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Presentation Outline

• What is the problem?

• How did we develop the tools?

• Case study – Tasmanian supply chain

• Temperature vs shelf-life vs costs

• What’s next?



Issues

• Increasing profit through better supply chain

performance

• Determining where in the supply chain

performance needs to be improved (benefit:cost)

• Increasing market access

• Being prepared for new Vibrio risk management

policies

• Climate change



Developing the Tools

• Tas oysters injected with Vibrio parahaemolyticus
• Vp and TVC growth measured

– 4 to 30oC
• Growth and death rates calculated
• Models for Vp and TVC produced
• Models tested (validated) against natural Vp populations
• Supply chain tool produced
• On-line and Excel interfaces developed
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Model Development
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Model Evaluation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

10 15 20 25 30 35

s
q

u
a

re
 r

o
o

t 
 g

ro
w

th
 r

a
te

Temperature (oC)

Model Predictions Compared to V. parahaemolyticus Growth in 
NSW Pacific Oysters and SRO 

Predicted

PO (NSW)

SRO (NSW)



Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION

Case Study

Tasmanian Supply Chains
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A Short Domestic Supply Chain

Collection
Transfer to 
processing 

shed

Sorting/ 
preparation
/ packaging

Transfer to 
storage Storage Loading in 

truck
Road 

transport

Unloading Retail shelves Consumer transport Domestic storage
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Collection
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Pipe Clay Lagoon: Seasonal Variation
of Sea Surface Temperature
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Effect of Water Temperature on Expected Initial 
Concentrations of Vp –Pipe Clay Lagoon
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A Short Domestic Supply Chain

Transfer to processing shed Sorting/ preparation/ 
packaging Transfer to storage
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A Short Domestic Supply Chain

Storage Loading in truck Road transport

Unloading Retail shelves Consumer transport Domestic storage
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Start

End

Temperature History Post-Harvest
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What Does this Mean for Vibrio?



What Does this Mean in Terms of Spoilage?
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But you might think:
“This is only one example where 

things may go wrong. How 
representative is this chain of real 

supply chain scenarios?”
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Supply Chains Considered

Madigan, T.L. 2007. A Critical Evaluation of Supply-Chain
Temperature Profiles to Optimise Food Safety and Quality of Australian 
Oysters. Seafood CRC-SARDI project.
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After preparation
After storage at farm

After road transport

After retail storage before purchase



Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION

Trade-offs between Optimum Storage 
Temperature and Shelf-life

0 oC

5 oC
10 oC
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So, is there any relationship between 
temperature-time and live oyster quality?

• Yes.

• Madigan found that stored TAS Pacific Oysters took 16 

days to reach organoleptic spoilage at 8⁰C and 12 days at 

15⁰C.

• TVCs remained at 5 log cfu/g before spoilage, rising to >8 

log cfu/g at the end of shelf-life (Madigan).

• In this project (Fernandez & Tamplin), a correlation 

between temperature and TVCs in live oysters was found.
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• TVC remains an important indicator of shelf-life and they 

are used extensively in microbiological specifications as 

part of purchase agreements. 

• However, we need to determine the specific correlation.

The International Commission on Microbiological 
Specifications on Foods indicates that fresh seafood 
should contain no more than 7 log CFU/g TVCs.

So, is there any relationship between 
temperature-time and live oyster quality?
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In 42% of the TAS chains investigated,
temperatures deviated from State Shellfish 
Quality Assurance Program.

In current operations, there is a wide range 
of storage temperatures and times used at 
farm.



Storage Temperatures Measured
in Tasmanian Farms
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Only two sets of storage-at-farm data recorded: 21 hrs and 24 hrs. 
Assumed a distribution as follows:

Storage Temperatures Measured
in Tasmanian Farms



What Does this Mean in Terms
of Product Cooling?

Example:  Cooling of Australian pallet (1.165 x 1.165 x 0.5 m), initial T=17 oC,
Heat transfer coefficient = 18 W/m2 oC
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Cooling Times as a Function of Cold Store and 
Initial Temperatures

Example:  Australian pallet (1.165 x 1.165 x 0.5 m), heat transfer 
coefficient = 18 W/m2 oC



So, are these times & temperatures enough to 
ensure full cooling?

No, storage temperatures need to range from 4 to 6oC to 
achieve cooling in 24 – 30 hrs



Comparison of Cold Storage Costs

Assumptions of energy costs from 
the Aurora Energy website 
(http://www.auroraenergy.com.au/), 
August 2010 



Comparison of Cold Storage Costs



Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION

Probabilities of 
spoilage for each 
cold store 
temperature
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Summary of Results
Cost assumptions from CDI Pinnacle report, 2008
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Summary of Results

Cost assumptions from CDI Pinnacle report, 2008



Next Steps

• Who is interested in learning more
about and using the tools?

• We want to provide one-on-one
training to companies and
government.

a16
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a16 Judith (TCBS average plates 30-300 colonies)
Miles ( Ta 8-45C, aw 0.936-0.995 with NaCl, 1strain (the fastest growing, Kanagawa-), mTSB (3%NaCl,pH8), OD at 540nm, gt calaculated with 
Gompertz, secondari model square root, Tamin=8.3C,Tmax=45.3C, RMSE=0.00595) FORMULA not taking into account aw parameter
Yoon (Ta 10-30,1 strain pathogenictrh+ and nonpathogenic, oyster slurry previously frozen and surface inoculated and incubated 10-30C,
TCBS counts, SGR with modified Gompertz, secondari model XX), PATHOGENIC=0.00219(T-6.128)^2, NONPATHOGENIC=0.00207(T-5.760)^2
abtest, 25/05/2009



Forms of the Model

• Scenario design
• Data logger

a22
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a22 Judith (TCBS average plates 30-300 colonies)
Miles ( Ta 8-45C, aw 0.936-0.995 with NaCl, 1strain (the fastest growing, Kanagawa-), mTSB (3%NaCl,pH8), OD at 540nm, gt calaculated with 
Gompertz, secondari model square root, Tamin=8.3C,Tmax=45.3C, RMSE=0.00595) FORMULA not taking into account aw parameter
Yoon (Ta 10-30,1 strain pathogenictrh+ and nonpathogenic, oyster slurry previously frozen and surface inoculated and incubated 10-30C,
TCBS counts, SGR with modified Gompertz, secondari model XX), PATHOGENIC=0.00219(T-6.128)^2, NONPATHOGENIC=0.00207(T-5.760)^2
abtest, 25/05/2009











Next Steps

• Industry can use these tools to
regularly evaluate supply chain 
performance

• Fill in data gaps to improve accuracy

• Suggest developing the supply chain 
model into standalone software

a21
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a21 Judith (TCBS average plates 30-300 colonies)
Miles ( Ta 8-45C, aw 0.936-0.995 with NaCl, 1strain (the fastest growing, Kanagawa-), mTSB (3%NaCl,pH8), OD at 540nm, gt calaculated with 
Gompertz, secondari model square root, Tamin=8.3C,Tmax=45.3C, RMSE=0.00595) FORMULA not taking into account aw parameter
Yoon (Ta 10-30,1 strain pathogenictrh+ and nonpathogenic, oyster slurry previously frozen and surface inoculated and incubated 10-30C,
TCBS counts, SGR with modified Gompertz, secondari model XX), PATHOGENIC=0.00219(T-6.128)^2, NONPATHOGENIC=0.00207(T-5.760)^2
abtest, 25/05/2009



Data Gaps

• TVC growth vs spoilage

• TVC rates for specific growing regions

• No retail/food service supply chain surveys

(Madigan’s surveys go to retail/wholesale back door)

• Little data about on-farm storage (time-temp)

• Lack specific energy cost data

• Field testing will uncover more gaps

a19
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a19 Judith (TCBS average plates 30-300 colonies)
Miles ( Ta 8-45C, aw 0.936-0.995 with NaCl, 1strain (the fastest growing, Kanagawa-), mTSB (3%NaCl,pH8), OD at 540nm, gt calaculated with 
Gompertz, secondari model square root, Tamin=8.3C,Tmax=45.3C, RMSE=0.00595) FORMULA not taking into account aw parameter
Yoon (Ta 10-30,1 strain pathogenictrh+ and nonpathogenic, oyster slurry previously frozen and surface inoculated and incubated 10-30C,
TCBS counts, SGR with modified Gompertz, secondari model XX), PATHOGENIC=0.00219(T-6.128)^2, NONPATHOGENIC=0.00207(T-5.760)^2
abtest, 25/05/2009
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