retrieved
Product added to
boat freezer

Transport truck
(freezer)

Figure 23. Temperature data for an Exmouth Gulf Fishery to Perth supply chain.
Figure 24 displays another set of data collected from the Exmouth Gulf fishery. Data
showed good temperature control. There was a temperature increase to -15°C
when product was unloaded from the boat, however it remained at -20°C for the
remainder of data collection.
51

Logger inserted
Prawns loaded into
blast freezer

Unload from boat to
transport truck

Transport to and
storage at retail outlet

Figure 24. Temperature data for an Exmouth Gulf Fishery to Perth supply chain.

Temperature at Retail Outlets
Loggers were also sent to individual retail outlets and placed with prawns after
product had defrosted. Loggers remained with prawns on display at the retail outlet
during business hours, throughout overnight storage and during cleaning of the retail
cabinet. Loggers were distributed to one outlet in Western Australia, two in Sydney
and one in Moreton Bay.
Sydney Outlets
Figures 25 and 26 demonstrate temperature profiles for prawns in one of the Sydney
retail outlets, for both cooked and raw product. Temperature increased when prawns
were removed from overnight storage, before being placed in the retail cabinet on
ice. Good temperature was maintained throughout the day, but slight increases were
observed at the end of the day, before prawns were placed in the cold room for
overnight storage.
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Prawns stored on bench
during setup

Logger inserted

Prawns stored in retail
cabinet during the day

Overnight cool room
storage

Logger retrieved

Figure 25. Temperature data for raw prawns at Sydney retail outlet #1.

Logger
retrieved

Prawns stored on bench
during set up
Logger inserted

Storage in retail
cabinet during the
day

Overnight storage in cool

Figure 26. Temperature data for cooked prawns at Sydney retail outlet #1.
Figures 27 and 28 show temperature profiles for raw and cooked prawns in a second
Sydney retail outlet.
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Prawns stored on bench during
setup
Logger inserted
Logger retrieved

Overnight cool room
storage

Prawns stored in retail cabinet during the day

Figure 27. Temperature data for cooked prawns at Sydney retail outlet #2.

Prawns stored on bench Logger retrieved
during set up

Logger inserted

Storage in retail
cabinet during the day

Overnight storage
in cool room

Figure 28. Temperature data for raw prawns at Sydney retail outlet #2.

Perth Outlet
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Figures 29-33 show the temperature profiles for prawns in the Perth retail outlet for
both cooked and raw product. Overall, there was good and consistent temperature
control.

Perth

Logger
Logger

Figure 29. Temperature profiles for first batch of cooked prawns at Perth retail store
(Melville).

Perth

Logger
Logger

Figure 30. Temperature profiles for second batch of cooked prawns at Perth retail
store (Melville).
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Perth

Logger
Logger

Figure 31. Temperature profiles for third batch of cooked prawns at Perth retail store
(Melville).

Perth

Logger
Logger

Figure 32. Temperature profiles for first batch of raw prawns at Perth retail store
(Melville).
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Perth

Logger
Logger

Figure 33. Temperature logger data for second batch of raw prawns at Perth retail
store (Melville).
Moreton Bay Outlet
Figures 34 and 35 are show temperature profiles at a retail outlet in Moreton Bay.
There was good temperature control, with both trails showing temperature well below
5°C.

Figure 34. Temperature profiles of first batch of prawns at Moreton Bay retail store.
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Figure 35. Temperature profiles of second batch of prawns at Moreton Bay retail
store.

Validation of predictive models
Prawns were moved through seven cycles of temperature, as described in Materials
and Methods (Fig. 36). These were retail temperatures based on the retails studies
describe above.

Figure 36. Temperature profile of prawns for validation experiments. Arrows indicate
sample points.
The primary purpose of validation experiments was to compare model predictions to
observations. The results of these comparisons showed whether the model made a
perfect prediction (i.e. a bias value of 1), or over- or under-predictions. An acceptable
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model prediction should be 15% or less for each independent variable. In this study,
there was only one independent variable (i.e. temperature).
As stated in earlier in the report, TVC, QIM, pH, and texture were the most
appropriate parameters to model, as changes trended with temperature. Due to
media and incubator problems at Curtin University, TVC data could not be collected.
In Table 4, all models, except QIM for Banana prawns, were acceptable (i.e.
predictions were within 15% of observations). For cooked Endeavours, bias factors
were 0.84, 1.02 and 0.88 for QIM, pH and texture, respectively. There was excellent
agreement among predicted and observed values for cooked King prawns.
The model for Banana QIM under-predicted observations by 44% (bias=0.56).
Therefore, the model parameters were adjusted. The original equation,
QIM=(0.0017)*temperature+0.0294
was adjusted to
QIM=(0.0017)*temperature+0.1340.
This improved predictions, with an improved QIM bias factor of 1.04.
Models should be continually improved via numerous trials using commercial
products.
Table 4. Bias factors for individual models.

Banana
Endeavour
King
King
a

raw frozen
cooked frozen
raw frozen
cooked frozen

QIM
0.56 (1.04a)
0.84
0.85
1.08

pH
‐
1.02
0.99
1.03

texture
‐
0.88
‐
1.00

after model parameter correction.

Supplemental studies on spoilage bacterial communities.
Another study performed in addition to the planned deliverables, was to determine if
spoilage bacterial communities varied by fishery and product. In general, microbial
communities present on prawns thawed and sampled on receipt were diverse, and in
most cases consisted of a mix of marine and gut bacteria (Appendix 7). This diversity
disappeared eight days after thawing, with the communities becoming dominated by
a small number of different bacterial genera.
Each of the four products tested (Banana raw-frozen, Banana raw-chilled, King
cooked-frozen, Endeavour cooked-frozen) had distinct microbial communities. These
differences most likely arose from a combination of factors: different microbes
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present initially on the prawns due to harvest from different areas, exposure to
different methods of handling and processing and different storage conditions on the
boat.
The microbial communities that developed on the Banana and King prawns stored
frozen for extended periods of time were different. The Banana prawns were
dominated by Bacillus and Serratia at all sample time-points, whereas the spoilage
communities on the King prawns varied with time and included Pseudomonas and
Psychrobacter, as well as Bacillus and Serratia. It may be that Bacillus and Serratia
are particularly well adapted to surviving frozen storage but where Pseudomonas
have survived the period of storage they are able to recover and grow more quickly
once the prawns are thawed. These results also indicate potential value in using
microbial fingerprints as a means to identify product species and source.

Recommend suitable TTIs for on-going monitoring of supply chains
Time-Temperature Indicator (TTI) devices were evaluated for potential use in supply
chains for frozen and unfrozen product (Appendix 8 and 8a). Industry input, via
workshops and throughout the project, was obtained to determine TTI characteristics
relevant to commercial operations, such as cost and utility. MG Kailis and Austral
Fisheries purchased re-useable OnSolution Thermocron data loggers, (30 and 70
loggers, respectively) and are monitoring prawn cartons using the loggers. When
TTI’s were discussed at the industry extension/communications committee meeting
in Perth in February 2014, general advice was that the Thermocron loggers
(iButtons) were the best option for the Australian prawn industry. This is because of
the long-term nature of storage (minimum 3 months), that product is frozen and that
reliability of the Thermocron technology has proven to be excellent. Real-time
monitoring would be excellent, however practical solutions are not currently available.
For retail, and possibly for frozen product, the Timestrip TTI device should also be
considered.

5. Discussion
This project resulted in important outcomes for the prawn industry. TTI data
generated from supply chain maps, showed that, overall, the prawn industry
maintains very good temperature integrity from harvest, on-board boats, and through
downstream transport. However, predictive models demonstrated that once thawed,
product quality parameters (QIM, TVC, pH and texture) can quickly deteriorate.
Product quality can be maximized by minimising the time product is exposed to
temperatures above 0°C.
Product quality was relatively stable at freezing temperatures. While long-term
storage could affect product shelf-life once thawed, this was minor compared to the
effects of refrigeration temperature on product quality parameters. Characteristics
that responded to temperature (i.e. could be modelled) were QIM, TVC and QIM.
The resulting predictive models demonstrate the importance of proper handling on
sensory and microbiological properties that degrade product. These tools can be
used by industry to monitor and design supply chains, especially when integrated
with TTI sensors, thereby increasing shelf-life and market access, and reducing
waste.
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A variety of commercially-ready TTI sensors were evaluated, and two participating
companies implemented the Thermocron® temperature logger. With advances in TTI
technology, cost-effective real-time sensors will become available, this QA managers
to deliver the highest quality products to markets. However, at retail, food handler
training will remain a critical part of the supply chain.

6. Industry Extension, Benefits and Adoption
Industry Extension
Workshop: 1: October 2013.
A prawn industry breakfast was held at Port Lincoln during Seafood Directions. Over
25 people attended including ACPF member representatives: James Fogarty
(QSMA), Trish Beatty (PFA), Clayton Nelson/Steven Hood (MG Kailis), Phil Bruce
(SBPTOA), Graeme Stewart (ACPF EO), Annie Jarrett, Dylan Skinns (NPF), Steven
Murphy (QSIA), Simon Clarke (SGPTA), Neil McDonald (Gulf St Vincent), Bryan
Skepper (SFM), Terry Richardson (SG Co-op) , CRC staff (4), FRDC (2), and others.
The aim of the workshop was to present results from, and determine next steps for,
both the Time temp- project (2011/748) and the Prawn QA project (2011/747). The
methods, current status and results (including shelf-life results, QIM scheme
development and supply chain monitoring) of 2011/748 were presented at the
meeting. IT is noteworthy that many of the results from 2011/747 (e.g., shelf-life
estimation for cooked and raw prawns and different species, and temperature logging
results) have been incorporated into the parameters and through chain best practice
documents that will underpin the National Aust Prawn QA program (2011/748).
At the workshop two industry groups were formed to assist with the further
development of 2011/748: a technical group which met in Brisbane in December
2013 and a communication/extension group which met in Perth in February 2014.
Workshop 2: February 2014.
Rachel Tonkin delivered a presentation on the current status of 2011/748 to the
Communication/extension committee for 2011/748 (Appendix 9). Participants were
David Carter, Annie Jarrett, Dylan Skinns, Lesley Leyland (NPF), Mark Boulter
(SFM), Terry Richardson (SG), Steven Hood (MG Kailis), Emily Mantilla (CRC). At
the meeting further extension of the results of the project were discussed. IT was
generally agreed that as most of the results indicated that the supply chain
temperature problems were not usually occurring on the boats there seemed little
value in holding further workshops for the prawn catching sector. Rather it was
discussed that a results summary be developed and circulated to ACPF members.
Methods for dissemination of the results to down chain partners (where problems are
occurring) was discussed and the following methods suggested. These extension
methods were further agreed at a meeting between Graeme Stewart, Mark Tamplin,
Rachel Tonkin and Janet Howieson in February 2014. Note that, as most of the
results of 2011/748 will be included in 2011/747 it was decided, where appropriate to
combine the extension activities.
a. Fishers: Short summary of results through ACPF and incorporation of results
into training resources as part of 2011/747.
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b. Cold store operators: JH to discuss with cold store operators best method of
extension.
c. Processors: no training required.
d. Retailers: Summaries provided and advice requested as part of CRC retailers
meeting in Sydney, March 2014.

Industry Benefits
Steven Murphy requested results of the freezer trials (two species, two freezer
temperatures and 0, 3, 6 and 12 months of storage). Steve needed them to provide
to some of his suppliers. Steve requested permission form ACPF and the results
were released.

Industry Uptake
MG Kailis and Austral Fisheries have purchased the re-useable On solution
Thermocron data loggers, (30 and 70 loggers respectively, as well as the software)
and have instigate company monitoring of prawn cartons using the loggers.
When TTI’s were discussed at the industry extension/communications committee
meeting in Perth in February, general advice was that the Thermocron loggers were
still the best option for the Aust prawn industry. This because of the long term nature
of the storage (minimum 3 months), that storage is frozen (therefore many current
options not applicable for frozen storage) and that reliability of the Thermocron
technology was excellent (more reliable than the colour indicators in development).
Real time monitoring would be excellent but not currently available.
We need more advice here please on how the industry can use the predictive
models, the QIM and the quality indicator. Are we likely to pursue a commercial
approach to linking the predictive models to data logging?

7. Further Development
The outcomes of the research have been incorporated into the development of a
national Prawn Quality Assurance Program for wild Australian prawns.
Further development of the project will be around individual companies having the
knowledge and background to implement their own temperature monitoring and
shelf-life prediction programs.
Results of the project will be presented at the Refrigerated Warehouse and Transport
Association conference in August 2014.

8. Planned Outcomes
Public Benefit Outcomes
a. Consumer and Purchaser Confidence in food safety and quality aspects of
the Australian Wild harvest prawn supply chain.
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b. Wild Fishers have demonstrated excellent cold chain management from catch
to unload.
c. Knowledge to underpin the development of a national prawn Quality
Assurance Program.
Private Benefit Outcomes
a. Individual companies (e.g. Austral and MG Kailis) have the tools and
knowledge to implement company specific supply chain monitoring programs.
b. Individual companies can now provide shelf-life data for frozen and thawed
cooked and raw prawns to answer customer queries.
Linkages with CRC Milestone Outcomes

CRC Outputs and Milestones
Output
2.1 - Traceability technologies to assure
seafood quality and integrity and to
deliver
value chain efficiencies
2.2 - Diagnostic systems to assure
seafood
quality and integrity

2.3 - Predictive tools to increase value
chain
efficiency

Milestone
2.1.1 - Frontier traceability systems
applicable
to Australian seafood value chains
identified
and demonstrated in at least two seafood
sectors
2.2.6 - Technology and capability
developed to
support industry access to timely
diagnostic
services underpinning quality and
integrity
claims
2.3.2 - Refrigeration index developed,
validated and implemented to enable
cost-effective, efficient temperature
management in Australian seafood
supply
chains

9. Conclusion
These studies have advanced management practices for prawn supply chains.
However, more data should be generated to further validate and adjust the models
for optimum performance.
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APPENDIX 1

Literature Review
Background
Seafood is an extremely perishable food item and great care needs to be taken to ensure
maintenance of quality and freshness. It is the responsibility of the fishermen, wholesalers
and retailers to ensure good management of the product throughout the supply chain. Poor
management leads to poor quality produce which leads to reduced prices for the fishermen
and the consumers lose confidence in the freshness of the product they are purchasing.
Incidences of low quality prawns have recently been reported from vessels which are known
for producing consistently high quality produce. It is believed that once it has left the
fishermen, poor temperature control along the supply chain is responsible for the loss of
quality. Temperature fluctuations are a common cause of quality loss. Shamshad, Kher‐un‐
nisa, Riaz, Zuberi, & Qadri (1990) concluded that temperature was the most important
single factor affecting quality of stored shrimp and went on to state that time of storage at
any particular temperature is also of significance. A further study by Hunt et al (2012)
investigated accelerated shelf life testing by storing prawns at different storage
temperatures (‐4 ºC, ‐15 ºC and ‐26 ºC). The results supported the decline of texture and
quality of the prawns with an increase in storage at higher temperatures. Hence,
investigating product temperature along the supply chain will provide important
information into where the product is being compromised and will promote measures to
increase market value.

Whole Chain Analyses
Whole chain analyses are an important tool used within the food industry as they are a
means of increasing competitiveness between food chains. Whole chain analyses are
divided into three subsections which include chain mapping, supply chain analysis and value
chain analysis.

Chain mapping
Chain mapping is the first stage of whole chain analyses. It identifies who is involved within
the chain, including sellers, buyers, retailers and consumers, and the major issues, impacts

and opportunities which exist between these chain partners. Importantly, chain mapping
produces an accurate supply chain map by supplying information on product forms and
transformations, product movement and how various shares are proportioned out along the
chain as well as various transaction mechanisms which exist within the chain (Howieson &
Lawley, 2010).

Supply chain analysis
Supply chain analyses focus on the operational efficiencies of an existing food product and
distribution chain, aiming to increase profitability by either decreasing operational costs or
increasing quality or output. Product quality, cost and processing efficiency are investigated
to determine what area needs improvement or change to increase profitability. Product
quality is measured using a range of techniques including monitoring drip loss, product
waste, storage time and harvest and logistical details, as well as investigating storage
temperature and microbiology throughout the chain. Cost efficiencies monitor the supply
chain by focusing on technical indicators, quantity and technical costs and returns
experienced throughout the supply chain. Processing efficiencies provides industry with
quantitative information on how to minimise costs within a facility or operation. The
information received may include recommendations for waste minimisation, more efficient
handling, storage, staff activity and training (Howieson & Lawley, 2010).

Value chain analysis
Value chain analyses investigates how to maximise opportunities for adding value to a
product, with the consumer in mind. It focuses on what the consumer values in a product
and what aspects may add value to the product based on consumer opinion (Howieson &
Lawley, 2010).

Whole chain analyses are needed to improve product quality, maximise processing and
increase overall profits. The supply chain subsection is the most important area to analyse
within this project as it is responsible for monitoring product quality through a range of
techniques already mentioned and producing recommendations to improve product quality.

Prawn supply chain

There are numerous components involved in the prawn supply chain once they have been
harvested, as demonstrated in Figure 1. The more steps involved the greater the risk for
quality to be compromised. Product quality is a primary concern with seafood as its retail
value is determined by the demand and opinion of the consumer. As mentioned previously
there are a range of techniques employed to monitor the quality of the product throughout
the supply chain. These include monitoring environmental factors affecting the product,
such as temperature and investigating the spoilage of the product using sensory,
biochemical, physical and microbiological techniques. Many retailers also employ some of

these techniques to ensure they are providing good quality produce to their consumers.
Leading supermarket chains apply strict microbiological and chemical requirements before
they will accept produce from suppliers.

Prawn spoilage
Australian prawns can be sold fresh (raw or cooked), thawed (raw or cooked) or frozen (raw
and cooked). The difference in each method of storage has different impacts on the sensory,
biochemical, physical and microbiological aspects of the product.

The shelf life of fresh prawns appears to be dependent on the initial microbial flora present
and the conditions in which they are stored (Chinivasagam, Bremner, Thrower, &
Nottingham, 1996). Previous studies into the shelf life of tropical prawns have concluded
that under chilled storage conditions prawns have been reported to have a shelf life of
between 13‐16 days (Jayaweera & Subasinghe, 1988) when stored on ice and 13 days at 0 °C
(Shamshad, et al., 1990). Non‐ tropical prawns have been found to be totally spoiled within
8‐10 days of storage (Chinivasagam, et al., 1996). The heads of prawns appear to contain at
least 75% of the bacterial population isolated from prawns (Green, 1947) however, Miget
(1991) concluded that the majority of bacterial spoilage actually occurred on the surface of
crustaceans. A study performed by Chinivasagam, et al., (1996) investigated the spoilage
patterns of five different species of Australian prawn. The estimation of storage life was
dependant on the microbiological counts reaching 108 CFU / g.

Shamshad, et al. (1990) investigated the storage of fresh prawns at different temperatures,
measuring various quality parameters. The shelf life of prawns was affected by the
increased storage temperatures. Prawns stored at 0 °C were shown to have a shelf life of
approximately 13 days, as the storage temperature increased by increments of 5 °C the shelf
life of prawns decreased to 10 days, 5 days, 3 days, 1 day and then to less than a day for
prawns stored at 25 °C and above.

Another aspect of fresh prawn storage is the occurrence of melanosis. Melanosis is the
formation of black insoluble pigments in the internal shell surface due to enzymatic
oxidation of phenolic precursors (Cobb, 1977). Melanosis occurs frequently post mortem

before the onset of spoilage. Although enzymatic reactions appear to be the major cause of
melanosis, another study performed by Chinivasagam, Bremner, & Reeves (1998)
investigated the role spoilage organisms in the production of melanosis on prawns.
However, the study concluded that although possible for melanosis to occur from bacterial
action, it was not generally regarded as the primary cause (Chinivasagam, et al., 1998).
Refrigeration has been found to only slow the development of melanosis since the enzymes
responsible are still active during refrigeration, storage and ice and post freeze thawing
(Montero, Martinez‐Alverez, & Gomez‐Guillen, 2004). Freezing at temperatures of ‐10 °C
and below therefore appears to retard the formation of melanosis, as concluded by
Yamagata & Low (1995). This appears to be due to the lack of oxygen and the lower
temperatures which inactivate polyphenol oxidases, that are responsible for the blackening
(Yamagata & Low, 1995).

Frozen prawns were also shown to have lower bacterial counts than freshly stored prawns
(Huang & He). It appears prawns stored at freezing temperatures for extended periods of
time have lower microbial counts. Raw prawns frozen at ‐20 °C were estimated to have a
shelf life of 7 months for whole prawns and 10 months for raw tails (Hale & Water, 1981).
Another study by Yamagata & Low (1995) investigated frozen shrimp at different storage
temperatures (in ice, ‐3 °C, ‐10 °C and ‐20 °C). The shelf life for the banana prawns tested
were 4 days (in ice), 6 days (‐3 °C), 9 weeks (‐10 °C) and 6 months (‐20 °C). Temperatures of ‐
10 °C and below were found to retard the blackening usually associated with prawn
spoilage.

Quality Measurement
Sensory
Sensory evaluation is defined as the scientific discipline used to evoke, measure, analyse,
and interpret reactions to characteristics of food as perceived through the senses of sight,
smell, taste, touch, and hearing (Huss, 1995a, 1995b). The Quality Index Method (QIM) is a
sensory technique used to assess the quality of seafood. The QIM evaluates all relevant
attributes needed to evaluate the freshness of a fish eliminating bias for any particular
attribute and shares a linear relationship with storage days on ice allowing the remaining
shelf life of the fish to be calculated. Sensory evaluation is very effective in determining

freshness, which in relation to seafood reflects the degree to which microbiological spoilage
or chemical deterioration has occurred (Botta, 1995; Ozogul, 2009). Currently there are only
two QIM schemes which have been validated for prawns, king prawns and black tiger
prawns.

Microbiology
The microbiological counts greatly influence the shelf life of prawns. Previous studies have
determined that freshly caught Australian prawns have an average bacterial count of 104
CFU / g which after cooking can be reduced to 102 CFU / g. It was determined that cooked
iced prawns at a wholesalers reached counts of 105 CFU / g and prawns not suitable for sale
reached levels of 106 CFU / g and above (Montgomery, Sidhu, & Vale, 1970). King prawns
were found to have a shelf life of approximately 10‐11 days, which was lower than greasy,
banana and tiger prawns which had shelf lives of 17, 15 and 14 respectively (Chinivasagam,
et al., 1996). It was believed that the difference in the initial microbial flora was responsible
for the variation in shelf life between the different species. This difference appeared to be
influenced by the environment from which the prawns were harvested. The isolation of
spoilage flora and specific spoilage organisms from marine fish requires specialised media.
The different medias used for microbiological analysis will include plate count agar, which is
a common media used to determine the total number of aerobic mesophilic organisms
present on a food sample, iron agar, which is used to enumerate hydrogen sulfide producing
SSO, such as Shewanella species and Thiosulfate‐citrate‐bile salts‐sucrose agar which is used
to enumerate Vibrio species.

Chemical
TMA
Trimethylamine oxide (TMAO) is found in the muscle tissue of all marine species (Huss,
1988). The TMAO content in the muscle of crustaceans is 9‐28 (mmole/kg wet weight)
(Qingzhu, 2003). TMAO is reduced, usually by bacterial action, to produce trimethylamine
(TMA). TMA has an unpleasant “fishy” odour, generally associated with spoilt seafood (Huss,
1988). The limit for human consumption is considered to be between 10‐15 mg TMA / 100 g
due to seafood being considered unacceptable to the consumer once this level of TMA is
reached (Huss, 1988). Various studies have shown that initial levels of TMA remain until

approximately day 10 when microbial action begins (Baixas‐Nogueras, Bover‐Cid, Veciana‐
Nogués, & Vidal‐Carou, 2002; Oehlenshlager, 1997).

A study performed by Qingzhu (2003) demonstrated that fresh prawns had very low levels
of TMA at day‐0 of storage. Storage conditions affected TMA levels of prawns. Prawns
stored only in ice surpassed the acceptable TMA level for human consumption (10 mg/100
g) by day 2 of storage whereas prawns stored in liquid ice did not surpass the acceptable
limit (10 mg/100 g) until day 5.

TVBN
The total volatile bases (TVBN) are an alternative measure of spoilage to TMA estimation.
TVB‐N is a measure of the total volatile basic compounds produced throughout fish spoilage
consisting mainly of the volatile compounds; trimethylamine (TMA), dimethylamine (DMA)
and ammonia (Howgate, 2010). TVB‐N is commonly used to measure the later stages of
spoilage since the components do not accumulate at measurable levels until later (Howgate,
2010). The suggested levels of TVB‐N for rejection of fish are 30 mg / 100 g flesh as this is
regarded as the limit of acceptability for consumers (Castro, Penedo Padron, Caballero
Cansino, Velazquez, & De Larriva, 2006; Oehlenchlager, 1992). A study performed by
Chinivasagam, et al. (1996) showed that the TVBN values did not successfully show an
increase as storage days increased, since levels measured at the beginning of storage were
already high (22‐34 mg / 100g). The levels of TVBN were however, useful for confirming the
spoilage of the prawns in conjunction with total microbial counts.

Physical
Drip loss
Drip loss is the measurement of the dehydration experienced by the fish throughout
storage. It appears to be affected by temperature, temperature fluctuations, humidity, heat
transfer, air flow over the product, radiation effects of lighting, packaging and the size and
the type of product as well as size and shape (Johnston, Nicholson, Roger, & Stroud, 1994).
Consumers appear to prefer a juicier product and so there has been some research into
applying a phosphate solution onto the prawns to help them retain fluid for longer periods
of time (Goncalves, Rech, Rodrigues, & Pucci, 2008).

Colour
Colour is the perception resulting from the detection of light after it has interacted with an
object (Schubring, 2003). Similar to texture, the colour of a fish affects the consumer’s
perceptions of the product. Fresh seafood vibrant in colour is appealing to the consumer. A
decrease in colour is associated with a decrease in freshness and so the fish is less appealing
to the consumer. Previous studies have investigated the colour of prawns throughout
storage, by interpreting the Lab results measured using a spectrophotometer and also
Adobe photoshop (Hunt, et al., 2012; Wade et al., 2012). No significant colour changes were
observed between prawns stored for extended periods of time in frozen storage (Hunt, et
al., 2012).

Texture
Texture may be defined by common characteristics such as hardness, springiness and
chewiness of food. Texture is a valued characteristic for consumers and is an important
quality attribute due to its impact on shelf life. Previous studies investigating the textural
properties of prawns, used force applied by compression and shearing, to measure the
firmness of prawn flesh (Hunt, et al., 2012; Kye, Nip, & Moy, 1988; Sriket, Benjakul, &
Visessanguan, 2010). It was discovered that prawns left in iced storage for more than 3 days
were susceptible to softening of the flesh (Sriket, et al., 2010).

Predictive models
Predictive microbiology models are useful tools able to estimate the microbiological
changes occurring on foods throughout storage using changes in product parameters such
as temperature, pH, storage atmosphere and salt / water activity. Predictive models have
practical applications for improving food safety and quality especially within the
quantitative microbiological risk assessment (QMRA) (Ross, Dalgaard, & Tienungoon, 2000).
There are currently no predictive models available for prawns and so this project will
contribute to helping prawn fishermen and people through the supply chain understand the
importance temperature has on the quality of prawns.

Prawn species
The supply chain for raw and cooked prawns will be monitored throughout this project. We
aim to monitor:


cooked, frozen Endeavour prawns from Exmouth, WA



cooked and green frozen King prawns from the Spencer Gulf



chilled green Bay prawns from Moreton Bay



frozen green Banana prawns from the Northern Prawn Fishery

Objectives


Produce predictive models for four prawn species that consider fisheries and
product type



Map supply time‐temperature profiles to identify points that reduce product quality



Validate predictive models in commercial supply chains



Identify appropriate TTIs for industry to evaluate the performance of supply chains

References

Baixas‐Nogueras, S., Bover‐Cid, S., Veciana‐Nogués, T., & Vidal‐Carou, M. C. (2002). Chemical
and Sensory Changes in Mediterranean Hake (Merluccius merluccius) under
Refrigeration (6−8 °C) and Stored in Ice. Journal of Agricultural and Food Chemistry,
50(22), 6504–6510.
Botta, R. J. (1995). Evaluation of Seafood Freshness Quality. St. John's, Newfoundland: VH
Publishers, Inc.
Castro, P., Penedo Padron, J. C., Caballero Cansino, M. J., Velazquez, E. S., & De Larriva, R. M.
(2006). Total volatile base nitrogen and its use to assess freshness in European sea
bass stored in ice. Food Control, 17, 245‐248.
Chinivasagam, H. N., Bremner, H. A., & Reeves, R. (1998). Can spoilage bacteria cause
blackspot (melanosis) in stored prawns? Letters in Applied Microbiology, 27, 5‐8.
Chinivasagam, H. N., Bremner, H. A., Thrower, S. J., & Nottingham, S. M. (1996). Spoilage
pattern of five species of Austalian prawns. Journal of Aquatic Food Product
Technology, 5, 25‐50.
Cobb, B. F. (1977). Biochemistry and physiology of shrimp: effect on use as food. Paper
presented at the Proceedings of the conference on the handling, processing and
marketing of tropical fish, London.
Goncalves, A., Rech, B., Rodrigues, P., & Pucci, D. (2008). Quality evaluation of frozen
seafood (Genypterus brasiliensis, Prionotus punctatus, Pleoticus muelleri and Perna
perna) previously treated with phosphates. Pan American Journal of Aquatic
Sciences, 3, 248‐258.
Green, M. (1947). Bacteriology of shrimp II : Quantitative studies on freshly caught iced
shrimp. Food Research, 372‐384.
Hale, M. B., & Water, M. E. (1981). Frozen storage stability of whole and headless
freshwater prawns, Macrobrachium rosenbergii. Marine Fisheries Review, 43, 18‐21.
Howgate, P. (2010). A critical review of total volatile bases and trimethylamine as indices of
freshness of fish Part 1. Electronic journal of Environmental, Agricultural and Food
Chemistry, 9(1), 29‐57.
Howieson, J., & Lawley, M. (2010). Impletmenting whole of chain analyses for the seafood
industry: a toolbox approach. Paper presented at the Australian and New Zealand
Marketing Academy (ANZMAC) Annual Conference 2010, Christchurch, New Zealand.
Huang, Y., & He, L. Qualities of fresh and previosuly frozen marinated shrimp. University of
Georgia.
Athens,
Georgia.
Retrieved
from
http://fshn.ifas.ufl.edu/seafood/sst/annpdf/20th_218.pdf
Hunt, W., Howieson, J., Denham, H., Fernanda, L., & White, J. (2012). Accelerated shelf life
testing of prawns MG Kailis group. In S. CRC (Ed.). Perth: Centre of Excellence for
Science, Seafood and Health (CESSH).
Huss, H. (1988). Fresh fish‐quality and quality changes. (29). FAO FIsheries.
Huss, H. (1995a). Quality and Quality Changes in Fresh Fish. Rome: Food and Agriculture
Organisation of the United Nations.
Huss, H. (1995b). Quality and Quality Changes in Fresh Fish. Rome: Food and Agriculture
Organisation of the United Nations.

Jayaweera, V., & Subasinghe, S. (1988). Some chemical and microbiological changes during
chilled storage of prawns (Peneaus indicus) FAO Fisheries report No.401 (pp. 68‐77):
FAO.
Johnston, W. A., Nicholson, F. J., Roger, A., & Stroud, G. D. (1994). Freezing and refrigerated
storage in fisheries FAO Fisheries Technical Paper ‐ 340. Rome: FAO.
Kye, H. W., Nip, W. K., & Moy, J. H. (1988). Changes of myofibrillar proteins and texture in
freshwater prawn, Machrobrachium rosenbergii, during iced storage. Marine
Fisheries Review, 50, 53‐56.
Miget, R. J. (Ed.). (1991). Microbiology of crustacean processing: shrimp crawfish and
prawns. New York: Van Nostrand Reinhold.
Montero, P., Martinez‐Alverez, O., & Gomez‐Guillen, M. C. (2004). Effectiveness of onboard
application of 4‐hexylresorcinol in inhibiting melanosis in shrimp (Parapenaeus
longirostris). Journal of Food Science, 69, C643‐C647.
Montgomery, W. A., Sidhu, G. S., & Vale, G. A. (1970). The Australian Prawn Industry.
Natural resourcesand quality aspects of whole cooked fresh prawns and frozen
prawn meat. CSIRO Food Preservation Quarterly.
Oehlenchlager, J. (1992). Evaluation of some well established and some underrated indices
for the determination of freshness and/or spoilage of ice stored wet fish. Paper
presented at the Quality assurance in the Fish Industry, Copenhagen, Denmark.
Oehlenshlager, J. (Ed.). (1997). Volatile Amines as Freshness/Spoilage Indicators. A Literature
Review. Amsterdam, The Netherlands: Elsevier Science.
Ozogul, Y. (2009). Methods for Freshness Quality and Deterioration. In L. M. L. Nollet & F.
Toldra (Eds.), Handbook of Seafood and Seafood Products analysis: Tayor and
Francis.
Qingzhu, Z. (2003). Quality indicators of northern shrimp (Pandalus borealis) stored under
different cooling conditions. The United Nations University.
Ross, T., Dalgaard, P., & Tienungoon, S. (2000). Predictive modelling of the growth and
survival of Listeria in fishery products. International Journal of Food Microbiology, 62,
231‐245.
Schubring, R. (2003). Colour Measurement on skin during storage of wet and frozen fish. In
J. B. Luten, J. Oehlenschlager & G. Olafsdottir (Eds.), Quality of Fish from Catch to
Consumer, Labelling, Montoring and Traceability. Cornel University: Wageningen
Academic Publishers.
Shamshad, S. I., Kher‐un‐nisa, Riaz, M., Zuberi, R., & Qadri, R. B. (1990). Shelf life of shrimp
(Penaeus merguiensis) stored at different temperatures. Journal of Food Science, 55,
1201‐1205.
Sriket, C., Benjakul, S., & Visessanguan. (2010). Post‐mortem changes of muscle from fresh
water prawn (Macrobrachium rosenbergii) as influenced by spawning stages. Journal
of Food Science and Technology, 43, 608‐616.
Wade, N., Anderson, M., Sellars, M., Tume, R., Preston, N., & Glencross, B. (2012).
Mechanisms of colour adaptation in the prawn Penaeus monodon. Journal of
Experimental Biology, 215, 343‐350.
Yamagata, M., & Low, L. K. (1995). Banana shrimp, Penaeus merguiensis, quality changes
during iced and frozen storage. Journal of Food Science, 60, 721‐726.

Appendix 2
8.5

10
9

8

7

7.5

6

pH

log10 CFU/g

8

5

7

4
3

6.5

2
1

6

0

0
0

2

4

6

8

2

4

6

10

10

day

day

Figure 1. Total bacterial count of cooked-frozen King prawns
stored at 5°C.
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Figure 3. pH of cooked-frozen King prawns stored at 10°C.
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Figure 2. QIM of cooked-frozen King prawns stored at 10°C.
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Figure 5. Total bacterial count of raw-frozen King prawns
stored at10°C.

Figure 7. pH of raw-frozen King prawns stored at 10°C.
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Figure 9. QIM of raw-frozen King prawns stored at -26°C for
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Figure 11. Texture of raw-frozen King prawns stored at -26°C
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Figure 12. Total bacterial count of raw-frozen Banana prawns
stored at 10°C.

Figure 14. pH of raw-frozen Banana prawns stored at 5°C.
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Figure 13. QIM of raw-frozen Banana prawns stored at 5°C.

0

50

100

150

200

250

day

Figure 15. Texture of raw-frozen Banana prawns stored at
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Figure 16. QIM of raw-frozen Banana prawns stored at -26°C
for 52 weeks, then stored at 0°C.
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Figure 18. Texture of raw-frozen Banana prawns stored at 26°C for 52 weeks, then stored at 0°C.
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Figure 19. Total bacterial count of cooked-chilled Bay prawns
stored at 10°C.

Figure 21. pH of cooked-chilled Bay prawns stored at 10°C.
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Figure 20. QIM of cooked-chilled Bay prawns stored at 5°C.
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Figure 25. pH of cooked-frozen Endeavour prawns stored at
0°C.
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Figure 27. Total bacterial count of cooked-chilled Tiger prawns
stored at 10°C.

Figure 29. pH of cooked-chilled Tiger prawns stored at 10°C.
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Figure 3. Rate of QIM versus storage temperature for raw‐
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Figure 20. Rate of texture change versus storage temperature
for cooked‐frozen King prawns.
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V. parahaemolyticus reduction in King Prawns stored at cold temperatures

Executive summary
Pathogenic Vibrio species have been known to impact international market access for Australian
seafood, including prawns. One of the most common and potentially pathogenic vibrio species is
Vibrio parahaemolyticus. It is well recognised that V. parahaemolyticus dies when seafood products
are frozen. However, there are no reports that adequately describe the rate of V. parahaemolyticus
death. As part of an existing Australian Seafood CRC project involving the wild‐caught prawn
industry, the University of Tasmania and Curtin University, we are producing a model to describe
how fast V. parahaemolyticus dies at two freezing temperatures. The model will provide evidence
that substantiates the effects of Australian industry practices on reducing levels of V.
parahaemolyticus in raw prawn supply chains.
Objective
Development of a V. parahaemolyticus reduction model in King prawns stored at 0, ‐20 and ‐40◦C.
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Preliminary work
A. Selecting an injection protocol for artificial contamination of King Prawns with Vibrio
parahaemolyticus (experiment performed on the 15/11/2013)
A.1 Aim
To test different artificial contamination methods and select the most consistent option
A.2 Experimental design
Prawn samples. Prawns were harvested by a commercial grower in South Australia, Australia in
November 2013. Following collection, the prawns were quick‐frozen and stored at freezing
temperature. The product was shipped by overnight courier to the Hobart International airport.
Prawns were collected after arrival to the airport and stored at −20°C at the University of Tasmania,
Sandy Bay campus, Australia until the starting of the experiments. Prawns used for experiment were
defrosted at room temperature overnight and peeled. A total of 13 prawns were used for the
experiment.
Bacterial strains. Six V. parahaemolyticus strains (24339, 24340, 24657, 24658, 24659, and 24660)
isolated from shrimp in Thailand, and kindly provided by Orasa Suthienkul, Faculty of Public Health,
Department of Microbiology, Mahidol University, Bangkok, Thailand, were used for the experiment.
Cultures were stored at −80°C in modified tryptone soy broth (mTSB) (TSB [CM0129; Oxoid, Adelaide,
Australia] supplemented with 3% NaCl and adjusted to pH 8.4) with addition of 15% (vol/vol)
glycerol (Sigma‐Aldrich, Steinheim, Germany).
Inoculum preparation. Each V. parahaemolyticus strain was transferred from −80°C storage to a
plate of mTSA (mTSB with addition of 1.5% agar [grade J3; Gelita, QLD, Australia]) and incubated at
25°C for 18 to 24 h. For each of the six strains, a loop full from each of the mTSA plates were
selected and enriched in 9 ml marine broth (MB). MB consisted of 0.5% bacteriological peptone
(LP0037; Oxoid, Adelaide, Australia), 0.1% yeast extract (LP0021; Oxoid, Adelaide, Australia), and 3.5%
(wt/vol) sea salts (RedSeaFish, Sydney, Australia), with the pH adjusted to 8.4. The six broths were
incubated at 25°C for 18 to 24 h. Each culture was adjusted to an optical density at 540 nm (OD540) of
0.15 to 0.25 using 200 μl in a Spectrostar Nano Absorbance Microplate Reader (BMG Labtech,
Victoria, Australia). Five‐millilitre aliquots of each working culture were combined to produce a 30‐
ml cocktail of approximately 108 total CFU/ml. The inoculum was kept on ice during the injection
process.
Prawn inoculation. Three different techniques were tested: 1) Four peeled prawns were injected
with 0.1ml ml of the inoculum cocktail using a 1‐ml syringe equipped with a 23‐gauge needle
(Terumo) and referred as “injecting”; 2) Four peeled prawns were submerged in a solution (1:10)
prepared by adding 20ml of inoculum in a sterile jar containing 180ml of MB and referred as
“submerging”; and 3) The skin of four peeled prawns were directly inoculated with 0.1ml of the
inoculum on the surface with the help of a pipette and referred as “topping”.
Storage conditions. The inoculated and control prawns were quick frozen in liquid nitrogen, placed in
an open plastic container and stored in the incubator at ‐40°C for 3 days.
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Bacterial enumeration. At the time of bacteriological analysis, prawns were thaw at fridge
temperature overnight and tested individually the following day. Each prawn was placed in a sterile
400‐ml filter stomacher bag (A. I. Scientific, Hallam, Australia) with an equal weight of peptone salt
solution (PSS) (0.1% bacteriological peptone [LP0037; Oxoid, Adelaide, Australia], 3% NaCl [Ajax
Finechem, NSW, Australia], pH 7.4); and the sample was stomached (Colworth Stomacher 400; A. J.
Seward, London, United Kingdom) for 2 min. The stomached samples were diluted in 10‐fold serial
increments with PSS, and 100 μl was plated in duplicate on TCBS agar (CM0333; Oxoid, Adelaide,
Australia) and on modified TSA agar (mTSA: TSB [CM0129; Oxoid, Adelaide, Australia] supplemented
with 3% NaCl and adjusted to pH 8.4, with the addition of 1.5% agar [grade J3; Gelita, QLD,
Australia]). The TCBS and mTSA plates were incubated at 37°C for 16 to 18 h. Plated dilutions
yielding 30 to 300 CFU/plate were counted manually, and the number of CFU per gram of
homogenate was calculated.
A.3 Results
‐ The cocktail used for inoculation had an average OD540 of 0.21 and the concentration after
enumeration on TCBS plates was 1.4 x 108 CFU/ml.
‐ Vibrio levels on TCBS for control sample were below the limit of detection (LOD: 600cfu/ml).
‐ The highest V. parahaemolyticus levels in prawns achieved at time 0 was using “submerging”
treatment. However, levels were approximately the same for the three different inoculation
methods after storage (‐40°C for 3 days).
‐ Reduction levels depended on the inoculation method used. The highest V. parahaemolyticus
reduction was for submerged prawns and the lowest was for surface inoculated “topping” samples.
‐ TCBS and mTSA counts were similar after inoculation but slightly higher counts were observed on
mTSA plates after storage (a maximum of 0.3logs higher).

Table 1. Bacterial enumeration in two different growth media (TCBS and mTSA) and V.
parahaemolyticus reduction calculation for each artificial contamination method.
Inoculation
treatment Time
Injecting
Submerging
Topping

0

TCBS

mTSA

Sample1 Sample2 Average Stdev
6.34

6.11

6.23

0.17

72

5.06

4.79

4.93

0.19

0

6.94

6.89

6.91

0.04

72

4.92

4.62

4.77

0.21

0

5.80

5.93

5.86

0.09

72

4.60

5.20

4.90

0.42

Log reduction

Sample1 Sample2 Average Stdev

1.30

6.35
4.96

4.92

4.94

0.03

2.14

6.96

6.97

6.97

0.01

5.15

5.09

5.12

0.04

5.73

5.96

5.85

0.16

4.82

5.16

4.99

0.24

0.96

6.23

6.29

0.09

Log reduction
1.35
1.85
0.86
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Figure 1. Bacterial concentration measured by two different media: TCBS in left graph and mTSA in
right graph. Represented data show V. parahaemolyticus levels after artificial inoculation (without
liquid nitrogen treatment) and V. parahaemolyticus levels after storage (at ‐40°C for 3 days).

Figure 2. Temperature profile from two data loggers located with the prawn samples during
experiment.
A.4 Conclusions
‐ The three inoculation methods can be used to develop the V. parahaemolyticus reduction model.
‐ Inoculating the prawns directly on the surface referred here as “topping” may provide with the
worst case scenario.
‐ TCBS media may not recover 100% V. parahaemolyticus cells after cold storage.

B. Selecting a protocol for thawing frozen artificial contaminated King Prawns with Vibrio
parahaemolyticus (experiment performed on the 21/11/2013)
B.1 Aim
To test the difference in bacterial reduction thawing contaminated prawns at room temperature
versus overnight at fridge temperature
B.2 Experimental design
Prawn samples. Same as A.2 with modification of a total of 15 prawns used for the experiment.
Bacterial strains. Same as A.2
Inoculum preparation. Same as A.2
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Prawn inoculation. The skin of 15 peeled prawns was directly inoculated with 0.1ml of the inoculum
on the surface with the help of a pipette.
Storage conditions. Fourteen of the inoculated prawns were quick frozen in liquid nitrogen, placed in
an open plastic container and stored in the incubator at ‐40°C and ‐20°C for 1 and 7 days.
Bacterial enumeration. Same as A.2 with the modification of at the time of bacteriological analysis,
prawns were thaw at fridge temperature overnight or at room temperature for an hour.
B.3 Results
‐ The cocktail used for inoculation had an average OD540 of 0.25 and the concentration after
enumeration on TCBS plates was 2 x 108 CFU/ml.
‐ V. parahaemolyticus levels in prawns were slightly higher after 7 days storage than 1 day storage.
‐ No differences among freezing temperatures used during storage (‐40°C and ‐20°C).
‐ Thawing at fridge temperature overnight showed a lower V. parahaemolyticus recovery (approx.
0.5 logs) in prawns than thawing the samples at room temperature for an hour.
‐ Missing data (injected+LN+7d ‐40C at Fridge T) were due to a broken prawn that got attached to
another prawn during liquid nitrogen treatment.
‐ TCBS and mTSA counts differed by ± 0.2 logs.

Figure 3. Bacterial concentration measured by two different media: TCBS in upper graph and mTSA
in lower graph. Represented data show initial V. parahaemolyticus levels after artificial inoculation
and liquid nitrogen treatment, and V. parahaemolyticus levels after storage (‐40°C and ‐20°C for 1
and 7 days), using two different thawing treatments (room temperature for an hour represented in
blue or fridge temperature overnight represented in red).
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Figure 4. Temperature profile from two data loggers locate with the prawn samples during
experiment.
B.4 Conclusions
‐ Thawing the prawns at room temperature shows a better V. parahaemolyticus survival and thereby
provides a worst case scenario.
‐ The problem of prawn attachment can be solved by freezing prawn samples in individual bags.
‐ Inactivation at ‐40°C and ‐20°C may be very slow and probably not much difference between both
storage conditions.

C. Observation of liquid nitrogen effect on reduction of Vibrio parahaemolyticus during artificial
contaminated King Prawns quick freezing (experiment performed on the 26/11/2013)
C.1 Aim
To test the effect on initial bacterial concentration in prawn samples using liquid nitrogen as a quick
freezing treatment versus no pre‐cooling treatment before frozen storage
C.2 Experimental design
Prawn samples. Same as A.2 with modification of a total of 12 prawns used for the experiment.
Bacterial strains. Same as A.2
Inoculum preparation. Same as A.2
Prawn inoculation. The skin of 12 peeled prawns was directly inoculated with 0.1ml of the inoculum
on the surface with the help of a pipette.
Storage conditions. The inoculated and control prawns were quick frozen in liquid nitrogen, placed in
an open plastic container and stored in incubator at ‐40°C and ‐20°C for 1 day.
Bacterial enumeration. Same as B.2
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C.3 Results
‐ The cocktail used for inoculation had an average OD540 of 0.30 and bacterial concentration was 2.8
x 108 CFU/ml after enumeration on TCBS plates.
‐ The use of liquid nitrogen or no liquid nitrogen differed by ± 0.2 logs and it was usually higher
counts for samples frozen without liquid nitrogen treatment.
‐ Prawn samples thaw at fridge temperature overnight showed a lower V. parahaemolyticus
recovery (approx. 0.5 logs) than samples thaw at room temperature for an hour.
‐ TCBS and mTSA counts differed by ± 0.2 logs.

Figure 5. Bacterial concentration measured by two different media: TCBS in upper graph and mTSA
in lower graph. Represented data show initial V. parahaemolyticus levels after artificial inoculation
and V. parahaemolyticus levels after storage (at ‐40°C and ‐20°C for 1 day), using two different
thawing treatments (room temperature for an hour or fridge temperature overnight). Samples not
treated with liquid nitrogen after contamination are represented in blue and samples quick frozen
using liquid nitrogen are represented in red.
C.4 Conclusion
‐ There is no difference in inactivation for samples treated or not treated with liquid nitrogen
previously to frozen storage. However, this observation may be due to the short storage time (1 day).
‐ Liquid nitrogen is probably over‐cooling (temperature lowers than ‐80°C). However, this is the
preferred option to simulate snap freezing at UTAS.
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D. Sampling test to observe variability of Vibrio parahaemolyticus levels in artificial contaminated
King Prawns using a sample of two versus a sample of three prawns (experiment performed on the
04/12/2013)
D.1 Aim
To test samples of two prawns versus samples of three prawns to implement the most consistent
sampling protocol
D.2 Experimental design
Prawn samples. Same as A.2 with modification of a total of 10 prawns used for the experiment.
Bacterial strains. Same as A.2
Inoculum preparation. Same as A.2
Prawn inoculation. The skin of 10 peeled prawns was directly inoculated with 0.1ml of the inoculum
on the surface with the help of a pipette.
Bacterial enumeration. Same as A.2 with modification of testing two or three prawns sample for
each analysis.
D.3 Results
‐ The cocktail used for inoculation had an average OD540 of 0.27 and the bacterial concentration was
2.6 x 108 CFU/ml after enumeration on TCBS plates.
‐ The average concentration of V. parahaemolyticus in prawns was 6.27 ± 0.01 log10 cfu/ml for a
sample of two prawns and 6.25 ± 0.09 log10 cfu/ml for a sample of three prawns after enumeration
on TCBS agar plates.
‐ The average concentration of V. parahaemolyticus in prawns was 6.26 ± 0.04 log10 cfu/ml for a
sample of two prawns and 6.17 ± 0.06 log10 cfu/ml for a sample of three prawns after enumeration
on mTSA agar plates.
D.4 Conclusion
‐ A sampling size of two prawns provides a similar variation for V. parahaemolyticus concentration
than a sample size of three prawns.
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Inactivation profiles study
A.1 Aim
Development of a Vibrio parahaemolyticus reduction model in King prawns stored at 0, ‐20 and ‐40◦C.
A.2 Experimental design
Prawn samples. Prawns were harvested by a commercial grower in South Australia, Australia in
November 2013. Following collection, the prawns were quick‐frozen and stored at freezing
temperature. The product was shipped by overnight courier to the Hobart International airport.
Prawns were collected after arrival to the airport and stored at −20°C at University of Tasmania,
Sandy Bay campus, Australia. Prawns were thaw refrigerated overnight and peeled before testing. A
total of 190 prawns were used for each trial.
Bacterial strains. Six V. parahaemolyticus strains (24339, 24340, 24657, 24658, 24659, and 24660)
isolated from shrimp in Thailand, and kindly provided by Orasa Suthienkul, Faculty of Public Health,
Department of Microbiology, Mahidol University, Bangkok, Thailand, were used for the experiment.
Cultures were stored at −80°C in modified tryptone soy broth (mTSB) (TSB [CM0129; Oxoid, Adelaide,
Australia] supplemented with 3% NaCl and adjusted to pH 8.4) with addition of 15% (vol/vol)
glycerol (Sigma‐Aldrich, Steinheim, Germany).
Inoculum preparation. Each V. parahaemolyticus strain was transferred from −80°C storage to a
plate of mTSA (mTSB with addition of 1.5% agar [grade J3; Gelita, QLD, Australia]) and incubated at
25°C for 18 to 24 h. For each of the six strains, a loop full from each of the mTSA plates were
selected and enriched in 9 ml marine broth (MB). MB consisted of 0.5% bacteriological peptone
(LP0037; Oxoid, Adelaide, Australia), 0.1% yeast extract (LP0021; Oxoid, Adelaide, Australia), and 3.5%
(wt/vol) sea salts (RedSeaFish, Sydney, Australia), with the pH adjusted to 8.4. The six broths were
incubated at 25°C for 18 to 24 h. Each culture was adjusted to an optical density at 540 nm (OD540) of
0.15 to 0.25 using 200 μl in a Spectrostar Nano Absorbance Microplate Reader (BMG Labtech,
Victoria, Australia). Five‐millilitre aliquots of each working culture were combined to produce a 30‐
ml cocktail of approximately 108 total CFU/ml. The inoculum was kept on ice during the injection
process for approximately 10 min.
Prawn inoculation. Prawns with a weight of 15 g were directly inoculated with 0.1ml of the inoculum
on the surface with the help of a pipette. Inoculum volume depended on prawn weight. Samples
used in experiment ranged from 10 g (0.067ml inoculum) to 25 g (1.67 ml inoculum).
Storage conditions. For each trial, inoculated and control prawns were placed in 63 different sterile
710 ml Whirl‐Pak plastic bags. Thirty two bags contained four inoculated prawns and thirty one bags
contained two control prawns. All bags were submerged in liquid nitrogen until the whole prawn
showed frozen appearance (approx. 30 seconds). Ten sets of bags were placed into six different
coolers: three for the inoculated samples and three for controls. Coolers were stored in incubator at
0, ‐20 and ‐40◦C for 55 days. The temperature was monitored during storage using a temperature
data logger (iButton; Maxim Integrated Products, Inc., Sunnyvale, CA).
Bacterial enumeration. At the time of bacteriological analysis, prawns were thaw at room
temperature for 1 to 2 hours. Bacterial enumeration was performed at each time point for two
samples of two inoculated prawns and one sample including two control prawns. Each sample (a
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total of three each time point) was placed in a sterile 400‐ml filter stomacher bag (A. I. Scientific,
Hallam, Australia) with an equal weight of peptone salt solution (PSS) (0.1% bacteriological peptone
[LP0037; Oxoid, Adelaide, Australia], 3% NaCl [Ajax Finechem, NSW, Australia], pH 7.4); and the
sample was stomached (Colworth Stomacher 400; A. J. Seward, London, United Kingdom) for 2 min.
The stomached samples were diluted in 10‐fold serial increments with PSS, and 100 μl was plated in
duplicate on TCBS agar (CM0333; Oxoid, Adelaide, Australia) and on modified TSA agar (mTSA: TSB
[CM0129; Oxoid, Adelaide, Australia] supplemented with 3% NaCl and adjusted to pH 8.4, with the
addition of 1.5% agar [grade J3; Gelita, QLD, Australia]). The TCBS and mTSA plates were incubated
at 37°C for 16 to 18 h. Plated dilutions yielding 30 to 300 CFU/plate were counted manually, and the
number of CFU per gram of homogenate was calculated. For samples stored longer period than a
week, V. parahaemolyticus was also enumerated using a 3‐tube MPN method. For this method, A 2
ml sample of prawn homogenate was mixed with 8 ml of modified APW (mAPW) (1% bacteriological
peptone [LP0037; Oxoid, Adelaide, Australia], 3% NaCl [Ajax Finechem, NSW, Australia], pH 8.4), and
then serial 10‐fold dilutions (vol/vol) in mAPW were prepared. One millilitre from all dilutions were
individually added to three tubes containing 10 ml mAPW and incubated at 37°C for 16 to 18 h. A
loop full from the first 1cm of the sample of each turbid broth was transferred to TCBS and plates
were incubated at 37°C for 16 to 18 h. According to the presence or absence of positive green
colonies in the TCBS agar, total populations of V. parahaemolyticus were determined using an MPN
table.
A.3 Results
Artificially inoculated prawns samples were stored at three different low temperatures (‐40°C, ‐20°C
and 0°C) for up to 55 days. Prawns were tested at different times (0, 1, 3, 5, 7, 14, 30, 55 days and
also after 40 days at 0°C). At each sampling time, two artificially contaminated prawns were tested in
duplicate and a sample of two not contaminated prawns (control). Two trials were performed, the
first started on the 6th December 2013 (trial 1) and the second on the 12th December 2013 (trial 2).
For each trial, the same experimental protocol was used.
A total of 128 prawns were artificially contaminated for each trial. The average size prawn for the
artificially contaminated prawns in trial 1 was 16.4 ± 2.8g and in trial 2 was 16.1 ± 2.4g.
The inoculum used for trial 1 had an OD540 average of 0.27 and the V. parahaemolyticus
concentration was 2.2 x 108 cfu/ml after enumeration on TCBS plates. For trial 2, V.
parahaemolyticus concentration was 2.0 x 108 cfu/ml as for TCBS results for an inoculum with an
OD540 average of 0.25.
Artificially contaminated prawns were tested immediately after inoculation with and without liquid
nitrogen treatment. For both trials, the average V. parahaemolyticus level in prawns after
inoculation was 6.2 ± 0.1 log10 CFU/ml for the samples not treated with liquid nitrogen and 6.1 ± 0.1
log10 CFU/ml for samples with liquid nitrogen treatment.
Microbiological analyses consisted in the use of TCBS and modified TSA agars. Moreover, an MPN
method was used for samples tested after one week storage. TCBS agar is used to enumerate total
Vibrio levels but as prawn samples were artificially contaminated with high levels of V.
parahaemolyticus the media could be used to isolate only the target microorganism. Modified TSA
was used in parallel for the potential recovery of some cold stressed cells that would not be able to
grow in highly selective media such as TCBS. The modifications in TSA included a higher pH and NaCl
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content than standard to favour the growth of V. parahaemolyticus versus other background
bacteria found naturally in prawns. The MPN method was used for samples after one week because
it allows a lower limit of detection and provides a better recovery for cells that may have been cold
stressed as it has an overnight enrichment step. The differences in bacterial counts between TCBS
and mTSA were approximately ± 0.3 logs for storage at ‐40◦C and at ‐20◦C. However, mTSA showed a
better recovery (up to 0.9logs) than TCBS for some samples stored at 0◦C. MPN counts were in line
with TCBS and mTSA counts for samples at ‐40 and 20◦C but they also showed a better V.
parahaemolyticus recovery for some samples stored at 0◦C.
V. parahaemolyticus survival at ‐40°C. Artificially inoculated prawns samples were stored at ‐40°C
and tested after 1, 3, 5, 7, 14, 30 and 55 days.
In general, there was not a significant reduction of V. parahaemolyticus in prawns stored at this
temperature. The average reduction during the entire experiment for the two trials and the three
different enumeration methods was 0.30 ± 0.17 logs. The inactivation rates were calculated for the
three different enumeration methods (Fig. 6) and the average was –0.005 log10CFU/day for trial 1
and ‐0.002 log10CFU/day for trial 2.

Figure 6. V. parahaemolyticus inactivation profiles in artificially contaminated king prawns stored at ‐
40°C using different enumeration methods. Shown are TCBS counts, mTSA counts, MPN counts and
their limit of detection (dotted lines) for trial 1 (graphs on the left) and trial 2 (graphs on the right)
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V. parahaemolyticus survival at ‐20°C. Artificially inoculated prawns samples were stored at ‐20°C
and tested after 1, 3, 5, 7, 14, 30 and 55 days.
In general, there was a small reduction of V. parahaemolyticus in prawns stored at this temperature.
The average reduction during the entire experiment for the two trials and the three different
enumeration methods was 0.93 ± 0.44 logs. The inactivation rates were calculated for the three
different enumeration methods (Fig. 7) and the average was –0.02 log10CFU/day for trial 1 and ‐0.01
log10CFU/day for trial 2.

Figure 7. V. parahaemolyticus inactivation profiles in artificially contaminated king prawns stored at ‐
20°C using different enumeration methods. Shown are TCBS counts, mTSA counts, MPN counts and
their limit of detection (dotted lines) for trial 1 (graphs on the left) and trial 2 (graphs on the right)

V. parahaemolyticus survival at 0°C. Artificially inoculated prawns samples were stored at 0°C and
tested after 1, 3, 5, 7, 14, 30, 40 and 55 days.
This storage temperature showed the greatest effect on reduction of V. parahaemolyticus in prawns.
The average reduction during the entire experiment for the two trials and the three different
enumeration methods was not possible to be calculated due to the limit of detection for some of the
used methodologies. Only the MPN method could enumerate bacteria levels up to 55 days and the
average reduction for this method for both trials was 4.27 ± 0.41 logs. The inactivation rates were
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calculated for the three different enumeration methods (Fig. 8) and the average was –0.09
log10CFU/day for trial 1 and ‐0.07 log10CFU/day for trial 2.

Figure 8. V. parahaemolyticus inactivation profiles in artificially contaminated king prawns stored at
0°C using different enumeration methods. Shown are TCBS counts, mTSA counts, MPN counts and
their limit of detection (dotted lines) for trial 1 (graphs on the left) and trial 2 (graphs on the right)
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Figure 3. Plot of texture rate at 0°C for cooked King prawns
stored at -10 and -26°C for 0, 3, 6 and 12 months.

Figure 1. Plot of QIM rate at 0°C for cooked King prawns
stored at -10 and -26°C for 0, 3, 6 and 12 months.
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APPENDIX 7
Spoilage Bacteria Associated with Stored Prawns from Different Fisheries
Background
Several species of prawns are caught in all Australian waters coastal waters. The
temperature ranges from the temperate Spencer Gulf in the south (annual range 12 – 24 °C)
to the tropical northern prawn fishery which has an annual temperature range of 27 – 30 °C
(Naval METOC: http://www.metoc.gov.au/products/data/aussst.php). It is well established
that seafood from tropical waters tend to develop spoilage communities that are dominated
by gram positive organisms (such as Bacillus or lactic acid bacteria) whereas seafood from
temperate waters are usually dominated by gram negative bacteria such as Pseudomonas or
Shewanella (Gram and Huss 1996). Given the wide range of water temperatures from which
prawns are harvested in Australia, it is likely that the initial flora on the prawns will be
different for each fishery. The initial microflora present on seafood is one factor that
determines which specific spoilage organism (SSO) grows and hence influences the spoilage
process. Harvesting, processing and storage conditions also affect the development of the
spoilage community as well as affecting autolytic spoilage. Different initial communities may
result in the growth of different SSO and hence a different shelf life for similar products
from different regions.
Only one study has looked at the variation in the initial and spoilage flora from prawns
caught in different waters within Australia. Chinivasagam et al. (1996) compared prawns
caught in shallow, warmer waters with prawns caught in deeper, colder waters in
Queensland. As might be expected, they found that the initial bacterial flora depended on
the environment of capture with more gram‐positive bacteria on the prawns from the
warmer water and mainly Pseudomonas spp. on the prawns from the deeper, colder water.
However, the spoilage community that developed was influenced by the storage conditions
with P. fragi dominating prawns stored on ice and Shewanella dominating prawns stored in
an ice slurry. The authors concluded that the initial flora influenced the shelf life as a longer
shelf‐life was obtained when the spoilage organisms had to out‐compete the dominating
initial flora.
There are few reports of the bacteria found on freshly caught prawns. A study conducted in
India found that the flora on Indian white shrimp (Penaeus indicusm also known as
Fenneropenaeus indicus or Banana prawn) comprised Aeromonas, Pseuodmonas, Vibrio,
Flavobacteria and Serriatia (Jeyasekaran et al 2006). One study of seafood in Greece
(Papadopoulou et al. 2007) examined different seafoods purchased from local retailers and
stored for approximately 24 hours. They also found a large number of samples contained
Aeromonas. However, they did not detect any Pseudomonas or Vibrio but instead observed
Proteus, Enterobacter, Hafnia and Staphylococcus. Most reports focus only on total numbers,
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however, spoilage communities appear to contain a significant proportion of psychrotrophic
bacteria (Che Rohani et al. 2008; Jeyasekaran et a. 2006), lactic acid bacteria and
Pseudomonas (Martinex‐Alvarez et al. 2005; Lopez et al 2006). Storage conditions are an
important factor with prawns stored under vaccum or in modified atmospheres with carbon
dioxide less likely to contain Pseudomonas and more likely to contain lactic acid bacteria or
facultatively anaerobic bacteria (Baug et al 2009; Jeyaskearan et al 2006).
In this study, four different products were chosen that covered a range of prawn species,
geographical locations and water temperatures, and processing and storage conditions. The
aim of this project was to describe the microbial communities on prawns from these four
different sources and to determine whether this was related to differences in spoilage rates,
quality and shelf life.
Methods
Prawn collection.
Prawns from four separate fisheries were harvested commercially and processed and stored
on the boats as described in Table 1. On receipt at the laboratory in Perth (Western
Australia) they were either sampled immediately (for 0 month and day 0 samples) or stored
for a further period at ‐10 °C or ‐26 °C. Prawns were thawed in water overnight prior to
taking day 0 sub‐samples. The remaining prawns were stored at 0 °C or 10 °C for a further 8
days.

Table 1. Description of products used in study.
Common
name
Scientific
name
Fishery
Average water
temperatures
Processing
Storage

Banana prawn

Bay prawn

King prawn

Endeavour prawn

Fenneropenaeus
merguiensis or F.
indicus
Northern Prawn
Fishery
26 – 30

Metapenaeus
bennettae

Melicertus
latisculcatus

Metapenaeus ensis
or M. endeavouri

Moreton Bay

Spencer Gulf

Exmouth

20 – 26

18 – 21

24 – 28

Green
Chilled

Cooked
Frozen

Cooked
Frozen

Green
Frozen

Microbial community analysis.
The microbial community composition was determined using next‐generation, high‐
throughput pyrosequencing of the microbial 16S rRNA gene. This method produces
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thousands of short DNA sequences of a gene used as a taxonomic marker for bacteria. The
sequences are long enough to separate them into operational taxonomic groups (groups
whose DNA sequences are more than 3% different) and to identify these groups to the
genus level. The high number of sequences generated means that the data can be regarded
as semi‐quantitative: if a sequence is present as a very high proportion of the total number
of sequences it came from a species that was also present in high proportion. Due to DNA
extraction inefficiencies and potential PCR biases, it is not quantitative: that is, a sequence
that appears 50 times is not exactly five times more abundant than a sequence that appears
10 times.
Samples were analysed in duplicate. The prawn homogenate was thawed and 2 ml
centrifuged at 10 000 x g for 10 min. The supernatant was discarded and the pellet
transferred to the bead tube from the PowerSoil DNA extraction kit (MoBio) and the
manufacturer’s standard protocol followed. The 16S rRNA gene was amplified in 50 μl
reactions using 0.1 μM each of the primers 341F (CCT ACGGGAGGCAGCAG) and 1492R
(TACGGYTACCTTGTTACGACTT), 1 ng bovine serum albumin and MyTaq mastermix (Bioline
Australia). The thermal cycling conditions were 95 °C for 1 min followed by 30 cycles of 94 °C
for 15 s, 55 °C for 15s and 72 °C for 20 s with a final extension at 72 °C for 3 min. The PCR
product was precipitated using ethanol and dried pellets were sent to MR DNA (Shallowater,
Texas, USA) for sequencing. PCR products were re‐amplified using HotStar Taq Plus
mastermix (Qiagen) and the primers 515F and 806R (Caporaso et al. 2011). The thermal
cycling program consisted of 95 °C for 3 min followed by 28 cycles of 94 °C for 30 s, 53 °C for
40s and 72 °C for 1 min with a final extension at 72 °C for 5 min. Sequencing was carried out
on an Ion Torrent PGM following the manufacturer’s standard protocols. Data was
processed using the pipeline developed by MR DNA. Briefly, sequences were trimmed of
barcodes and primers then poor quality sequences (length less than 150bp or containing
homopolymers of 6 or more or containing ambiguous base calls or chimeric sequence) were
removed. Sequences were clustered into operational taxonomic units (OTU) at the 3%
dissimilarity level and a representative from each OTU was taxonomically classified using the
Classifier tool on the Ribosomal Database Project website (http://rdp.cme.msu.edu/). Finally,
a table was constructed showing how many times each OTU appeared in each sample. This
data was analysed using multivariate methods in the Primer6 package (PrimerE Ltd).
Results
The microbial communities in prawns that were thawed on receipt and then stored at 0 or
10 °C for eight days were compared to determine whether there were differences between
each of the four products and to determine how the communities changed during storage. A
table of the percentage composition of the communities, with most OTU identified to genus
level, was constructed. Due to the large number of OTU that were present in very small
numbers, only those OTU that were present in at least two samples at a level of over 1% of
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the community in that sample, were included in the multivariate analysis. The similarity
between the communities is shown on a multi‐dimension scaling plot in which samples that
are more similar to each other plot more closely together. The four products are distinctly
different to each other (Figure 1). Except for the Banana prawns, the day 0 samples are
different to both the 0°C and 10 °C day 8 samples. A two‐way crossed analysis of similarity
(ANOSIM) test revealed that the four different products are statistically significantly
different (R = 0.922, P = 0.001) and that the two time points (0 and 8 days) are also
significantly different (R = 0.728, P=0.001). The only product for which storage temperature
appeared to have an effect was the King prawns.
The main bacterial genera observed on these prawns are listed in Table 2. Eight days after
thawing a mix of gram positive (Bacillus and lactic acid bacteria including Carnobacterium)
and gram negative bacteria, mostly Pseudomonas, Serratia and Psychrobacter were present.
The day 8 spoilage communities on the Bay and Endeavour prawns were both dominated by
a single genus (60% Psychrobacter and 55% Pseudomonas respectively). The spoilage
communities on the King and Banana prawns were a more even mix of several genera.
Table 2: Main genera found in four different prawn products stored for 8 days at 0 and 10 °C.

Day
0

Day
8

Banana
Bacillus
Serratia
Carnobacterium
Sphingomonodaceae

Bay
Shewanella
Psychrobacter
Pseudoalteromonas
Sphingomonodaceae
Caulobacter

King
Bacillus
Serratia
Psychrobacter
Aquimarina

Bacillus
Serratia
Carnobacterium

Psychrobacter
Carnobacterium
Vagococcus

Pseudomonas
Psychrobacter
Bacillus
Serratia
Sphingomonodaceae

Endeavour
Acinetobacter
Chryseobacterium
Sphingomonodaceae
Stenotrophomonas
Cupravidas
Pseudomonas
Pseudomonas
Pseudoalteromonas
Janthinobacterium
Carnobacterium

Banana and King prawns were stored frozen at ‐26 °C for up to six months and were
sampled immediately (0 months) and after 3 and 6 months. The most common genera
detected are listed in Table 3. The Banana prawns were dominated by Bacillus and Serratia
whereas the King prawns were dominated by Pseudomonas, Bacillus, Psychrobacter and an
unclassified genus from the Sphingomonodaceae family. At each time point samples were
taken on thawing and 8 days later. An MDS plot (Figure 2) showed that the spoilage
communities on the two species were different (ANOSIM test: R = 0.594, P = 0.001).
Interestingly, the communities at 0, 3 and 6 months were significantly different (ANOSIM
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global R = 0.655 P = 0.001) for the King prawns but not for the Banana prawns (ANOSIM
global R= 0.09, P = 0.18).
The microbial communities on Banana prawns stored frozen at ‐10 were also compared to
the communities found on Banana prawns stored at ‐26 °C. The communities present after
storage at ‐10 were statistically significantly different (ANOSIM R= 0.365, P=0.002) to those
that developed after storage at ‐26 °C. Although the communities at both temperatures
contained Bacillus and Serratia, Carnobacterium were also present after 3 and 6 months at ‐
10°C and the genera that were present only in small proportions were different at the two
temperatures.
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Table 3. Dominant genera found on Banana and King prawns 8 days post‐thawing after
frozen storage.

0 months

3 months

6 months

Banana prawn
- 10 °C
‐26 °C
Bacillus
Bacillus
Serratia
Serratia
Carnobacterium Carnobacterium

Bacillus
Serratia
Carnobacterium
Pseudomonas
Bacillus
Serratia
Carnobacterium
Psychrobacter

King prawn
‐26 °C
Pseudomonas
Psychrobacter
Bacillus
Serratia
Sphingomonodaceae
Bacillus
Bacillus
Serratia
Sphingomonodaceae
Sphingomonodaceae Pseudomonas
Serratia
Bacillus
Pseudomonas
Serratia
Pseudoalteromonas
Psychrobacter
Psychrobacter
Pseudomonas

Discussion
Microbial communities on fresh and stored prawns
In general, the microbial communities present on the prawns thawed and sampled on
receipt (that is after 0 days storage) were diverse and in most cases consisted of a mix of
marine (e.g. Pseudoalteromonas, Psychrobacter) and gut (Serratia, Carnobacterium) bacteria.
Many more genera were detected than are listed in Table 2. Often these bacteria were
present as a small proportion of all the sequences detected. Some genera were detected
only in one replicate at one time point whereas others were detected more frequently. This
diversity disappeared 8 days after thawing with the communities becoming dominated by a
small number (two to four) of different genera. Bacillus and Carnobacterium were the most
common gram positive organisms. Both are known to have roles in the spoilage of some
seafood although some Carnobacterium are known to produce bacteriocins which may
inhibit the growth of other spoilage bacteria. Recently, Mace et al. (2014) demonstrated
that Carnobacterium maltaromaticum produced off odours described as sour, feet/cheese
or buttery when inoculated in shrimp (Penaeus vannamei) stored in a modified atmosphere.
Vagococcus, a genus of lactic acid bacteria related to Carnobacterium, has been previously
isolated from spoilt cooked shrimp (Jaffres et al. 2009) although its role in spoilage is unclear.
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Pseudomonas are well known as spoilage organisms for fresh seafood (REF). It has been
described as the SSO of prawn (or shrimp) in several studies previously (Chinivasagam et al.
1996, Jeyasekaran et al. 2006) where it produced fruity off‐odours. Several strains identified
as Psychrobacter and Pseudoalteromonas were isolated from Crangon crangon (Brown
shrimp) classified as spoilt by sensory methods (Broekaert et al 2013). In a follow up study
Broekaert et al. (2013b) explored the off odours produced by these two genera and
concluded that Pseudoalteromonas produced most of the off odours although it was likely
that Psychrobacter were contributing to the breakdown of lipids. A study in cod (Gadus
morhua) described Psychrobacter as lipolytic and producing a strong musty odour
(Bjorkevoll et al. 2003).
Difference between species / fishery
Each of the four products tested had distinct microbial communities (Figure 1, Table 2).
These differences most likely arose from a combination of factors: different microbes
present initially on the prawns due to harvest from different areas, exposure to different
methods of handling and processing and different storage conditions on the boat. It is
difficult to attribute the development of the different spoilage communities to any one of
these factors in particular; however, it is significant that different spoilage communities
develop as this influences the quality and shelf life of the product. All the genera identified
at spoilage on the different product have been associated with spoilt prawns or shrimp
previously. A related study, from which these samples were taken, measured the
deterioration in quality of the stored prawns over time using a quality index method (QIM)
and found that, although the difference in QIM scores was only two or three points, after 8
days at 10 °C the Bay prawns had the lowest quality and the Endeavour the highest. At this
time, Psychrobacter and lactic acid bacteria dominated the Bay prawns whereas
Pseudomonas dominated the spoilage community on the Endeavour prawns (Table 2).
Effect of long‐term frozen storage
This is the first study of which we are aware that has investigated the effect of long‐term
frozen storage on the quality and spoilage of prawns. As observed from the study of prawns
thawed on receipt at the laboratory, the microbial community that developed on the
Banana and King prawns stored frozen for extended periods of time were different (Figure
3). The Banana prawns were dominated by Bacillus and Serratia at all time points whereas
the spoilage communities on the King prawns varied with time and included Pseudomonas
and Psychrobacter as well as Bacillus and Serratia. The spoilage community of Banana
prawns frozen at ‐10 °C also contained Bacillus and Serratia but in addition included
Carnobacterium, which did not appear to survive for long after storage at ‐26 °C. It may be
that Bacillus and Serratia are particularly well adapted to surviving frozen storage but where
Pseudomonas have survived the period of storage they are able to recover and grow more
quickly once the prawns are thawed.
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2D Stress: 0.15

Day 0

Day 8
Day 8

Day 0
Day 8
Day 8
Day 8
Day 8

Day 8

Day 8

Day 8
Day 8
Day 8
Day 8
Day 0
Day 0
Day 0

Day 0
Day 0
Day
88
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Day 0

Figure 1. MDS plot showing the similarity of the microbial communities found at 0 days or
after 8 days storage at 0 or 10 °C for four different products: Endeavour (white circles),
Banana (black triangles), Bay (grey diamond) or King (white inverted triangle) prawns.
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2D Stress: 0.11

0

3

6 months

King
Banana

Figure 2. MDS plot showing the similarity of the microbial communities found on thawed
Banana (triangle) and King (circle) prawns after storage at ‐26 °C for 0 (white), 3 (grey) or 6
(black) months.
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APPENDIX 8

Introduction to sensors that could be used to estimate “quality”
A. TTIs ‐ colorimetric, with time‐temperature diffusion

B. TTI ‐ colorimetric, without time‐temperature diffusion

C. TTIs – colorimetric, but only activated after opening the product

D. Data loggers

E. RFID devices

F. Quick response / Augmented Reality

Sensor
TTI

Advantages
Low cost
Individual tagging
Local position tagging in a product
Easily‐interpreted visual results
Can be easily activated at any time
Flexible in design

Data loggers

Full time‐temperature history, allows
to locate supply chain issues
In some cases:
‐ Real time data is visualised
‐ Alarm indicating temperature
abuse
‐ They can be waterproof
‐ They can support RFID
technology

Radio‐
frequency
identification
(RFID)

Real time data
Automatized reading
Individual tagging
Can read different tags at the same
time
Good consumer perception

Quick

Disadvantages
Attached to the package so it may not be
the history of the product
Possibility of fraud: exchanging labels within
products
Customer perception: choosing among
products with the best label
It cannot tell when the temperature was
exceeded during supply chain
It requires to validate their performance
with a quality index specific for each product
In some cases:
‐ It needs the product to be packaged
‐ It requires pre‐conditioning
‐ They are not waterproof
‐ Problematic with wet, dirty or waxy
products
High cost for individual tagging
Possibility of fraud: allocating the logger in a
specific (non‐representative) part of the
shipment.
In some cases:
‐ It needs to be configured
‐ It needs to be returned

High cost

High cost

response
(QR) and
Augmented
reality (AR)

Allows different information to be
delivered (e.g. website, video, image)
Real time data
Individual tagging

It requires modern technology usage

Time‐temperature Integrator (TTI) suitability for a frozen prawn product ‐ Case study
There are several different time temperature integrators (TTI) commercially available that could be
potentially used to monitor frozen prawn products. Some advantages of the TTI devices include their
low cost, the possibility of individual tagging, easily‐interpreted visual results and can be easily
activated at any time during the supply chain. However, TTI present some disadvantages in
comparison to other technologies that could be used for supply chain monitoring. The major
disadvantage is that they are not able to communicate when the temperature was exceeded during
supply chain. Another consideration is the need to validate their performance which includes the
need for tailor making some TTI that behave with the same time‐temperature profile than the one
observed for the best shelf‐life of the specific product.
From the different type of TTIs that are commercially available, the ones that do not require a pre‐
conditioning (e.g. keep them at certain temperature before use) are the best option. Timestrip TTI
presents an easy activation system and it can be purchased for different range of temperatures
including ‐14, 0 and 5◦C. Timestrip TTI changes colour when a certain temperature has been
exceeded and it also shows for how long that temperature has been abused. They are sold in
different formats which can record temperature abuse to a maximum of 24 hours. Timestrip TTI is
sold with different adhesive tapes and can be water resistant.

the smart way to measure time & temperature

Timestrip® Seafood

Ensure secure, low-cost HACCP compliance with
Timestrip® Time and Temperature Indicators
The seafood industry, along with the restaurant and
catering industry, has a vested interest in building
consumer confidence in the food that is shipped,
stored and served. Regulations require fish importers
and processors to develop and implement Hazard and
Critical Control Point (HACCP) plans. HACCP plans
must address all hazards that are likely to occur,
including time and temperature abuse.
Developing and implementing time and temperature
protocols have a significant impact on food safety, waste
and quality of products. Critical control temperature limits
are designed to prevent the development of dangerous
pathogen or histamine levels. Refrigeration alone,
without monitoring is not a safe barrier.
Timestrip® has developed a range of time and temperature indicators specifically designed to help the seafood
industry protect against environmental challenges.
Finger activation

Timestrip Plus™
ascending temperature
indicators for seafood

available in a wide range
of temperatures and
monitoring times

Management like it
• Fast return on investment
• Reduces waste and saves money
• Reduced consumer complaints
Environmental Health Officers (EHOs) like it
• Quality assurance
• Cold chain monitored from start to finish
• Clear audit trial

Activated
-OK

Staff like it
• Simple cost effective tool to help manage
complex process

Activated
-Temperature breach

Suppliers like it
• Reduced returns formerly attributed to them
- provides assurance for their downstream control

Timestrips® are incredibly easy to use and implement
as a system. Operators simply squeeze the bubble to
activate, stick it to the packaging, and the product starts
monitoring for temperature breaches. When a threshold
temperature is breached, the indicator visually shows
a progression of the cumulative time spent above
a threshold temperature.
Unlike other temperature monitoring products on the market, Timestrip® is the only solution where the activation is
visually evident at the point of application. The indication
window showing the “ON” status verifies that the product
is functional at the time of use, whereas other products
cannot prove their functionality unless a breach occurs.

Timestrip’s full range of smart labels
offer a simple and inexpensive visual
way monitor time and temperature
excursions throughout the cold chain,
ensuring the compliance of storage
protocols and process control for
seafood industry professionals.

visit www.timestrip.com

Timestrip Plus™ Seafood Products
Item Code

Stock
Item

Graphics – New

Name

Threshold
Temp.

Stop
Temp.

Run-out
Window

Time markshours

Uses

Timestrip Plus 058

a

_______

-14°C / 7°F

-20°C /-4°F

8 Hours

½,1,2,4,8

Frozen Food

Timestrip Plus 077

a

_______

0°C / 32°F

-7°C / 19°F

12 Hours

1,2,4,8,12

Frozen Food

Timestrip Plus 076

a

_______

5°C / 41°F

0°C / 32°F

8 Hours

½,1,2,4,8

Refrigerated
Food,
HACCP

Timestrip Plus 065

a

_______

8°C / 46°F

6°C / 43°F

8 Hours

½,2,4,8

Fridge

Stock products are subject to change, subject to demand.

Features & Benefits of Timestrip Plus™
•

Easy to read irreversible display

•

Built-in time delay to allow for application in the
appropriate temperature environment

•

Easily activated at room temperature no pre-conditioning required

•

Stops recording when temperature is below its
stopping temperature*

•

Provides cumulative temperature breach information

•

Pressure sensitive adhesive to adhere to products
or packaging

•

Safe and disposable

*Detailed response times, testing information and protocols are
available upon request.

Formats
Standard - 40mm x 19mm

with pressure sensitive adhesive for application to
individual products and packaging.

Custom -

indicator can be supplied pre-mounted onto a high
quality printed carrier label or card for use with
secondary packaging. Areas provided on card for
users to record observations and instructions.

Carrier label samples

visit www.timestrip.com

Timestrip Plus™ FAQs
How does Timestrip Plus work?

A colored liquid dye housed in a blister is held adjacent to a specialized microporous membrane. Upon squeezing
the blister, the dye comes into contact with the membrane. If the temperature of the product is below the stated
‘stop’ temperature, the dye changes state to solid form, and it is unable to move through the membrane. If it rises
above the threshold temperature, it changes to liquid form and moves at a precise rate through the membrane. A
scale printed on the surface indicates the amount of time above the threshold temperature.

Why do they have a start/threshold temperature and a ‘stop’ temperature?

The freezing point of a liquid is always lower that its melting point. For example, water doesn’t freeze at precisely
0˚C (32˚F), it freezes when the first ice crystals form, which is typically lower than 0˚C. Its melting point is precisely
at 0˚C however. Timestrip Plus™ works by diffusion of liquids that form crystals and therefore the ‘stop’ temperature
is lower than that of the precise starting point. More technically, the behavior of liquids in a membrane is different
again to normal freezing due to many other factors, all of which we take into account when defining the products.
We offer the best performance in this category of products.

Do I need to condition the products prior to activation?

No. Unlike other threshold temperature products, Timestrip Plus™ does not require pre-conditioning. You need to
activate above the product’s threshold temperature, as you cannot squeeze the blister in solid form. Immediately after activation, stop the process by placing below the ‘stop’ temperature. The fastest way to do this is by placing in an
environment much colder than the stop temperature for a short period of time.

Do they have any special storage requirements before activation?

No, unlike other threshold temperature products, they can be held at ambient temperatures.

Do they have a shelf-life?

Timestrip Plus™ shows no degradation in performance over time. We only provide a general guideline of 2 years
due to the pressure sensitive adhesive on the bottom, which allows you to use the product as an adhesive label. All
standard adhesives have such disclaimers regarding their shelf life.

Can Timestrip Plus indicate if a temperature has fallen below a certain point?

Timestrip Plus™ can only show ascending temperature excursions. We have other products that do this type of
descending temperature indication.

How accurate are they?

+/- 1˚Celsius for the temperature component and +/- 15% for the time component.

What can they be used on?

Anything where elevated temperatures are an issue. Common applications are frozen or chilled foods, medicines,
vaccines, blood products and adhesives.

Can you customize for us?

We have a growing range of standard products that meet most cold chain requirements. As a general rule, if you require more than 50,000 units, we can customize the print, and in many cases, even the melt temperature, although
we have an extensive existing range. There is a premium for this service. We can also quote on custom carrier
cards (sample pictured) and backing labels, if you need to provide instructions, add other languages, or a form to
provide a permanent record.

visit www.timestrip.com

Timestrip Plus™ FAQs cont.
How does Timestrip Plus™ compare with data loggers?

There are several fundamental differences, and in some cases data loggers and Timestrip Plus™ can be used in
complementary ways to help monitor cold chain integrity. Data loggers are expensive and typically are designed to
go on a large shipments, typically need to be returned to be read, and to be used again to justify the expense.
Timestrip Plus™ are inexpensive, single use products that can be used on a large shipment, but also on carton
or even single dose level. Data loggers provide a full history of temperature from the time of activation. Timestrip
Plus™ records how long a product has been above its threshold temperature, but cannot tell you when the breach
or breaches occurred. Timestrip Plus™ is most often used to monitor and validate the “last-mile” of the cold chain
where the product gets closest to its eventual use. Data loggers and other digital recorders are too expensive, and
complicated to read and interpret. Timestrip Plus™ give end users immediate visual messages that can then form
the basis of a “use/don’t use” decision for temperature sensitive goods- even by untrained recipients.

What is the accuracy of the hour marks?

Every Timestrip Plus™ product is calibrated to a temperature of 2˚C above its stated threshold temperature.
For example, Timestrip Plus™ 12˚C is calibrated to a temperature of 14˚C. When the product breaches its threshold
temperature and is held at a constant temperature(i.e. isotherm) of 14˚ C, it will reach the 1 Hour print mark within
1 Hr (+/- 15% in time).

What is the maximum run-time Timestrip Plus™ range can offer?

Timestrip Plus™ products use low viscous liquids and inherently fast progressing. Typically the progression rate of
these liquids is roughly 15–25mm in 24 Hours at room temperature. Timestrip Plus™ products feature a blister
located on top of the product, reducing the available window. Usually, the available run-out window is limited to
a maximum of 12mm which is roughly correlated to a maximum of 24 Hours. This value is liquid and temperature
dependant thus can change from product to product.

Why is there an activation window and a run-out window?

Timestrip Plus™ products are implemented by activating the product at temperatures above the threshold and
placing them below the stated ‘stop’ temperature, which stops the dye from moving throughout the window. In order
to provide a breach/no-breach indicator there are 3 – 3.5 mm of progress from activation to the run out window. This
distance correlates to roughly 30–60 minutes and is strictly liquid and temperature dependant ( it can change from
product to product). Therefore the run-out window starts showing breaches lasting 30-60 minutes depending on the
product needed.

What happens at elevated temperatures?

Due to the nature of liquids, higher temperatures reduce Timestrip Plus™ dye viscosity. The correlated result is
faster/shorter run-times ( the progressing colored dye will reach each printed time-mark sooner than intended).
This graph represents the run-time acceleration with
temperature of different Timestrip Plus™ products. For
example, Timestrip Plus™ 0˚C is calibrated to 2˚C (pink
line). When the product is held at an isotherm of +2˚C it
will reach each print-mark (i.e. 1, 2, 4, 8 Hour, etc.) within
the exact time (i.e. 1, 2, 4, 8 Hour, etc.). However,
the product is exposed to an isotherm of +10˚C then it will
reach each print-mark with only 75% of the run-time. In
other words, it will reach the 1 Hour time-mark within 75%
of 1 Hour (45 minutes), the 2 Hour time-mark within 75%
of 2 Hour (90 minutes), the 4 Hour time-mark within 75%
of 4 Hour (180 minutes), etc. At 23˚C the progressing
front-line will reach each print-mark with only 50% of the
run-time, etc…
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Timestrip Plus™ FAQs cont.
How are Timestrip Plus™ products evaluated for their time accuracy?

Timestrip Plus™ products are polymeric multi-layer indicators. They are based on spontaneous lateral wetting by a
colored liquid inside a porous substrate and not a chemical reaction. Each production batch (7000 – 8000 products)
undergo restrictive quality control tests to validate its time accuracy. This is conducted via a specially designed
computer vision software (TSCV) which analyzes scanned photos of seven randomly-selected products from each
batch (roughly 0.1% of the population). The photos are taken at different elapsed times and the tested products
are placed at their designated temperature through the entire test period. The software automatically analyses the
lateral progress and the elapsed time of each product tested and the data is presented numerically and graphically
in a specific file which is obviously batch-related. This data is translated into a final release report which is attached
to the outgoing product batches.
An example for such run-time accuracy analysis of a specific production batch (Timestrip Plus™ 12 ˚C, PL825-14)
is given below. The first graph represents the individual progress of the seven representative products versus time.
The second graph represents the average progress of the seven tested products versus the square root of time
together with the required progress (continues black line) and borders of acceptance tolerance (two continues grey
lines). In this case the run-time accepted tolerance of the averaged group is +/-15%.
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Time Temperature and
Predictive Modelling of the
Australian Prawn Supply Chain
Mark Tamplin, Janet Howieson,
Rachel Tonkin

Objectives
1.

Produce predictive models for 5 supply chains that consider
fisheries and product type

2.

Map the supply time-temperature profiles to identify points that
reduce product quality

3.

Validate predictive models in commercial supply chains
 Investigate the effects freezing temperature and length of
freezer storage has on prawn quality
 Identify appropriate TTI for industry

Objective 1: Development of Predictive
models
Exmouth
(Endeavour )
Frozen

0 °C
8 days

Northern PF
(Banana)- Frozen
Thawed
Day 0 samples

5 °C
8 days

Moreton Bay
(Bay)-Fresh

10 °C
8 days
Spencer Gulf
(King)- Frozen

Objective 1: Development of Predictive
models
Shelf-life predictive models were developed based on the
results from the shelf life studies
– Texture (flesh firmness
with storage)
– Microbiological tests (TPC and molecular ID testing)
( with storage)
– Quality Index method ( with storage)
– pH ( with storage)

TPC-Shelf life studies
10C
1.E+08
1.E+07

cfu/ml

1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00
0

2

4

6

• Spoilage at 0°C: Bay > Banana > Endeavour
• Storage temperature affects growth rate and spoilage rate
• Molecular ID work has shown that community structure is different for
each species/fishery
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Australian Prawn Fisheries: Summary
Northern Prawn Fishery
27–30 °C
Banana prawn
Green–frozen
Pseudomonas, Serratia,
Carnobacterium

Spoils most in 8
days
Moreton Bay
20–27 °C
Bay prawns
Green–frozen
Psychrobacter,
Carnobacterium,
Vagococcus

Spoils least
Exmouth
18–28 °C
Endeavour prawn
Cooked–frozen
Pseudomonas,
Pseudoalteromonas,
Janthinobacterium

Spencer Gulf
12–24 °C
King prawn
Cooked–frozen
Bacillus or
Pseudomonas,
Psychrobacter

Objective 2: Map the supply time temperature profiles

HARVEST

Logger
inserted

Logger
inserted

Logger
inserted

Product added
to freezer on
boat

Logger
retrieved

Product added to
freezer on boat

Product added to
freezer on boat
Logger
retrieved

Logger
retrieved

Logger
inserted

Logger
retrieved

Objective 2: Map the supply time temperature profiles

TRANSPORT

Logger
retrieved
Logger
inserted

Logger retrieved
Logger inserted

Product added
to freezer on
boat

Prawns transferred from
transport truck to retail
cold store

Prawns transferred
from boat to cold
store

Prawns held in
retail freezer

Prawns transferred from boat to
transport truck

Product transferred from boat to
transport truck (freezer)
Logger
inserted

Prawns
transferred to
retail store

Prawns kept in
boat freezer
during moon
break

Product added to boat
freezer

Transport truck
(freezer)

Logger retrieved

Logger inserted

Logger retrieved

Prawns held in cold store on transport boat from
mother ship

Objective 2: Map the supply time temperature profiles

RETAIL

Prawns stored on
bench during setup
Logger
inserted

Logger
retrieved

Overnight cool
room storage

Prawns stored in retail cabinet
during the day

Logger
inserted
Logger retrieved

Objective 3- Validation trials

 Effects of Frozen Storage
Banana Prawn (Northern prawn fishery)
- 10 °C

-10/-26 °C

King Prawn (Spencer Gulf)
-10/-26 °C

0
3
6
0
3
6
0
3
6
months months months months months months months months months

Thawed, day 0
samples taken

Stored at 0 °C for 8
days

Preliminary Freezer Study: Cooked prawns
• Prawns stored at -10°C experienced higher QIM
scores after 6 months storage in comparison to
those stored at -26°C
• No significant difference in TPC between prawns
stored at -10°C and -26°C storage
• Prawns stored at -10°C storage produced a higher
pH with increased storage time
• Prawns storage at -26°C showed an increase in
flesh hardness after 52 weeks of storage

Preliminary Freezer Study: Cooked prawns

King prawns 0 months of
storage at -10C

King prawns 12 months
after storage at -10C

Preliminary Freezer Study: Raw prawns
• No significant difference in QIM scores between
prawns stored at -10°C and -26°C storage
• Prawns stored at -10°C displayed an increased
TPC count at day 0
• No significant differences in pH between the
different storage temperatures. However, there was
a trend that increased storage increased the pH
• No significant difference in texture between prawns
stored at -10°C and -26°C storage

Preliminary Freezer Study: Raw prawns

Banana prawns 0 months
of storage at -10C

Banana prawns 12 months
after storage at -10C

 Identify appropriate TTI for industry
• Real time equipment appears to be the most accurate
method of measuring time temperature
• Although there are companies currently working on
producing this there is no current technology available
on the market (battery life common problem)
• Currently recommend the temperature buttons which
are manually setup and last for a specified amount of
time

