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Executive Summary 

Food safety and traceability have evolved to focus on the entire food supply chain and 

concentrate on building quality assurance into all elements in the value chain, from source to 

consumer. It is no longer sufficient to focus on traceability and identify defective products, 

but rather to focus on prevention by optimized handling and monitoring all steps in the 

supply chain, including raw material sourcing, receiving, transportation and storage, 

processing, packing and distribution to retailers and consumers. 

Real time monitoring of temperature in the food supply chain and shelf life prediction offer 

the possibility to make timely decisions in supply chain management. This ensures that food 

is distributed according to the expected shelf life and losses can therefore possibly be 

prevented if, for example, temperature has exceeded the acceptable limits, which would 

enhance the deterioration process of the products.  

The CHILL-ON technologies were developed to implement preventive measures and 

monitoring tools in fish and poultry supply chains, to control, measure and predict quality, 

safety and transparency. The technologies developed in the project as preventive measures 

were optimized chilling, novel packaging technologies and Time Temperature Indicators 

(TTIs) smart labels. Real-time PCR kits to monitor spoilage and pathogenic bacteria and 

QMRA/SLP models which predict microbial quality and safety were developed. Monitoring 

technologies for temperature and location, included temperature sensor, data acquisition and 

management devices (T-sensor /DAM), stationary and mobile management units (SMU 

MMU) and a prototype that combines them with RFID. The holistic CHILL-ON concept is 

combined in the TRACECHILL system including different software (Online monitoring 

Client/OLMC, Geographic Information System / GIS, Track and Trace / T&T, Supply Chain 

Management / SCM) that give output to users on real time information, on temperature, 

location and traceability and effectively translates the information into quality, safety and 

traceability related information on the products by giving visual output and alerts. 

 

Implementation of CHILL-ON technologies in field trials  

The CHILL-ON technologies were tested and validated in field trials and their performance 

to verify products´ quality, safety and traceability was challenged in real supply chain 

scenarios. Data and information was collected in real time through the TRACECHILL 
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system, which was designed to detect temperature fluctuations, risk of microbial growth, 

logistic traceability and conditions like delay in processing or delivery and consequently 

transmit information and generate alerts in the case of extreme conditions that could impose 

risk or loss of quality of products.  

The execution of the field trials was an intensive effort involving the technology developers 

and organizing installments in whole food supply chains with different companies and 

service providers. Four major field trials were conducted during the last 14 months of the 

project involving fresh cod and salmon chilled supply chains, cold smoked salmon products 

and poultry chains for chilled and frozen products (Cod Liquid Chilling IS-FR wet trials 

November 2009, Cod-CBC IS-FR field trial March 2010, Salmon NO-FR September 2010 

and poultry in Germany. Furthermore, testing of ice TTIs was conducted in two poultry 

chains in Brazil in December 2010 and PCR kits were tested in a company in Italy 

 

Main conclusions from validation of CHILL-ON technologies in field trials 

Optimized chilling technologies: The main conclusion on chilling in fish supply chains based 

on several temperature mapping trials conducted in the CHILL-ON project is that 

temperature control in containerized sea transport is, in general, much better than in 

multimodal air transport chains. Furthermore, the results demonstrate that differences can be 

found in the temperature control in sea transport chains and that efficient pre-cooling of 

products during processing is very important for the temperature control during transport and 

storage. It is vital for the fresh fish processors to study the temperature management of their 

export route in order to select a packaging material suiting their needs. An outcome of the 

project is a report on Optimised Chilling Protocols
3 which is the background for guidelines 

that have been published on the Matis website in Icelandic and English: www.chillfish.net 

along with a compilation of reports and articles on research on chilling from the CHILL-ON 

project.  

TTI - OnVu
TM

: The TTI´s effectively reflected the temperature conditions of consumer 

packed cod and poultry products and can therefore be recommended to monitor the 

                                                 

3
 Björn Margeirsson, Hélène L. Lauzon, Lárus Þorvaldsson, Sveinn Víkingur Árnason, Sigurjón Arason, Kristín 

Líf Valtýsdóttir, Emilía Martinsdóttir, 2010. Optimised Chilling Protocols for Fresh Fish Matís Report no. 54-

10 

http://www.chillfish.net/
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fluctuations in temperatures and abuse during chilled storage of fresh cod loins and packed 

poultry breast. The TTI of a suitable charging level can be used to continuously monitor the 

quality and shelf life of the studied product, since the label´s lifetime is similar to the 

product´s shelf life as determined by sensory, chemical and microbiological evaluation. By 

using the TTI adjustment model as well as the TTI kinetic model of UB, easy setting of the 

charging energy as well as comparison of measured and predicted response of the TTI in 

each step of the supply chain is possible. As UB has integrated the validated kinetic models 

into software, also actors within the supply chains are provided with an easy to handle tool
4
. 

A demonstration of the software can be found at http://ccm-network.com. The label lifetime 

and the time predicted by the SSSP square root spoilage model for fish products
5
 (based on 

product temperature) were also in good agreement for all the studied scenarios of the cod loin 

products
6
. This strengthens the aim to use TTI as an alternative solution for direct 

temperature recordings in the fresh food supply chains. 

rf-TTI prototype: The combination of TTIs with passive RFID technology  allows wireless 

transfer of shelf life data together with product/batch ID. The rf-TTI prototype successfully 

proved the concept of the integration of TTI with RFID, during the poultry trial in Germany. 

The TTI part consists of a chemically dissolving metal layer, whose dissolving process is 

time and temperature dependent. It is integrated into an RFID electronic circuit and the 

resulting electronic signal can be transmitted via the associated RFID chip: this corresponds 

to the % or remaining shelf-life of the product. The time-temperature response of the TTI part 

is calibrated for each specific product. Single item tagging needs very cheap smart labels in 

order to be economically feasible. This is particularly true when low margin products are 

involved and that’s why inexpensive passive RFID has been chosen.  

                                                 

4
 Raab, V., Ibald, R., Albrecht, A., Petersen, B. & J. Kreyenschmidt (2010): WEB2.0 based Software Solution 

to support a practical implementation of Time Temperature Indicators in: Kreyenschmidt, J. (Hrsg.), 

Proceedings of the 4th International Workshop Cold Chain Management, Bonn, ISBN-978-3-9812345-1-0, pp. 

57-58 
5
 Seafood Spoilage and Safety Predictor (SSSP) software v. 3.1 Retriewed from: http://sssp.dtuaqua.dk/ 

6
 Nga Mai, María Gudjónsdóttir, Hélène Lauzon, Kolbrún Sveinsdóttir, Emilía Martinsdóttir, Hubert Audorff, 

Werner Reichstein, Dietrich Haarer, Sigurdur Bogason, and Sigurjón Arason. (2011). “Continuous quality and 

shelf life monitoring of retail-packed fresh cod loins in comparison with conventional methods”. Food Control 

22, 6,  1000-1007 

http://ccm-network.com/
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T-sensor MMU, SMU, DAM: Typical solutions for cold chain management envisage the 

implementation of temperature loggers inside the unit boxes that record the temperature of 

the goods. Upon delivery of the load the data loggers are collected, temperature history is 

downloaded by the operator and then checked. This is an invasive procedure, which is often 

difficult to apply on a daily basis and time consuming. Many devices are already available to 

record temperature during the transportation of goods, but the information is available only at 

the end of the journey when it’s too late to save a load that has been abused by temperatures 

either above or below thresholds range. Instead, with a system like CHILL-ON the 

information that the temperature of the load is moving out of the allowed range is available in 

real time; therefore it’s possible to intervene before it’s too late. A novel active tag family 

was designed and developed within CHILL-ON. This class of tags, that has been named T-

Sensors, aimed at providing something new that was not yet available on the market. The 

Chill-on developed system relies on three components: the active tag with temperature sensor 

(T-Sensor), the reader unit (DAM – Data Acquisition and Management) that collects the 

temperature data and the mobile management unit (MMU), which transmits data to the 

central system. During the field trials a complimentary contingency solution from the 

company Controlant was installed and used in the field. The Controlant solution was also 

adapted to be able to communicate directly with the TRACECHILL, server during the later 

trials sending temperature and location data to the server in real time.  

Quantitative Microbial Risk Assessment (QMRA) and Shelf Life Prediction (SLP) models: 

The Chill-on field trials allowed for a comparison of performance of predictive modelling in 

actual food supply chains, and in that sense the results offer a very valuable basis for future 

investigations. An important conclusion from the overall testing of the developed models is 

that within the temperature range, within which the models have been prepared, bacterial 

growth was predicted with satisfactory accuracy. The achieved accuracy in SL prediction is 

due to the automatic calibration of the model with cell counts of product samples provided 

from the supply chain, a novel concept, which has been developed by WIT
7,8

 within the 

Chill-on project. The automatic calibration helps to take into account the physiological state 

                                                 

7
 Popov V., Gospavic R., Haque N. (2008) D1.15 - Progress report on risk assessments for microbial 

contamination. Chill-On, Project no.: FP6-016333-2. 
8
 Popov V., Gospavic R., Haque N. (2009) D1.18 - Final report on risk assessments for microbial contamination 

and QMRA software module. Chill-On, Project no.: FP6-016333-2. 
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of the microorganisms, which finally influences the lag phase of the microbial growth. In this 

way the variation in the lag phase for the microbial species of interest can be predicted more 

accurately.  

SLP models for specific spoilage organisms (SSO) in cod: The results obtained from field 

trials with cod show that, for the valid temperature range, SSO (Pseudomonas spp., H2S-

producing bacteria and Photobacterium phosphoreum) growth can be predicted quite 

accurately for cod loin products. The investigated supply chain of CBC chilled cod loins 

transported by container ship from Iceland to France included simulated storage studies that 

provided data to verify the models. The predicted SSO growth curves coincided generally 

well with the observed SSO counts, hence resulting in good shelf life predictions generally 

within 1-day accuracy
9
. SLP models for specific spoilage organisms (SSO) in poultry breast 

fillets: The model predictions for growth of Pseudomonas and results from microbial cell 

counts for both, conventional plate counts and qPCR, were analyzed for two different 

temperature profiles. The predicted growth curves by the SLP model agreed with the cell 

counts provided by the conventional and qPCR approaches, for both temperature profiles. 

The accuracy of the model is partially due to the use of the automatic calibration of the 

model7
,
8 for each batch for which cell counts have been provided. These results 

demonstrated that the SLP model can be used for predicting the shelf life of chilled poultry 

products in supply chains. 

 

Relative Rate of Spoilage (RRS) model for SLP of salmon: The comparison of the calculated 

remaining shelf life of iced whole salmon by a relative rate of spoilage (RRS) model and 

comparison to the Quality Index Method (QIM) sensory scheme´s equation, showed good 

agreement suggesting that the RRS model can be used to determine the freshness of salmon 

within a shipment in order to help the decision process, i.e. product management. 

 

QMRA and Specific Foodborne Pathogens (SFP) growth models: The growth of three 

pathogenic bacteria, E. coli, Salmonella Dublin and L. monocytogenes (Lm), were 

investigated in cod loin products, which were spiked at a low concentration (2-20 cells/g). 

The results of this challenge test which was conducted in connection with the wet trial in the 

                                                 

9
 CHILL-ON Deliverable 5.5. Assessment of the operability of the technological components, Part II. Chapter 

5.5 Report on the Cod-CBC-IS-FR Field Trial March 2010 
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cod chain, confirmed the possibility to predict growth of Lm, and most likely E. coli, in 

chilled cod products
10

. 

Listeria growth model for cold smoked salmon (CSS): The Mejlholm and Dalgaard
11, 12

 

model, implemented within the QMRA module, indicated that growth of Lm would occur in 

the CSS samples. Results from the field trial on microbial cell counts in samples implied a 

reduction in the population of Lm, which means that a different model to describe the growth 

of Lm in presence of LAB may be required, especially for lower concentrations of Lm.  

To incorporate the reduction in cell counts of Lm in the model, in order to reflect the 

observed microbial counts, a proposal to change the existing model was presented. A 

competition model was proposed for the Lm growth in CSS in presence of LAB, which is 

based on the Lotka-Volterra type of equations. The model was implemented and it showed 

that for different levels of interaction of Lm with LAB, the model can predict both conditions, 

growth of decline in cell numbers of Lm.  

The model requires substantial amount of structured laboratory experiments in order to 

determine the model parameters, which was not possible to carry out within the Chill-on 

project. However, these results are indicative of the need for new models in order to describe 

the interaction of LAB with Lm at low contamination level. 

Real-time PCR technology enables quantification of food spoilage bacteria and pathogens via 

specific primers and probe sequences. The technology is compatible with the whole CHILL-

ON concept since its results can be uploaded to the TRACECHILL server and be used for 

risk assessment and shelf life prediction of specific food products. It is also a standalone 

solution to assess food freshness and safety. The methods main advantage is that results can 

be obtained within 4-20 hours (depending on the target microorganism) compared to 3-7 days 

for the conventional cultivation methods that are commonly applied in service laboratories. 

Real-time PCR kits were used in all the WP5 field trials performed within production chains. 

                                                 

10
 Lauzon .HL, Margeirsson, B, Sveinsdóttir, K, Reynisson ,E, Gudjónsdóttir ,M, Martinsdóttir ,E, Gospavic, R, 

Haque, N., Popov, V, Ólafsdóttir, G, Hafliðason, T, Gudlaugsson, E, Bogason, S, 2010. Functionality testing of 

selected Chill-on technologies during a transport-simulation study of palletized cod boxes: qPCR for fish 

spoilage bacteria, SLP model and QMRA to evaluate pathogen growth in spiked cod.  MATIS-report 35-10. 
11

 Mejlholm O., Dalgaard P. (2007) Modeling and Predicting the Growth of Lactic Acid Bacteria in Lightly 

Preserved Seafood and their Inhibiting Effects on Listeria monocytogenes, Journal of Food Protection, 70/11, 

2485-2497. 
12

 Mejlholm O., Dalgaard P. (2007) Modelling and Predicting the Growth Boundary of Listeria monocytogenes 

in Lightly Preserved Seafood, Journal of Food Protection, 70/1, 70-84. 
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A quantitative method for the food spoilage bacteria Pseudomonas was chosen for poultry 

due a prior satisfying method performance for cod and the importance of this bacterium in 

the spoilage process of poultry. The performance of the qPCR assay for detection of 

Pseudomonas was successful in the hands of an external testing laboratory and good 

statistical correlation between the new and the conventional approach was achieved. 

Uploading of microbial data for DSS in the TRACECHILL server was generally successful 

with minor deviations. In both cod trials and the poultry trial the data on microbial tests, 

required for calibration of the model, were used successfully for the shelf life 

prediction(SLP). With regards to the smoked salmon trial the microbial data were 

successfully uploaded to the TRACECHILL server. Although, L. Monocytogenes was 

naturally present in some of the samples, but in very low concentrations which did not allow 

for enumeration and were only detectable by pre-enrichment providing positive/negative 

resultsince the  but were not optimally usable in the QMRA,. Therefore no values were 

obtained which are essential for proper operation of the QMRA. However, the DSS created 

alerts under temperature abusive condition based on the inputs from the QMRA model, 

which uses  input on Listeria monocytogenes count, temperature of products and time elapsed 

from the beginning of the supply chain. 

Analyzing the results of the technological components used in the trials enlightens that: 

 Most developed components performed well and demonstrated stability   

 Some of the mathematical models need to be re-evaluated/updated to better comply 

with field trial results.  

 All developed technological components showed great improvement in performance 

during the consecutive field trials.  

 Real time inputs from field trial operator is the key point for identifying usage 

difficulties and improving the technology toward the next trial 

 Due to the complexity of the TRACECHILL system, it is important that each 

technological component will be flexible enough to integrate required changes in 

short time 

Considering the CHILL-ON project’s objectives, and evaluating the results from the field 

trials, it can be concluded that the TRACECHILL system along with its developed 

technological components successfully achieved the terms defined within the scope of the 

project. The next challenge is to involve an industry actor that is looking for such a solution 

and interested in experimenting in the field within his own cold chain. 
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1. SCOPE 

Herein is a compilation of milestone reports on the final results from the optimization of CHILL-

ON technologies in field trials. It covers an overview on the operational protocols, that were applied 

to implement the Field Trial Model into selected supply chains to test the functionality of CHILL-

ON technologies by applying Standard Operation Procedures (M5.2). The main conclusion of the 

optimisation of the following technologies are summarised; QMRA-SLP models (M5.3); PCR 

technologies (M5.4); chilling procedures (M5.5); integrated packaging solutions (TTIs) (M5.6); and 

the TRACECHILL overall system including the technical components (M 5.7). The report also 

summarises results from a benchmarking study on main competitors identified for the technologies 

and studies carried out on different types of packaging, environmental impact of different transport 

routes and surveys to identify added business values for CHILL-ON technologies. 

2. IMPLEMENTATION OF CHILL-ON TECHNOLOGIES IN 

FIELD TRIALS (UOI) 

Field Trial Model and Step Analysis and Action Points methodology 

A risk based approach Step Analysis and Action Point methodology (SAAP)
13

 was applied for the 

execution of the trials where the methodology of HACCP was adapted (see Table 1). Protocols for 

the experimental design of the trials and observations made were detailed in Terms of Reference 

(TOR) working documents and procedures were implemented according to Standard Operating 

Procedures (SOPs),
14

 which were developed as internal reference documents for the field trials for 

each technology. An initial risk assessment was performed by all technology developers to evaluate 

any obstacles that could hinder successful validation of Chill-on technologies during the trials. The 

risk assessment was iterated and evaluated before each field trial by the field trial operator in 

collaboration with partners and reported in the respective TOR documents. Contingency plans were 

established to be applied if procedures would fail or unforeseeable events occur. 

                                                 

13
 D5.1 Standard Operation Procedures for technologies applied in the selected supply chain. Chapter 3 SAAP 

14
 D5.1. Standard Operation Procedures for technologies applied in the selected supply chain: Annex 1 SOPs; Annex 2 

Application Sheets 
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Table 1  An example of SAAP plan for the implementation of the CHILL-ON technologies in the processing step of the 
cod supply chain. The aim was to verify the ability of the technologies to monitor potential risk factors related to 
temperature, microbial growth, shelf life and traceability in all steps of the supply chain. 

The SAAP procedures were developed
 
to gain an overview of all actions planned in each step (see 

Figure 1). Prior to the field trials the boundaries of the chains and timelines were determined and 

responsibility assigned to participants, as well as ensuring efficient record keeping according to the 

TOR documentation. The TORs included experimental design for functionality testing of the 

technologies, the labeling of boxes and placement of sensors in boxes and on pallets, risk 

assessment and contingency planning  and finally a sampling plan for testing of food products by 

sensory and microbial reference methods for verification of the performance of SLP models and 

Step Analysis and Action Points – CHILL-ON  technologies                                 

Supply chain: Cod 

Step 

 
Potential risks 
Temperature   

Microbial 
Traceability   

Preventive  
Action   

Chill-on 
Technologies 

Control 
action 

Target critera 
min and max 

–  
Alerts 

Corrective action Records 
Chill on-
operator 
/contact  

SOP 
Internal 

reference 
documents 

Process 
Temperature 

risk 

Working 
procedures on 

chilling 
methods 

established in 
SOP and 

application 
sheets. 
Training  

session held 
prior to 

operation 
 

Temp. 
measured 
handheld 
and temp. 

loggers 
 

If the value 
exceeds the 

target criteria 
an alert is 

issued 
 

Product 
temperature: 
Pre-process: 

tpr < 1°C 
 

Post-process: 
-1 < tpr <-

0,5°C 

Follow working 
procedures for 

corrective actions, 
i.e.  if process has 
been delayed  and 

cooling is not 
adequate in the 

processing, more ice 
should be added. 

Check the ice 
cooling medium & 
chilling methods, 

ambient 
temperature and 
cooling system in 

the factory. 

-Record time 
and describe 

what was done 
in Action list in 
TOR operation 

document 
-Temperature 
from handheld 

and temp 
loggers. 

Matís 

Optimized 
chilling 

protocols / 
cooling  

methods 
SOP-Matis-

OCP 
 

Application 
sheets 

Training 
 

OCP 
guidelines 

Process Shelf life risk 
Tracechill  

QMRA/SLP- DSS 
Microbiol. 
Sampling 

Predicted 
shelf life: 
D > 1 days  

 
Recorded shelf 
life in DSS/ SLP 

WIT 
SOP-WIT-

QMRA 
SOP-OLMC 

Process 

Microbial risk 
Microbial 
growth or 

contamination 

qPCR test kits 
Sampling 

procedures 
established in 
SOP document 
and application 

sheets 
Training 

 

Microbiol. 
/reference 
methods 
Sampling 

procedures 
established 

CFU < 107 

-Evaluate the 
severity of the 
microbial risk 

Make decisions 
according to 

working procedures 
in the factory   

-Microbial / 
contamination 

level 
-Decision made 

and why. 
 

Matís 

SOP- qPCR 
test kits  
SOP-ref-

micro-fish- 
SOP-Matis-

sensory 

Process Traceability risk 
Labeling of 

boxes 

-Visual 
inspection 

- 

No label or 
mislabeled. 

-Re-label the boxes 

-Corrective 
action made 

-Analysis how 
the deviation 

occurred 

UoI/ 
AFI/CF 

SOP-OLMC 
SOP-SCM 
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qPCR test kits,. Process description included predetermined actions regarding the installation of the 

technologies for each step of the chain to guide the functionality testing (see Figure 1).  

Process Hardware Software Sampling
Manual 

Registration

Lab sampling  

reference tests 

 Installation 

of T-sensor 

and backup 

sensors.

 Ibuttons 

installed.

 TTIs 

installed

T-sensor 

intialized on 

Tracechill 

server.
Packaging

Weighing and 

labeling

Palletizing

 Current systems

 Temp / time

 Events

 Time registration
Batch sent to 

Matis for 

simulation.

 New pallete 

registered in 

SCM with 

labels.

 Split of 

batches to 

Matis and 

further down 

the supply 

chain.

Some or all of the operation is done in advance  

Figure 1. Action points as defined in the processing step in the fish factory in the Terms of Reference (TOR) documents 
for the implementation of CHILL-ON technologies according to the SAAP methodology

15
 

The Standard Operating Procedures (SOPs) for the technologies and the Field Trial Model 

development for the execution of the field trials according to the SAAP framework proved to be 

powerful tools in the execution of the trials. In particular the development of the TOR documents 

with all details of the experimental design, which also served as working documents to record the 

follow up activities. This was important to verify the performance and functionality of the 

traceability monitoring and quality prediction of the CHILL-ON technologies. These protocols were 

useful for the field trial operators to obtain an overview. Moreover, the procedures proved useful to 

identify gaps and suggest improvements for optimization of the technologies before the next trial.  

Training:  

Training  was motivated in connection with the WP5 field trials. Technology developers prepared 

application sheets or quick guides for field trial operators and training sessions were held in 

connection with all field trials, which was crucial for their success16
.   

                                                 

15
 D5.5. (D5.2.A-FISH)Chapter 5 Field trial in the COD CBC (IS-FR) supply chain - March 2010. Chapter 5.1 TOR - 

Step Analysis and Action Points in the Cod CBC Supply Chain and Shelf Life Studies and Annex I  Notes 

16
 D5.1 Standard Operating Procedures for technologies to be applied in the selected supply chains, Annex 2: 

Application sheets for CHILL-ON technologies 



         

16 

 

3. FIELD TRIAL SCENARIOS 

Field trial supply chain scenarios:  Chains for the trials were carefully evaluated by the 

VFTO
17

 and only a few chains were considered feasible for the testing. The extent of work that had 

been carried out during mapping trials and the availability and readiness of the CHILL-ON 

technologies, e.g. T-sensor, TRACECHILL system, microbial and thermal models, PCR 

technologies and TTI´s for the respective species and products were the key criteria for selecting the 

field trial chains
18

. The cod chains (IS-FR) and the salmon supply chain (NO-FR) of the 

participating industrial partner were selected for the trials and a poultry supply chain in Germany 

which was the scenario of the final testing of the CHILL-ON technologies. Additionally, testing of 

ice TTIs was performed in Brazil and testing of qPCR technologies in Italy on poultry.  

The selected supply chains had been mapped in earlier tasks (T1.4), and in some cases further 

mapping work, developments of models and optimization of technologies was needed as part of the 

WP5 preparatory work for the field trials
19

. Product data and quality checks (laboratory reports) 

from current systems in the participating companies, as well as historic data were evaluated as input 

to validate SLP models based on growth of specific spoilage bacteria (SSO) and Listeria models 

before application in DSS. Additionally, challenge tests with Listeria in cod and salmon products 

were performed to obtain data for the validation of Listeria growth model. 

Added value of implementing other information into the system such as evaluation of seasonal 

variation, different packaging, environmental factors i.e. carbon footprint, cost–benefit and other 

potential parameters that could be derived from CHILL-ON research were considered in the 

CHILL-ON project and in the field trials.   

 

 

 

 

                                                 

17
 Virtual Field Trial Office team had the responsibility to select the field trial scenarios as directed by the annual 

project meeting in June 2009 in Canterbury. 

18
 D5.4. Field Trial Scenario and Mapping Summary Report: Chapter 1. Introduction - Scenario based Preparation of 

Field Trial Sites; D5.4.A-FISH Chapter 2. Cod-CBC IS-FR;D5.4.A-FISH Chapter 3. Cod supply chain IS-FR  – Liquid 

ice chilling; D5.4.A-FISH Chapter 4 Salmon NO- FR   

19
 D5.4 Field Trial Mapping and Summary report; D5.4 A-FISH; D5.4.B-POULTRY. 
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Chill-on technologies tested in the field trials 

 

Table 2 Overview of CHILL-ON  ICT technologies and smart labels (WP4 technologies) that were tested in the field trials 
(Overview from D5.3) 

Partner Technology 
Nov 
2009  
Cod 

Mar 
2010  
Cod 

Aug 
2010  

Salmon 

Oct  
2010 

Poultry 

Dec  
2010 

Poultry 

FRE TTI label  OnVu X   X X 

FRE, ACV rf-TTI (prototype)    X  

AFI SMU  X X  X  

ACV T-Sensor  DAM X X  X  

MIL MMU  X X X X  

CF SCM  X X X X  

UoI* C-ant  Temp Sensor/ C-ant  CMMU X X X X  

AFI OLMC, DSS, GIS, T&T  X X X X  

*Contingency equipment 

 

 

Table 3 Overview of CHILL-ON  microbial models (WP1) and qPCR kits (WP2) that were tested in the field trials* 

Partner Technology Nov 2009 

Cod 

March 2010 

Cod 

Aug 2010 

Salmon 

Oct 2010 

Poultry 

WIT QMRA-SLP model  Pseudomonas 

H2S producers 

P. phosphoreum 

Pseudomonas 

H2S producers 

P. phosphoreum 

RRS model 

Listeria  

Pseudomonas 

MATIS QPCR (kits) Pseudomonas  

P. phosphoreum 

Pseudomonas sp 

P. phosphoreum 

 Pseudomonas 

TTZ QPCR (kits)   L. monocytogenes 

E.coli 

Enterobacteriaceae 

 

* UP tested PCR kits for Salmonella enterica and Campylobacter jejuni in a poultry company in Italy  
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3.1 NOVEMBER 2010 – ICELAND: COD SUPPLY CHAIN (WET TRIAL) 

The aim of the wet trials in Iceland in November 2009, was to test the functionality and validate all 

CHILL-ON technologies as a proof of concept in a simulated supply chain of cod, for fresh fillets 

transported to Europe. The transport from Iceland to UK and BSM in France was simulated by a 

container sea transport to Westman isles and included were controlled storage studies to perform 

reference testing of the products, which were stored 

under different temperature conditions. This was in 

fact the first overall testing of all the combined 

technical solutions. The experimental design took into 

account scenarios to fully challenge all technologies 

and criteria for temperature and microbial alerts in the 

DSS in TRACECHILL were established. 

During the trial the partners were responsible for 

documentation of the functionality testing and 

observations made during the experimental work and 

consequently suggesting measures to improve the 

technologies as was needed for further optimization
20

. 

Logistic overview and timelines 

Cod IS-FR – Liquid chilling: The fish, which 

originated from a catching area southwest of Iceland 

was landed in Grindavik where the products were 

driven to the fishmarket (Nov23
rd

). Truck from Eimskip 

collected the products and transported them to the 

processor in Kopavogur. The whole gutted cod was iced 

in tubs and stored overnight before being processed into 

fillets (Nov 24
th

). As there was not sufficient amount of 

fish the contingency plan was to obtain another batch 

from the fish market.  

                                                 

20
 D5.5 Part I Chapter 4 Cod IS-FR - Liquid chilling 

 

Figure 2 A: Fishing area, B: Unloading of fishing 
vessel and fish market. C: Processing D: Load 
cargo vessel. E: Simulation by storing in 
Westman Islands F: Arrival to Matis (Reykjavik)  
(Map source © OpenStreetMap contributors, 
CC-BY-SA) 

 

 

 

Figure 3 – Timeline of the field trials, the 
orange shows preparation, red is the 
operation of the trial and green is the shelf life 
study. 
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After processing and packing in EPS boxes and installing the technologies, the products were 

palletized and sent to Eimskip in a 20 feet refer container, which was loaded into cargo ship and 

shipped to Westman isles. The temperature simulation included a scenario where the container was 

stored for similar amount of time, as it would have taken to arrive to Immingham, UK (Nov 29
th

).  

From Westman isles the products were transported in the container and boxes from the temperature 

abused pallet were transported in a small unchilled truck onboard a ferry and further driven in the 

unchilled truck to Reykjavik. Both shipments arrived the same day (Nov 30
th

) to Matis, where the 

storage study was extended until 9
th

 of December. 

Technologies: A full testing of all the CHILL-ON technological components was achieved in the 

wet trial. Main difficulty was the malfunctioning of the T-sensor but modifications were also 

needed for the TraceChill system i.e. SCM and DSS QMRA/SLP modules and uploading of data.  

Temperature profile:  After catching, the fish was bled 

and gutted and placed in tubs with slurry ice. The fish 

temperature was 0°C in the tub before the processing 

started. During processing the temperature increased, but 

the product was precooled before packaging by dipping 

the fillets into slurry 

ice. Figure 5 shows the 

temperature of the 

abused pallet 

containing different 

type of boxes (CP 

(corrugated plastic) and EPS (expanded polystyrene) see Figure 

4.  

Validation of DSS and SLP models and QPCR kits for spoilage 

bacteria was performed by comparison with conventional 

methods.
21

 Studies of consumer packed cod products in a 

downward scenario were simulated and the application of TTIs 

was successfully tested. This was part of a PhD study at UoI, 

                                                 

21
 D5.5 Part II Chapter 5.5 Report on the Cod-CBC-IS-FR Field Trial March 2010 

 

Figure 4 - Pallet 3 with boxes to 
compare the thermal 
performance of EPS and CP 
packages 

 

Figure 5  Product temperature of EPS and CP 
packed cod fillets on Pallet 3 in the wet trials 
(t0 = 16:00 Nov 24th) in the bottom outer 
corner positions of the corner boxes. 
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which was carried out at MATIS facilities
22,23,24,25

.  

3.2 MARCH 2010 – ICELAND – FRANCE: COD SUPPLY CHAIN  

The aim of the Cod CBC IS-FR Field 

trial in March 2010 was to validate 

the functionality and performance of 

the CHILL-ON technologies in the 

entire supply chain of chilled cod 

loins that were transported by ferry 

(Norræna) from Iceland to France via 

Denmark. The field trial operators 

followed the products from the 

landing to delivery in BSM. (see 

main steps in the chain and overview 

on the technologies applied Figure 7) 

During the cod trial a film crew from EURONEWS followed the operation and therefore, 

considerable part of the preparation for the trial was to co-operate with the film crew and the 

industry actors to obtain license for filming on the scene. A documentary film was created ”Sea to 

plate: a cool route” (A Report from Euronews “Futuris”). The film is now available at the website, 

www.chill-on.com.    

                                                 

22
 Hélène L. Lauzon, Björn Margeirsson, Kolbrún Sveinsdóttir, Eyjólfur Reynisson, María Guðjónsdóttir, Emilía 

Martinsdóttir, Radovan Gospavic, Nasimul Haque, Viktor Popov, Guðrún Ólafsdóttir, Tómas Hafliðason, Einir 

Guðlaugsson, Sigurður Bogason. 2010. Functionality testing of selected Chill-on technologies during a transport-

simulation study of palletized cod boxes. Matís report 35-10, 31 pages 
23

 Mai, N., Guðjónsdóttir, M., Audorff, H., Reichstein, W., Ólafsdóttir, G., Hafliðason, T., Sveinsdóttir, K., Lauzon, H. 

L.,  Kreynschimdt, J., Bogason S.G., 2010. Report on the OnVu TTI label evaluation during the wet trial in 

Iceland November 2009. UoI ASCS report 01-10, 47pp 
24

 Mai, N, Gudjónsdóttir, M., Lauzon, H.L., Sveinsdóttir, K., Martinsdóttir, E., Audorff, H., Reichstein, W., Haarer, D., 

Bogason, S.G, and Arason, S. (2011). “Continuous quality and shelf life monitoring of retail-packed fresh cod 

loins in comparison with conventional methods”. Food Control 22, 6,  1000-1007 
25

Mai, N., Audorff, H., Reichstein, W., Haarer, D., Olafsdottir, G., Bogason, S., Kreyenschmidt, J, & Arason, S. 2011. 

Performance of a new photochromic time-temperature indicator under simulated fresh fish supply chain 

conditions. International Journal of Food Science & Technology 46, 2, 297–304. 

Figure 6  Sigurður Bogason the leader of WP5 appearing in the  CHILL-
ON film in the „Futuris“  series made by Euronews during the trials in 
March 2010 
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Technologies: A special emphasis was on the performance of the WP4 technologies and the 

TRACECHILL server. This included thorough follow up and checking of the performance and 

validation of the traceability monitoring and quality prediction functionality of the CHILL-ON 

technologies.  

Catch and preprocessing on board

Storage and transport at sea 

Landing and tranport to main processing 

Main processing storage

Packaging and palletization 

Containerization 

Land transport to Seyðisfjörður

Shipping to DK 

Land transport to BSM

Arrival at  Opale BSM 

Cold storage before shipping 

Shelf-life 

study /

Matís

Groups 2-6 

Day 0 -Tue

Day 1 - Wed

Day 2 - Thu

Day 3 - Fri

Day 4 - Sat

Day 5 - Sun

Day 6 - Mon

Sampling days 

10-13-15

Conegan laboratory
Group 1

Ref testing: micobiol,sensory, chem. 

qPCR

Temp.  logger

MMUDAM

T-sensor

Field trials of Cod - March 2010

QMRA/SLP

 

Figure 7 Overview of the field trial scenario, experimental groups and testing of the Chill-on technologies. 

 

Training: A video providing a quick overview of the 

field trial settings was also prepared for training of 

the field trial participants in the project and the film 

crew, prior to the operation of the trial at UoI in 

Reykjavik on March 8
th

 (Figure 8). The video 

explained the experimental design, labeling of the 

units and placement of loggers in the boxes. 
 

Figure 8 – Screenshot from the field trial training 
video. 
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Logistic and timeline overview of COD CBC IS-

FR: The map shows the logistic overview of the 

products during the trials. The shipment originates 

in Dalvik in Iceland, where the set up of the 

CHILL-ON technologies took place (see timelines 

in Figure 9). Landing of cod, processing and 

storage started on March 9
th

, and the day after the 

loading of the transport container, transport to sea 

port and loading of sea container took place. The 

products were transported in a cooled truck to 

Seydisfjordur and transferred in a cooled trailer 

into the ferry. The ferry departed on March11
th

 

with a stopover in Faroe Islands and arrived in, 

Denmark on March 13
th

. Upon arrival in Denmark 

the trailer was taken out of the ferry with a special 

truck and stored in a cold room over night. The 

products were then transported in a truck to 

Padburg, where an exchange of trucks took place, 

before the transport to BSM the following day. 

Shipment to BSM started on March: 14
th

 and 

arriving early morning in BSM on March15
th

. In 

BSM the products were received at the company´s 

storage and one box delivered to a fishmonger to 

finalize the EURONEWS filming. The products were delivered to the external laboratory on March 

16
th

 for continued storage studies which included microbial and sensory analysis to confirm the 

quality and safety of the products and to obtain data to validate the shelf life prediction model. Part 

of the products was transported to Matis already on the day of processing (March 9
th

), where 

simulated shelf life studies were performed to test a new design of EPS boxes
26

.  

                                                 

26
 Björn Margeirsson, Hélène L. Lauzon, Kolbrún Sveinsdóttir, Eyjólfur Reynisson, Hannes Magnússon, Sigurjón 

Arason, Emilía Martinsdóttir. 2010. Effect of improved design of wholesale EPS fish boxes on thermal insulation and 

storage life of cod loins – simulation of air and sea transport.  Matís report 29-10, 38 pages 

 

Figure 10 Logistic overview: A: Origin at Dalvik, B: 
Loading of ferry in Seyðisfjörður, C:  Stop of Ferry in 
Faroe Islands, D: Arrival to Esbjerg, E: Storage in 
Padburg, F: Arrival in BSM.  (Map source © 
OpenStreetMap contributors, CC-BY-SA 

 

 

Figure 9  Timeline of the field trials, the orange 
shows preparation,  red is the operation of the 
trial and green is the shelf life study. 
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Temperature recordings: During the transport, the ambient temperature fluctuated (from -2°C to 

20°C). The increases occurred mainly when products were moved between actors at handover 

points (Figure 11). During the trucking transport to Seyðisfjörður (on day 2), the ambient 

temperature was around 4°C while the sea container was loaded. During the sea transport to 

Denmark (days 2 to 4), the temperature was around 0°C and the product temperature decreased 

during that period. 

   

 

 

 

Once the products arrived in Padborg (Day 4), the temperature increased and continued to do so 

during the storage in Padborg (the cold storage logistic hub). During the transport in the truck 

between Padborg and Boulogne sur Mer the temperature was fluctuating between 2 and 4°C.  Once 

the products had been put into a storage cooler in Boulogne sur Mer (Day 6), the temperature was 

steady between 0-1°C. Two temperature spikes appeared during the trials, the first one occurred at 

the end of Day 5, when the products were moved from the distribution center in BSM, and the other 

one occurred at the end of Day 6, when the products were transported to the laboratory a few 

kilometers away.  

Figure 11 – Temperature overview of the COD-CBS IS-FR supply chain from packaging until reception at the 
Conegan laboratory. The temperature shown is both ambient and product temperature obtained by data 
loggers. 
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The association of thermal load (degree days) of products and their sensory quality demonstrates 

how this relationship can be applied to predict the quality and the storage life of products. When 

comparing the calculated thermal load of the experimental groups in the trial which were exposed to 

different temperature scenarios an interesting relationship was apparent where the degree days value 

was similar for the products at the end of shelflife as determined by sensory analysis for the 

different groups (Figure 12).
27

 Group 2 was expected to have a longer shelflife, but since too low 

temperature (-4°) was encountered during the storage, it is likely that tissue damage may have 

induced a more rapid spoilage. A simple and reliable tool for storage life prediction based on this 

approach will always have limitations, since various factors can influence the spoilage rate. When 

applying the method to compare thermal load of different supply chains it was suggested that a 

simple method of calculating the thermal load should perhaps be corrected by increasing the weight 

of the temperature difference, ΔTprod,k, and decreasing the weight of the time duration, dt.
 28
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Figure 12  Accumulated degree days calculated for Groups 1, 2 and 3 and the observed shelf life according to sensory 
analyses. Data is from loggers from different groups G1, G2 and G3, which were located in the bottom outer corner 
(BOC) of the boxes [dT = Tprod-Tprod_ref, where Tprod_ref = -4°C] 
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 CHILL-ON Deliverable 5.7 Optimisation of chilling methods 
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Functionality testing of CHILL-ON technologies 

This first overall functionality testing in an actual supply chain was successful and the problems 

that were encountered were dealt with to further improve and optimize the overall system before the 

next trial. The hardware components (MMU, T-sensor and DAM) for remote monitoring of 

temperature were implemented and initiated successfully. Despite problems with malfunctioning of 

the MMU and problems with connecting to cellular network, it can be concluded that the system 

was working as expected, while the temperature sensors and the backup system from Controlant 

were able to send data to the system. Thus, during the trials, the TRACECHILL (OLMC, T&T, GIS 

and SCM) system operated fairly well, but several further development needs were necessary which 

were tested in the next field trial.  The DSS along with the integrated QMRA/SLP model was tested 

during the field trial using 3 different inputs (Real time temperature data from multiple sources, 

bacteria counts and retrieved temperature from data loggers). Remaining shelf life calculations were 

performed by integrated module for each of the inputs followed up by generated alerts according to 

the user-preset conditions. Several problems were discovered with regard to the temperature type 

alerts and to the interpretation of the lab results (file template mismatch) - all of which were fixed as 

a consequence of this field trial. Validation of SLP / DSS calibration prior to field trials is critical 

and implementation and testing the appropriate historic temperature data from earlier mapping trials 

in the respective supply chain is essential. The temperature vector had not been updated, which 

caused some confusion in the validation of the model and the auto-calibration process and 

improvements were suggested. The model prediction accuracy was acceptable, except for sample 

groups that were stored at very low temperatures.  This underlined the need to clearly state that the 

model is only valid within the temperature range of data used for building the model.  

For quality evaluation of the products the monitoring of the spoilage bacteria Pseudomonas and 

Photobacterium phosphoreum was performed by real-time PCR. Comparable results for the overall 

trend in the Pseudomonas developments were obtained when measured using cultivation and real-

time PCR. Uploading of lab data obtained by rapid analysis of Pp and Ps by PCR to the 

TRACECHILL server was performed, and improvements of the system suggested.  

Optimized chilling protocols were validated by comparing the thermal load of the CBC chilled 

products in EPS boxes in the current sea freight chain, to airfreight transport chain mapped earlier 

in the project.   Included were studies on new type of EPS boxes with round corners that proved to 

be superior to the conventional EPS box.  
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Environmental indicators (UoI):   A 

study was carried out in connection with 

the field trials on the added value of 

including information on environmental 

data as part of future business value 

potential of the CHILL-ON technologies. 

LCA (Life Cycle Analysis) was 

performed to assess the environmental 

impact of sea container transport of the 

actual cod chain scenario IS-FR and  

compared with an earlier mapped air 

freight transport of fresh cod fillets
29

,
30

.  

The purpose of the study was to calculate, 

using LCA, the carbon footprint of the post 

landing activities of cold fish supply chains.  

The results from the LCA calculations show 

that the choice of transportation mode is 

very important in terms of greenhouse gas emissions. It was found that the air freighted cold supply 

chain had 18 times larger carbon footprint than the sea freighted supply chain. 

                                                 

29
Ingólfsdóttir, G.M. 2010. Application of Environmental Indicators for Seafood.  Final report for The Icelandic 

Research Council, University of Iceland, Laboratory of Applied Supply Chain Systems, ASCS-UoI Report, Sept 
2010, 60p. 

30
 Ingólfsdóttir, G.M., Ólafsdóttir, G., Yngvadóttir, E., Hafliðason, T., Bogason, S.G, 2010. Application of Environmental 

Indicators for Seafood. Poster at the Engineering and Natural Sciences Research Symposium 2010, University of 

Iceland, Reykjavík 8-9th October 2010 

Figure 13: Emissions of CO2 equivalents in kg per functional 
unit (540 kg fresh demersal fish) from the different 
processes of the cold supply chains, sea freight in dark 
green and air freight in light green (From Ingolfsdóttir, 2010 
manuscript in prepartion) 
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3.3 AUGUST 2010 – FRESH AND SMOKED SALMON SUPPLY CHAIN 

The combined fresh salmon NO-FR and cold 

smoked salmon (CSS) chain field trials focused on 

testing the functionality of the CHILL-ON´s ICT-

technologies to monitor traceability of products and 

generate temperature and shelf life alerts in case of 

extreme scenarios. The operation of the trial was 

according to the planned schedule and during the 

trials no difficulties occurred that needed 

application of contingency plans, thus proving the 

efficiency of the preventive measures and planning 

according to the SAAP framework.
31

 

Logistic and timeline overview: The map shows 

overview of the logistics (Figure 14). The operation 

started on Aug 25
th

 in an aquaculture farm Aukra, 

Norway, by slaughtering, and packaging of the 

whole fresh salmon packed with ice in EPS boxes. 

The shipment was transported by a truck via Molde 

where the products were stored for about an hour 

while collecting other shipments from the area. The 

truck arrived in Vestby on Aug 26
th

 and products 

were stored in cooler until Saturday the 28
th

 when 

the products were shipped to BSM. Trucks were 

exchanged in Padburg (south of Denmark) and the 

shipment arrived in BSM at 06.00 a.m. Aug 30
th

. 

Finished products were ready for the downward 

shipment to the Rungis fish market in Paris the day 

after (Sept 1
st
) and transported back to BSM where 
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Figure 14 – Logistic overview: A: Start of the 
trial in Aukra, Norway.  B:  Storage in Vestby 
(south of Oslo), C:  Exchange of trucks in 
Padburg (by the German borders).  D:  
Processing in BSM. E: Final customer in Rungis, 
Paris (Map source © OpenStreetMap 
contributors, CC-BY-SA) 

 

 

Figure 15 – Timeline of the field trials, the orange 
shows preparation and processing, red is the 
operation of the trial and green is the shelf life 
study. 
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they were placed in a storage cooler at 14 o’clock on Sept 2
nd

. The storage experiment was carried 

out until Sept. 28
th

 at Conegan Laboratory.  

Days 1- 4

Days 5-6

Days 6-11

Days 12 - 28

Slaughtering /  process

Processing and packaging

Waiting for dispatch

Shipment to Oslo

Vestby Storage

Shipment to padborg

Reception in BSM

Processing in BSM
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Transport to primary distributor
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distributor

Transport to secondary distributor

Reception / Storage secondary 

distributor
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qPCR

Temp.  logger

MMUDAM

T-sensor
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Delivery of products to final customer
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Figure 16 Overview of experimental set-up for the salmon NO-FR field trials 

 

Temperature: The initial temperature of the fish after slaughtering was high (15.4°C). This is 

because of the high temperature of the ocean (14.3°C) at this time of year.  For iced fish, it took 

about 5 days, i.e. the whole shipping time, to reach 0°C. Further details on temperature observations 
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during the trials are in the TOR-salmon-NO-FR document
32

 and Report from the Salmon NO-FR 

Field Trial
33

 . 

Technologies: Functionality of the ICT 

technologies was tested by observing the 

TRACECHILL server´s outputs and alerts 

generated in response to the real time 

temperature data acquisition and input of 

microbial laboratory data.  

The set criteria for generation of alerts were 

established for product temperature based on 

earlier mapping trials and microbial criteria 

were established according to regulatory 

requirements.  

Sensory analysis according to the Quality Index Method was applied as the reference method to 

verify the quality and shelf life of the whole fresh salmon products to validate the Relative Rate of 

Spoilage empirical model that had been implemented for fresh salmon in the TRACECHILL´s 

DSS/SLP modules for testing
34

. Listeria growth model for smoked salmon products, which was 

implemented by WIT in the DSS- QMRA, was used to calculate the probability of illness (0-100%) 

in consuming the products. The inputs for the QMRA model, include an array of temperatures 

(from sensors associated with product temperature only), Listeria monocytogenes count (or QMRA 

model internal-default value) and time elapsed from the beginning of the supply chain. Count of 

lactic acid bacteria (LAB) should also be provided as it is one of the parameters for the Lm growth 

model, but the system did not include this possibility.  

The performance of the Q-PCR test kits to monitor safety (Listeria monocytogenes) and hygiene 

and Escherichia coli was tested by an external laboratory after being trained by Matís staff. 

Additionally frozen samples were sent for verification of the analysis to QBA and BIBIS. 
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stored for up to 4 days at Marcel Baey (fish in the box 
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3.4 OCTOBER 2010 – GERMANY: CHICKEN SUPPLY CHAIN 

The last field trial was carried out in an entire supply chain of chilled chicken breast fillets that were 

transported via truck from a slaughterhouse to butcher’s shops in Germany
35

. A special emphasis 

was on the performance of the WP4 technologies and the TRACECHILL server. Further on this 

included the checking of the SLP models and the rapid analysis of Pseudomonas sp., as the most 

important spoilage organism for fresh chicken 

breast fillet, by using the qPCR test kits 

developed for Pseudomonas sp. The planning of 

the trial according to the SAAP framework with 

experimental design and TOR protocols
36

 

including the follow up activities and 

observations proved that the risk based approach 

and contingency planning were useful during the 

trials and in the validation. The results of the 

validation were very successful but revealed that 

a few actions and developments are needed for 

further optimization of the technologies for the 

implementation in supply chains
 37

. 

Logistic and timeline overview: An orientation 

meeting was held on Oct 5
th

 and the field trials started the day after (Oct 6
th

) early in the morning 

when the team left from Bonn to Padeborn. The first part of the journey is the transport of the 

chicken breast fillet to different wholesalers on the way from Schöning to different cities in the 

Western part of Germany. The products on the pallet for the wholesaler in St. Augustin are mostly 

located in of the last rows of the truck as this wholesaler is one of the last delivery points on the 

                                                 

35
 D1.12, Chapter 9 - Flow chart of selected poultry supply chains including mapping of temperature and other relevant 

environmental parameters 

36
CHILL-ON Deliverable 5.5 Part IV Chapter 1.2 - Experimental Design of German poultry field Trials – October 2010 

37
CHILL-ON Deliverable 5.5.Part IV. Chapter 1.3 Step Analysis and Action Points in the German Supply Chain and 

Shelf Life Studies. 

 

Figure 18 Overview of logistics: A: Padborn poultry 
slaughterhouse, B: Wholesale St. Augustin, C: Delivery 
to butcher, Bonn. (Map source © OpenStreetMap 
contributors, CC-BY-SA) 
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route. The transportation vehicle delivers products to several butcher’s shops in the region of Bonn 

before it arrives to the butcher shop that is the final point of the trial.  

Next morning (Oct7
th

) the field trial team 

went to the wholesaler again and followed the 

truck during the delivery of products to 

smaller sales posts (restaurants and butcher 

shops) until it arrived to the final destination.  

After the products arrived one box remained 

until end of shelf life in the cold store in the 

butcher’s shop and two boxes were taken to 

the University to perform storage experiments 

for one week. 
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Figure 20 Overview on the integration of different Chill on technologies in a poultry supply chain in 
Germany 

 

Technologies 

This trial was proven to be of high importance with regards to the qPCR involvement in the field 

trials. The assay was successful in the hands of an external testing laboratory after a training session 

which provided good statistical correlation between the new and the conventional approach. One 

risk factor which was of a concern prior to the trials included the DNA extraction procedure at the 

 

Figure 19 – Timeline of the field trials, the orange 
shows traveling and preperation, red is the operation 
of the trial and green is the shelf life study. 
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external laboratory but until now the quantitative qPCR method for spoilage bacteria has relied on 

robotic DNA extraction for increased standardization between samples. An alternative method was 

used here which is a manual extraction and imposes higher risk of variance. Nonetheless that did 

not affect the outcome in the present trial. 

The model predictions for growth of Pseudomonas and results from microbial cell counts for both, 

conventional plate counts and qPCR, were analyzed for two different temperature profiles. The 

predicted growth curves by the SLP model agreed with the cell counts provided by the conventional 

and qPCR approaches, for both temperature profiles. The accuracy of the model is partially due to 

the use of the automatic calibration of the model for each batch for which cell counts have been 

provided. These results demonstrate that the SLP model can be used for predicting the shelf life of 

chilled poultry products in supply chains.  The future work should focus on microbiological 

experiments providing additional data in order to extend the validity of the model, as well as to 

increase the accuracy and reliability of the predictions. 

T-sensors / CA-sensors / MMU 

The T-sensors and CA-sensors as well as MMUs were installed within the poultry field trial in 

Germany. The detailed assessment regarding the system functionality of these components can be 

found in Deliverable D 5.9. This field trial was fully successful for T-Sensors operability as well as 

for MMU operability.  

The prototype of the rf-TTI was also tested within the field trial in Germany. Aim of the 

investigation was to prove if the concept of the rf-TTI could be useful in a cold chain. But the rf-

TTI emulator is neither rugged nor protected enough to be placed inside a box with fish and ice: it 

would be damaged by water and handling in harsh environments could compromise its integrity. In 

spite of these limitations, during the poultry field trial in Germany it was decided to try the rf-TTI 

on the field: Due to the reasons above explained, a special protective case has been setup to protect 

the emulator and run it in the field trial 

The field application of TTIs showed that the TTI is a potentially valuable monitoring tool when the 

defined requirements mentioned in the SOPs are taken into concern. These technical, functional, 

and organizational requirements have to be assured prior to the implementation within a supply 

chain. The field trial has shown that the TTIs, as well as the TTI kinetic model, are a useable and 



         

33 

 

useful tool for temperature monitoring during process and for the prediction of the remaining shelf 

life in different steps of the supply chain
38

 

The October 2010 field trial in the poultry chain was the most successful field trials in terms of 

TRACECHILL modules performance and stability. Field trials operators were able to enter edit and 

view relevant information (temperature, locations, alerts, traceable units etc) by accessing the 

desired information. The OLMC (On Line Monitoring Client) hosts the key software modules 

(SCM, GIS, DSS, T&T communication gateway) which along with the HW modules make up the 

entire TRACECHILL system. The improved performance allowed easier navigation between the 

OLMC displays and with a quicker response during definitions of sensors and data loggers.  

Similarly, the performance of the DSS module was undoubtedly the best out of all 4 field trial 

conducted. All alert types were properly generated while remaining shelf life was also reported by 

the DSS according to the temperatures and bacteria count data reported by the various sensors and 

modules, which will be described in the next paragraphs. 

                                                 

38
 SOP – Field Trial Standard Operating Procedure (Herranz and Kreyenschmidt): New Packaging Solutions with 

integrated RFID and TTIs. 
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4. VALIDATION AND BENCHMARKING  

CHILL-ON results from mapping and pilot studies and assessment of all previous data were taken 

into account when adapting the validation goals outlined in the SOPs for the field trials. This 

enhanced the scientific value of the field trials and included were controlled experiments on 

optimized chilling, new packaging concepts and extended storage studies, which allowed validation 

of QMRA/SLP models, QPCR test kits, TTIs and TRACECHILL. Scientific papers have already 

been published based on the trials as cited in the relevant chapters in this report.  

Validation of CHILL-ON Technologies  

Validation of the technologies was based on comparison with reference methods or specific 

functionality criteria that were established to monitor i.e. temperature changes or location of 

products to verify the functionality of the system for traceability monitoring and supply chain 

management. The CHILL-ON innovations were validated and challenged in real supply chain 

scenarios and data and information was collected in real time and applied to calculate the remaining 

shelflife of products by using the developed QMRA/SLP models and DSS system. The 

TRACECHILL system including the temperature monitoring and wireless CHILL-ON technologies 

(T-sensor, MMU, SMU/DAM) was designed to be able to detect temperature fluctuations, risk of 

microbial growth, logistic traceability and conditions like delay in processing or delivery and to be 

able to transmit information and generate alerts in the case of extreme conditions. Therefore, 

challenging scenarios (i.e. temperature fluctuation) to test the response of the CHILL-ON 

technologies and to verify the functioning of alerts, and performance of the QMRA /SLP and DSS 

system etc. were considered and included in the experimental design of the trials.  

Benchmarking of CHILL-ON technologies was performed by analysis of the technologies 

developed within the project and by comparing each one of them with current technologies in the 

market.
39

 The project started in 2006 with a framework of different technologies and there have 

been advancements in developments of similar technologies parallel to the work performed by the 

CHILL-ON team. New products and applications have appeared and therefore this benchmarking 

                                                 

39
 Juan de Dios Díaz Marqués, Nuria Herranz Solana, Eva Mecho &Pablo Zubía, 2010. Benchmarking Report CHILL-

ON Working Document, December 2010. 
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analysis was necessary to re-establish the placement of the CHILL-ON project´s technologies in the 

current market and the evolving R&D scenario. 

5. OPTIMISED CHILLING (MATÍS) 

5.1.1 INTRODUCTION OF THE TECHNOLOGIES 

The overall aim of the Optimised Chilling Protocols is to describe the most effective chilling 

methods for any stage in the food supply chain with emphasis on whitefish. This comprises 

optimisation of the whole chain for lowering and maintaining low temperature with the aim of 

maximising quality and safety of the products and minimising costs and energy uses.  

Fresh fish has a short shelf life even at refrigeration temperatures. The limited shelf life is a large 

hurdle for the export and marketing of fresh fish products. Temperature control is important to 

maintain fish quality. The influence of cooling methods at the several handling, processing and 

distribution steps on the fish quality deterioration must be considered in order to establish proper 

cooling protocols that lead to high value fish products. Further, factors like raw material quality, 

processing, packaging and storage conditions will also greatly influence fish freshness and shelf 

life.  

The main conclusion from several temperature mapping trials conducted in the CHILL-ON project 

is that temperature control in containerised sea transport is, in general, much better than in 

multimodal air transport chains.
40,41,42

 Furthermore, the results demonstrate that differences can be 

found in the temperature control in sea transport chains and that efficient precooling of products 

during processing is very important for the temperature control during transport and storage. It is 

vital for the fresh fish processors to study the temperature management of their export route in order 

to select a packaging material suiting their needs.  

                                                 

40
 Mai, N., Margeirsson, B., Margeirsson, S., Bogason, S., Sigurgisladottir, S. & Arason, S. Temperature Mapping of 

fresh fish supply chains - air and sea freighting, Journal of Food Process Engineering, in press.. 

41
 Mai, N., Margeirsson, B. & Stefánsson, G. Temperature controlled transport alternatives for fresh fish – air or sea? 

In: The 22nd NOFOMA conference 2010.  10-11 June 2010.   Kolding, DK, pp. 147-162, 2010.   

42
 Margeirsson B, Dornboos R, Ramirez A, Mu W, Xioli F, Bogason S. 2008. D1.10: Flow chart of selected fish supply 

chains including mapping of temperature and other relevant environmental parameters. Chill on EU project. Reykjavík, 

Iceland: University of Iceland. 
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5.1.1.1 Precooling 

Precooling can be defined as a reduction of the temperature of food product by artificial means 

before packaging or shipping. For years, the fresh fish industry has precooled the fish fillets and 

loins either by applying a short-time treatment using a special precooling equipment before 

packaging or by storing the palletised fish boxes for a few hours in a frozen storage room. One of 

the newest technique available is Combined Blast and Contact (CBC) cooling but liquid cooling 

(LC) and slurry ice cooling (SIC) are widely used. Each method aims to effectively lower the 

temperature of the fresh fish and is applied as close to packaging as possible to avoid re-warming of 

the products. 

The salt content required in a cooling medium to reach a suitable cooling temperature is higher for a 

one-phase brine compared to a two-phase slurry ice. This fact makes slurry ice more appropriate 

than brine for precooling since a lower salt concentration will result in a lower salt uptake in the fish 

muscle. Further, it is easier to maintain the low temperature in a slurry ice than a brine cooling 

medium due to the higher latent heat of slurry ice. This is advantageous during cooling fish and 

ensures a better temperature control in the process.  

Skaginn hf. is a food processing equipment manufacturer located in Akranes, Iceland, which has 

designed and developed the CBC cooling technique. The technique involves superchilling the fillets 

by transporting them through a freezer tunnel with the skin touching the Teflon-coated aluminum 

conveyor belt (Figure 21) at a temperature of approximately -8 to -6 °C and simultaneously blasting 

cold air over the fillets. This rapid cooling process effectively decreases the fillet temperature to or 

slightly below the initial freezing point of the fish, which is around -0.9 °C for lean fish. Before 

CBC cooling, fish fillets are conveyed through a liquid cooler/slurry ice cooler with salinity of 

approximately 1.0-2.5% salt which makes it possible for the fillets to go through the CBC process 

without excessively freezing the flesh. One of the main advantages of the CBC technique is a quick 

reduction of the product temperature to around -1.0 to -0.5 °C before packaging, causing up to 

around 15% of the water of a lean fish muscle to be frozen at packaging. This means that extra 

energy is needed for melting the partly frozen water. Therefore the precooled, packaged fish 

products can withstand more severe thermal loads than un-precooled products in similar packaging 

can do. In addition to the effective cooling, this superchilling process facilitates further handling of 

the fillets, in particular deskinning, leading to higher fillet yield.  
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5.1.1.2 Packaging 

The negative impact of poor temperature control during distribution of perishable products can be 

decreased by the thermal insulation of the packaging. Currently, the main export of fresh fillets 

from Iceland is in wholesale packaging (3-5 kg) rather than in retail packaging. Reaching foreign 

markets, a large part of the fresh fish fillets are packaged for retail and sold by supermarkets or 

distributed to the catering industry. Traditionally, rather well insulated EPS boxes have been 

utilised for export of Icelandic fresh fish products. EPS boxes are usually white, manufactured from 

moulded polystyrene beads and up to 98% of the boxes consist of air pores. The air decreases the 

density and increases the insulation performance, but decreases strength and increases the required 

storage volume for the boxes. 

 

Figure 21.  Whitefish fillets right before CBC-cooling, which is an effective way of pre-cooling fillets before packaging in 
order to protect them against thermal loads in the distribution chain.   

 

Another type of wholesale fresh fish packaging, i.e. corrugated plastic (CP) boxes, has been 

receiving increased international attention because of environmental and economic reasons. These 

boxes are produced from extruded corrugated plastic (polypropylene) sheets which are 2-3.5 mm in 

thickness. The CP boxes can be flat packaged, which can save valuable storage space. In the United 

Kingdom, annual usage of EPS and CP boxes as wholesale fresh fish boxes has been estimated at 

14 and 0.6 million boxes, respectively. However, the ratio between these two box types may change 

in the future, bearing the aforementioned environmental and economic advantages in mind. 
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It was shown that EPS boxes are more thermally protective than CP boxes.
43,44

 However, the 

difference in insulation performance of the two packaging types is not as much for multiple 

packages loaded on pallets as for single packages.
45

 Furthermore, frozen ice packs are efficient in 

protecting fresh fish fillets against temperature abuse. 

Even though EPS boxes are more thermally protective than CP boxes, the results from the CHILL-

ON project have shown that EPS boxes can still be improved. In a CHILL-ON experiment two 

packaging types were compared.
46

 One box type (N) was a new box manufactured by the company 

Promens Tempra ehf. (Hafnarfjörður, Iceland) with rounded corners, while the other (O) represents 

an original EPS box with less rounding of corners, still weighing around 11% more. The new box 

design extends the work of the Wessex Institute of Technology (UK) and Matís during which, the 

positions most vulnerable to thermal loads were identified on the corners and edges of boxes and 

pallets. 
45,47

 This work demonstrated that in a chilling process, food at these positions is chilled 

more quickly than the remaining food in the box. However in the case of temperature abuse, these 

areas are the least protected, exposing the food to higher temperatures. The identification and 

analysis of these weakest positions was done both by numerical modelling in the computational 

fluid dynamics software FLUENT (see Figure 20) and by experiments in real and controlled 

conditions.
45,47

  The FLUENT model, which was built for the original EPS box was further 

developed and used for designing the improved version of the EPS box, see Figure 22 

Figure 24.  
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International Journal of Refrigeration. Published online (doi:10.1016/j.ijrefrig.2010.09.017).   

44
 Hélène L. Lauzon, Björn Margeirsson, Kolbrún Sveinsdóttir, Eyjólfur Reynisson, María Guðjónsdóttir, Emilía 

Martinsdóttir, Radovan Gospavic, Nasimul Haque, Viktor Popov, Guðrún Ólafsdóttir, Tómas Hafliðason, Einir 
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5.1.2 OUTPUT AND COMPARISON 

The product temperature evolution during air and sea freight is compared in Figure 23. As can be 

seen, temperature increased earlier for the air freight. Consequently, the product temperature started 

to fluctuate after about 42% of total transportation time and reached above zero degrees after about 

64% of the time.  
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Figure 1. Average temperature inside EPS boxes as a function of proportional 
transportation time by sea and air.    
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Figure 23. Average temperature inside EPS boxes with or without gel pack. Two groups had a gel 

pack on top of the fillets (FS and FG) and two had no gel pack (GS and GG). Total of four loggers 

were inside each box.48 

Figure 22. Frozen gel packs on top of loins in two types of EPS boxes. Above: the original box, below: the new 
box with rounded corners.

46
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For the sea transport chain, product temperature started rising after about 66% of total 

transportation time and reached 0 °C after 81% of the journey time. At the final destination, average 

product temperature was 3 degrees lower when transported by sea than by air freight.
48

  

In a CHILL-ON shelf life study of cod loins, CBC cooling was compared to only liquid cooling and 

no cooling before packaging.
49

 In Table 4, results for the evaluation of the freshness period and 

shelf life and the mean temperature under real air transport temperature simulation are shown. The 

difference in mean product temperature between non-CBC and CBC-treated fish resulting after the 

thermal load applied demonstrates the better capability of CBC products to withstand temperature 

abuses. 

Table 4: Freshness period and maximum shelf life according to sensory evaluation. LC: liquid cooling, CBC: combined 
blast and contact cooling, NC: no cooling 

Group Freshness period Shelf life Mean temperature (°C) 

LC-CBC 4-6 days 12-13 days -0.4 (13 days) 

LC 4-5 days 7-10 days 1.1 (10 days) 

NC 3-6 days 6-10 days 1.1 (10 days) 

According to sensory, microbiological and chemical analysis, the CBC cooling clearly resulted in a 

shelf life extension in comparison to the two groups where this technique was not applied during 

processing.  

 

Numerical heat transfer modelling was utilised for improving design of thermally insulated 

expanded polystyrene (EPS) boxes. Comparison on temperature contours in a horizontal plane 

through fish fillets and fish box packaged in a redesigned EPS box and an older EPS box is shown 

in Figure 24. By decreasing the maximum temperature found in the packaged product during 

temperature abuse, microbial growth may be delayed, yielding maximum attainable safety and shelf 

life of the perishable product.
50
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Figure 24.  Temperature contours in a horizontal plane through fish fillets and fish box packaged in a redesigned EPS 

box (left) and an older EPS box (right). The two EPS boxes, containing fish fillets initially at 1 °C, have been abused for 4 

hours at 15 °C.
50

  

In a shelf life study, the comparison between steady (O-ST-Co) and dynamic storage (DT-groups) 

in EPS boxes showed that the longer freshness period (2-5 days) and storage life (3-6 days) 

observed at steady temperature could compensate for the longer transport time by ship compared 

with air freight, (see Table 5).
46

  

Table 5. Freshness period and shelf life according to sensory evaluation. O: Original EPS box type, N: New EPS box 
type, ST: Steady storage temperature, DT: Dynamic storage temperature, Co: Corner box samples, Mi: Middle box 
samples.

46
 

Group Freshness period (days) Shelf life (days) 

O-ST-Co 6 -7 11-12 

O-DT-Co 2-3 6-7 

N-DT-Co 5 8 

N-DT-Mi 5 8-9 
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This makes the less expensive and more economically friendly containerised sea transport a worthy 

choice for fresh fish export depending on the distance between the production and the market and 

availability of sea transport. According to sensory evaluation, storage of cod loins in the new boxes 

resulted in a 2-day extension of the freshness period and shelf life compared to storage in the old 

boxes. Thus, the new boxes demonstrate how numerical heat transfer modelling can be utilised to 

cost effectively improve temperature management and thereby product quality in fish chill chains. 

5.1.3 BENEFITS AND LIMITATIONS OF THE CHILLING METHODS  

The benefits of optimised temperature control in fish supply chains are increased safety, quality and 

shelf life of the fish products.   

However, it has proven to be difficult in practice to maintain the lowest possible temperature of the 

brine cooling medium in order to achieve the most efficient cooling of fish. In general, a 

temperature decrease of 1-2 °C has been observed in liquid cooled fish products. Main problems 

relating to this technique include poor temperature control of the liquid over the processing day and 

ease of bacterial contamination, encouraging the growth of fish spoilage bacteria in the brine, hence 

increasing their load on the fillets and processing line. Extended holding time in the liquid cooler 

will therefore lead to higher bacterial uptake/contamination on the fillets. 

The thermal protection of wholesale fish boxes made of expanded polystyrene is more effective 

than that of more environmentally friendly boxes made of corrugated plastic. Numerical heat 

transfer modelling has proved useful in further improving the design of the wholesale boxes with 

regard to thermal insulation. In spite of being less thermally protecting than EPS boxes, CP boxes 

may be preferred in case of sub-optimal precooling and well temperature-controlled transport, i.e. in 

cases where the initial product temperature is higher than the targeted optimal storage temperature 

(around -1 °C). In that case, cooling post-packaging can be more easily achieved in CP boxes.  

Efficient pre-cooling of fish products before packaging and transport is highly beneficial, 

independent of the choice of packaging material and transport mode. Well controlled precooling 

both protects the products from possible future thermal load during storage and transport and results 

in slower microbial growth, which in turn yields longer freshness period and extended storage life. 

One of the newest techniques available, which has proved very efficient, is the Combined Blast and 

Contact (CBC) cooling. The technique not only increases the freshness period and storage life but 

also facilitates handling of the fillets, in particular deskinning and can increase the fillet yield, 

resulting in economic profit for the fish processor. The capacity of the newest CBC cooler types is 
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around 1500 – 1900 kg/hour and the cost is around €750,000 – 800,000
51

. The price may be 

regarded as a certain limitation for small processors.  

The optimised chilling protocols and guidelines have been published with open access at Matis 

website in Icelandic and English in a user-friendly way: www.chillfish.net. There are protocols to 

follow aimed for the use of shippers, manufacturers, transporters and other stakeholders in the 

fisheries chain.  

The information is showed in a step-wise manner divided into subchapters of different links in the 

chain. Fishing ground/fishing gear, on-board, processing, packaging and storage, transport, storage, 

retail, consumers, quality measurements are the main chapters. At the first step very general 

information is shown but more detailed information can be found by choosing different pathways. 

Also all the gathered information of the results of the research on chilling fish from the CHILL-ON 

project is found on the web-site in forms of reports or articles. The most recent technologies 

regarding cooling of fish are described at the website. 

5.1.4 COMMERCIAL COMPETITORS 

The main competitors for the Optimised chilling protocols are other open access guidelines on fish 

chilling such as FAO’s technical papers available at http://www.fao.org/fishery  

FAO’s guidelines are more comprehensive and more general than the Optimised Chilling 

Protocols. However, FAO’s guidelines have not been updated during the last years. The Optimised 

Chilling Protocols provide more up-to-date information on superchilling, CBC pre-cooling during 

processing, thermal protection of wholesale packaging and temperature control during air and sea 

transportation of fresh fish.  
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6. QMRA / SLP MODELS (WIT, MATIS, UB) 

6.1.1 INTRODUCTION OF THE MODELS 

Within the field trials the predictive models for shelf life and quantitative microbial risk assessment 

were tested. The successful operation of both models is based on the principal of accurate prediction 

of microbial growth taking into account the variations in the model parameters, e.g, temperature, 

pH, NaCl%.   

The physiological state of the microorganisms is unknown initial parameter which should be 

obtained through calibration of the mathematical model for microbial growth. The main assumption 

related to the physiological state is that this quantity is determined by initial state of the cells and 

thus is independent on the environmental parameters at the moment of inoculation. 

The lag phase is dependent on the physiological state of the microbial population and cannot be 

predicted in advance or considered to be the same for all batches of the same product within a single 

supply chain
52,53

. According to this the lag phase in the predictive model for microbial growth 

should be calibrated for every microbial species and for every batch of the product. This novel 

approach was implemented in the QMRA and SLP models in the CHILL-ON project and was tested 

during the field trials. The new approach shows increased accuracy in the prediction of the 

microbial growth and remaining shelf life of the product. More on the models can be found in 

CHILL-ON reports (D1.15 and D1.18)
 

6.1.2 BENEFITS AND LIMITATIONS 

The main benefits of the SLP model are early detection of change in the shelf life of the product. 

This provides for the supply chain operators sufficient time to take a corrective action in order not 

to lose the value of the product.  

The main benefits of the QMRA model are the quantitative information on the risk to consumers 

due to possible contamination of the product with specific food pathogens. Such information 
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complements the implemented HACCP system and provides quantitative information which can be 

used in a more efficient way in order to optimize the supply chain procedures.   

The main limitations of the models come from the inherent complexity of the microbial growth 

process. While it seems possible to develop a general model for growth of certain microorganism 

which would take into account variability in temperature, pH, NaCl, water activity, food structure 

and other parameters, such model would require a very large experimental dataset, the size of the 

dataset increases exponentially with every additional parameter, , in order to develop it, making 

such models less practical, especially because one can never be sure that the model will perform 

satisfactorily for any type of food. This is why in Chill-On the strategy was adopted where the 

model parameters were defined specifically for each particular product in a particular supply chain. 

This means that such model may be valid for the same product and same microorganism in other 

supply chain, but this is not automatically true and has to be checked and verified. If the model 

cannot be successfully verified for another supply chain, the growth model parameters must be 

obtained for that supply chain through laboratory experiments using the product from the supply 

chain. 

6.1.3 CASE FROM FIELD TRIALS  

The complete evaluation of the SLP/QMRA models during the field trials is provided in the 

deliverable D5.6. Here only some of the results are presented.  

 

SLP of fresh cod products 

The observed (through sensory analysis) and predicted (through SLP model) values of shelf life for 

different cod products during the field trial carried out in November 2009 are summarized in Table 

6. The model SSO rejection limit is found to be at 7 log(CFU/g). 

From Table 6 it appears that Pseudomonas is the most appropriate indicator spoilage 

microorganism from the three tested in cod loins, if the rejection limit is set to log (CFU/g) = 7. The 

sample product labelled ST has higher discrepancy between the prediction and the sensory shelf life 

due to the fact that the temperature has fallen outside the valid range of the model. The valid range 

for the temperature in the cod shelf life model is from -1 °C to 11 °C, due to the data sets available 

during model preparation. Obviously, the ST sample is outside the range. It is also notable that in 

the SB sample it was predicted slightly higher shelf life (SL) as the temperature was very near to the 

end of the valid temperature range. 
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Table 6 Comparison of sensory shelf life to predicted values by SLP model based on SSO limit of 7 log(CFU/g) for fresh 
cod products (cod wet trial in November 2009)  

Opale cod loins 
processed on Nov 

24th 2009 

Group Tproduct 

(oC, center*) during 
storage 

Sensory 
shelf life 

in days ** 

Predicted shelf life based on SSO 
counts of 7 log(CFU/g) 

Pp mean Ps mean H2S mean 

EPS 5 kg-P1 SB -0.7 ± 0.1 10-11 14.5 12.9 15.8 

EPS 5 kg-P2 TB -0.1 ± 0.3 10-11 15.0 10.5 12.9 

EPS 5 kg-P3 AB 0.1 ± 0.4 10-11 12.6 10.6 12.8 

Trays-P1 (800 g) ST -2.9 ± 1.2 11 17.5 18.4 18.4 

Trays-P2 (800 g) TT -0.2 ± 0.3 10-11 14.5 11.1 13.5 

* Logger positioned in the box center; average of 3 replicate boxes 

** Days from processing/packaging. 

 

QMRA-Pathogen models for fresh cod 

The dynamic pathogen challenge trial was conducted for 13 days but the fish (5-kg EPS box) was 

obviously spoiled on day 10 due to the excessive temperature abuses during the storage period.. 

 Figure 25  Comparison of predicted Lm growth (black 
line) based on fish temperature profile (red line) to 
measured Lm concentrations (pink dots) 

 

Figure 26  Predicted E. coli growth (black line) based on fish 
temperature profile (red line)  From: Lauzon et al,2010, 
Matís report 35-10 
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The three pathogenic strains (Escherichia coli, L. monocytogenes and Salmonella Dublin) were 

added simultaneously at low levels (2-20 cells/g) to cod loins to simulate naturally occurring 

contamination. This low initial cell concentration led to a very slow growth as shown in  Figure 25 

and   Figure 26 for Lm and E. coli, respectively 

 

Fresh and Smoked Salmon supply chain 

Figure 27 shows the mean growth of Listeria monocytogenes in cold smoked salmon (CSS) during 

the field trials. The QMRA module performs a stochastic calculation by introducing noise in both 

initial concentration and specific growth rate 

of the bacterial species (Lm). However, since 

the initial concentration is known here, only 

random fluctuations on the growth rate has 

been used. 

The main conclusion is that the model 

prepared by Mejlholm and Dalgaard
11,12

 , 

which has been modified to include 

automatic calibration for the lag phase and 

also stochastic element for growth and initial 

count, may not be applicable for low 

concentrations of Lm or is much influenced by 

the composition of the LAB biota present but 

which is not accounted for.  

 

Fresh and cold smoked salmon and RRS model 

WIT had implemented an empirical model for the relative rate of spoilage (RRS) of temperate 

coldwater fish and collaborated with AFI to implement the model into the Tracechill server. This 

RRS model is applicable to fresh seafood from temperate waters stored between -3°C and +15 °C, 

either stored aerobically, under vacuum or modified atmosphere. The average RRS of fresh seafood 

is appropriately predicted by the square-root model and coldwater fish shelf life prediction can be 

obtained as described in SSSP software (http://sssp.dtuaqua.dk/). 

During the August trial, farmed salmon was slaughtered, gutted, packed and shipped from Norway 

to France. Three boxes containing 5 fish each were monitored for temperature profiles during 

Figure 27  Comparison between observed counts of LAB 
(lactic acid bacteria) and predicted LAB growth along with 
the growth prediction for Lm (L. monocytogenes) for 
treatment 1 profile (“lower” in the legend refers to 0.04 
CFU/g) (From salmon field trial

1
). 
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transport and storage, and were meant to be used for quality evaluation of the raw material by the 

Quality Index Method (QIM), assessing freshness characteristics of whole salmon. Based on 

Sveinsdóttir et al. (2003 
54

), the following equation can be derived: 

 Remaining shelf life (RSL) of whole salmon at 0°C = 18-((QI-0.1794)/0.8229) 

The comparison of the calculated remaining shelf life of iced (regular) fish by the RRS model and 

the QIM equation shows good agreement for day 5 when the exponential RRS model is used and 

for all three models, square root (SQRT), exponential (Exp) and Arrhenius, for day 9. The results 

for the box with dry ice show slight discrepancy of two days, however, the three models, SQRT, 

Exp and Arrhenius, provide similar result. These results suggest that the RRS model can be used as 

an indicator for freshness for salmon before processing, in order to help the decision process. In this 

case the exponential model showed the best performance for both comparisons on days 5 and 9.  

Table 7 Comparison of calculated remaining shelf life (days) of whole salmon at 0°C based on QIM equation* and 
predicted remaining shelf life obtained using the RRS model* and recorded temperature profile in the fish positioned 
in the center of each box (From: D5.5.Part III Chapter 6.3 Report on the Salmon Field Trial September 2010) 

Sampling day  Mean product 
temperature 

Remaining shelf life (days) at 0°C 
based on 

QIM equation RRS model 
SQRT Exp Arrhenius 

Day 5 
Box with regular ice (logger 151) 
Box with dry ice (logger 408) 

 
0.9 ± 1.3 °C 
2.3 ± 0.8 °C 

 
16.4 
12.1 

 
14.4 
14 

 
16.5 
14.2 

 
15.9 
14.1 

Day 9 
Box with regular ice (logger 202) 

 
0.3 ± 1.1 °C 

 
8.5 

 
9.1 

 
9.3 

 
9.3 

* Assuming a shelf life of 18 days at 0°C (reference temperature) 

 

The shelf life of the cold smoked salmon was also calculated through the empirical formulae of 

RRS (Relative Rate of Spoilage), as shown in Table 8 

Table 8 Shelf life of CSS according to the RRS models, assuming a shelf life of 27.5 days at 5 °C 

Profiles SQRT model (days) Exp. model (days) Arrhenius model (days) 

Treatment 1 33 32.1 32.3 

Treatment 2 15.7 16.4 16.2 

Paris 34.7 31.7 32.2 
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Poultry supply chain 

Poultry breast fillet was the third product that was used in the Chill-On field trials
55

. The field trial 

took place in Germany during October 2010. One of the main goals of the trial was to test the Shelf 

Life Predictor (SLP) module for the raw chicken breast product. 

 

 

Figure 28  Shelf life prediction based on microbial growth model for sample P-1 for two temperature profiles, CA-08 
and CA-12 (P-1 indicates the conventional measurements, while P-1-qpcr indicates the qPCR measurements) 

 

Only one bacterial species was taken into consideration to measure the “microbiological” shelf life, 

the rejection point being set at log 7.5 CFU/g according to previous experiments. Since it was 

identified as the dominant spoilage microorganism for poultry food, Pseudomonas spp. had been 

chosen as the indicator bacteria for spoilage during the field trial.  

In Figure 28 the shelf life prediction based on microbial growth model for sample P-1 is shown for 

both conventional microbial counts and qPCR for two different temperature profiles, CA-08 and 

CA-12. It is worth noting that for lower temperatures, the conventional plate counts do agree with 

the prediction of the model. CA-08 profile has relatively lower temperatures than the CA-12 profile. 

The prediction growth curves by the SLP model agree with the qPCR counts very well for both 

temperature profiles.  
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6.1.4 IDENTIFIED COMMERCIAL COMPETITORS 

Although there are some competitors, not all of them commercial, none of them has yet 

implemented the models in such way to be of clear practical value. While the competitors 

recognize
56

 that: “Most models do not consider what phase of growth or the physiological state that 

the modeled bacteria were in, when exposed to each of the limiting environmental factors.”, apart 

from the SLP/QMRA software developed by WIT within the Chill-On project, there are no other 

attempts to correct the predictions by using microbiological tests at the beginning of the supply 

chain in order to calibrate the model predictions for the particular shipment/lot. This feature of the 

models developed is the main reason for the reliable performance of the SLP software during the 

field trials. This option is very relevant for shelf life prediction when results on microbial counts are 

available within very short time from sampling by applying qPCR methodologies.  

Competitors:  United States Department of Agriculture - Food Safety and Inspection Service 

(FSIS) developed the Pathogen Modeling Program (PMP).   
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7. REAL-TIME PCR (MATIS, UP, QBA, BIBIS) 

Real-time PCR is actually an extension of a conventional PCR which was developed some years 

ago where fluorescent dyes have been added to the PCR reaction, enabling a real-time data 

acquisition throughout the PCR reaction by a fluorescent detector and reliable quantification of the 

amount of DNA template in the reaction. This was the method of choice for rapid detection of food 

associated bacteria in the CHILL-ON project. The main components of the analytical procedure are 

depicted in Figure 29. The method is based on amplification of specific genomic sequences and can 

be applied to detect pathogens and spoilage bacteria in food.  With this methodology the timeframe 

is reduced from days to hours as compared to the conventional cultivation methods. Vital elements 

in the analysis selectivity are the primers needed to start DNA amplification, because they act as 

keys to specifically discriminate the target bacteria from all other bacteria potentially present in a 

sample.  

 

Figure 29 Main components of a real-time PCR analysis in CHILL-ON. 

The main achievements in the CHILL-ON project in this context include development and 

manufacturing of improved magnetic nanoparticles for extraction of bacterial DNA from food 

matrices and development of new quantitative analytical methods based on the real-time PCR 

principle (qPCR). During the scope of the CHILL-ON project new methods were developed and 

some of them were validated in laboratory trials and tested in coordinated field trials like the 
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quantification of two important food spoilage bacteria: Pseudomonas spp. and Photobacterium 

phosphoreum via specific primers and probe sequences. It has been tested successfully on different 

matrices both on fish and poultry samples.
5758,59

. 

7.1 INDUSTRY AND MARKETS 

Today, most of the analytical tests performed in the food industry are done by the conventional 

methods but slowly and progressively laboratories are moving towards more rapid and efficient 

testing technologies. Efficient implementation of more rapid methods into the field is of great 

importance both to the consumer and the industry reflecting the increased demand of food safety 

and quality of foods.   

The market for microbiological detection kits is growing, with the food industry representing the 

largest segment. Over 740 million microbiological kits were completed for the food industry in 

2008, with a market value over $2.06 billion
60

. The food microbiology testing market is expected to 

grow over the next two years at a rate of 5.6% in testing volume – driven by the worldwide increase 

in food consumption, safety priorities and regulations – and expected to reach 970 million tests in 

2013. At the same time the market for rapid microbiological test kits in the food industry has 

increased by 37% from 225 to 307 million tests between 2005 and 2008. The rapid methods are 

expected to continue to make a significant gain in usage and the annual test volume is expected to 

increase by 55%, from the current level to 478 million sold tests in 2013. The increased benefits of 

faster results of the rapid methods, despite their higher cost (in some cases) in comparison to 

conventional methods, is expected to continue to drive the acceleration of conversion from 

traditional methods to rapid testing methods in the near future. 
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7.2 PERFORMANCE OF CHILL-ON QPCR TECHNOLOGIES FOR 

SPOILAGE BACTERIA (MATIS) 

Real-time PCR kits were used in all the WP5 field 

trials performed within production chains 

including a wet trial in Iceland were cod was the 

working material and a pilot study in Germany in a 

poultry chain.  

Full operating field trials were designed and 

planned by WP5 where the WP2 technologies were 

also included. These trials were cod chain from 

Iceland to Germany, salmon chain from Norway to 

France and local poultry chain in Germany. In the 

last field trial an external laboratory conducted the 

tests after a one day training session, introducing 

the methods to the ultimate challenge were the 

technological developers themselves were not 

present.  In this case a quantitative method for the 

food spoilage bacteria Pseudomonas was chosen 

due a prior satisfying method performance and the 

importance of this bacterium in the spoilage 

process of poultry. This trial proved to be of high 

importance with regards to the qPCR involvement 

in the field trials.  The assay was successful in the 

hands of an external testing laboratory with provided good statistical correlation between the new 

and the conventional approach. One risk factor which was of a concern prior to the trials included 

the DNA extraction procedure at the external laboratory but until now the quantitative qPCR 

method for spoilage bacteria has relied on robotic DNA extraction for increased standardization 

between samples. 

Figure 30 Comparison on Pseudomonas enumeration 
by qPCR and cultivation in three experimental groups 
during storage 
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7.2.1 BENCHMARKING 

Real-time PCR technology enables quantification of food spoilage bacteria and pathogens via 

specific primers and probe sequences. The methods have been tested successfully on different food 

matrices. The technology is compatible with the whole CHILL-ON concept since its results can be 

uploaded to the TRACECHILL server and be used for risk assessment and shelf life prediction of 

specific food products. It is also a standalone solution to assess food freshness and safety. 

The methods main advantage is that results can be obtained within 4-20 hours (depending on the 

target microorganism) compared to 3-7 days for the conventional cultivation methods. 

The materials needed for such an analysis is a laboratory equipped for molecular biology work, 

real-time thermal cycler, magnet (for DNA extraction), pipettes, plastic ware, reagents provided by 

CHILL-ON partners.  

7.2.2 COMMERCIAL COMPETITORS 

Main competitors for the technology are the conventional microbiological analyzes which are 

characterized by plating of a diluted food sample on a selective growth media, often requiring a step 

of pre-enrichment in liquid media.. Their advantage is that they can be cheaper but disadvantage is 

the long time until results can be expected.  For some of the methods developed in CHILL-ON such 

as the enumeration of P. phosphoreum, there is no easy cultivation method available. The only 

competitive technology here is based on a specialised Malthus conductance instrumentation.   

In general Real-time PCR applications are more widespread now and more easily adopted by many 

laboratories than only a few years ago which could facilitate the implantation of this technology. 

7.3 QPCR FOR IDENTIFICATION AND ENUMERATION OF 

SALMONELLA AND CAMPYLOBACTER IN POULTRY (UP) 

This qPCR tool has been specially designed for Salmonella and Campylobacter identification and 

enumeration in poultry products. The technology requires the use of molecular biology equipments, 

reagents specifically purchased and materials which must be synthesised in customised way. The 

cost is highly variable as it depends on the level of equipments needed, cost of labour and reagents 

in the different countries. 
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There is no need of specific equipments, those to be used are normally available and their cost can 

be shared with other applications in the same laboratory. Many manufacturers are available 

worldwide, although the technology was developed using Applied Bio-systems machines. 

The specific reagents developed for the methods are minute quantities of DNA solutions occupying 

few micro-litres in small test tubes. They must be shipped in appropriate conditions as refrigerated 

or frozen materials. 

A trial was conducted at AIA (Veronesi Group), a leader Company in Europe in the production of 

poultry and other meats, egg and related products. The Company is located in Verona, with 

branches in many locations in Italy. Within the company a laboratory facilities are equipped for 

microbiological and molecular analyses, aimed to assess the safety and quality of the products.  

The aim of the study, conducted in the laboratory of Verona, was to test the molecular tools, 

developed by University of Parma within the WP2 to detect microbial contamination in poultry, and 

in particular, the comparison between microbiological and Real-Time PCR methods.  

The experiments were discussed and planned with head of of laboratory analyses to set up the kind 

and preparation of samples and the target micro-organisms. The micro-organisms chosen were 

Salmonella enterica and Campylobacter jejuni, usually targeted in poultry supply chain; the 

samples were pieces of neck skin of chicken, that are in general reservoirs of these bacteria.  

The presence of Salmonella and Campylobacter is usually assessed with microbiological analyses, 

that require pre-enrichment of bacteria after growing in appropriate medium. In the CHILL-ON 

study following was performed: 

1) testing the applicability of Real-Time PCR for detecting the target bacteria without pre-

enrichment and to quantify the cfu (colony forming units) directly in the sample,  

2) comparing Real Time-PCR results with those of microbiological methods.  

The analyses were conducted on samples of poultry neck skin artificially spiked with known cfu of 

Salmonella enterica and on untreated samples, to find the natural contamination of Campylobacter 

jejuni.  

The conclusion was that Real Time PCR can be easily adaptable to poultry samples collected “in 

the field” to evaluate microbial contamination. Real Time PCR resulted more sensitive than 

microbiological methods, because it is able of detecting also non viable cells and traces of DNA. 

Even if the microbiological tests reveal viable cells which represent  the “real” risk for health, the 

presence of dead cells and microbial DNA may be considered an indicator of previous 
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contamination and hygiene conditions. Therefore, the rapidity of the Real-Time PCR makes it a 

valid tool for monitoring the supply chain in some critical points.  

The application of Real-Time PCR for detection of Campylobacter resulted of particular interest for 

the Company: in fact a recent survey conducted by EFSA (European Food Safety Agency), reported 

that between 50 and 80% of all human cases of Campylobacter can be attributed to chickens as a 

reservoir and that between 24-29% of human cases can be attributed to handling, preparation and 

consumption of chicken meat
61

.  As a consequence of these data, considering the implication for 

health a strict surveillance of Campylobacter is recommended by EFSA, as well as research devoted 

to identify markers of Campylobacter virulence, survival properties and ecology
62

. Therefore the 

tools developed in UP laboratory can constitute a basic point to cooperate with companies in this 

field. 

7.3.1 COMMERCIAL COMPETITORS 

The main alternative to this method is the usage of conventional microbiological methods. This 

cannot be considered as a competitor because application of microbiological tests is prescribed by 

legislation and therefore cannot be avoided. This method is rather a complementary approach 

designed to accelerate the analysis and to provide additional information which might become 

useful in case of accidents. It also goes in the direction of future evolution advocated by EFSA. It 

also provides quantification without previous enrichment of bacterial cells. 

The market provides other similar tests based on molecular biology analyses, making use of 

qualitative or quantitative PCR. The tests available belong to two categories: (i) commercial kits 

sold by companies, and (ii) methods published in the scientific literature. 
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62
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7.4 QPCR MULTIPLEX METHOD FOR THE DETECTION AND 

DISCRIMINATION OF MICRO-ORGANISMS IN REAL LIFE 

APPLICATIONS 

The appearance of the group Enterobacteriaceae and coliform bacteria indicates a lack of hygiene 

or contamination during the food processing and adjacent bad cooling conditions. To comply with 

the need of a fast assessment for hygienic parameters within the process chain management fast 

operating PCR detection systems need to be developed. According to Bayardelle and Zaffarulah 

(2002)
63

 optimized primers for the identification of species within the groups were generated and 

subsequently applied on different food matrices. Because of the high diversity within the chosen 

gene for coliform bacteria it was necessary to generate Degenerated Oligo Primers (DOP) to cover 

all differences in the base composition of the gene target region, the lacZ gene. For the 

Enterobacteriaceae the chosen gene was the wecE gene. The quantification will be carried out with 

fluorescent marked primers. 

The detection of Enterobacteriaceae was adopted and customised to the application of fish 

examination by the use of a primer (wecE6) generated by Bayardelle and Zaffarulah (2002) 

completed with a new forward primer (wecEL1). With this system a problem occurred in 

development of qPCR for Enterobacteriaceae: not all species which gave a signal in an agarose gel 

were detectable in real time PCR. So an optimization of primers was necessary. To overcome the 

problems of mismatches in the primer sequence for several species of the Enterobacteriaceae DOP-

primers were generated. Until this moment 12 slightly different primers are used for qPCR. 

7.4.1 COMMERCIAL COMPETITORS 

Nowadays the classical approach to analyze Enterobacteriaceae is based on conventional 

microbiology. This means to cultivate a sample in an appropriate media which only allows specific 

bacteria to grow. This specific growth medium leads to competition among the species and shows 

only the presence of bacteria that are able to resist certain ingredients. 
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8. TTI-LABEL - ONVU  (FRE, UB, MATIS, TTZ, ITENE)  

8.1.1 INTRODUCTION OF THE TECHNOLOGY 

Freshness of chilled food is a requirement which is absolutely necessary to fulfill the high demands 

of the consumer and to guarantee high health standards in the food industry and at the level of the 

retailers. The different food categories have specified transportation and storage requirements. 

Under these requirements the consumer realizes at the point of sale a certain shelf life, up to which 

the food can be considered fresh and, thus, can be sold without hazards to the consumer. All of the 

above quality requirements are only fulfilled if the food chain of the various products stands up to 

the specified parameters of which temperature is the most important parameter. OnVu
64

 has 

therefore developed a “freshness label” which acts as an time temperature indicator (TTI) which can 

be attached to the food item and which is cheap enough to be applied to individual food packages 

which, in turn, are sold to the end consumer. The performance of OnVu TTI labels under practical 

condition was tested within the CHILL-ON project. The time-temperature indicator which was used 

in the project had been developed by Freshpoint and its chemistry partners (Ciba/BASF 
65

) and was 

investigated within the CHILL-On project by the following involved research partners: University 

of Bonn (Working Group Cold Chain Management), Matis as well as the TTZ (Transfer 

Technologie Zentrum Bremerhaven) and ITENE within laboratory investigations as well as in field 

trials in different food supply chains. 

 

TTI-label (FRE) 

The OnVu time temperature indicator is a label which consists of an area covered with dye. At the 

periphery of the TTI dye area there is a light blue reference color (regular printing color) as shown 

in Figure 31. The dyes have the property of being both, photochromic and thermochromic. When 

the dyes are in the ground state the material is white, when the dyes are activated the material is 

blue.  
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 For further information please visit the website http://www.onvu.com/ 

65
 Eichen, Y., Haarer, D., Feuerstack, M., Jannasch, U., Bücken, W., Uber, M., Nisbet, T., Reichert, H., Feiler, L. and 

Fuchs, A. (2008). What it takes to make it work: the OnVuTM TTI. In: Kreyenschmidt, J. (Ed.): Cold-Chain-

Management (Proceedings of the 3rd International Workshop Cold-Chain-Management, 2nd-3rd of June 2008). Bonn: 

Bonner Universitätsdruckerei. 
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Automated charger (FRE) 

For correctly using the OnVu labels in the chill chain, they have to be activated at the origin of the 

cool chain. This is done with an automated UV light charger (Bizerba) as shown in Figure 32. The 

activation process is performed by irradiating the labels with a certain dose of UV light onto the 

spot with the active dye. The UV light source is implemented into the machine. Since the dye is 

photochromic, it turns from white to dark blue during the charging. With longer charging time, the 

color after the charging gets darker. The UV charging has the advantage that the chargeable labels 

can be stored at room temperature and the charging facilitates a clearly defined time-zero of the TTI 

supervision process. 

  

 

Figure 31 Left: picture of a charged OnVu label. The active dye (dark blue heart) is surrounded by a light blue 
reference. Middle: Simplified energy plot of the photochromic and thermochromic dye as used in the OnVu TTI labels. 
The dye in its ground state is white and in its activated state dark blue. Right: After the charging process of the TTI, the 
label has to be covered by an UV intransparent layer. This is typically done by a thermal transfer printing step. 

 

UV-charging

transfer of UV filter

expense of label

uncharged label

 

Figure 32.: Automated UV light charger which also laminates the UV filter. 
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8.1.2 KINETICS OF THE TTI LABEL (FRE, UB) 

After the charging process, the thermochromic properties of the dyes can be used for the time 

temperature integration process. This means that the UV charged dye returns gradually to its white 

ground state depending on time and temperature. The dye can be used to image the food shelf 

lifetime on a color scale. As soon as the inner area with the dye fades to a color lighter than the 

reference color, the food is not good for consumption and has to be discarded. Quantitatively 

speaking the TTI is not a temperature sensing device but an indicator for the integrated heat dose 

which has been applied to the food item, so it displays a visual summary of the time-temperature 

history of the product. The TTIs do not replace the “Use by” date, but are instead meant to 

complement it. By changing the charging time and thereby the initial color of the label, also the 

time the labels need to reach the reference color can be altered. Thus, the initial charging time 

strongly influences the shelf life of the TTI which makes the label very flexible with regard to the 

adaption to products with different shelf lives and different required temperature conditions.  

 

The discoloration of the OnVu label can be measured by using a spectrometer. The square value 

(SV) in CIE-Lab space is used as a quality parameter to characterize the TTI charging and 

discoloration process: 

222 baLSV   

Where L represents the lightness of the labels; a represents their redness and greenness; and b 

represents their yellowness and blueness. A typical example of the kinetics of the SV-value as a 

function of time is shown in Figure 34. A detailed characterisation of the kinetic of the TTI is given 

by Kreyenschmidt (2003)
66

 and Kreyenschmidt et al. (2010)
67

. The bleaching of the TTI dye in SV 

units is given by the solid black line and the scale on the left. The label is charged to a blue color 

(SV=59) and then discolors at a constant temperature of 0.5 °C. The label lifetime is the time 

needed to reach the light blue color of the reference (SV=71). As mentioned above, it can be 

changed in a wide range to matches the shelf life of the product. The state of abuse, which is a state 

                                                 

66 Kreyenschmidt, J. (2003) Modellierung des Frischeverlustes von Fleisch sowie des Entfa¨rbungsprozesses von 

Temperatur-Zeit-Integratoren zur Festlegung von Anforderungsprofilen für die produktbegleitende 

Temperaturüberwachung. Bergen ⁄Dumme: AgriMedia Verlag.  

67
 Kreyenschmidt, J.; Christiansen, H.; Huebner, A.; Raab, V. & B. Petersen (2010): A novel photochromic time–

temperature indicator to support cold chain management. International Journal of Food Science & Technology, 45, 2, 

pp. 208 – 215. 
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in which the product is definitely not recommended for consumption, has an off-white color with an 

SV value of 71 as determined by Kreyenschmidt et al. 2010
68

. Also a quality contour diagram 

which can be used to define the appropriate charging time for different products is presented in this 

publication.  

Figure 33 shows the quality contour plot which provides a comprehensive visual relationship 

between temperature, charging time and shelf life. 

 

 
 

 

Figure 33 Quality contour diagram (a) and a quality response surface (b) for the time–temperature indicator 

for different initial Square Values (Kreyenschmidt et al. 2010). 

 

Since photochromic and thermochromic processes are typically reversible, the TTI label has to be 

protected from recharging by a later, fraudulent charging procedure. This is done by laminating the 

active spot with a transparent optical filter layer which is capable of blocking the UV light, thus 

allowing only the first and original charging process of the food item. The process of lamination 

after charging is shown in Figure 32. The UV-Vis filter is called thermo transfer ribbon (TTR) and 

is transferred to the label in the automated machine by pressing the TTR on the label and 

subsequent heating. The charging process is shown in the movie “Blauer Punkt als Frischegarantie” 
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pp. 208 – 215. 
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which was made by a film crew during one of the wet trials at Bonn University (Telecast Abenteuer 

Wissen: http://abenteuerwissen.zdf.de/ZDFde/inhalt/13/0,1872,7245325,00.html). 

8.1.3 DATA FROM FIELD TRIALS 

Field trials in fish supply chain (FRE, Matis/UoI) 

The data shown in the following are from the wet-trails with fresh cod loins in Island in 2009. 

Figure 34 shows a typical temporal behavior of the SV value of the label as used for the tests with 

cod filet 
69

. The time the label needs to reach the reference color was tailored to match the shelf 

lifetime of the cod, which is about 200 hours at 0.5 °C. The recorded temperature is depicted with 

the blue line and the scale on the right hand side of Figure 34 
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Figure 34 Color decay of a charged TTI label and recorded experimental temperature for a regular TTI application (see 

text). 

 

The most important scenario for a TTI label is one in which the correct temperature conditions for 

storage are not fulfilled. Here one has to expect that the label indicates the condition of temperature 

abuse. For this purpose, after about 190 hours of correct storage at about 0.5 °C, the samples were 

warmed up to 16 °C and subsequently cooled back to about 6 °C. One can immediately see that the 

slope of the color decay turns steeper and that SV values after the abuse of 80 are reached. This fast 

change of blue to white can be readily seen by the human eye and, thus, the TTI label would warn 
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Kreyenschmidt, and Sigurjón Arason. “Performance of a new photochromic time-temperature indicator under simulated 

fresh fish supply chain conditions” International Journal of Food Science & Technology, 46, 297–304. 
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the consumer, that temperature misuse has occurred and the fish sample is not recommended for 

consumer (Figure 35).  

 

-2

0

2

4

6

8

10

12

14

16

55

60

65

70

75

80

0 50 100 150 200 250 300 350 400

S
V

Storage time (hours)

T
e

m
p

e
ra

tu
re

(�C
)

 

Figure 35 Temperature misuse scenario for a TTI. After 190 hours of storage at 0.5 °C, the temperature rises to 16 °C 

and subsequently back to about 6 °C (see text). 

 

The wet-trails with cod in Iceland showed that the TTI has effectively reflected the temperature 

conditions of the product and can therefore be used to monitor the fluctuations in temperatures and 

abuse during storage of fresh cod loins. The TTI of a suitable charging level can be used to 

continuously monitor the quality and shelf life of the studied product, since the label lifetime is 

similar to the product shelf life declared by sensory, chemical and microbiological evaluation. The 

label lifetime and the time predicted by the SSSP square root spoilage model (based on product 

temperature) are also in good agreement for all the studied scenarios 
70

. This strengthens the aim to 

use TTI to replace direct temperature recordings in the fresh food supply chains. 

Field trials in poultry supply chain (UB, FRE) 

On basis of the development of a TTI kinetic model as well as a TTI adjustment model, University 

of Bonn has done several wet-trials within a exemplified poultry supply chain in Germany. Within 

the wet-trials the placement of the TTI on the single units, the reproducibility of the charging 

process and the correlation with the food spoilage process under environmental conditions were 
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investigated. On basis of this knowledge the whole concept of the TTIs were tested within a long 

term implementation over several weeks in November 2009. The aim of the investigation was to 

test the functionalities and practicability of the TTIs within a real business process.  

Figure 36 shows an overview about the German poultry supply chain. The points of inspection 

within the supply chain (red dots in the figure) have also been the points of the measurements for 

the study. Within this wet-trial the TTIs were activated in a cooling room at the slaughterhouse. 

Specific adaptation of the TTIs to this product was done by choosing an appropriate charging 

energy by using the quality contour plot of Kreyenschmidt et al. 2010. The discoloration process of 

the TTIs was measured in every defined steps of the supply chain (shown in Figure 36) by using a 

hand hold spectrophotometer. Measurements were conducted until the TTI reaches the end of shelf 

life (SV = 71). To investigate the reproducibility of the charging process and the discoloration 

process of the label, 10 labels were put on each side of the box. Besides the monitoring with the 

TTIs, the temperature conditions were also monitored with data loggers (Verdict Systems BV, The 

Netherlands) that have been placed at the inside and the outside of each box for controlling reasons.  
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Figure 36: Overview of the German supply chain and inspection points (Raab et al. 2010
71

).  

 

A kinetic model was used to predict the discoloration of the TTIs as a function of the temperature 

profiles that have been measured with the data loggers for the whole supply chain (Raab et al. 
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2011
72

). The observed responses of the TTIs could then be compared with the measured ones within 

each step of the supply chain.  

To decide whether the responses of the TTIs can also be used as quality indicators, microbiological 

investigation of the specific spoilage organisms (SSO), Pseudomonas sp., were conducted 

simultaneously (Bruckner et al. 2010
73

).  

During the trials the charging processes have been well reproducible within the packaging room of 

the company. The average square value of the 560 TTIs at the point of the activation has been 

57.34. The charging processes within this long term field trial showed a very low mean standard 

deviation of 0.11 (Raab et al. 2011
74

).  

Furthermore, measured and predicted SV on each side of the boxes after 168 hours has shown a 

good agreement, as most differences in SV estimation were less than 1 % from the measured SV. 

Figure 37 gives an overview about the agreement of measures and predicted SV at one exemplified 

cardboard box.  
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Figure 37: Example of observed (data points) and predicted response of the TTI within the field trial at cardboard box 
6: a. top of the box, b. bottom of the box (Raab et al. 2011

74
). 
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The predicted shelf life times by using the TTI kinetic model and the measured shelf life times of 

the TTIs differ in general less than 20%. Taoukis et al. 1999
75

 stated that ranges by less then +/-

20% differences are acceptable in practice. The microbiological shelf life was comparable with the 

shelf life that was obtained by the measured TTI values and the TTI kinetic model. But it has to be 

mentioned, that variations in the initial bacterial count will lead to deviations of the measured and 

the real shelf life times, what also was observed within the study.  

Generally, it can be concluded, that the TTIs can be used as suitable tool to control the cold chain 

and the spoilage process of fresh poultry.  

Based on all results a Web 2.0 based software solution which serves as a practical tool to assist in 

applying and using TTIs in meat supply chains was developed (Raab et al. 2010a
76

). 

The algorithm of the software was programmed by using PHP (Hypertext Preprocessor) together 

with a simple MySql-database, so that it is compatible with servers of commercial internet 

providers and therefore usable by all participants of the supply chain. A demonstration of the 

software is available at: http://www.ccm-network.com. Figure 38 shows a screenshot of the Web 

2.0 based software solution. 

 

Figure 38: Screenshot of WEB2.0 based Software Solution to support a practical implementation of Time Temperature 
Indicators (Cold Chain Management Group of University of Bonn: www.ccm-network.com, Raab et al. 2010) 
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The successful results from this long-term scientific investigation as well as the development of the 

Web 2.0 based software solution lead to the decision that the OnVu TTIs were tested in the final 

field trial of the CHILL-On project in October 2010 within the above described poultry supply 

chain. Within this field trial all developed technologies of the project were tested together in all 

steps of the exemplified supply chain. By using the Web based software solution it was possible to 

do comparisons of the measured and predicted TTI value in real time. Thus, the software allows a 

very fast and user-friendly check whether the cold chain was still in its limit or not. The digital 

information generated was also delivered directly to the TraceChill server. 

8.1.4 COMMERCIAL COMPETITORS 

Interest in Time Temperature Indicators (TTI) has increased in the last years, mainly due to the end 

user interest for traceability and safety of food products. There are several TTI labels already 

available on the market with different characteristics and performance (i.e. Checkpoint ®, Avery 

Dennison TTsensorTM, (eO)® label, Fresh-Check®, Timestrip Plus ®, WarmMark
TM

, 3M 

MonitorMark
TM

, TMC Thermax, Deltatrack Tempdot®, CooLid).
77

  

9. RF-TTI (PROTOTYPE) (AVC) 

TTI (Time-Temperature-Indicator) means time-temperature history of the product, and indicates 

the freshness level of a product based on its temperature history, from production to table. The TTI 

sensor changing process can be adapted to the shelf life loss of a specific product: slight changes in 

activation energy and crystal structure allow adaptation of the sensor response to fit the 

deterioration process of different fresh food products (e.g. raw meat, fish or dairy products). TTI 

labels are usually visual labels hence with the limit that line of sight is needed to retrieve the 

information, limitation that could be overcome by a radio frequency TTI label. 
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Figure 39 Main components of the rf-TTI  

A novel RFID (Radio Frequency Identification) TTI label called rf-TTI, based on TTI concept 

but completely passive and with RFID interface has been designed and developed. Whenever 

interrogated by a standard RFID controller this rf-TTI label returns the information about the item’s 

remaining shelf-life. The combination of TTIs with passive RFID technology (eCHILL-ON smart 

labels) allows wireless transfer of shelf life data together with product/batch ID. 

The TTI part consists of a chemically dissolving metal layer, whose dissolving process is time 

and temperature dependent. It is integrated into an electronic circuit (capacitor, inductance, resistor, 

etc.) and the resulting electronic signal can be transmitted via the associated RFID chip: this 

corresponds to the % or remaining shelf-life of the product (see Figure 39). 

The time-temperature response of the TTI part can be calibrated for each specific product 

through changing: 

- Nature of the viscous media 

- Nature of the etchant 

- Amount of etchant 

- Nature of the metal layer 

- Thickness of the metal layer 

The tailor-made TTI allows digital as 

well as continuous responses. 

The rf-TTI prototype is successfully 

proving the concept of the integration of 

TTI with RFID, and it’s ready to become an integrated circuit and therefore a commercial RFID tag. 

 

Figure 40 – % shelf life left vs. hours (@23°C) 
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Single item tagging needs very cheap smart labels in order to be economically feasible: this is 

particularly true when low margin products are involved. rf-TTI is a completely passive label (i.e. 

no battery needed) which price is just a few €c higher than an RFID passive label. 

10. T-SENSOR /DAM/ MMU (AVC, MIL) 

Real time monitoring is very important to save a load of goods that require specific conditions to 

maintain their original characteristics. A fundamental part of a cold chain monitoring system is 

therefore a technology able to sample temperature and transmit values to the central system in real 

time. Many devices are already able to record temperature during a transportation of goods, but 

such values are available only at the end of the journey when it’s too late to save a load that has 

been abused by temperatures either above or below thresholds range. 

For this main reason a novel active tag family has been designed and developed. This class of 

tags, that has been named T-Sensors, aims at providing something new that was not yet available on 

the market. These tags, in conjunction with suitable readers, represent an innovative system, based 

on the quite new ZigBee communication standard @2.4GHz, a frequency that is available for this 

kind of applications almost worldwide without limitations from national regulations. The Chill-on 

developed system relies on three components: the active tag (T-Sensor), the reader unit (DAM – 

Data Acquisition and Management) and the mobile management unit (MMU). 

 

Figure 41 – Cold chain management system 
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The T-Sensor is responsible of measuring and 

sampling the temperature at a configurable rate and 

transmitting the samples – together with the date and 

time they have been taken – to the DAM, which 

collects them from all the T-Sensors within the 

covered area (inside a container, or a trailer, or a 

warehouse) where it’s installed. The DAM is 

connected to the MMU which transmits the T 

samples to the central system via GPRS together with 

the GPS coordinates of the load. 

The installation of the hardware equipment inside 

a container or a trailer must have no impact because often the transportation is done by a third party 

transportation company which would not allow it, and the trucks are usually not dedicated to a 

specific client but shared. To avoid such issues the set-up is self powered with a 12V car battery and 

installed inside a waterproof plastic box (see Figure 42). Just the GPRS and GPS antennas have to 

be placed outside once the container doors are closed. During all the field trials and the wet trial the 

complimentary and contingency solution from Controlant was installed and used in the field. The 

Controlant solution was also adapted to be able to communicate directly with the TRACECHILL 

server during the later trials. This was necessary to ensure a reliable back-up system for temperature 

data transmission in case of failure of the T-sensors, as this 

would blind the DAM/MMU link to the server. 

Benefits over existing solutions and main features 

Typical solutions for cold chain management envisage 

the implementation of temperature loggers inside the unit 

boxes that record the temperature of the goods. Upon 

delivery of the load the data loggers are collected, 

temperature history is downloaded by the operator – 

operation not easy to fit inside the unload procedures and 

also quite time consuming – and then checked. If 

something went wrong during the transportation then the 

quality manager has the elements to decide whether to reject the load or not, no chances to rescue it 

 

Figure 43 – From top to bottom: T-Sensor, 
MMU and DAM 

 

Figure 42 – MMU and DAM standalone setup 
with battery supply 
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anymore. Instead, with a system like CHILL-ON the information that the temperature of the load is 

moving out of the allowed range is available in real time; therefore it’s possible to intervene before 

it’s too late. 

The main advantages and features of the solution can be summarized as follows: 

 Real time knowledge of the temperature conditions of the load; 

 Monitoring of the temperature even during loading and unloading phases; 

 Plug and play; 

 No fixed installation needed inside the container or the truck cabin; 

 Time and GPS localization of the load info linked to the temperature samples. 

10.1.1 PILOTS IN THE FIELD 

The T-sensors were tested in the field trials, both in the fish processing chain (from a cod 

processing in Iceland to the final processor in France via truck and boat) and in the poultry trial in 

Germany (from a chicken slaughterhouse in Germany to the wholesaler via truck). They proved that 

the solution developed works and it’s reliable. 

The next challenge is about involving an industry actor that is looking for such a solution and so 

interested in experimenting it on the field within his own cold chain. 

Main sectors that could take benefit from a real time monitoring solution could be the following: 

 High value food; 

 Pharmaceutical; 

 Vaccines; 

 Cosmetics. 

10.1.2 THE CONTROLANT CONTINGENCY SYSTEM USED IN THE CHILL-ON FIELD 

TRIALS 

The ACV T-sensor development took longer than anticipated, and as the high dependence of other 

linked components (MMU and DAM) and the TRACECHILL system on temperature data it was 

necessary to find a contingency solution to get the field trial performance to a good timing. 

Controlant came into the project as a subcontractor and their equipment was used alongside the 

Chill-on developed technologies during the wet trial and all field trials with good performance 

results. 
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The Controlant CMS system is an on-line wireless monitoring system made for stationary and 

mobile monitoring. The CMS 

system is based upon CMS sensors 

and CMS transceivers, which 

communicate with a central 

database via GPRS. Each CMS 

sensor initiates a connection to a 

transceiver when it is in range and 

reports real-time data through it 

onto a central database server. If the 

CMS sensor has accumulated a 

temperature log into memory it will 

automatically and wirelessly off-

load it to the transceiver, which 

sends it to a centralized database system. 

The sensors are capable of measuring temperature and humidity and store up to 8.000 data points in 

memory. The temperature sensor has the operating range -40°C to 80°C with the tolerance of less 

than +-0.5°C. The humidity sensor has the operating range 0% to 99% with the tolerance of less 

than +-2%. 

The network works on license free ISM bands, 860MHz for Europe and 915MHz for USA. The 

range is 200m in open air with the standard antennas. 

The sensors have a 5-year battery life using 5 minute logging interval. The weigh is 104grams and 

the dimensions are 21mm x 53mm x 81mm (123 mm inc. Antenna). The industrial version was 

used during Chill-on field trials, which is made from aluminium and is very rugged. The same 

sensors with the same functionality will soon be available in smaller enclosures. A prototype of that 

version was used in one of the Chill-On field trials 

with good results (refer to the Salmon FR-NO field 

trial report). 

The CMS system was used in the field trials of the 

Chill-On project as a contingency and 

supplementary (back up system). The system 

provided data for each of the chains tested with 

 

Figure 45 CMS sensor – Industrial version 

 

Figure 44 The structure of the CMS system 
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good results (refer to the applicable field trial reports). The equipment and service was readily 

available for each trial. 

In addition to providing a contingency solution for the Chill-On project, and to be compatible with 

the Chill-on systems modifications and changes to the CMS system were necessary. The purpose of 

these modifications was to make it able to send data straight to the TRACECHILL system and in 

that way provide a backup for the data 

upload for that system in case of failures of 

the ACV T-sensors that caused the 

MMU/DAM to be blinded and no 

information therefore being delivered to 

the TRACECHILL server.  

The work was carried out in two steps. 

First changes were made to support real-

time data only. That version was used in 

field trials 2 and 3 (Salmon Norway-

France and cod Iceland-France). Following 

that work it was decided to adjust the log-dump feature to the TRACECHILL system to be able to 

collect data when not in contact with the GPRS network or transceivers. That was used in field trial 

4 (Salmon Norway-France-Retail)  

The system proved well in the trials and was used throughout each field trial to provide temperature 

data and to test other system parts. This work proved that both the CMS and the TRACECHILL 

systems are adjustable and therefore they are not bound to be used by a one particular technological 

solution.  

11. SMU (AFI) 

The Stationary Management Unit is a newly developed software application which installed on a 

pre configured laptop/desktop. The application feeds the information retrieved from the passive 

RFID tag to the TRACECHILL server.  This information is required for providing the link between 

the pallet and the trade unit level as well at the key parameter of temperature level acquired by the 

electronic TTI part of the tag. 

 

Figure 46 Adjustments to the CMS transceivers made a direct 
connection to TRACECHILL a possibility 
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As a requirement which was identified prior to the wet trial and an extra feature was added to the 

SMU – initializing the T-sensors in order to start collecting information on the pallet/boxes their 

attached to. 
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Figure 47  - SMU communication schema 

 

The SMU is a standalone technology the information received from the RFID tag through the 

reader, never the less it is the an elementary device compulsory to the TRACECHILL System 

 

Figure 48  - T-sensor Activation/Deactivation Screen 

The SMU was used in those trials which T-sensors were tested (Wet Trial – November 2009, 1
st
 

trial – March 2010, 3
rd

 trial – October 2010). SMU/T-sensor communication and synchronization 

related modifications were made to the SMU as a result of the wet trial. However, it should be noted 
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that due to the fact that rf-TTI were not available for testing in the field trials the SMU functioned 

mainly as T-sensor activation tool.  

The original objective of the SMU (software application for reading Rf-TTI) may become essential 

when the Rf-TTI technology will be well developed and more commonly used in food or any other 

industry. SMU already supported features such as automatically reading trigger for production lines, 

multiport connections and export button (for network disabled places) will be an important added 

value for any rf-TTI related application.  

12.  ICT- SOLUTIONS / TRACECHILL (AFI, CF) 

12.1 OLMC (AFI) 

The On Line Monitoring Client (OLMC) is the front end of the TRACECHILL system developed 

during the course of the CHILL-ON project. 

It is a web based client which is accessed (by authorized users only) via an Internet Explorer 

(version 7.0 or higher) and therefore requires an internet connection.  

 

Figure 49  - Main page of the OLMC containing the various tabs and Administration sub-menu 
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The OLMC is the working “Desktop” for any operator, manager or system administrator who 

would like to use the TRACECHILL system. It contains (currently) a login page, main page and 

various tabs which provide the user with an access to all sub-menus and options of the system.  

TRACECHILL system configuration, setup and definitions are done via the OLMC. All Online 

information can be accessed by using the OLMC. 

The OLMC was used continuously throughout all four field trials. Enabling field trials operators to 

enter edit and view relevant information (temperature, locations, alerts, traceable units etc) by 

accessing the desired information. The OLMC hosts the key software modules (SCM, GIS, DSS, 

T&T communication gateway) which along with the HW modules make up the entire 

TRACECHILL system. Nevertheless the solid basis provided by the OLMC as a front end of a web 

system which provide real and historical information on product within a food supply chain, will 

facilitate future projects to include such module with the necessary improvement and adaptation  

 

 Figure 50  - Discreet temperature graph shown in the OLMC  

 

The OLMC along with all other software modules was installed on the TRACECHILL set servers 

which were located at Afcon Headquarters throughout the field trials. Dedicated 10Mb download 

and 1Mb upload ADSL connection was used to secretly connect the servers set to the “Internet 

World”, allowing 24/7 worldwide access to the OLMC.  

The overall performance of the OLMC was good for all 4 field trials. Some functional and logical 

issues were detected during the initial stages of the wet trial (November 2009- Iceland). Most of the 

issues were solved within the time frame of the wet trial. Conceptual issues were addressed and 

fixed before the 2
nd

 trial (March 2010).  
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The OLMC was contentiously improved and customized based on inputs from field trial operator, 

enhancing general performance, better reports and graphs adding additional search features and 

improving the GUI.  

The OLMC was developed as software which illustrates the proof of concept of the 

TRACECCHILL system to improve safety, transparency and quality assurance  of the 

chilled/frozen food supply chain. As a result - the OLMC (similar to the other technologies 

consisting of the TRACECHILL system) has limitations which are part of any such proof of 

concept systems. Enhanced security, high number of concurrent users, connectivity to existing 

system, usage by skilful operators etc can be pointed out as OLMC limitations  

 

Figure 51  - OLMC real time temperature graphs showing each single reading 

12.2 SCM (CF) 

The SCM module helps managers to get an efficient overview of product flows. It provides insight 

into different product flows and their interaction. 

The SCM module manages movement and process data for Traceable Units. For the whole process 

and delivery chain of a product, the SCM module allows each step in that chain to be recorded. 
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Some processes may lead to more Traceable Units being created from a single Traceable Unit as 

input, when, for example a certain raw material becomes “split” into multiple products. 

Alternatively, some other processes may cause multiple Traceable Units to be combined into a 

single final product. Further, it is common during delivery of Traceable Units, that many single 

Traceable Units are grouped into a larger physical Traceable Unit for distribution (for example 

many Traceable Units being packaged into a box or placed on a pallet). The SCM module allows all 

such processes to be defined, and by doing so forms a complete traceability environment. 

At each step in the process and delivery chain, it must also be possible to record any critical 

measurements generated by those processes. Measurements may later become important when 

tracing through a given Traceable Unit's history, for example, in order to determine exactly what 

happened at each step in the process and delivery chain. 

  

During the field trials different actions were performed in the SCM module and tested successful, 

e.g.: 

 Metadata registration 

 Split Traceable Unit to several Traceable Unit 

 Merge several Traceable Unit to one Traceable Unit 

 Create Storage 

 Create Transport 

 Update Transport with the correct information (arrival and departure) 

During the field trials manual data registration took place. Therefore CF improved the data 

registration possibilities after the first field trial through adding EAN-scanner possibilities (Figure 

52). After the second field trial CF added validation and error messages, improvements for deletion 

of traceable units and improvements of the filter functionality in the Navigator were performed.  

 

Traceability is a key goal of the SCM. Given a single Traceable Unit, or a group of Traceable Units, 

it was possible during the field trials to see exactly the process and delivery steps that those 

Traceable Units have undergone – this is particularly important when a defective product has been 

encountered. Upon identifying a given erroneous process, it was also be possible to identify all 

Traceable Units that had undergone the same process and may therefore exhibit the same defect. So 

the SCM module provided both, Upstream and Downstream traceability to meet this objective 

(Figure 53). 
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Figure 52 Process registration including scanner functionality 

 

Figure 53 Traceability navigator for Upstream and Downstream traceability 
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12.3 DSS (ALERTS) (AFI) 

The DSS (Decision Support System) is software module which is part of the TRACECHILL 

system. The module responsibility is to identify the irregular incidents which may affect the 

product safety and quality. The DSS consists of 4 main parts: 

1) Alert configuration – where the user can set up sets of rules which will be sued by the DSS 

to generate and alert when a specific rule is met. Such rules can be bases on time, 

temperature, product calculated shelf life, lab results and more. A complex calculation of 

rules is also supported.  

 

Figure 54 - DSS Alerts configuration GUI.  User defines the rules for alerts to be issued by the DSS software. 

2) Alert managing – a list of active alerts which are user handled and can be categorized 

according to pre-defined criteria’s. User can also link the alert to the physical location of the 

product at the time when the alert was issued   
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Figure 55  - DSS Active alert list. The link associated with each alerts provides full information on the alert and the 
location which it was issued  

3) Shelf life calculator – a tool assisting in calculating expected shelf life/ probability of innless 

of a product (based on QMRA-SLP model) by manually entering expected temperature 

and/or lab results for a specific supply chain  

 

Figure 56  - DSS QMRA/SLP calculator GUI. 
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4) DSS main page – lists product current and historical shelf life / probability of innless results 

based on product temperature, bacteria count which were used as input for the QRMA-SLP 

model.  

 

Figure 57  - DSS main page lists product shelf life calculations by time (irregular incidents are automatically highlighted 
by the software in orange)  

 

The DSS was one of the main software modules used in all field trials for obvious reasons – The 

module (integrated with the QMRA-SLP model) is one of the innovative parts of the 

TRACECHILL system as it “translates” the real time temperature and lab results information into a 

concrete, coherent figure of remaining shelf life / product probability of illness percentage.    

The DSS had been modified thoroughly as outcomes of each trial, providing more flexible rule 

definitions, easier identification of “irregular” incidents, enhancing the supported bacteria types and 

expending number of concurrent alerts handled by the system.  

In terms of performance, the DSS functioned well during the duration of the field trials. The 

majority of the issues which had to be addressed are regarding the integration of the DSS and the 

QMRA-SLP model and a repeated difficulty in issuing the alerts to the email addressed defined by 

the operators.   

The novelty of the CHILL-ON DSS module lays in the multiple real time sources of data. The 

trigger mechanism that was developed for the DSS successfully handled thousands of temperature 

readings and dozens of lab samples results within the field trial period. The buffer which was used 

worked faultlessly enabling the TRACECHILL system to synchronize the QMRA-SLP model, 

natively slower calculations, with the large number temperature reading reported (from multiple 

sensors) in short time.  
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The DSS was positively reviewed during the 3
rd

 annual review of the CHILL-ON. The Shelf life 

calculator was mentioned a tool with an added value to support the users in their decision making 

prior or during the launching of the product in the supply chain. 

12.4 GIS (AFI) 

The GIS (Geographical Information system) software module provides location information of 

every traceable unit connected to MMU/SMU or other transmitting component.  Therefore it 

provides the OLMC with the ability to monitor using graphical animated symbol the requester 

unit location. The GIS module is based on ESRI ArcGIS 9.1 development environment which 

provides maximum flexibility in developing GIS for web applications.  

 

Figure 58 - GIS module presents the path of the shipment during the March Trial along with the temperature data 
reported for this shipment  

 

During the wet trial (November 2009) two layers of maps were integrated into the GIS a large 

scale map (1:100,000) for over viewing large areas and small scale (1:25,000) map for detailed 

view of streets. Having two overlapping maps provided the user with further flexibility and 

easiness in finding desired locations; however it had slower the performance of the module (and 

therefore the entire TRACECHILL system). As a result - the two maps approached was replaced 
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with one web based map which was provided for ESRI customers. Upon replacing the maps, the 

performance of the ESRI web based map was significantly improved allowing faster access and 

quicker display of real time location. 

Further improvements of the GIS module have been made during the duration of the field trials 

including: displaying current location even when no valid temperature data is available (in order 

to verify MMU GIS functionality), showing all known locations per traceable unit, listing all 

temperature readings per reported tag, adding noticeable indication for locations which 

temperature abuse incidents had occurred and more.  

 

 

Figure 59  - GIS module integration testing with Controlant Mobile Unit  

The overall performance of the GIS module was good throughout all 4 field trials. The 

communication with the T&T communication gateway (the provider of data coming from the 

terminal units: SMU/MMU/C-MMU) was faultlessly. The decision to choose an independent GIS 

engine was found to be the right one – allowing the flexibility of replacing maps, eliminating 

unnecessary map layers and easily interchanging GIS user displays.   

The GIS module was mentioned as an important feature by some of the fish industry persons which 

attended the workshop in Iceland (November 2009). The main added value of the module is by 

providing product/QA manager with a tool to identify logistic problems in real time during 

transportation  
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12.5 T&T COMMUNICATION GATEWAY (AFI) 

The T&T communication gateway module manages the reception of all reading information 

(location, temperature, lab data…). This is done by converting the raw data (compressed message) 

into a format suitable for the reading entity. The acknowledgment messages (sent to the source of 

the message) containing the corresponding operations, serves as a confirmation (schema validation) 

for the last received message. 

The T&T communication gateway module handles and supplies the information related to the 

tracking and tracing data on the matching unit id elements such as tracking history and laboratory 

results history in context of user sanctioned information and the Logistical Unit. 

 

 

 

 

 

 

 

 

 

 

Figure 60  - T&T communication gateway interaction with terminal units (SMU/MMU)  

Although the T&T communication gateway doesn’t have a GUI which the viewer can see, the 

module is a fundamental service that “glues” all terminal units and external services.  

Module performance during all 4 field trials was the particularly stable – no special complications 

were encountered.  

After the wet trial and as conclusion of it, the T&T communication gateway module was enhanced 

and modified to support an additional terminal unit type (C-MMU). This change resulted in broader 

module which was able to receive, send and manage data from 4 terminal units (MMU, C-MMU, 

SMU, Lab results) and 4 TRACECHILL server software modules (GIS, SCM, DSS, OLMC). 

The positive experience gained during the wet trials proved that such communication element is a 

an essential component for similar system which handles real time/ close to real time information 

from multiple sources.     
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12.5.1 COMMERCIAL COMPETITORS 

The Chill-on software has been developed specifically for the Chill-on hardware and project 

requirements, so it is difficult to find other software that can compete directly with it. The 

capabilities, hardware specifications and used protocols are too specific to directly find a perfect 

match. There is however some competition regarding “similar” software, that contain some of 

Chill-on characteristics. A number of companies dedicate their effort to develop traceability and 

identification software, which in some way is comparable to Chill-on application. Some examples 

are given, along with their products and software capabilities. 

The company OLRAC (Ocean & Land Resource Assessment Consultants) has developed a 

traceability software application called OLFISH
78

. OLFISH is an electronic logbook software 

solution capable of collecting, analyzing, plotting, mapping, reporting, tracing and transmitting all 

vessel-related data, specially customised for the commercial fishing industry. It consists of 2 

components: Dynamic Data Logger system (DDL) and Reports Management System (RMS).  

The company TRACETRACKER has developed a software solution called Global Traceability 

Network (GTNet)
79

. This solution has different modules: 

- TT Traceability Information eXchange (TIX): a traceability storage area for individual 

companies or business units.  

- TT Master Data Server: a container for master data. It allows users to easily upload and 

manage master data from any source 

- TT Traceability Hub: a solution for sharing traceability data between business partners. 

- TT Data Uploader: a specialized tool that facilitates the uploading of XML files or manually 

entered data files to a database.  

AKVA GROUP has also developed a software application for traceability of fish related industries 

called Wisefish
80

. Some of its characteristics are real time inventory control, raw material yield and 

contribution calculations, traceability of products and HACCP compliant quality control.  

The most important advantage of the Chill-on software is the real time capability to manage 

temperature and the decision support system, to estimate shelf life of the product according to actual 

history and status of the product. 

                                                 

78
 Olrac (Ocean & Land Resource Assessment Consultants). Olfish Software Homepage. Available at:  

http://www.olfish.com/. Visited on: 22 of November 2010. 
79

 Tracetracker. Global Traceability Network Specifications. Available at:  http://www.tracetracker.com/?tag=GTN. 

Visited on: 22 of November 2010 
80

 Akva Group. Wisefish Software Homepage. Available at:  http://www.wisefish.com/. Visited on: 22 of November 

2010. 
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13. SURVEYS ON MARKET NEEDS (UOI) 

Stakeholder´s meetings were held in connection with field trials to obtain the view from actors in 

the supply chain on the potentialities of the developed technologies. The overall concept of CHILL-

ON was not considered a feasible business approach, however the stand alone solutions were 

considered to have a great potential to be implemented in the industry to enhance the transparency 

and provide verification of performance. Some of the CHILL-ON technologies are already 

marketable solutions, but the need for further research was identified by the project´s partners 

during the field trials. For example further developments the QMRA /SLP models are needed. The 

need for customization was identified and adapting of the technologies in collaboration with the 

industry.  Furthermore, more dissemination and demonstration of the potential of the technologies is 

needed for potential users and training is essential. Thus the experience gained in field trials in WP5 

was valuable for partners to focus the future research efforts and further optimization needed before 

technical solutions can be marketed.  

Assessment of market needs was based on focus groups with actors from the whole food supply 

chain, stakeholder meetings in WP5 field trials and questionnaire surveys. Furthermore, interviews 

with brokers gave insights to the requirement of retailers as well as information on market trends 

obtained from internet business sources and the scientific literature.  

The following surveys were conducted: i) focus group study in Iceland April 2010, ii) 

Questionnaire Survey in Brussels, April, 2010, iii) Internet survey on Environmental Awareness of 

Stakeholders, August 2010, iv) Internet survey of stakeholder views on implementing CHILL-ON 

technologies Dec 2010. The main conclusions on the need of the food supply chain stakeholders 

and retailers have been summarised and recommendations put forward on activities after the 

project’s successful completion. These include feasible marketing approaches and further research 

and training activities for potential users of the knowledge produced within the project. The results 

are available as internal reports 
81,82,83,84

. Further analysis of the data and manuscripts are in 

                                                 

81 Johannesson G.Th. and Gudmundsdottir, H. 2010. CHILL-ON –Summary from a focus group study.  Report for 

Laboratory of Applied Supply Chain Systems, Social Science Institute, University of Iceland, May 2010. (manuscript  

in preparation) 
82

 Ingólfsdóttir, G.M. 2010. Application of Environmental Indicators for Seafood.  Final report for The Icelandic 

Research Council, University of Iceland, Laboratory of Applied Supply Chain Systems, ASCS-UoI Report, Sept 2010, 

60p. (manuscript  in preparation) 
83

 Ólafsdóttir, G., Hafliðason, T., Bogason, S.G., Guðlaugsson E., Jóhannesson, G.Th., Ómarsdóttir I.L. Survey on 

views of stakeholders at the Brussels Seafood Exposition 2010. ASCS-UoI Report Dec. 2010 (manuscript  in 

preparation) 
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preparation for publication. In connection with the surveys the CHILL-ON stakeholder data base 

was updated (D1.9). 

14. CONCLUSIONS  

The view of CHILL-ON partners, their experiences in field trials and the “lessons learned” in WP5 

field trials were obtained during round table discussions at the final CHILL-ON meeting in 

November 2010. 

Field trials in the project were valuable for the researchers to find out how the technologies operated 

in real time and under industrial conditions. Further research in collaboration with companies is 

needed, where the systems would be implemented for a longer period (i.e. one year) to verify and 

develop the QMRA/SLP models further (WP1) and to adapt the technologies (ICT hardware & 

software, chilling and packaging concepts, qPCR protocols, etc.) to meet the industry requirements.  

It was a challenge in the field trials to involve external testing laboratories to provide verification of 

the performance of the qPCR kits, since the laboratories were not in all cases experts in the methods 

that were applied. A very important aspect was to develop detailed protocols for the testing 

laboratories and conduct training for the staff (WP2). 

Chilling optimisation could not be achieved in the field trials because in the trials, the project had to 

adapt to the current practices in the companies. However, the application of the models proved very 

useful to detect if changes in the handling of products or procedures in the companies had been 

made. For example, if the actual shelf life exceeded, or was shorter, than the expected shelflife 

when compared to the earlier mapping trials (WP3). 

A lesson learned was “Never to trust people when they say they are operating under certain 

conditions. In the field trials, this never was the case”. It was invaluable for the technology 

developers to meet actors in the chain face to face in the stakeholder meetings. This should have 

been done much sooner in the project according to partners’ opinions, and in many cases it was too 

late to take up discussions on modifications of the systems to adapt to the needs of the industry 

(WP4). 

                                                                                                                                                                  

84
 Hafliðason, T., et al., 2011.   Results from the internet survey in December 2010.  Data analysis is in progress and a 

scientific paper will be published as part of PhD thesis of Tomas Hafliðason  
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Teamwork on the scene was the key to the success of the field trials and the detailed planning 

procedures. A very important factor is the ability to be able to collaborate and interact with the 

employees of the companies. The ideal situation would be to have the same industrial companies 

throughout the project. This would have ensured incremental, stepwise improvements throughout 

the project.  

The benchmarking of the CHILL-ON technologies identified, analyzed and compared the 

developments to detected competitors in the market. All technologies were considered to advance 

the state of the art, although in different degree. Specifically no competitors were detected for the 

QMRA/SLP software, and the rf-TTI label, so they can be viewed as the novelty technologies of the 

project. Other technologies, like the OnVu label and the TRACECHILL software, focus on market 

segment well established and with strong competition.  

Competition for qPCR protocols was considered mainly the conventional microbiological analyses. 

They have the tradition on their side and can be cheaper in some cases but disadvantage is the 

longer time until results can be expected. For qPCR to replace these methods, extensive validation 

would be needed. For some of the methods developed in CHILL-ON such as the enumeration of P. 

phosphoreum, there is no easy cultivation method available. In general, Real-time PCR applications 

are more widespread now and more easily adopted by many laboratories than only a few years ago 

which could facilitate the implementation of this technology. During the field trials in the CHILL-

On project the view of companies was assessed towards their need for such methods. In fact both 

quick quality checks by qPCR methodologies for spoilage bacteria was considered useful, as well as  

exploitation of such methods to analyse problematic bacterial species for screening purposes and in 

any case to accelerate preliminary results.  

The Optimised Chilling Protocols provide more up-to-date information on superchilling, CBC pre-

cooling during processing, thermal protection of wholesale packaging and temperature control 

during air and sea transportation of fresh fish, than comparable open access guidelines on fish 

chilling such as FAO’s technical papers.  

The strongest characteristic of the CHILL-ON project is the variability of technologies, which can 

provide support for almost any kind of situation in the traceability applications of fish and poultry. 

This has been available only thanks to the diversity of partners which have participated in the 

project, and applied their knowledge to develop a complex and multidisciplinary solution to solve 

fish and poultry traceability problems and provide monitoring technologies for quality and safety. 

Validation of the developed technologies in the field trials has given valuable guidance to further 
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adapt the technologies, but some of the technologies still need further research to be viable on the 

market. There is a risk of failure to get a clear message to the market on the meaning, purpose and 

advantages of the CHILL-ON technologies. Success of the technologies, when implemented in the 

market, is highly linked to their abilities to provide evidence of values that are required by supply 

chain actors to build trust in line with the consumers’ perceptions of the product values. The current 

focus on consumers is a consequence of the retail sector drawing on consumer demands to enhance 

their competitiveness and building trust.  

Based on focus group meetings with stakeholders, which were carried out in connection with the 

field trials in the CHILL-On project, the needs of the industry was emphasized
85

. Clear messages 

have to be given on how and where the technologies can be adopted to offer a positive return on 

investment in terms of increased benefits for companies. Further it was stressed that stakeholders 

need applied knowledge and simple tools to verify the quality, safety and traceability of their 

products according to regulatory and customer requirements.  

Many retailers are leveraging information and asking for more detailed product information from 

suppliers as a way to gain consumer trust and to share information that they believe consumers are 

using to make purchase and lifestyle decisions. However, it was noted in interviews with brokers, 

that it is currently difficult to ensure the validity of information on product’s handling and 

conditions, since transparency is often lacking in the fish supply chain, and this may also be the 

case for food supply chains in general. The certification of origin is required by regulation, but 

information on environmental impacts is increasingly being asked for by the retailers. This 

information is needed to effectively differentiate their private label offerings and to build up eco-

values in their brands and thus gain consumer credibility and trust.  

 Opportunities for the Chill-on technologies to provide verification of performance in food 

supply chains as valid indicators of quality, safety and traceability.  

 Opportunities for the Chill-on technologies to provide added value features, like information 

on environmental indicators, i.e. food mileage or carbon footprints. 

. 
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15. ABBREVIATIONS 

Abbreviation Meaning 

CIM Chain Information Management 

CP Corrugated plastic 

CSS Cold smoked salmon 

DSS Decision Support System 

DAM Data Acquisition Management   

EPS Expanded polystyrene 

ICT Information Communication Technologies 

MMU Mobile Management Unit 

SMU  Stationary Management Unit  

MVS Marine Vessel Software  

QMRA Quantitative Microbial Risk Assessment 

QPCR Quantitative Polymerase Chain Reaction 

SCM Supply Chain Management 

SFP Specific Food Pathogens 

SLP Shelf Life Predictor  

SSO Specific Spoilage Organisms 

TTI Time Temperature Indicator   

OLMC On Line Monitoring Client 

RFID Radio Frequency Identifier   

GIS Geographic Information Service  

IIS  Internet Information Service 
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