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CƻƻŘ ŎƻƭŘ ŎƘŀƛƴ ƛƴ Χ ƴǳƳōŜǊǎ

Cold chain management tools & Temperature control throughout the cold chain

XReducing food food waste in post harvest/post processing of foods

XTo minimize perishable foods that are lost before consumption

Post-harvest/processing food waste: 

about 25% of the food production worldwide

The main shelf-life determining post-processing parameter in 

chilled/frozen food products is temperature

Ā60%the food we consume is chilled

Ā10%the food we consume is frozen
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Cold Chain Challenges

Food product temperature abuse

Shelf-life labelling

Food waste

Energy consuming technologies

Environmental impact
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¢ŀƪƛƴƎ ŎƻƭŘ ŎƘŀƛƴΩǎ ǘŜƳǇŜǊŀǘǳǊŜ

X Assumptions

X ά²Ƙŀǘ ƛŦέ ǎŎŜƴŀǊƛƻǎ

X Regulations 

How weak is the cold chain

Which stage is the weakest link

What is the impact on food quality 

and shelf life
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XDevelopa comprehensivedatabaseof the coldchainin Europe

XMonitoring the food coldchainthrough focusedfield tests in Europe

XAssessfood quality at different stagesof the supplychain

XDevelopcoldchainmanagementtools

Cold Chain Database development

FRISBEE: European Union funded 4-year Project (2010-2014)
Food Refrigeration Innovations for SŀŦŜǘȅΣ ŎƻƴǎǳƳŜǊǎΩ Benefit, 
Environmental impact and Energy optimization along the cold chain in Europe
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Cold Chain Database development

ColdChainDataCollection

Datafrom all stagesof the coldchain(from productionto consumption)werecollectedalongthe

supplychainfor productsin differentEuropeanregions.

VConsortiumown data

VPublisheddata

VIndustryandcoldchainparties(distributors,retailers)

VAssociations

VResearchprojects

Data collection 
ǇǊƻƎǊŜǎǎΧ

10/2011 04/2012

3.230 
profiles

4.430 
profiles

hƴ ƎƻƛƴƎΧ

5.560 
profiles

11/2012

8.000 
profiles

03/2013

10.200
profiles

01/2014

16.200
profiles

05/2016
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Where can I find the Cold Chain Database?

www.frisbee-project.eu

www.frisbee-project.eu/coldchaindb

http://www.frisbee-project.eu/
http://www.frisbee-project.eu/coldchaindb
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Cold Chain Database



Cold Chain Database
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/ƻƭŘ /Ƙŀƛƴ 5ŀǘŀōŀǎŜΧΦƛƴ ƴǳƳōŜǊǎΗ

Vegetables 

(3%) Fruit and fruit 

products

(2%)

Mixed 

(3%)

Meat and 

meat products

(43%)

Fish and fish 

products

(3%)

Milk and milk 

products

(26%)

Not defined

(20%)
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XFieldtest evaluationof the coldchain

France,Greece,Hungary,TheNetherlands,UK

XFocusingon perishable Ready-To-Eat (RTE)

chilledproducts

Vacuumpackedsmokedturkeyslices,MAPor

cookedhamslices,other RTE

Field test evaluation of the Cold Chain in Europe

France

Greece

Hungary

UK
The Netherlands
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FOODPRODUCT

VProduct: Slicedcookedham

VShelflife: 30days

VTwopackagesof 4 slicesof ham/perpackage(soldtogether)

DATALOGGER

VMini NomadRFIDtemperaturelogger

VOmegaEngineeringInc.

VThedataloggerisplacedbetweenthe two batchesof

4 slicesof hamandall is filmed (the recorderishidden)

FIELD TEST CONSUMER REWARD
Rewardingthe consumers with a 5 ϵsupermarket voucher

Field Test Design-France
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Field Test Photos-France
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Field Test Design-France

Production/Production Warehouse

Supermarket

Transport by 
consumer

Domestic 
refrigerator

2

2

6
4

5

1
1

211

12

4
8

5

4
Hypermarket

Domestic 
refrigerator

Transport by 
consumer

Conductedin November2012

223recorderswereusedfor the field test

Distribution 
platform for 
supermarket

Distribution 
platform for 
hypermarket
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FOODPRODUCT

VProduct: Smokedturkeyslices

VShelflife: 2 months

VPackaging: Anoutsideplastictransparentcontainerwithin whichthe slicesareplaced

V in vacuumpacked(skinpacked)in a secondfilm

DATALOGGER

VMini NomadRFIDtemperaturelogger

VOmegaEngineeringInc.

Field Test Design-Greece

FIELD TEST GIFT COUPON
Rewardingthe consumers with a free product like the one 
they purchased and contained the logger.
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Field Test Photos-Greece
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Field Test Design-Greece

240products,24supermarketstores,12citiesin Greece

Field Test Cold Chain Stages

Production/Production Warehouse
~12 hours

Consumer transport

Consumer domestic refrigerator

Supermarket Warehouse and Display
24 supermarkets stores in 12 cities

Distribution Warehouse
2 distribution centers
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Transportation 
by consumer

Supermarket
display

Consumer domestic refrigerator

Transportation to 
supermarket

Distribution 
Platform

Field test results-Retrieved time-temperature profile

Return rate: ~40%
Number of retrieveddataloggersin total (all countries): 350

Transportation to 
Distribution Center

Production 
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Field test time temperature retrieved profiles 

Temperature distributions
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Supermarket outlet Transportation by the 
consumer

Domestic refrigerator
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Field tests results uploaded to the 
Cold Chain Database

www.frisbee-project.eu

www.frisbee-project.eu/coldchaindb

http://www.frisbee-project.eu/
http://www.frisbee-project.eu/coldchaindb
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Visualize & manage your own data

Search within more than 16.000 profiles 

of the Cold Chain Database

Cold Chain Database tools: 
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Visualize & manage your own data

Search within more than 16.000 profiles 

of the Cold Chain Database

Build Cold Chain Scenario Profiles 

Cold Chain Database tools: 
Build Cold Chain Scenario Profiles
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Visualize & manage your own data

Search within more than 16.000 profiles 

of the Cold Chain Database

Determine food product quality 

along the cold chain

Cold Chain Database tools: 
Determine food product quality 

Cold Chain Predictor Software
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Cold Chain Predictor software

Cold Chain Predictor (CCP):
5ŜǎƛƎƴŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ŀ ŎƻƭŘ ŎƘŀƛƴ ōȅ άōǳƛƭŘƛƴƎέ ŀ ǘƛƳŜ-temperature history based on real 

cold chain data contributed to the Cold Chain Database

ColdChainDatabase
www.frisbee-project.eu/coldchaindb

Real data on temperature conditions
throughout the cold chain from
production to consumptionfor selected
foodproduct(s)

http://www.frisbee-project.eu/coldchaindb
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Cold Chain Predictor software

Cold Chain Predictor (CCP):
5ŜǎƛƎƴŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ŀ ŎƻƭŘ ŎƘŀƛƴ ōȅ άōǳƛƭŘƛƴƎέ ŀ ǘƛƳŜ-temperature history based on real 

cold chain data contributed to the Cold Chain Database

CCP software runs Monte Carlo
simulationusingretrieved real time-
temperature data found in the Cold
ChainDatabase

ColdChainDatabase
www.frisbee-project.eu/coldchaindb

Real data on temperature conditions
throughout the cold chain from
production to consumptionfor selected
foodproduct(s)

X Representative time-temperature 
profile of the cold chain for selected 
food products

X Estimation of food products 
remaining shelf life at different 
stages of the cold chain

http://www.frisbee-project.eu/coldchaindb


Cold Chain Database 

& 

Cold Chain Predictor Software 

Demonstration: RTE food products

Cooked ham case study
Determining the product quality status and shelf life at the 

different stages of the cold chain using
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Cooked ham kinetic model development

Storage tests 
experiments

Data 
generation

Primary 
modeling

Secondary 
modeling

Kinetic model
development
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Baranyi model (Baranyi & Roberts, 1994)

Kinetic parameters determination
ωGrowth rate
ωLag phase
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Cooked ham kinetic model development

Storage tests 
experiments

Data 
generation

Primary 
modeling

Secondary 
modeling

Kinetic model
development

Total microbial count

Lactic acid bacteria

Determination of Arrhenius kinetic 

parameters: 

XGrowth rate at reference storage 
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Cooked ham kinetic model development

Storage tests 
experiments

Data 
generation

Primary 
modeling

Secondary 
modeling

Kinetic model
development
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X Lactic acid bacteriawas identified as the specific spoilage organism(SSO) 

X Sensory results: spoilage levelcorresponding to the end of shelf lifewas 
7.5 log(cfu/g)

Spoilage level
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X Kinetic model predicting the microbial growthof lactic acid bacteria in vacuum 
packed cooked ham as a function of storage temperature and time

X Kinetic model predicting the remaining shelf lifeof vacuum packed cooked 
ham for a given storage temperature and time

Cooked ham kinetic model development

Storage tests 
experiments

Data 
generation

Primary 
modeling

Secondary 
modeling

Kinetic model
development
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ĀDeveloped kinetic models incorporated in the FRISBEE Tool  

Software
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Consumer 
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Production 
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X Time-temperature controlled storage cabinets simulating the representative time

temperatureprofile generatedby the ColdChainPredictorSoftware

X Storageof cookedhamsamples

Kinetic models validation prior to software 
implementation
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X Time-temperature controlled

storagecabinets

X Storageof cookedhamsamples

X Microbiological analysis 

performed at predetermined 

time intervals simulated to be 

the different cold chain stages

X Remaining shelf life estimation
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Kinetic models validation prior to software 
implementation
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Cold Chain 
Database

Retrieve 
time-temperature 

profiles 

Cold Chain 
Predictor Software

Build representative
Time-temperature

profile

FRISBEE Cold Chain Management TOOLS

Remaining shelf life
prediction
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Cold Chain 
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Retrieve 
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Cold Chain 
Database

Retrieve 
time-temperature 

profiles 

Cold Chain 
Predictor Software

Build representative
Time-temperature

profile

X Monte Carlosimulationgenerates a representativetime-temperatureprofile
whereeachcoldchainstageis representedby an isothermalstep

X The temperature of each cold chain stage representsthe most probable
effectivetemperatureof the t-Tprofilesfor eachstageof coldchain

FRISBEE Cold Chain Management TOOLS

Remaining shelf life
prediction
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Cold Chain 
Database

Retrieve 
time-temperature 

profiles 

Cold Chain 
Predictor Software

Build representative
Time-temperature

profile

X Usethe Representativet-Tprofile andpredictivekineticmodels

FRISBEE Cold Chain Management TOOLS

Remaining shelf life
prediction
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Cold Chain 
Database

Retrieve 
time-temperature 

profiles 

Cold Chain 
Predictor Software

Build representative
Time-temperature

profile

X Usethe Representativet-Tprofile andpredictivekineticmodels
X Remainingshelflife prediction

FRISBEE Cold Chain Management TOOLS

Remaining shelf life
prediction
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Cold Chain 
Database

Retrieve 
time-temperature 

profiles 

Cold Chain 
Predictor Software

Build representative
Time-temperature

profile

X Usethe Representativet-Tprofile andpredictivekineticmodels
X Remainingshelflife prediction
X Usingwhat if scenarios: on temperatureand/or time per chainstage

FRISBEE Cold Chain Management TOOLS

Remaining shelf life
prediction
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ŦƻƻŘ  ƛƴƴƻǾŀǘƛƻƴǎέ 
Québec City, Canada, June 14-18, 2015

Taking into account the equivalent isothermal 
steps of representative t-¢ ǇǊƻŦƛƭŜΧ

Shelf Life Remaining at the end of the cold chain: 
8.9 days

Production site
(2.9 days)

Distribution 
warehouse

(2 days)

Transportation
(0.2 days)

Distribution 
warehouse
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(0.2 days)

Retail Display
(10 days)

Transportation 
by consumer
(0.05 days)

Consumer 
refrigerator
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Determining the product quality status and shelf life at the 
different stages of the cold chain-MAPcooked ham case study

IƻǿŜǾŜǊΧΦ

Temperature in each cold chain step 

is actually a distribution of temperature values!

T
e

m
p
e

ra
tu

re

Transportation
(2.9 days)

Distribution 
warehouse

(2 days)

Transportation
(0.2 days)

Distribution 
warehouse

(2 days)

Transportation
(0.2 days)

Retail Display
(10 days)

Transportation 
by consumer
(0.05 days)

Consumer 
refrigerator
(25 days)



Laboratory of  Food Chemistry & Technology 
School of Chemical Engineering - National Technical University of Athens

L/9Cмн ά9ƴƎƛƴŜŜǊƛƴƎ ŎƘŀƭƭŜƴƎŜǎΥ ōǊƛŘƎƛƴƎ ǎŎƛŜƴŎŜ ŀƴŘ 
ŦƻƻŘ  ƛƴƴƻǾŀǘƛƻƴǎέ 
Québec City, Canada, June 14-18, 2015

Determining the product quality status and shelf life at the 
different stages of the cold chain-MAPcooked ham case study
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Transportation
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Retail Display
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Transportation 
by consumer
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Consumer 
refrigerator
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Taking into account the actual distribution
of effective average temperature per stage 
ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƻƭŘ ŎƘŀƛƴΧ

The distribution of remaining shelf life
values can NOT be overlooked!
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of effective average temperature per stage 
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Cold Chain optimization: Reducing food waste
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Cold Chain Database 
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Cold Chain Predictor Software 

Demonstration: RTE food products

Fresh cut salads case study
Determining the product quality status and shelf life at the 

different stages of the cold chain using
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Iceberg lettuce
Packaging:Modified atmosphere, 15% O2, 5% CO2
Storage temperature:10ÁC

Predictive models developed within SOPHY project
www.sophy-project.eu
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Fresh cut salad-case study: Rocket

Retrieving real cold chain data from the Cold Chain Database

Ā Building cold chain successive stages:
1. Production site
2. Transportation to Distribution warehouse
3. Distribution warehouse storage
4. Transportation to supermarket 
5. Supermarket storage (retail display)
6. Transportation (non refrigerated) by the consumer
7. Consumer domestic refrigerator

6th International Conference Cold Chain Management
Temperature Controlled Logistics
June 6-7, 2016, University of Bonn, Germany



Laboratory of  Food Chemistry & Technology 
School of Chemical Engineering - National Technical University of Athens

Cold Chain Database: Retrieving temperature profile
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Fresh cut salad-case study: Romaine lettuce
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Remaining shelf life estimation

Remaining shelf life of products 
stored at recommended 
temperature conditions

Remaining shelf life of products 
in the real cold chain

Recommended temperature conditions

Real 
temperature 
conditions

Predictive models 
Spoilage & Quality 

indicators
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