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The main sheHife determining postprocessing parameter in
chilled/frozen food products is temperature

A 60%the food we consume ishilled
A 10%the food we consume isozen

Postharvest/processing food waste:
about 25% of the food production worldwide

Cold chain management tools & Temperature control throughout the cold chain
X Reducing food food waste in post harvest/post processing of foods

X To minimize perishable foods that are lost before consumption
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Cold Chain Challenges

Food product temperature abuse

== ) ShelHife labelling

Food waste

'@ﬂ Energy consuming technologie:

@Environmental Impact

?‘;‘:tzg?gfe”g'oi?rg‘;g e Cold Chain Management Laboratory of Food Chemistry & Technology
Junepez 2016, University of Bonn, Germany School of Chemical Engineerindlational Technical University of Athens. ' =




X Assumptions
X a2 KFEa ATFE
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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X Developa comprehensivadatabaseof the cold chainin Europe
X Monitoring the food cold chainthrough focusedfield testsin Europe
X Assesdood quality at different stagesof the supplychain

X Developcold chainmanagementtools

FREBBE Eubopepeanibmiundeddeyedr Project (AN052014)
Food Refrigerationinnovations fol§ F S0 & X @engfis, dzY S NB& Q
Environmental impact an@nergy optimization along the cold chain in Europe
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ColdChainData Collection

Datafrom all stagesof the coldchain(from productionto consumption)vere collectedalongthe

supplychainfor productsin different Europearregions
V Consortiumown data

V Publisheddata

V Industryand cold chainparties(distributors,retailers)

V Associations

V Researclprojects
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Wiere ezul findethe sSole) Chans Dakrizies - - -

)
frisbee

www.frisbee-project.eu

www.frisbee-project.eu/coldchaindb

Latest News Events coming up

JOfN thefirst EUROEEAN EQOD COLD CHAIN 2nd IR intemational Cofeence on
DATABASEN! Sustainability -and the Cold Chain
ERISBEE on the starting-blods

FRISBEE welcomes NEW MEMBERS Advisory

FRISBEE: Lstest Developments
MEP-scientist pairing scheme

FRISBEE st the Sixteenth C
Microbiology. Belgium
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Search Data  Build Cold Chain  Search Data (demo) : National Technical University of Athens - Logout
S -
@ Stapgesstep of cold chain @ Food storage temperature range lE Selected Results
. i FY .
O P;io]duc:tmn stage - food chilling L chilled Please make your selections on the left pane or load a previously
U LEEIL] [ superchilled saved set of records.
) Production stage - food freezing o
operation Frozen
[ Production warehouse | 1| Cold Chain Database Records
[ Transportation Total Records : 15237
[ Distribution warehouse
T - Mean temperature value : -5.64 °C
o Mimimum temperature value : -41.5 °C
S S Maximum temperature value : 39.3 °C
O Fresh unprocessed o Meat and meat product -
| Fresh minimally processed ["J Fish and fish product |y Saved Recordsets
O Minimally processed ready to cook L) Fruit and fruit product . B
# Filename Date Action
] Processed ready to eat || vegetables
3 3 Load
) other L)' Milk and milk product 1 Vegetables Complete cold chain 26/08/2014 0
) Mixed Set
[ Fresh cut salads 7 _ Load
2 wholeChainFrozen 01/07/2013
@ Food product = Packaging Set
e = Load
g . [ ir packaged 3 consumer_freezer 01/07/2013 ._D_a ~
L] 4 slices of cooked ham | Modified atmosphers packaged
O Aubergine salad | Vacuum packaged [3 View My Own Submitted Data
O Banana o Men-packaged
= | [ Beef L Bulk -
] Beef carpaccio | other a
[ ) Beef joint v
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3529 total measurements

Click and drag in the plot area to zoom in
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g View Metadata

stagerstep of cold chain
Country of origin
Destination country

Time data logger started
collecting data (hrsmin}

Food storage temperature
range

Characterization of food
Type of food

Food product

Packaging

Packaging material
weight/size of food

Recommended food storage
conditions (*C}

Temperature of facility -setting

(*c)

Type of storage and
distribution equipment

Characteristics of storage and

distribution equipment (heat
transfer mode, air velocity...)

Data collecting equipment

Type of data collecting

Consumer domestic refrigarator
Framce
Francs

12:00

Chilled

Frocsss=d ready to 2at
Meat and meat product
Flaky product

Air packagsd
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Not defined

(20%) N\

Meat and
Mixed meat products
%) i /s
Milk and milk
products
(26%)
Vegetable: / \\Fish and fis
(3%) Fruit and fruit™ products
products (3%)
(2%)
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% of the number of records

?:::;Z:g?ﬂ%”g‘oﬁ?rg‘;fggﬁzgﬁ(‘g Chain Management Laboratory of Food Chemistry & Technolog
June 67, 2016, University of Bonn, Germany School of Chemical Engineerindlational Technical University of Athen




suzizige peiche -=Cote) k@i iin Eurane

an
@
Y
—
D
J
N7 2
m
e
T

X Fieldtest evaluationof the cold chain
France Greece Hungary,TheNetherlands UK

X Focusingon perishable ReadyTo-Eat (RTE) ' ':)‘f\f —
) ” L
chilled products V. The Netherlands
Vacuumpackedsmokedturkey slices MAPor | |\ hungary
cookedhamslices other RTE N
&E ‘
Greece
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FiE]0 Tess DeGisi-Rsnx:

FOOLPRODUCT

V Product Slicedcookedham

V Shelflife: 30 days

V Twopackage®f 4 slicesof ham/per packaggsoldtogether)

DATALOGGER

V Mini NomadRFICiemperaturelogger

V OmegaEngineeringnc.

V Thedataloggeris placedbetweenthe two batchesof
4 slicesof hamandall isfilmed (the recorderis hidden)

Etude européenne

fTISbee Chaine du froid

FIELD TEST CONSUMER REWARD N
Rewardinghe consumers with a 6 supermarket voucher place dans Tenveloppe foine.

En remerciement,
VOUS FeCeviez un

Bon d'achat (5 €)

pour vos prochains achats.

e

o
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Conductedn November2012

223recorderswere usedfor the field test
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Production/Production Warehouse

Distribution
platform for
hypermarket

e Hypermarket

Transport by
consumer

Domestic
refrigerator

Distribution
platform for
supermarket

e Supermarket

Transport by
consumer

Domestic
refrigerator
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DATALOGGER
V Mini NomadRFIDiemperaturelogger o
V OmegaEngineerindnc. '

FOOLDPRODUCT

V Product Smokedurkeyslices
V Shelflife: 2 months

V PackagingAnoutsideplastictransparentcontainerwithin whichthe slicesare placed

V in vacuumpacked(skinpacked)in a secondfilm

FIELD TEST GIFT COUPON

Rewardinghe consumers with a free product like the ong, & "5

they purchased and contained the logger. e @) 7 B B
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240products,24 supermarketstores,12 citiesin Greece

Field Test Cold Chain Stages

Production/Production Warehouse
~12 hours

1§

Distribution Warehouse
2 distribution centers

1

Supermarket Warehouse and Display
24 supermarkets stores in 12 cities

1

Consumer transport

1 !

Consumer domestic refrigerator

. . ﬁvﬁ?ﬁ%
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Return rate: ~40%
Number of retrieveddataloggersn total (all countries): 350

) . Transportation
Production Transportation to by consumer
Warehouse Distribution Center w
10 / /
O A Transportation to
supermarket
8 ] /
—
O 7 ' _—
ol o Consumer domestic refrigerator
O Distribution
= 6 - Platform
= Supermarket
© 5 - display
o 4
5
2 37
2 -
1 _
O I I | | |
0 2 4 6 8 10 12
Time (days
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frisbee

www.frisbee-project.eu

www.frisbee-project.eu/coldchaindb

Latest News Events coming up

JOIN the first EUROPEAN FOOD COLD CHAIN 2nd IR Intemational Conference on
DATABASE!! Sustsinsbility and the Cold Chain
FRISBEE on the starting-blods

FRISBEE welcomes NEW MEMBERS Advisory
FRISBEE: Latest Developments

MEP-scientist pairing scheme
FRISBEE st the Sixteenth Conference on Food
Microbiology, Belgium
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Visualize & manage your own data

its
oom in

Search within more tharl6.000profiles
of the Cold Chain Database
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Visualize & manage your own data

e ments
2 t0 zoom in

Build Cold Chain Scenario Profiles

cglc! 5
chain v S v
frisbee database =~

R —
I Search Data  Build Cold Chain  Search Data (demo)

& Type of food

| Please Select a type of Food 4 . Transportation
Transportation to by consumer

RIS Cudichan the supermarket
Please Select a Stage Consumer domestic

please a Stage 1 Distribution refrigerator
Production stage - food freezing operation
use

warehouse
Retail

Search within more tharl6.000profiles
of the Cold Chain Database

Retail display
Consumer domestic refrigerator

Transportation by consumer - Retail to home.
Complete cold chain
Other

Time (days)
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Visualize & manage your own data

288 total measurements
Click and drag in the plot area to zoom in

Determine food product quality
along the cold chain

al FRISBEE Cold Chain Predictor v1.1 (=] -

Cold Chain Predictor

Cold Chain Predicting and Shelf Life Calculating Tool

Search within more tharl6.000profiles
of the Cold Chain Database

Cold Chain Predictor Software
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Cold Chain Predictor (CCP):
5SAA3IAYSR (G2 aAYdzZ I 0SS | -te@Fefatdre listoty baged oréreald 6
cold chain data contributed to the Cold Chain Database

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

ColdChainDatabase

www.frisbee-project.eu/coldchaindb

Cold Chain Predictor

l Cold Chain Predicting and Shelf Life Calculating Tool

E‘ [ Build Representative Profile ]

[ Use your own t-T Profile l

750
Time in Minutes \l Use a speciic Profle from Cold Chain Database l

H
g

© Copyright 2011 by NTUA, Greece

—
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Cold Chain Predictor (CCP):
5SAA3IAYSR (G2 aAYdzZ I 0SS | -te@Fefatdre listoty baged oréreald 6
cold chain data contributed to the Cold Chain Database

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

; o s Tl e e
A Cold Chain Predictor |

Cold Chain Predicting and Shelf Life Calculating Tool

CCP software runs Monte Carlo

| ' simulationusingretrieved real time-
| e e ., temperature data found in the Cold
: » ChainDatabase
frisbee ¢ ,
%x‘, "
T ==l ==) X Representative timéemperature

profile of the cold chain for selected
food products
X Estimation of food products

remaining shelf life at different
stages of the cold chain

6™ International Conference Cold Chain Management
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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

™ International Conference Cold Chain Management Laboratory of Food Chemistry & Technolog" RN
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Cooked ham kinetic model development

Total microbial coun
Storage tests

experiments

E
2
S
g AOC
Data ASC
. 0 10C
generatlon * 15C
0 20 40 60 80 100
F) i Storage time (days
rimary
modeling
9
g - Lactic acid bacteria
7 _
E 6
2
(&) .
2 > A0C
4 A5C
3 A 0 10C
2 ® 15C
14

0 20 40 60 80 100
\/ Storage time (days

Baranyi model Baranyi & Roberts, 199

eMimaxAlt) _ 1
Em(}'max —¥o) )

V() = Vo + fimaxA() — %ln(l +

Kinetic parameters determination
wGrowth rate
wlLag phase
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Cooked ham kinetic model development

Storage tests
experiments

Data
generation

Primary
modeling

Secondary
modeling

\/

Growth rate (days)

Growth rate (day'sl)

1,20

1,00 - Total microbial count

0,80 -
0,60
0,40

0,20 -

0,00 T T T T
-0,15 -0,1 -0,05 0 0,05 0,1

(1/T' :I-/-I-ref).kl03

0,80
0,701 o
0,60
0,50
0,40 1
0,30
0,20
0,10 1
0,00 . . . .
015 -01 -005 O 005 01

Lactic acid bacteria

(1/T-1/T,)*10°

Determination of Arrhenius kinetic
parameters:

X Growth rate at reference storage
temperature

X Activation energy value (E

6t International Conference Cold Chain Management
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June 67, 2016, University of Bonn, Germany
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Cooked ham kinetic model development

Lactic acid bacterij
Storage tests g - ° actic acl acteri
experiments 7. Spoilage levell
E 6
=
O |
Data 5 > A 0C
generation 41 A5C
3 © 10C
5 ] ® 15C
Primary 1 ’F‘h T T T T
modeling 0 20 40 60 80 100
Storage time (days
Secondary o o . . .
modeling X Lactic acid bacteriavas identified as thepecific spoilage organisifsSO)

X Sensory resultspoilage levetorresponding to theend of shelf lifewas
7.51og(cfu/g)

\/
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Cooked ham kinetic model development

Storage tests X Kinetic model predicting theicrobial growthof lactic acid bacteria in vacuum

experiments packed cooked ham as a function of storage temperature and time
logN =logN, +k . & cE& 1 %d)
OgN =10gN, of &XPe- storage
Data. f é % storage+ 27316) ( ref +27316)9u o
generation
Primary X Kinetic model predicting theemaining shelf lifeof vacuum packed cooked
modeling ham for a given storage temperature and time
logN, - logN, - Céxpe- 5 1 ! 8'3@
Secondary SL. = ] o Ko ¢ R C%Tstorage+27316) (Ter +27316) 9~
modeling Kees

Kinetic model
development

A Developed kinetic models incorporated in the FRISBEE Todq

Software
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X Timetemperature controlled storage cabinets simulating the representative time
temperatureprofile generatedby the ColdChainPredictorSoftware

.__Distributi
X Storageof cookedhamsamples  Production, 0 "
Warehouse
15 9
Production |3
U Transportation
S by the consumer L 7
)
S 10 ~
-} ~
& / "6 E
o S
g Transportation t -5 0
B supermarket S
= o
8) 5 . / -4
©
S -3
0p)
Supermarket Consumer -2
outlet refrigerator
[ [ [ [ [ [ [ 1

: 5 10 15 20 25 30 35 40 45
Transportation to

Distribution center Storage time (days
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Kinetic models validation prior to software

Implementation

X Timetemperature controlled

storagecabinets ] v et E 8 1 ] 1 o,
g o logN, - logN, - K. @Xmé' R %Tstorage"' 27316) (T, +27316) é'lé@storage
- K

ref

X Storageof cookedhamsamples

15 50
X Microbiological analysis 3
performed at predetermined f’g L 40 §
time intervals simulated to be £ o
the different cold chain stages £ - 30 =
)] c
e 7]
.. . . . Q (@)
X Remaining shelf life estimation g, 20 £
2 - T
9 10 §
n o

0 ] ] ] ] ] ] ] ] O

0 5 10 15 20 25 30 35 40 45

Storage time (days
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FRISBEE Cold Chain Management TOOLS

3. -cold Nl S8 ot
chain o

Cold Chain frisb o LR e - :
S ',MS“ ée database I SR NG
atabase W Search Data  Build Cold Chain  Search Data (demo) User : National Technical University of Athens -
» Temperature Range - ]| Selected Results
\I Chilled i l Please make your selections on the left pane or lc
{ o Type of food | previously saved set of records.
| Meat and meat product ¥ | |

' 4 Cold Chain Database Records

v ‘l @ Build Cold Chain | Total Records : 10243
v

I Production warehouse
| '] Mean temperature value : -4.87 °C

‘rl Transpodiation Minimum temperature value : -40.5 °C
‘I Distribution warehouse v l Maximum temperature value : 39.3 °C
;I Transportation Y |

= J L-E Saved Recordsets

»
-_ ,
‘l Transportation by consumer - Retail to home v | #  Filename Date

[ Consumer domestic refrigerator v | | 1 wholeChainFrozen 01/07/2C

@ Add Stage ° Submit Data 2 consumer_freezer 01/07/2C

\/ Laboratory of Food Chemistry & Technolo
School of Chemical Engineerinflational Technical University of Athe



FRISBEE Cold Chain Management TOOLS

Cold Chain
Database

~ Retrieve
time-temperature
profiles

?},‘ cold
A' chain
risbee database

¥ "' l' -
Search Data  Build Cold Cha

-~

-

» Temperature Range

| chilled

» Type of food

| Meat and meat product

Ready

= N 1 |Report ID Teff(70) | Average T(oC) Standard Deviation | Time (min} it
e 2 |[Stage : Production warehouse] |_]
| Production warehouse 3_|[START]
4 105683  3,35351 3,37588 0,557859 5210
}I Transportation 5 10564 327168 3,22854 0,878037 5210
I Distribution warehouse 5 10565)  3,8363 g 0,863466 5210
w T 10566 3,00065 294157 1,0365 5210
| Transportation 8 10567 3,30368 3,25805 0,91296 5210
| 9 10968 392685 39113 0,524968 5210
| Supermarket 10 10589 0,803382 0787165 0,51768 5210
| Transportation by consumer - Retail to home i 10570| 261174 257107 0,845416 5210
| 12 10571 5 35437 532739 0,683585 5210
| Consumer domestic refrigerator 13 10572 3,26961 23,2249 0,887205 5210
; 14 10573 230185 230053 0102228 3770
15 10574 337822 337513 0 208355 3770
© Add Stage @ Submit Data 18 10575 36735 367196 0,204348 3770
17 10576 477545 4 77302 0,284381 3770
18 10577, 461765 451243 0,209151 3770
19 10578 4 04357 4 04138 0277788 3780
20 10579 370616 3,69151 0631557 3760
21 105800 258314 288778 0287074 44580
22 10581 3,7523 3,725 0,848545 670
23 10717 4 1985 4 19853 0,255137 3740
24 10718 402355 40144 0522136 3r4n
25 10719 345713 345119 0,383302 3780
26 107200 354796 3,54513 0,167171 3r40
27 10721, 368421 3,55809 0,208429 3730
28 10722 408575 409413 0,146319 3740
29 10723 315078 31851 0289847 4420
30 10724 298933 2,98886 0240197 3760
H 1{1?25 222703 222438 0222271 4420 il
211 21073741 AWEACTY AAIN
1 4« » n|\ Field test Build cold chain csv | i ) W

Laboratory of Food Chemistry & Technolog;
School of Chemical Engineerinflational Technical University of Athen




FRISBEE Cold Chain Management TOOLS

L W TRV L,
s FRISHEE Cold Chan redictor N —
| |

1. Open File and Calculate Stages
= File Opened : C:\Users\Beni*Documents \Eleni"Projects"FRISBEE\WP2\Field Test files'Field test simulation'\Field test_Build ¢
Cold Chain [ OpenFie

‘vod Chain Stages |M&wﬂmﬁﬁelwﬂeﬂ dfnmmlﬂanmﬂid{le
[S g g ]

Temperature Distribution Profile - Stage 7 : Consumer domestic refrigerator
2. Bulid Representative Profile

terations : 10000 Time ) : 1051
Retrieve S ]
- m i
time-temperature
pI’Ofi IeS | 3.Calculate Remaining Sheff Life
| [ Using Kinetic Data | Using Shef L= Data
Select Food Product Type : E
[ 7] g
Quality Index Type : %
Cold Chain " d -
P re d ICtO r S Oftware Log Mo Imitial Microbial Court (Log CFLU/g)
i Log Mf Final Microbial Count (Log CFU.g)
A Kref Exp Growth Rate (1/h)
" Tref Reference Temperature T
. ] . .
Ea {J/mal) Activation Energy {J/mol) 5 0 5 4 6 a 10 12
Effective Temperature (*C)
L
M

\/ ’ Calculate Remaining Sheff Life

File Opened : C\Users\Eleni\Documents\Eleni\Projects\FRISBEEVYWP2\Field Test files\Field test simulation\Field test_Build cold chain csv file.csy

\/ Laboratory of Food Chemistry & Technology.

School of Chemical Engineerinflational Technical University of Athen



FRISBEE Cold Chain Management TOOLS

X Monte Carlosimulationgenerates a representativetime-temperature profile
Cold Chain where eachcold chainstageis representedby anisothermalstep
Database _
X The temperature of each cold chain stage representsthe most probable
effectivetemperatureof the t-T profilesfor eachstageof coldchain

: Food Chain Stages | Represertative Profile | Simulated Teff Distribution | Remaining Sheff-Life |
Retrieve Double Click on Stags Number to Change Values

time-temperature represeniatve frefle Sage Tme  TehiC
profiles 2 27425 338

1

2 03762 473
10 3 18946 378
4 03762 463
5
6
7

22375 42
00217 96
160012 4288

Cold Chain

Predictor Software

Effective Temperatura ["C|
[=3]

Build representative o
- 57 28,2 437
Timetemperature Time (Days)
p rOfI |e = Stage 1: Production warchouse = Stage 5 : Supermarket
== Stage 2 : Transportation . Stage & : Transportation
=—— Stage 3 : Distribution warehouse by consumer - Retail to home
= Stage 4 : Transportation e Stage 7 - Consumer domestic
refrigerator

Laboratory of Food Chemistry & Technolog X
School of Chemical Engineerinflational Technical University of Athens




FRISBEE Cold Chain Management TOOLS

Cold Chain
Database

~ Retrieve
time-temperature
profiles

Cold Chain
Predictor Software

Build representative
Timetemperature
profile

X Usethe Representative-T profile and predictivekineticmodels

: | File Opened ; C:\Users'\Eleri\Documents\Projects\FRISBEE\WP2\Field Test fles\Field test simuiation'\Field test_Build cold chain cav file.csv
Open File
_ Food Chain Stages | Ry ive Profile | Smulated Teff Distribution | Remaining Shef-Lfs |
- Double Click on Stage Number to Change Values
[stage 2: Transporation - Representative Prafile
Sage  Time Tedf 'C
2. Buiid Representalive Profie 12 ! 15006 345
Rerations : 1000 Time () - 240 Fiaicad Chart | g 12':?;33 ;;;
[ Buid R Frofile | 10 4 2082 481
) = 5 1226.. 405
[.‘:.:gu. ] % s & 01187 872
o Sge : e s 7 876948 474
Predictive models available in scientific literature B
noce” i
Using Kinelic Data | Lsing Shelf Lfe Data | s ..
ERE —
£ —
2
0 48 96 144 192 240
Time (Hours)
= Stage 1: Production warehouse = Stage 5: Supermarket
= Stage 2 : Transportation . Stage & : Transportation
T L Do ot Cnge Coraumer domente
—_ 4T 3 — : ti
rans rﬂnﬂﬂm umer e
Edt Values:
Time Scale Use these fields to rebuid Time :
Hours the representative time temparaturs P —
® © Daen and calculate the remaining sheff ife Telf :
based on the values of tme and temperature
you changed. [ ReBuldProfie | [ ReCalculate SLR |

School of Chemical Engineerinflational Technical University of Athens.
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FRISBEE Cold Chain Management TOOLS

Cold Chain
Database

~ Retrieve
time-temperature
profiles

Cold Chain
Predictor Software

Build representative
Timetemperature
profile

Remaining shelf life
prediction

X Usethe Representative-T profile and predictivekineticmodels
X Remainingshelflife prediction

1. Open File and Calculate Stages
: File Opened : C:\Users\Bleri\ Documents\Projects\FRISBEE\WP 2\Field Test fies\Fiekd test simulation\Fieid test_Buikd cold chain cev file cs
Open Fle
| Food Chain Stages | R Profie | Smulated Tefl Distrbution | Femairing Sheff-Lfe |
[Emu 2 : Transportation '] Shelf-Life Remaining i o
1 2797
Rerations : 1000 Time ) : 240 Feload Chan | 4 2?:13
= 5 198
Buid Profile
[ . | 6 198
Stages : 7 13.89
A Sages =
]
3. Calculate Remaining Shelf Life S
Using Kinetic Data | Using Sheli Lfe Data | :
Sedect Food Product Type : E
| Conked siced ham -| 5
Gualty Index Type - =
[ Microbial Growth - @
Log Mo 4 Initial Microbial Count (Log CFU/g)
Log N 7 Final Microbial Count (Log CFU/g)
Kref 0.004384 Bxp Growth Rate (1/h)
Tref 2 Reference Temperature "C
Ea(limol) 110767 Activation Enengy (J/mol)
Reflerence : Kreyenschmict et al 2010; Joumal of Applied Microbiology, 108:510-52( Time Scale
Guality Index : Lactic acd bacteria © Hous ® Days

[ . . Calculate Remaining Shef Lfe
P

School of Chemical Engineerinflational Technical University of Athens

Laporatory of Food Chemistry & Iechnolog



FRISBEE Cold Chain Management TOOLS

X Usethe Representative-T profile and predictivekineticmodels
Cold Chain X Remainingshelflife prediction
Database X Usingwhat if scenarioson temperatureand/or time per chainstage

Retrl eve I = File Opened : C:\Users\Beni‘ Documernts \Projects\FRISBEE\WP 2\ Field Test fles\Field test simulation'\Field test_Build cold chain cav file cs
time-temperature Sags [EcedChsh o [ Poprmmusive e | S Tof it Foomes Srafif |
I (Stage 2: Tanspodation z) Shelf-Life Remaini g R
profiles " e S
2 Buid Representative rofle = ; s
Rerations . 1000 Time ) : 240 [ Recsdcam | : 25.
[ s i ' e reu
Cold Chain — | P e
Predictor Software | [rreessewn g
Using Kinetic Data | Using Shef Lfie Data | :%
Select Food Product Type : 2
| Cocked siced ham - £
[Miﬂu'ﬁpﬂ: I E
Microbial Growth -
Build representative
. Log Mo 4 Initial Microbial Court (Log CFV/g)
Tlmetemperature P
pI’OfI|e Kot 0.004344 Exp Growth Rate (1/h)
Tref 2 Rederence Temperature 'C
Ea(Vmal) 110767 Activation Enengy [J/mal) e Sede
L . m:wuu@l&m&wm.tm:m Hours @ Days
Remaining shelf [ifqy it
prediction ) SRS T =T [\

Laboratory of Food Chemistry & Iechnolog
School of Chemical Engineerinfjlational Technical University of Athens




Determining the product quality status and shelf life at the

different stages of the cold cha#:

Taking into account the equivalent isotherm
steps of representative

Temperature

Temperature

1

LINR FAE S

.....................

A 4

Production site
(2.9 days)

a

Distribution Transportation

warehouse
(2 days)

(0.2 days)

| 26 SOSNX O
Temperature in each cold chain step
is actually adistribution of temperature values!

Distribution Transportation Retail Display Transportation

warehouse
(2 days)

(0.2 days)

.....................

(10 days)

.....................

by consumer
(0.05 days)

Consumer
refrigerator
(25 days)

A 4

Transportation
(2.9 days)

Distribution Transportation

warehouse
(2 days)

(0.2 days)

Distribution Transportation Retail Display Transportation

warehouse
(2 days)

(0.2 days)

(10 days)

by consumer
(0.05 days)

Consumer
refrigerator
(25 days)



Determining the product quality status and shelf life at the

different stages of the cold chai"

N
(62}

Taking into account the actudistribution
of effective average temperature per stage 2

o

UKNRdzZAK2dzi G0KS O2ft R sOK| Ay X
> 15

Thedistribution of remaining shelf life 5

values can NOT be overlooked! E 10

!

!

—

{—
=

J—

|

P S R I SR
a
Shelf Life Remaining (days)
(¢B)
L ...........................................
=i
o | b
Sm  Jeecccccccccccccccccses  :eeeeesscsccecsscssceed  seeessccccccccccccccdl
q) ....................
[ T T e E O s ZISTRTORPORPRRROY:
- = == = =
g == = -
- =- ;{ : - -
=== 1= ; = = >
Transportation  Distribution Transportation Distribution Transportation Retail Display Transportation Consumer

(2.9 days) warehouse (0.2 days) warehouse (0.2 days) (10 days) by consumer refrigerator
(2 days) (2 days) (0.05 days) (25 days)



Cold Chain optimization: Reducing food waste

25

20

X Narrowing the distribution

X Shifting the distribution to the right

Frequency [%]

Shelf Life Remaining (days)

6" International Conference Cold Chain Management Laboratory of Food Chemistry & Technologlgri- %
Temperature Controlled Logistics =pE 5

June 67, 2016, University of Bonn, Germany School of Chemical Engineerin§lational Technical University of Athen”‘”if‘




Cold Chain Database
&
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

6™ International Conference Cold Chain Management Laboratory of Food Chemistry & Technology -
Temperature Controlled Logistics g i

June 67, 2016, University of Bonn, Germany School of Chemical Engineerindlational Technical University of Athens '




Fresh cut salagtase study: Iceberg lettuce
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Iceberg lettuce Storage time (days)

PackagingModified atmosphere, 15% 5% CQ  predictive models developed within SOPHY proj
Storage temperature10AC www.sophy-project.eu
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Temperature Controlled Logistios oo Laboratory of Food Chemistry & Technology . -
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http://www.sophy-project.eu/

Fresh cut salagtase study: Romaine lettuce
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Psejildomonas
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Romaine lettuce Storage time (days)
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PackaglngModmed atmpsphere, S A)ZO]'S /o CQ Predictive models developed within SOPHY proj
Storage temperature10AC WWW.sophy-project.eu
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Fresh cut salagtase study: Rocket

Log(cfu/g)

Rocket
PackagingAerobic conditions
Storage temperature10AC

10
Storage time (days)
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- 100
£
£
S
2
- 10 o
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Q
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s
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11ldays
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Predictive models developed within SOPHY proj
www.sophy-project.eu

6t International Conference Cold Chain Management
Temperature Controlled Logistics
June 67, 2016, University of Bonn, Germany
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Fresh cut salagtase study: Rocket

A Building cold chain successive stages:
Production site

Transportation to Distribution warehouse
Distribution warehouse storage

Transportation to supermarket

Supermarket storage (retail display)
Transportation (non refrigerated) by the consumer
Consumer domestic refrigerator

NOoORWNE

6t International Conference Cold Chain Management

Temperature Controlled Logistics : . ) : : . : il
Junep67, 2016, University 0? Bonn, Germany School of Chemical Engineerind{ational Technical University of Athens. " ~



cold

chain,, ' v, 7 s LS8
@ database “» '

Search Data (demo)

frisb
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Search Data
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rs

Build Cold Chain

o Stage/step of cold chain

o Food storage temperature range

[ Retail display ¥ chites &7
[7] Retail display for frozen only [ superchilled
[ Consumer domestic refrigerator [ Frozen

= Transportation by consumer - Retail to

home =

4 Complete cold chain / ’

[ other |

@ Characterization of food o Type of food

7] Fresh unprocessed
) Fresn minimally processed

(=] Minimally processed ready to cook

[ processed ready to eat
O other

@ Food product

]

[ 4 kg whole gutted salmon
[ 4 kg whole salmon

[ 4 slices of cooked ham
@ Aubergine salad

D Banana

[ Beef

[ Meat and meat product
[0 Fish and fizh product

[ Fruit and frui:yn
@ Vegetables

[} Mitk and milk product
[ Mixed

@ Other

‘ ° Packagmg

) air packaged

[ Modified atmosphere packaged
[ vacuum packaged

[} Non-packaged

O Buk

[ other

Temperature’C

1(.)

Loading...

‘] 5

Time (days
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Fresh cut salagtase study: Rocket

FRISBEE INPUT
Cold Chain Database

Representative
temperature profiles
of the supply chain
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B Transportation to
distribution warehouse

Production

Transportation to
! supermarket

Transportation by
the consumer
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Fresh cut salagtase study: Rocket

FRISBEE INPUT Predictive models
Cold Chain Database SpO”age & Quallty
Reprasentative indicators

temperature profiles
of the supply chain
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Fresh cut salagtase study: Rocket

FRISBEE INPUT Predictive models
Cold Chain Database SpO”age & Quallty
Reprasentative indicators

temperature profiles
of the supply chain
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Fresh cut salagtase study: Rocket

FRISBEE INPUT Predictive models
Cold Chain Database SpO”age & Quallty
RS indicators
temperature profiles
of the supply chain
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FRISBEE INPUT
Cold Chain Database
Representative
temperature profiles
of the supply chain
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FRISBEE INPUT Predictive models

Cold Chain Database SpOilage & Quallty
LELERIEELE indicators
temperature profiles
of the supply chain
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Fresh cut salagtase study: Romaine lettuce

FRISBEE INPUT Predictive models
Cold Chain Database SpOilage & Quallty
Representative indicators

temperature profiles
of the supply chain
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Fresh cut salagtase study: Romaine lettuce

FRISBEE INPUT Predictive models
Cold Chain Database SpOilage & Quallty
Representative indicators

temperature profiles
of the supply chain
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FRISBEE INPUT Predictive models
Cold Chain Database SpOilage & Quallty
Representative indicators

temperature profiles
of the supply chain

20 0,8
. >
18 Pseudomonas 107 3
16 A o
106 T
U141 =
® 12 - 79> 8§

>
€10 - los 2
) S
£ 8- 103 =
e 3
uinone + 0,2 @
4 | ° £
(@]
2 A +01 Z
_ Texture
0 T T 0,0
0 1 2 3 4 5 6 7 8
Time (days
6 International Conference Cold Chain Management Laboratory of Food Chemistry & Technolog" |

Temperature Controlled Logistics . . . . . . .
Junep67, 2016, University 0? Bonn, Germany School of Chemical Engineerinfjlational Technical University of Athens.



Remaining shelf life estimation

FRISBEE INPUT Predictive models
Cold Chain Database Spoilage & Qua“ty

Representative . indicators
temperature profiles

of the supply chain

Remaining shelf life of products
stored at recommended
temperature conditions

Real
- . temperature
Remaining shelf life of products conditions
in the real cold chain
Recommended temperature conditions
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