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1. INTRODUCTION
FRISBEE PROJECT

The Frishee Project is a European Union funded 4-year Project (http://www.frisbee-project.eu).

The objective of FRISBEE (Food Refrigeration Innovations for Safety, consumers’ Benefit,
Environmental impact and Energy optimisation along the cold chain in Europe) is to provide new
tools, concepts and solutions for improving refrigeration technologies along the European food
cold chain. At all stages the needs of consumer and European industry will be considered. The
project will develop new innovative mathematical modelling tools that combine food quality and
safety together with energy, environmental and economic aspects to predict and control food

quality and safety in the cold chain.

COLD CHAIN DATABASE

Cold Chain Database has been developed by a systematic data collection for the purpose of
identification and evaluation of the weak links in the cold chain for different types of chilled and
frozen products. Data collection was achieved in the FRISBEE project framework within the Cold

Chain Data Collection Platform (http://frisbee-wp2.chemeng.ntua.gr/). The Cold Chain Database

(hosted in the link http://www.frisbee-project.eu/coldchaindb.html) was constructed in order to

develop a user friendly on line platform where collected data from all cold chain stages (Data
collected in the Cold Chain Data Collection Platform) can be retrievable and available to be used
from candidate users (consortium members, beneficiary members, industry and research
institutes). One is able to retrieve time-Temperature profiles of specific products along the cold
chain using search criteria such as Stage/step of the cold chain, Food storage temperature range,

Characterization of food, Food product etc.

COLD CHAIN PREDICTOR SOFTWARE

Cold Chain Predictor is a software tool designed by IRSTEA (National Research Institute of
Science and Technology for Environment and Agriculture, former CEMAGREF) and NTUA
(National Technical University of Athens) in the framework of FRISBEE project. The purpose of
this tool is to reproduce a time/temperature history by simulating a cold chain. This tool is based
on nearly 9000 time temperature profiles obtained for different food products along the
European cold chain. The profiles have been contributed by FRISBEE consortium members,

beneficiary members, industry and research institutes to the Cold Chain Database.

) Food Refrigeration Innovations for Safety, Consumers’ Benefit, Environmental Impact
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2. Cold Chain Database User Instructions

2.1 Introduction

Cold Chain Database was constructed in order to develop a user friendly on line platform where
collected data from all cold chain stages can be retrievable and available to be used from
candidate users (consortium members, beneficiary members, industry and research institutes).
Furthermore, another Cold Chain Database application is the ability of building cold chain

scenarios according to user defined successive steps of the food cold chain.

2.2 Levels of access to the Cold Chain Database

There are three levels of access to the Cold Chain Database depending on the number of cold

chain data records the user can have access to (Table 1).
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Table 1. Description of the three levels of access to the Cold Chain Database.

Access Cold chain User
Description
Level data records Profile

v' 92 representative files of cold chain data (Distribution

Access to the Cold Chain Warehouse for chilled processed, ready to eat milk New Users or already signed Users of the Cold Chain Data
! Database Demo version products) Collection platform that haven’t contributed any records (so far).
v Demo access to the “Build Cold Chain” appication
v’ 92 represetnative files of cold chain data (Distribution
Warehouse for chilled processed, ready to eat milk
Access to the Cold Chain Users-Contributors of the Cold Chain Data Collection platform
2 Database Demo version & products) http://frisbee-wp2.chemeng.ntua.gr/

v" All data that the user has already contributed to the Cold
user’s contributed data.
Chain Data Collection platform.

v Demo access to the “Build Cold Chain” appication

= Consortium Members
free access to see + licence for use + no transfer allowed +
condition of mention of the co-owners
All files of cold chain data that have been collected. = Academic research use

Full access to the Cold
So far the Database comprises 9000 records (May 2013). The free access for research activity — activity exclusive of commercial

Chain Database.
Database will be continuously updated. or industrial use + no transfer allowed + condition of share of any
derivation and mention of the co-owners
= Commercial or industrial use

Licence for use (conditions to be settled between the co-owners)
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2.3 Cold Chain Database

iy cold -
frisbee c12in '
database

http:// www.fri’sbee-p‘erét:t.é.@/éQldcha’jﬁdb;f:::thj'l

2.3.1 Enter the Cold Chain Database

In order to enter the Cold Chain Database web based platform the user should visit the following

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

)

711 cold 5
frisbee chain R
database ot

The Frishes project is a European Union funded 4-year Projact to provide new taols, concepts and solutions for impraving refrigeration tachnologies along the European foad cold chain.

The objective of the FRISBEE (Food Refrigeration Innovations for Safety, consumers Benefit, Environmental impact and Energy optimisation along the cold chain in Europe) project is te provide new tools, concepts and solutions
for improving refrigeration technologies along the European food cold chain. At all stages the needs of consumer and European industry will be considered.

The project will develop new innovative mathematical modelling tools that combine food quality and safety together with energy, environmental and economic aspects to predict and control food quality and safety in the cold
chain.

The FRISBEE project (http:/ /. fr
investigate consumer needs and exp

ect.eu) has developed a comprehensive database of the cold chain in Europe in order to identify refrigeration needs and available current technologies in the food industry, and
with respect to the food cold chain.

Anyone can join the database and take advantage of the ColdBase.

Figure 1. Introductory screen of the Cold Chain Database.

Click on the [Enter Cold Chain Database| button. This will lead you to the Login Window.

2.3.2 Login to the Cold Chain Database

e Cold Chain Data Collection Users
Use your Login details (username and password) that you have created for the Cold Chain Data

Collection (http://frisbee-wp2.chemeng.ntua.gr/). If you do not remember your account details

contact at frisbee@chemeng.ntua.gr for receiving your username and password.

e New Users
If you do not already have an account you can create a new one by pressing on the “Create a

new account” field. You will be directly transferred to the Login screen (Figure 2).
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Frisbee - WP2 Cold Chain Database

Please Enter Username and Password and press "Login"

Username :

Password :

If you do not have a username you can
, OF contact us at to receive your account details

Figure 2. FRISBEE Cold Chain Database login window.

As soon as you create a login account you can enter the Cold Chain Database and use it according
to the following instructions.

In the link http://www.frisbee-project.eu/coldchaindb.html, in the introductory screen use your

login details in the field Enter Cold Chain Database

AV L

vy cold

frisbee chain :
renmmre database .

The Frisbee project is a European Union funded 4-year Project to provide new tools, concepts and solutions for improving refrigeration technologies along the European food cold chain.

The objective of the FRISBEE (Food Refrigeration Innovations for Safety, consumers Benefit, Environmental impact and Energy optimisation along the cold chain in Europe) project is to provide new tools, concepts and solutions
for improving refrigeration technologies along the European food cold chain. At all stages the needs of consumer and European industry will be considered.

The project will develop new innovative mathematical modelling tools that combine food quality and safety together with energy, environmental and economic aspects to predict and control food quality and safety in the cold
chain.

The FRISBEE project (http:/ /wvaw. frishee-project.eu) has developed a comprehensive database of the cold chain in Europe in order to identify refrigeration needs and available current technologies in the food industry, and
investigate consumer needs and expectations with respect to the food cold chain.

Anyone can join the database and take advantage of the ColdBase. /

Contribute your Data Enter Cold Chain database Contact

Instructions, Demos and
Software

Figure 3. Introductory screen of the Cold Chain Database: Entering the Cold Chain Database
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2.3.3 How to use the Cold Chain Database-Access Level 1 (Demo version)

2.3.3.1 Search within the database time-temperature profiles

In the Demo version of Cold Chain Database the user has access to 92 data records. The left pane

of search criteria is actually inactive; the search criteria are already predetermined and are the

following (see also Figure 4):

Stage/Step of cold chain: Distribution warehouse
Food storage temperature range: Chilled
Characterization of food: Processed ready to eat

Type of food: Milk and milk product

The user can also see the number of records matching those predetermined criteria and the

corresponding descriptive statistics (mean, minimum and maximum temperature).

2 cold

e b2
e S e S ) :
. JA" chain SIS T K
frisbee dziabase : , P AR a1 S
Search Data (demo)  Build Cold Chain Demo / User : NTUA - Logout
& Stape/step of cold chain = Food storage temperature range ¢

| Selected Results

Production stage - food chiling
operation

Number of Records : 92

Production stage - food freezing ]

operation
Production warehouse

Transportation

Distribution warehouse

@ Characterization of food

Fresh unprocessea
Fresh minimaly prof

@ Food product

4 kg whate gutted salmon
4 kg whole salman
Aubergine salad

Banana

s Type of food

@ Packaging

Mean temperature value (oC) " : 3,91
Minimum temperature value (eC) *: g 5
Maximum temperature value (eC) *: g

@ Continue

* Mean values of sefected records

Meat and meat product

Fish and fish product

Fruit and fruit product

Air packaged

Modified atmosphere packaged
Vacuum packaged
Hon-packaged

Bulk

Other

Figure 4. Description of the Cold Chain Database Demo page (Access Level 1).

In order to access the data records click on the Continue button and follow the instructions in

Section 2.3.4.1 Search within the database time-temperature profiles.

frisbee
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2.3.3.2 Use the “Build Cold Chain” application

The “Build Cold Chain” application is embedded in the Cold Chain Database in order to serve as a
toll to build “what if” scenario of the food cold chain. This tool enables the user to build a cold
chain scenario consisting of different successive cold chain stages. As long as the user selects the
successive cold chain stages, the application is retrieving all time-temperature profiles that exist in
the database matching the specified cold chain scenario. The retrieved data are gathered in a .csv
file (works in Excel, Microsoft) and can be further used by the Software: FRISBEE Cold Chain
Predictor Software.

The Cold Chain Database-Access Level 1 users have limited access to the “Build Cold Chain”
application. In order to upgrade their account and have full access to the “Build Cold Chain”
application users need to join forces and contribute to the Cold Chain Database by uploading
temperature data concerning any stage of the food cold chain. As soon as you contribute data

your account will be eligible to be upgraded!

Instructions in using the “Build Cold Chain” application in conjuction with the Cold Chain Predictor

Software can be found in Section 3.3.1 FRISBEE CCP Software-Option 1: Build Representative

Profile

) Food Refrigeration Innovations for Safety, Consumers’ Benefit, Environmental Impact
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2.3.4 How to use the Cold Chain Database-Access Level 2

2.3.4.1 Search within the database time-temperature profiles

Users with an Access Level 2 can either search within all data contribute to the database or work
with the their own (already) submitted data by clicking on the corresponding fields as illustrated in

the following figure as Option 1 and 2, respectively.

OPTION 1

Click here in order to —‘

work with your own
submitted data.

OPTION 2
Click here in order to
search within all collected
to the Database

54, cold 2 A

' chain ABEF LI

frlsbee databgse O
Sear N OwnData Search All Data Eul’l |:| hain Demo 2

o Food storage temperature range = Selected Results

s Stagefstep of cold chain
> B P

ap—r ation

| Production warehouse

_' ransportation

| Distribution warehouse

= Characterization of food

eady to cook

kg whole gutted salmon

I4kg.~r‘al‘ almon

[m] »

@ Type of food

i:i Fruit and fruit product
=

@ Packaging

E‘ Air packaged

ij Modified atmosphere packaged
D Vacuum packaged

|:' Nen-packaged

[ puik
[ other

e

= My Own Submitted Data

My Submitted Results :

Number of Records : 20

—) o . Mean temperature value *: -20.52 °C
4 Fresh unprocessed |__| Meat and meat product Minimum temperature value : -28.9 °C

] & 5 . =
resh minimaly pr =1 Fish a sh product Maximum temperature value : -9.1 *C

* Mean values of selected records

i Cold Chain Database Records

Total Records : 8981

-5.38 °C
Minimum temperature value : -40.5 *C
Maximum temperature value : 39.3 °C

Mean temperature value :

5 Saved Recordsets

[F] production stage - food ¢ E chited

I Production stage - food chiling ed Please make your selections on the left pane or load a previously saved set of records.
operation 12| = Superchilled

Il Production stape - food freezing 71 Frozen

- #  Filename Date Actir

@ Country of origin

Click to make your selections on:
= Stage/Step of cold chain

* Food storage temperature range
= Characterization of food

= Type of food

® Food product

» Packaging

® Country of origin

Figure 5. Description of the Cold Chain Database (Access Level 2).
IMPORTANT: Access Level 2 Users may search within all data BUT they can NOT download related
information (raw data & metadata). This kind of data is accessible only to Access Level 3 Users (Full
Access).
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2.3.4.2 Use the “Build Cold Chain” application

The “Build Cold Chain” application is embedded in the Cold Chain Database in order to serve as a
toll to build “what if” scenario of the food cold chain. This tool enables the user to build a cold
chain scenario consisting of different successive cold chain stages. As long as the user selects the
successive cold chain stages, the application is retrieving all time-temperature profiles that exist in
the database matching the specified cold chain scenario. The retrieved data are gathered in a .csv
file (Excel, Microsoft accessible) and can be further used by the Software: FRISBEE Cold Chain
Predictor Software.

The Cold Chain Database-Access Level 2 users have limited access to the “Build Cold Chain”
application. In order to upgrade their account and have full access to the “Build Cold Chain”
application users need to join forces and contribute to the Cold Chain Database by uploading
temperature data concerning any stage of the food cold chain. As soon as you contribute data

your account will be eligible to be upgraded!

Instructions in using the “Build Cold Chain” application in conjuction with the Cold Chain Predictor

Software can be found in Section 3.3.1 FRISBEE CCP Software-Option 1: Build Representative

Profile

) Food Refrigeration Innovations for Safety, Consumers’ Benefit, Environmental Impact -11-
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2.3.5 How to use the Cold Chain Database-Access Level 3 (Full access)

2.3.5.1 Search within the database time-temperature profiles

Users with Access Level 3 have access to all contributed time-temperature profiles (raw data &
metadata may be downloaded) and can set their search criteria by selecting from the left pane

A, cold R BT R 5 AN
. 7! chain BRRE R | ST e I DS
frisbee database R 2, S R
SearchDats  Build Cold Chain _ SearchData (demo)  User:NTUA - Logout
Stage/step of cold chain Food storage temparature range /| Selected Results
; 'EI i::‘:;mx Please make your selections on the left pane or load a previously saved set of records.
a [ #rezen 1 Saved Recordsets
= Filename Date ‘Action
Type of food
[T west 2na mest prosuce =
- ]
—> i] Frﬂe‘;ze: Tk :Lm e ,—I @ View My Own Submitted Data
[ other T
Food product
Country of origin @ Clear Form Data
[ eetgivm -
[ K
Click to make your selections on:
= Stage/Step of cold chain
= Food storage temperature range
. Lo . :
Characterization of food Clle on: & V‘E‘W H.v own Suhn“tted Data
= Type of food
® Food product OR )
_| = Packaging and get access to your own contributed records
= Country of origin

Figure 6. Description of the Cold Chain Database (Access Level 3-Full Access).

As soon as the user sets the search criteria the number of records matching these criteria and the
corresponding descriptive temperature statistics (mean, minimum and maximum temperature
values) are depicted.

“. cold F i -;:?::'3;'_
. 4 chain R 0 L
frisbee datzhase RS SRR 217, T R =k D
User : NTUA 2

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

Stagesstep of cold chain Focd storage temperature range Setected Rewits

LT T T D L T

& Continue

; Saved Recordsets
Ld Fiename Date Action

/

& View My Dven Submitted Data

bew

FlgIJre 7. Descripti_on of the Cold Chain Database (Access Level 3-Full Access).
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In order to access the data records in detail click on the button.

On the left pane the user can see the list of records matching the selected search criteria. In order

to see the data of a specific record click on the record name (e.g. 1581.1mins, 0.5 to 7.3 °C).
Ap.-cold

. J\' chain
frisbee database

Search My Own Data Search All Data Build Cold Chain Dema

Humber of R ds: 15 . L
R g T <- Please select cold chain characteristics from the box on the left.

Click on a Record Name to view its Data

[C] 1581.1 mins, 0.5 to 7.3°C
7 1581.1 mins, 0.2 t G.a"C
[C] 1597.6 mins, -1 to 4.4°C
1581.1 mins, -0.5 to 5.9°C
1564.6 mins, 0.6 to 7.6°C
2697 mins, 3 to 10.9°C
26%7 mins, 2.6 to 9.9°C
2697 mins, 1.2 to 11.3°C
2697 mins, -0.9 to 7.8°C
26%7 mins, 1.8 to 9.7°C
2686.5 mins, 1.1 to %.5°C
2686.5 mins, 1.5 to 3.2°C
2686.5 mins, 3 to 10.2°C
2686.5 mins, 1.5 to 3°C
2686.5 mins, 0.8 to B.7°C

| O O

e 8l |61

Figure 8. List of records corresponding to user ‘s search criteria.

As soon as the user clicks on a specific record name he/she gets access to all data (raw data and

metadata) concerning the selected data record (See the following figure).
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Click here and Record name

download the raw data (Corresponds to the filename given
when the record was uploaded on

(time and temperature) the Cold Chain Data Collection)

Bumberiof Records 21247 Cold chain file : t-T_data_202.csv

Click on a Record Name to view its Data

By - 7 CSV file : t-T_data 202.csv [  Metadata XML file : metadata_202.xml <>

[l 6760 mins, 1.1 to 12.8°C 3 (¥ Click here and
[ 6600 mins, 1.1 t0 23.3°C 642 total measurements

[ 6980 mins, 1.1 to 21.4°C 2 Click ag in th reato z download the
[ 6410 mins, 1.1 t0 10.2°C =1 12.5 metadata f||e
[ 10560 mins, 1.4 to 13.9°C

[ 6980 mins, 1.1 to 12.2°C Report: 202
[ 17900 mins, 0.5 to 11°C 10 L

[ 17970 mins, 1.1 to 13°C o {Perpwep:e?astcl.)larerimg?ée’sc mJ"‘\_‘
[ 17980 mins, 1.4 to 11.6°C v S Th lick d
[ 17960 mins, 0.8 to 12.5°C g 73 € user can clickan
(2] 17980 mins, -0.4 to 12.2°C g \ drag anywhere on
[E] 17980 mins, -1 to 10.8C E | th h .
[ 15380 mins, 1.7 to 8.5°C E 2 1 e graph areain
[C] 15440 mins, 1.4 to 8.5°C Il‘ order to zoom in
[ 15470 mins, 1.7 t0 9.3°C e I"
[l 15440 mins, 1.4 to 8.8°C L TR fatt A ooy 4/
B 15430 mins, 1.4 t0 9.3°C = ik L ekt = JL“:\ = =
[ 15410 mins, 1.4 to 8.8°C i o E e : % =
D ) Time in Minutes
15450 mins, 1.4 to 8.5°C Here you can enter a user
[ 15460 mins, 1.4 t0 9.9°C ¥ . . .
[ 15140 mins, 1.7 to 8.8°C < iz New total storage time : 6410 Reload Chart dEﬁned tOtal Storage time (In
minutes) in order to reload
Temperature distribution the chart in the preferred
o4 time scale
A ] : <«—— | Temperature
This option can be used in order & o o
distribution
to save a recordset (a group of I h
. ra
records with the same search 0 —_—— - . grap
Or¢ ~ & » 2 B A a8 8 5
criteria). You can select all the O S S S A
records matching the criteria or )
. Temperature Ranges “C
you can select only specific Descriptive
records by placing a tick in the TRl statistics

box in front of each record
. Minimum temperature : 1.1 2C
name. By saving a record set the Madmum temperature : 10.2 °C
user can retrieve any used Mean temperature : 4.03 °C
record SetS the neXt t|me he/She / Effective temperature (Teff) : The constant temperature that results in the same quality value change, as the variable temperature
. . distribution over the same time period.
logins at the Cold Chain
Database.

Representative acrobic psychotroph

. o
Activation Energy, Ea = 70 kJ/mal Teff : 4.59 °C

Representative MAP-Vacuum spoilage Teff: 4.93 °C
Activation Energy, Ea = 110 kJ/mol Lalitien
User defined temperature dependence of spoilage

. o
Activation Energy, Ea = 90 kJ/mol Calculate VST G i

View Metadata ¢» | Download Metadata XML file

1

This field is used to calculate the
effective temperature value of the
specific time-temperature record.

Click here and view the
metadata details

The effective temperature can be Click here to download | —
calculated either based on
predetermined  activation energy
values or by entering a user defined
value.

the metadata file
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2.3.5.2 Use the “Build Cold Chain” application

The “Build Cold Chain” application is embedded in the Cold Chain Database in order to serve as a
toll to build “what if” scenario of the food cold chain. This tool enables the user to build a cold
chain scenario consisting of different successive cold chain stages. As long as the user selects the
successive cold chain stages, the application is retrieving all time-temperature profiles that exist in
the database matching the specified cold chain scenario. The retrieved data are gathered in a .csv
file (Excel, Microsoft accessible) and can be further used by the Software: FRISBEE Cold Chain
Predictor Software.

The Cold Chain Database-Access Level 3 (Full Access) users have full access to the “Build Cold

Chain” application.

Instructions in using the “Build Cold Chain” application in conjuction with the Cold Chain Predictor

Software can be found in Section 3.3.1 FRISBEE CCP Software-Option 1: Build Representative

Profile
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DISCLAIMER

This tool was designed as a research and instructional tool for building a representative time-
Temperature profile representing the cold chain of different food products and estimating their
remaining shelf-life.

Although every care has been taken in the collection of the time-Temperature profiles and the food
deterioration kinetic characteristics of the library, the final conditions of their use are outside the control
of the ColdBase Partnership.

Expert interpretation is required and users must determine if they have the necessary skills for

themselves. In case of doubt please consult an expert food technologist or contact at
frisbee@chemeng.ntua.gr.

Cold Chain Predictor

Version 1.1
Release Date: August, 2012

Copyright © 2011 by NTUA (National Technical University of Athens), Greece
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3. Cold Chain Predictor Software

3.1 Software concept-Building Blocks

This tool was developed in order to:
a. Predict the time temperature profile of specific food products along the cold chain

b. Predict the product quality status, in terms of shelf life, at different stages of the cold chain

The two respective building blocks of the tool are (a) the time-temperature records consisting the
cold chain database and (b) available quality and shelf life data (from peer reviewed articles in

scientific journals).

Representative t-T
1] 11 Profile along the
Cold chain

Cold Chain
Database

Quality & Shelf Life

Product quality
[ R ..
Data status determination

Determination of the product quality status and shelf
life at the different stages of the cold chain

Figure 3.1. The building blocks of the tool developed to predict a representative time-temperature profile correlated to

food quality.

The representative t-T profile along the cold chain (Figure 3.1) can be either a user own t-T profile
or a t-T profile retrieved by the Cold Chain Database. Alternativelly, the profiles collected in the
Cold Chain Database can be used in order to build a representative profile according to user
defined criteria. The procedure of building a user defined cold chain through the available on line

platform of Cold Chain Database is thoroughly described in section: 3.3.1 FRISBEE CCP Software-

Option 1: Build Representative Profile.
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3.2 Software requirements

The software is a stand alone executable program and there is no need of installing any additional

software. In order to use the software the user should install the program using the setup file.

Anyone can have free access to the CCP software by applying in the following link http://frisbee-

wp2.chemeng.ntua.gr/coldchaindb/?go=demo and selecting Download FRISBEE Cold Chain

Predictor Software (Figure 3.2).

r old

YL} CO
[ ]
™ “ L [4—\ Vo r r-—.
frisbee Clialll
o T [-—-\ ~ ™
=, [ -
Al oo
Frisbee Cold Chain Database Demo Video
Frisbee Cold Chain Database Instructions (.pdf)
Frisbee Cold Chain Predictor Software Demo Video
Frisbee Cold Chain Predictor Software Instructions (. pdf)
Download Frisbee Cold Chain Predictor Software * —

Figure 3.2 Applying for free access to the Cold Chain Predictor Softaware

in http://frisbee-wp2.chemeng.ntua.gr/coldchaindb/?go=demo

After applying for the software, users will receive an e-mail with download instructions. The
default destination directory of FRISBEE_CCP folder is in Program Files folder

(Computer/WINDOWS(C:)/Program Files (x86)/FrisbeeCCP/). Once installed in the user’s computer

it can be used with a double click on the FRISBEE_CCP file (Figure 3.3a). Furthermore, users can
find the files needed to run the cases studies described in the following instructions in the

following directory: Documents/FRISBEE CCP-Example Files (Figure 3.3b)
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@-uv‘ <« WINDOWS (C:) » Program Files (@6) b FrisbeeCCP e
Organize » Open Burn MNew folder S
: @ B § @vvl <« Documents » FRISBEE_ CCE-Exsmple Files v\t,H Search FRIS!
& Downlc Name Type Size —
S5 Recent Orgenize v Sharewith v Bum  New folder =~ M @
- || kinetics XML Deocument - ;
= X ¢ Favorites — Documents library e e b ol
Libraries &5 Uninstall Application B Desktop FRISBEE_CCE-Example Files = =3
‘Nj & Frisbee_CCP Application i Downloads N
£ Docum ; L
i -'_ FRISBEE_CCP-User Instructions Adobe Acrobat D... 24 . RecentPlaces c
fJ? Music B own_t-T_profile_example
=] Picture|= i L] Cold_chain_Milk_and_milk_products
B v 3 “'-i S £| L) Specific_cold_chain_database_profile_example
Ideos =
o' Music
=] Pictures
) Homegre B videos
18 Compute « Homegroup
&
& WINDC 18 Computer
ca Data (D & WINDOWS (C:) i}
[ Y TP— o P — - ] i i
- Frisbee_CCP Date modified: 15/3/2012 10:58 mip Date created: 15/3/20 | SHia
Application Size: 421 KB L

Figure 3.3 (a) FRISBEE_CCP software folder saved in user’s PC and (b) FRISBEE_CCP-Example Files saved in

user’s PC.
3.3 Software description
s FRISBEE Cold Chain Predictor |il_lﬂ_hj
The FRISBEE Cold Chain Predictor (FRISBEE CCP . .
( -CcP) Cold Chain Predictor
Software haS been developed to give the users 3 Cold Chain Predicting and Shelf Life Calculating Tool
different options. The user can calculate the [ R |

Use your own t-T Profile ]

remaining shelf life of a specific food product at l

Use a specific Profile from Cold Chain Database ]

different stages of the cold chain corresponding |

to a specific time-temperature profile. The user frisbee S

can choose among the following options (Figure

3.4): {:‘

© Copyright 2011 by NTUA, Greece | Disclaimer | [ Instructions |

~

i.  Buil i fil . . .
! uild a representative profile Figure 3.4. FRISBEE Cold Chain Predictor software
ii.  Useyour own t-T profile introductory screen.

iii.  Use a specific profile from the Cold Chain

Database

3.3.1 FRISBEE_CCP Software-Option 1: Build Representative Profile

In this option prior to the use of the software, the user should login to the FRISBEE Cold Chain

Database (http://www.frisbee-project.eu/coldchaindb.html) and build a specific sequence of cold

chain stages for specific food product. The FRISBEE_CCP Software option of building a

representative profile is described in Figure 3.5. Access to the online Cold Chain Database is a

prerequisite for the use of this software option.
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Cold Chain
Database

Sequence of cold chain for
specific food products

Search engine

User defined criteria. —— ——

Retrieval of cold chain
profiles matching user
defined criterial?

Monte Carlo

_Representative Simulation | FRISBEE_CCP
time-temperature Software :

Determination of
remaining shelf life
at the different stages
of the cold chain

data

] Shelf life

SEmmam

profile

_________________________________________________________________________________________________

! Cold Chain Database output
2 FRISBEE_CCP Software inpuut

Figure 3.5 lllustration of FRISBEE_CCP Software-Option 1: Build Representative Profile

A detailed example of using the 1% option of FRISBEE_CCP Software is described in detail in the

following pages. Milk and milk products are used as a case study of food products.
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Step 1: Login to the Cold Chain Database

Visit the Cold Chain Database web site and enter your login details to enter the database following

the instructions in sections: 2.3.1Enter the Cold Chain Database and 2.3.2 Login to the Cold Chain

Database.

N C?io{
i g CH2IN
.fmh.“- database

Please Enter Username and Password and press "Login"

If you do not have a username you can

. or contact us at

Login|

to receive your account details

Figure 3.6 (a) Introductory screen of the Cold Chain Database and (b) Login window

Step 2: Enter the Build Cold Chain application

As soon as you login to the Cold Chain Database click on the Build Cold Chain Tab

Sy cold
TA! chain

frisbee database

! Search Data

b

Build Cold Chain J) Search Data (demo)

User : Natio

@ Stage/step of cold chain
D Production stage - food chiling
operation

|:| Production stage - food freezing
operation

[E] production warehouse
[ Transportation

[F] pistribution warehouse

@ Characterization of food

[ Fresh unprocessed
D Fresh minimaly processed
] Minimally processed ready to cook

D Processed ready to eat

[F] other

@ Food product

[

D 4 kg whole gutted salmon
D 4 kg whole satmon

@l Aubergine salad

[E ganana

[ Beer

i e i i

@ Country of origin

[m | »

e
@ Food storage temperature range

[ chitea
D Superchilled
D Frozen

@ Type of food

[E] meat and meat product
D Fish and fish product
[E1 Fruit and fruit product
D Vegetables

|:| Milk and milk product

[ mixed
[ - i

@ Packaging

1 air packaged

D Modified atmosphere packaged
|:| Vacuum packaged

[ Mon-packaged

[ Bk

[ other

@ Type of Data

| Selected Results

Please make your selections on the left pane or load a previously saved set of records.

o/ Cold Chain Database Records

Total Records : 8981
Mean temperature value : -5.38 °C

Minimum temperature value : -40.5 °C
Maximum temperature value : 39.3 °C

3 Saved Recordsets

# Filename

Date

1 Frozen_Complete Cold Chain

2 Yoghourt_Complete Cold Chain

3 Yoghourt_Consumer Transportation
4 Yoghourt_Consumer refrig

Vaohaet Darail Nisnlaw

& View My Own Submitted Data

140272012
257012012
257012012
25701 /2012

2501 12002

Figure 3.7 Cold Chain Database web site where the user can select the “Build Cold Chain” application.
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~cold
A chain
frisbee database

Search Data Build Cold Chain Search Data (demo)

@ Temperature Range

Please Select a Temperature Range
o Type of food
_ Please Select a i}f_p_e of Food

o Build Cold Chain

Please Select a 5tage E
@ Addstage @ Submit Data

Figure 3.8. Build Cold Chain window.

Step 3: Build a cold chain for specific food products

In the Build Cold Chain window (Figure 3.8) the user can select the type of food and the cold chain

stages from the corresponding drop down lists (Figures 3.9 a, b and c).

@ Temperature Range @ Type of food

Please Select a Temperature Range ﬂ Please Select a type of Food |Z|
Please Select a Temperature Range

Chilled @ Build Cold Chain

superchilled

Frozen Please Select a Stage ﬂ

Please Select a Stage
Production stage - food freezing operation

- T mT Production warehouse
Transportation

Please Select a type of Food - Distribution warehouse

Please Select a type of Food Retail warehouse

Meat and meat product Hypermarket

Fish and fish product Supermarket

Fruit and fruit product Hard discounter

Vegetables Grocery

Milk and milk product Retail display

Mixed Consumer domestic refrigerator

Other

Transportation by consumer - Retail to home
Complete cold chain
Other

Figure 3.9 (a) Temperature range drop down list, (b) Type of food drop down list and (c) Cold chain stage drop down

list.

The user can add as many stages as he/she wishes by clicking on the & Addstage | tab. In this

example milk and milk products was selected from the type of food drop down list. A complete
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cold chain consisting of 9 succesive stages was used as a case study: Transportation = Production
Warehouse = Transportation = Distribution Warehouse = Transportation = Retail Warehouse =
Retail Display = Transportation by consumer = Consumer Domestic Refrigerator (Figure 3.10).

A, cold
) chain
frisbee databas

Search Data  Build Cold Chain

= Type of food

Milk and milk product
= Build Cold Chain
Transportation
Production warehouse
Transportation
Distribution warehouse
Transportation

Retail warehouse
Retail display

Transportation by consumer - Retail to home

FEFEEREERE|  E

Consumer domestic refrigerator

© Add stage & Submit Data

Figure 3.10 Building a cold chain for milk and milk products consisting of nine successive stages.

As soon as the user has completed the selection of food type and the cold chain stages he/she can
proceed with a click on © SubmitData| the (& Submit Data tab. By clicking on the
tab the user is informed of the number of records available at the cold chain database for each
selected cold chain stage (Figure 3.11). In order to use the FRISBEE_CCP Software the user has to

download the time-temperature data from all selected stages by clicking on the

o { Staoe
Download All Selected Stage tab.
0, d 1 . & .-s-?'.._ ?_ 1
3 v - |
fib alr‘ P T B
- : v
rishee i~ nas LaioE
b= F ey e Sl s
atabas ol T 1 ey AR s
Liser : Nati
Ty of food Setected Results
AN AT paic Tl Food type Milk and milk product : 53 total records
Builbd Cold Chai
= Stage 1 : Transportation - 263 Records
Transportaticn =1
— | Stage 7 : Production warehouse - 66 Records
Proguction warehouse =]
Transpostation ;_ Stage 3 1 Transportation . 263 Records
Destriturtion warehouse E Stage 4 @ Distribution warehouse - 92 Reconds -
Transpoatasn 1%
P Stage 5 1 Transportation - 262 Records
Retall warehouse -
Beta display [=] Stage & : Retall warshoase - 21 Records
Jantportition by constn: > el to e (2] ceuge 7 - moain disptay - 117 Recosas
Consurmer domestic redrigerator -_'
Stage 8 : Transportation by consumer - Retall to home - 113 Records
2 Add Stadge & Submit Dala Stage 9 : Comsumer domestic refrigeratgs - 102 Aecords
S —

Figure 3.11 Results of cold chain stages number of records according to user defined criteria.
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The dowloaded file is in csv format and it contains all necessary information to be used as the input
file in the FRISBEE_CCP software. The specific file contains information regarding the effective
temperature value and time for each time-temperature profile retrieved from the Cold Chain
Database. The effective temperature is defined as the constant temperature that results in the
same quality value as the variable temperature distribution over the same time period. The user
can save this file in any destination directory in his/her PC and open it using the software, as it is

described in the following step (Step 4: Use the CCP Software Option 1: Build Representative

Profile).

Step 4: Use the FRISBEE CCP Software Option 1: Build Representative Profile

The downloaded file (.csv format) from the Cold Chain Database website is used as the input at the
FRISBEE_CCP Software. From the introductory screen the user should choose the Build

Representative Profile tab.

BB Cold Chaie Frocictos il

C_Dld Chain Predictqr

- 1
l I
Uy -2 Pt
U o P b Co v Cntnams 1
a5l FRISBEE Cold Chain Predictor

.
fr] ! 1. Open File and Calculate Stages
(| Open Fie

© Copyrght 2081 by Nt | Stages

No File Opened

Food Chiain Stages | Representative Profile | Simulated Teff Distribution | Remaining Shelf-Life |

2. Bulid Representative Profile

Herations : 10000 Time ) [ Reioad cran

Stages

3. Calculate Remaining Sheff Life

Using Kinetic Data | Using Sheff Life Data |
Select Food Product Typs
| )

Quality Index Type :

MR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEw

Log No 38 Initial Microbial Count (Log CFU/g)
Log Nf 6 Final Microbial Count (Log CFU/g)
Kref 0.0115 Exp Growth Rate (1/h)
Tref 5 Reference Temperature *C
Ea {J/mal) 100208 Activation Energy (J/mol)
ﬂaHﬂTd---------..’.A‘|-------------I‘ "----------------..‘_.-----------------
Input window Graph/Output

Figure 3.12 FRISBEE Cold Chain Predictor basic screen using the FRISBEE_CCP Software Option 1: Build Representative

Profile.
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The software screen consists of two basic windows; the input window and the graph/output
window (Figure 3.12).
In the input window (on the left pane) the user can see three subwindows:
1. Open file and calculate stages
In this section the user opens the csv file downloaded from the Cold Chain Database website.
This file is the input required from the software.
2. Build representative profile
In this section the user defines the desired number of Monte Carlo iterations in order to build
the representative profile. The software runs Monte Carlo simulation using the time-
temperature data that were retrieved from the Cold Chain Database.
3. Calculate remaining shelf life
In this section the user can select from a drop down list the food product type he/she wishes to
calculate the remaining shelf life for. When selecting a product from the drop down list the

kinetic parameters are automatically depicted on the respective fields.

Step 4.1 Input csv file retrieved from the Cold Chain Database

At the software screen click on the

tab OpenFle and open the csv file that ' Open Fleand Calcuate Stages

. Open File

was downloaded at the previous step. As ’ l
Stages :

soon as the user opens the corresponding Al Stages =

.csv file, the list of cold chain stages are Stage 1: Transportation

Stage 2 : Production warehouse
i i . . Stage 3 : Transportation
available in a dropdown list (Figure 3.13). Stage 4 : Distribution warehouse
Stage 5 : Transportation
Lo . Stage 6 : Retail warshouse
By clicking on any stage (Figure 3.13), the Stage 7 : Retail display
Stage 8 : Transportation by consumer - Retail to home
Stage 5 : Consumer domestic refrigerator

corresponding distribution graph of

(effective) temperature is depicted as Figure 3.13 Dropdown list of cold chain stages for milk and
milk products

shown in Figure 3.14 (a) and (b). The user

can find the csv file (Cold chain_Milk and milk products. csv) concerning milk and milk products

that was retrieved from the Cold Chain Database and it is used as a case study in this example in

the following directory: Documents/FRISBEE CCP-Example Files.
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(b)
Figure 3.14 Distribution of (effective) temperature during the stage of (a) transportation and (b) of consumer domestic

refrigeration storage for milk and milk products.

Step 4.2 Build representative profile

In the next step, the user can define the number of iterations for the Monte Carlo simulation in
order to build the representative profile in the appropriate box (Figure 21, ®). Monte Carlo
simulation (Metropolis & Ulam, 1949) is a very usefull technique to facilitate data from the Cold
Chain Database. This numerical approach is based on the generation of hypothetical scenarios in
terms of the temperature values reported B R cod Ol

1. Open File and Calculate Stages

during all the segments of the cold chain [ Open Fis J

Stages :
[ Stage 8 : Consumer domestic refrigerator -

by substituting the entire range of values.

2. Bulid Representative Profile @
The default (suggested) number of (Dl“em‘"’”*' ) | TR [ meoaoren ]

[ Build Repressntative Profile < ]
. . . Stages :
iterations is 10000. The Monte Carlo [l Stages -]
. . . . . 3. Calculate Remaining Shelff Life
simulation is performed using the csv file Using Kinstic Data | Using Shek Lfe Data
Select Food Product Type :
retrieved from the online platform of the [Quamv.ndame : -
-]
Cold Chain Database. The simulation
Log Mo 38 Initial Microbial Court (Log CFU/g)
generates a  representative  time- ot e Finet Wicrepi Gaurt (Cog EX0/)
Kref 0.0115 Exp Growth Rate (1/h)
. Tref 5 Reference Temperature “C
temperature profile where each cold B —— rctmton Eeray et
chain stage is represented by an

isothermal step. The temperature of this
Figure 3.15 Setting the number of Monte Carlo humber of

step (cold chain stage) represents the iterations in order to build the representative time-temperature
most probable effective temperature of profile

the t-T profiles (pre-estimated for each profile when building the cold chain in the Cold Chain
Database) for the specific stage of cold chain. The Standard Deviation —to represent the most

propable range of deviation above and below the effective temperature- is also calculated and
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presented in the graph by the orange lines above and below the isothermal lines for each stage of
the representative profile.

The duration of the step is also estimated applying Monte Carlo simulation, as the most probable
duration for each cold chain step. The total duration of the representative profile can be redefined
by the user when changing the value in the appropriate time box illustrated in Figure 3.15 @. The
duration of each stage of the profile is accordingly modified (proportional time modification for

each stage).

Build Representative Profile

The representative profile is built by clicking on the tab (Figure 3.15). Finally
the 9 stage cold chain for milk and milk products is described by a representative time-

temperature profile consisting of 9 isothermal steps (Figure 3.16).

Food Chain Stages | Representative Profle | Simulated Teff Distribution | Remaining Sheff-Life

Double Click on Stage Mumber to Change Values \
Representative Profile
Stage  Time Teff °C
10 1 & 3.81
2 7 35
3 6 43 >
8 4 53 397
o 5 & 387
o & 45 37
£ 6 7 105 412
2 8 1 761
E
K _ g 7 635 J
o 4 =
.z = g E—
£
[}
2
0
0 734 146.8 220.2 293.6 367
Time (Hours)
= Stage 1: Transportation = Stage 6 Retail warehouse
Stage 2 : Production warehouse Stage 7 : Retail display
= Stage 3 . Transportation Stage & : Transportation
= Stage 4 : Distribution warehouse by consumer - Retail to home
= Stage 5 : Transportation Stage 3 : Consumer domestic
refrigerator
Time Scal Edit Values :
ime acale Use these fields to rebuild Time
@ Hours ) Days the representative time-temperature profils
and calculate the remaining sheff life Teff :
based on the values of time and temperature
you changed. I Re-Build Profile I I Re-Calculate SLR I} e

Figure 3.16 The representative time temperature profile generated by Monte Carlo simulation using the cold chain

profiles for milk and milk products retrieved from the Cold Chain Database for nine successive cold chain stages.

The above profile representing the nine selected cold chain stages is obtained through the Monte
Carlo simulation process on the relevant t-T files used directly from the Cold Chain Database. In

this window the user has the ability of changing time and/or temperature values to any or all
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stages according to his will. In order to change the time and/or temperature value in any step
double click on the Stage number (@) and enter the preferred values in the corresponding fields
(®). Finally click on the Re-Build Profile tab (®). In order to calculate remaing shelf life of food

product after the Re-Built Profile click on the Re-Calculate SLR tab (©).

Step 4.3 Product quality status determination E%TZL;W .

Select Food Product Type :

After the representative profile has been build, | 7

Quality Index Type :

the user can proceed to the third subwindow |

and determine the product quality status, in L il icrbisl Cour (Los CFU/S)
Log Mf o Final Microbial Court {Log CFU/g)
terms of shelf life, at the different stages of the oot 0 B Growth Rate (1/h)
. . . . Tref ] Reference Temperature C
cold chain. The quality status determination E—
Ea {Y/mal} O Activation Energy {J/mal)
can be performed by using either (a) available
kinetic data or (b) user ‘s own shelf life data
(Figure 3.17). Figure 3.17 Calculate remaining shelf life window

based on the representative time temperature profile.

(a) Using Kinetic Data

The user can select among different food product types that are available within the software.
When selecting a food product, automatically the software recalls the kinetic characteristics of a

typical quality index concerning the selected food 3 Calcuate Remaining Shef Lie

Using Kinetic Data | Using Sheff Life Data

product. The kinetic characteristics are retrieved |SelectFood Product Type |
from the corresponding kinetic models that have Qualty Index Type :

| T |

been published at peer reviewed scientific

Log Mo ] Initial Microbial Count {Log CFU/g)
journals. Once the user selects the Food Product o ol Micobial Court (Log CFLVG)
Type, the Quality Index Type is automatically filled = 0 ST

Tref ] Reference Temperature “C
in the next tab (Figure 3.18). In Table 3.1 the list of Ea o) 0 Actvtion Energy (/)

available food product types, the corresponding

quality indices and the respective literature

references are described. The kinetic  Figure 3.18. Calculate remaining shelf life window

L using kinetic data for specific quality index.
characteristics used by the software are

summarized in Table 3.1.
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3. Calculate Remaining Shelf Life

3. Calculate Remaining Shelf Life

Using Kinetic Data | Using Sheff Life Data |

- | Githead MAP Seabream (35%) -

| Using Kinetic Data | Lising Shel Life Data|

Select Food Product Type : Select Food Product Type :

Input Your own Kinetic Data Quality Index Type -

Gilthead MAP Seabream (35%) = ;

Wacuum Bratwurst sausages lMlCTDblE" Growth

Yoghourt with Fruits

Vacuum Cooked ham

Vacuum cooked ham High Pressured treated at 600MFPa

Wacuum Ham cubes Log Ne 38

Wacuum Ham cubes

Frozen shrimp Log MF 6

MAF Cocked sliced ham

Frozen green peas Kref 00115

Frozen green beans .

Blood orange juice

Fresh salmon Tref 5

Ea {J/mol} Activation Energy (J/mol) Ea (J/meol) 100208
Reference : -
Quality Index : Lactic Acid Bacteria

Initial Microbial Count (Log CFLU/g)
Final Microbial Count (Log CFU/g)
Exp Growth Rate (1/h)

Reference Temperature C

Activation Energy {J/mol)

@)

(b)

Figure 3.19 (a) Dropdown list of available food products’ kinetic data and (b) Example of quality index kinetic

parameters automatically filled in the window software.

Table 3.1 List of food product types, the corresponding quality indices and the respective literature references

available within the FRISBEE_CCP software.

Food Product

Quality Index

Reference

Frozen shrimp

Yoghurt with fruits

Vacuum cooked ham

Vacuum bratwurst sa usages

Vacuum cooked ham high pressure

treated at 600 MPa

Gilthead seabream fillets in modified

atmosphere packaging

Modified atmosphere-packed (MAP)

cooked sliced ham

Frozen green peas

Frozen green beans

Blood orange juice

Fresh salmon

Total volatile basic nitrogen

Evident spoilage (sensory evaluated)

Lactic acid bacteria

Lactic acid bacteria

Lactic acid bacteria

Lactic acid bacteria

Lactic acid bacteria

Ascorbic acid

Ascorbic acid

Ascorbic acid

Microbial degradation

Tsironi et al., 2009.

Mataragas et al., 2011

Katsaros and Taoukis, 2008

Karousi et al., 2006

Katsaros and Taoukis, 2008

Tsironi et al., 2011

Kreyenschmidt et al., 2010

Giannakourou et al., 2003

Giannakourou et al., 2003

Zanoni et al., 2005

Simpson et al., 2011
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Table 3.2 Kinetic characteristics used by the FRISBBE_CCP software code in order to determine product quality status

in terms of remainng shelf life at the different cold chain stages.

Quality Index Measurement
Kinetic characteristic Symbol Definition
Type unit
Initial microbial count Log N, Log(cfu/g) Log of cell concentration at time of entering the cold chain
Log of acceptable cell concentration at the end of product shelf
Final microbial count Log N¢ Log(cfu/g)
life
s 2 .
5 8 Exponential growth rate 4
° ¢ Kref (h™) Growth rate at the reference temperature
W . constant
8 =
S g Temperature value characteristic of the range at which the food
= ©
'§ ﬁ Reference temperature Tref (°C) product is stored The remaining shelf life of the food product is
estimated at T,
Parameter of the Arrhenius equation expressing the temperature
Activation energy E, (J/mol)
dependence of the growth rate costant
mg/ml or
Concentration of a quality index (ie vitamin, enzyme, chemical
Initial value Vo Units/ml or
compound) at the time of entering the cold chain
=) Percent
c
3
9 mg/ml or
£ % of acceptable increase or loss of a specific quality index at the
S Percent value a Units/ml or
= end of product shelf life
3 £ Percent
T E
= 2 4 Rate constant of increase or loss of the specific quality index at
S © Reaction rate constant Kref (%/h™)
E g the reference temperature
Q=
S E Temperature value characteristic of the range at which the food
g Reference temperature Tref (°C) product is stored The remaining shelf life of the food product is
.g estimated at T,
()]
= Parameter of the Arrhenius equation expressing the temperature
Activation energy E, (/mol) dependence of the rate costant of loss or formation of the
chemical index
1to 10
Initial score So Score of a sensory index at the time of entering the cold chain
(10: Best score)
1to9 Lower acceptable score of a sensory index corresponding to the
- Lower score Sk
_g (1: Worst score) end of product shelf life
x o
§ g Sensory loss rate Kref (score units/h’l) Rate constant of sensory index decrease
= [%)
g 5—'{ Temperature value characteristic of the range at which the food
»n (5]
S g Reference temperature Tref (°C) product is stored The remaining shelf life of the food product is
w -
(5]
o estimated at T,
Parameter of the Arrhenius equation expressing the temperature
Activation energy E, (J/mol) dependence of the rate costant of loss or formation of the
chemical index
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Based on the above kinetic characteristics the remaining shelf life of food product is calculated
according to Equations 3.1-3.3, taking into account the three types of quality index; microbial

growth, chemical index, sensory index (Labuza 1984).

=  Microbial Growth

The remaining shelf life at different cold chain stages is calculated considering that microbial
growth follows first order kinetics, using Equation 3:

IogNF—IogNo—kref-exp—E- ! - ! -t
R \(Ty +27316) (T, +27316)

SLR = (Eq.3.1)

k

ref

where, SLR: Shelf life remaining at reference temperature (h); logNg: Log of acceptable cell
concentration at the end of product shelf life; logN,: Log of cell concentration at time of entering
the cold chain; kes: Rate constant of sensory index decrease (h™); E,: Activation energy (J/mol);
R: Universal constant (8.314 J/mol-K); Tess: Effective temperature of the cold chain stage (°C); Trer:

Reference temperature (°C); t: time spent at the cold chain (h).

=  Chemical Index

The remaining shelf life at different cold chain stages is calculated considering that chemical

index increase/loss follows first order kinetics, using Equation 4:

E. 1 1 100 +a
In|V, -exp| — K, -exp| ——- - t o =Infl ——-V,
R (T 4+273.16) (T, +2763.16) 100

k

SLR =

ref

(Eq.3.2)

where, SLR: Shelf life remaining at reference temperature (h); V,: Concentration of a quality
index (ie vitamin, enzyme, chemical compound) at the time of entering the cold chain; a: % of
acceptable increase or loss of a specific quality index at the end of product shelf life; k.f: Rate

constant of increase/loss of the specific quality index at the reference temperature (h™); Ea:
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Activation energy, (J/mol); R: Universal constant, (8.314 J/mol-K); Tess: Effective temperature of
the cold chain stage (°C); T,.: Reference temperature (°C) and t: time spent at the cold chain (h).
= Sensory Index

The remaining shelf life at different cold chain stages is calculated considering that sensory index

loss follows zero order kinetics, using Equation 5:

So_kref'exp _5' . - : -t _SF
R |T, +273.16 T, +273.16
SLR = K (Eq.3.3)

ref

where, SLR: Shelf life remaining at reference temperature (h); So: Score of a sensory index at the
time of entering the cold chain; S¢: Lower acceptable score of a sensory index corresponding to
the end of product shelf life; k..r: Rate constant of sensory index decrease (h'l),' E,: Activation
energy (J/mol); R: Universal constant (8.314 J/mol-K); Tess: Effective temperature of the cold

chain (°C); T..r: Reference temperature (°C); t: time spent at the cold chain (h).

The remaining shelf life is calculated at the different cold chain stages by clicking on the

Calculate Remaining Shelf Life

tab. The remaining shelf life at each cold chain is represented by a bar
chart on the Graph window (Figure 3.20). The standard deviation of the remaining shelf-life at each
stage of the profile is also estimated and presented (the upper limit of the SLR is presented by the
red circle on each bar and the lower limit by the orange square). The upper and lower limits of the
SLR are estimated using the lower and upper values of the temperature standard deviation

respectively.
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Figure 3.20 Calculated remaing shelf life of milk product (yoghurt with fruits) at each stage of the cold chain based on

the built representative profile using kinetic data.

(b) Using Shelf Life Data

In case the user wants to use the software for his/her own specific product there is the option of

using own shelf life data. The information required is the product shelf life at two different storage

temperatures. A case study is thoroughly described for yoghurt with fruits.

3. Calculate Remaining Shelf Life

lzing Kinetic Data | Using Sheff Life Data

@ Frozen Food Product
Storage Temperature A (C)

Storage Temperature B (C)

Input own Product shelf Ife values at two different storage temperatures

(") Chilled Food Product

Shelf Life Calculation will be based on

Reference Temperature, Tref {C) -18

Shelf Life A (days)

Sheff Life B (days)

(]
i)
%]
o
m

i
]

s}
4%}
|_1:
m

Figure 3.21 Calculate remaining shelf life window using shelf life data of user’s own food product .
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Assuming the yoghurt shelf life at storage temperature of 5 and 10°C to be equal to 55 and 41
days, respectively (Mataragas et al., 2011). The user should fill in this information in the respective
boxes (Storage Temperature A, Storage Temperature B, Shelf Life A, Shelf Life B, illustrated in
Figure 3.21). In addition, the user should give the information whether the food product is frozen
or chilled with a click on the corresponding field: @ Frozen Food Product Chiled Food Product

The calculation of remaining shelf life based on shelf life data is performed using Equation 3.4:

In(SLg) ~In(SL,) 1
1 1 T, +273.16
T, +273.16 T,+273.16

SLR =exp (Eq.3.4)

where, SLR: Shelf life remaining at reference temperature (days); SLa: Shelf life (days) at storage
temperature A (°C); SLg: Shelf life (days) at storage temperature B; Ta: Storage temperature A (°C);

Tg: Storage temperature B (°C) and T,.r.: Reference temperature (°C).

ot FRISBEE Cold Chain Predictor

1. Open File and Calculate Stages
File Opened : C:\Users\Beni*Documents“Heni“Projects\FRISBEE"ColdBase Software'\Frisbee_app_070312'ch

| Food Chain Stages | Represertative Profile | Simulated Teff Distribution | Remaining Shelf-Life

[ Stages - Shelf-Life Remaining

[ Open File

Stages :

2. Bulid Representative Profile
lterstions : 1DD'DD Time {h) : 36?
[ Build Representative Profile ]
Stages :

|l [ Sages )

2

3. Calculate Remaining Shelf Life
Usis Shef L Daa

Input own Product sheff ife values at two different storage temperatures

("1 Frozen Food Product @) Chilled Food Product

Shelf-Life Remaining [Days|

204

Storage Temperature A{'C} 5 " Sheff Life A (days) 55

Storage Temperature B ("C) 10 Shelf Life B {days) :11

Sheff Life Calculation will be based on

Reference Temperature, Tref (C) 4

Time Scale

(") Hours @ Days

i Calculate Remaining Sheff Life 1

Figure 3.22 Calculated remaing shelf life of milk product (yoghurt with fruits) at each stage of the cold chain based on

the built representative profile using shelf life data.
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3.3.2 FRISBEE_CCP Software-Option 2: Use your own t-T profile

In this option the user can use own time temperature profile instead of building a representative
time temperature profile from the Cold Chain Database. Prior to the use of the software the user
should create a csv file (.csv) containing own time-temperature data. The file must be created
according to the following instructions and using the template included in the FRISBEE_CCP-

Example Files Folder installed in user’s PC in the following directory: Documents/FRISBEE CCP-

Example Files:

a. In the first column (A) input the time data in minutes. The first time value should be

entered at sell Al.

b. In the second column (B) input the temperature data in celcius degrees (°C). The fisrt

temperature value should be entered at sell B1.
c. Save the file in your PC
An example of own time-temperature profile (Own t-T profile_example.xls) is included in the
FRISBEE_CCP-Example Files Folder installed in wuser's PC in the following directory:

Documents/FRISBEE CCP-Example Files. In a following step the user should choose the Use your

own t-T Profile tab in the software introductory screen (Figure 3.23).

=g FRISBEE Cokd Chain Predictor = —td

Cold Chain Predictor

Cold Chain Predicting and Shelf Life Calculating Tool

Buld Representative Profile

I Use your own 1T Profile

Lise & spaciic Profike from Cold Chain Detshase

fri'ug FRISBEE Cold Chain Predictor =] S
[ Open CSV File

‘ Tme 0 Total Time (h)

| Using Kinetic Deta | Using She Life Data |
Select Food Product Type

© Copyright 2011 by NT

Quality Index Type

Log No 38 Initial Microbial Court {Log CFLI/g)
Log N 3 Final Microbial Count (Log CFL/g)
Kref 00115 Exp Growth Rate (1/h)

Tref 5 Reference Temperature °C

Ea{l/mol) 100208 Activation Energy {l/mol)

Results
Teff(C)
Shelf-Life Remaining (Hours)

[ Calculate Teff, SLR |

No File Opened

Figure 3.23 FRISBEE Cold Chain Predictor basic screen using the FRISBEE_CCP Software-Option 2: Use your own t-T

profile.
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At the software screen click on the ~ OPsnCSVFie

tab and open the file created using own time-
temperature data.
Finally, the quality status determination of a food product can be performed based on the specific

own time-temeprature profile acccording to instructions given in section: Step 4.3 Product quality

status determination. This can be performed either by using (a) available kinetic data or (b) user ‘s

own shelf life data.
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3.3.3 FRISBEE_CCP Software-Option 3: Use a specific profile from the Cold Chain Database

In this option prior to the use of the software, the user should login to the FRISBEE Cold Chain

Database (http://www.frisbee-project.eu/coldchaindb.html) and download a specific time-

temperature. Access to the online Cold Chain Database is a prerequisite for the use of this
Software option. Instructions to download a specific profile from the Cold Chain Database are

thoroughly described in Section: 2.3 Cold Chain Database. An example of a specific Profile from

Cold Chain Database (Specific cold chain database profile_example.xls) is included in the
FRISBEE_CCP-Example Files Folder installed in wuser’'s PC in the following directory:
Documents/FRISBEE CCP-Example Files

In a following step the user should choose the Use a specific Profile from Cold Chain Database tab

in the software introductory screen (Figure 3.24).

all FRISBEE Cold Chain Predictor [ESREEET

Cold Chain Predictor

Cold Chain Predicting and Shelf Life Calculating Tool

I Build Representative Profile l

I Use your own t-T Profile l

II Use a specic: Profle from Cold Chain Database I_
i I
frl a! FRISBEE Cold Chain Predictor =] ]
[ Open CSV File |

Q Tme 0O Total Time )

Using Kinetic Data | Using Shelf Life Data |

PR e —

I )

Quality Index Type :

Log No 38 Initial Microbial Court {Log CFU/g)
Log Nf 6 Final Microbial Count (Log CFLI/g)
Kref 0.0115 Exp Growth Rate {1/h)

Tref 5 Reference Temperature C

Ea {/mol) 100208 Activation Energy (J/mol)

Results
Teff('C) :
ShelfLife Remaining (Hours) :

Calculate Teff, SLR

.No File Opened |

Figure 3.24 FRISBEE Cold Chain Predictor basic screen using the FRISBEE_CCP Software-Option 3: Use a specific profile

from the Cold Chain Database.
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At the software screen click on the 9P ESVEE 4oh and open the file downloaded from the Cold

Chain Database.

Finally, the quality status determination of a food product can be performed based on the specific

Cold Chain Database profile acccording to instructions given in section: Step 4.3 Product quality

status determination. This can be performed either by using (a) available kinetic data or (b) user ‘s

own shelf life data.
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