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PROJECT OVERVIEW

Project description 
A dedicated Smart Device (to be placed in the refrigerator) able to monitor the decay status of foods stored into a container and 

prolong the freshness by releasing inside the container a certain amount of antimicrobial and leveraging the opportunities provided 

by IoT.  

Objectives 
-Identification of target gas compounds associated with food decay during refrigerated storage

-Development  of an integrated system with 3 technological solutions (i.e. antimicrobial film + UV led + Gas sensor) 

-Development of the control algorithm of the Smart Device

Customer benefits 
- Notification to the customer when food is going to expire

- Control on food decay 

- Food waste reduction

- Notification when antimicrobial film is going to be over  
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PARTNERS AND RESPONSIBILITY
Partner Description Activities

CNR – 
Research Centre

Italian National 
Research Council

Identification of the main antimicrobial substances (Thyme oil, 
basil oil) and definition of UV LED characteristics (power, 
irradiation time).

ENEA – 
Research Centre 

Italian Agency For New 
Technologies, Energy and 
Sustainable Economic 
Development 

Validate the effect of antimicrobial on food target and antimicrobial 
concentration definition. Correlation between the food decay and 
the sensor response (CO2 and e-nose). 

Icimendue – 
Industrial Partner 

Italian Packaging 
Manufacturer

Development of an antimicrobial film useful to be inserted  in a 
Fridge compartment / food package. 

Barilla – 
Industrial Partner

Italian Food Company 
Provider of the target Food (tomato sauce and cooked pasta)

Engineering – 
Industrial Partner 

IT Service Management 
Company

APP development and Cloud interaction w/ appliance 

Whirlpool – 
Industrial Partner 

Home Appliances 
Manufacturer

Technical Leader and Project Coordination. 
Smart Device Prototyping (Mechanics, Electronics, Control 
Algorithm, Connectivity and Usability / Ergonomy). 
Concept test and validation. 
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CONCEPT DESCRIPTION 
The Smart Device is based on the following technologies:

❑ Gas Sensor

❑ Antimicrobial Film + UV Led

❑ Wi-Fi connection

Example of 
APP Interface

S&S mobile app able to 
give a feedback on: 

-current food quality based on 
sensor information 

-the remaining antimicrobial 
level-Connectivity architecture among food container, fridge, cloud 

-S&S app is a concept integrated within the Whirlpool cloud 
(integration is not part of this project)
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ACTIVITY PLAN - HIGH LEVEL SCHEDULE    

Development of an antimicrobial film that can be 
activated by UV led 
Leaders: CNR, Icimen due; 
  

TASKs 2017 

-Identification the main antimicrobial substances (Thyme oil) ; 
-Development of an antimicrobial film useful to be inserted in 
a fridge compartment 
-Identification the illumination system able to activate the 
antimicrobial film  (UV LED)
-Definition of UV LED characteristics  (wavelength, power,  

irradiation time)

TASKs 2015-2016

Studying the correlation between the food quality 
decay and the sensor response
Studying the effect of the antimicrobial 
substances on the selected food (ENEA)

-Identification of  the  sensor able to detect the food quality 
decay (Whirlpool and ENEA); 
-Identification of the Antimicrobial concentration needed to 
reduce the growing of the  spoilage (ENEA) 

Development of the Mechanical DEMO 
Define Specs for Algorithm and  
Connectivity

-Development of a smart device prototyping (Mechanics, 
Electronics, Control Algorithm, Connectivity and Usability / 
Ergonomy)

OUTCOMES 

OUTCOMES 
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-Development the final smart device 
with UV led, C02 sensor and 
antimicrobial film; 

- Development a software data 
manager for the communication 
among  food container, fridge and 
cloud 

-Preliminary validation of 
the smart device 

- Development of S&S app 

Kick-off 
meeting

Sep 13

Sep 2013- 
Dec 2016

Q1 2017

-Sensor investigations mainly 
correlated on the food quality 
decay 

- CO2 sensor selection

-UV source definition and 
selection 

- Drawing the preliminary smart 
device 

Q2 2017

-Experimental activity in order to 
understand  the correlation between 
gas sensors (CO2 and volatile 
compounds) and microbiological 
growth of food items target of the 
project  (tomato sauce and cooked 
pasta in collaboration with Barilla) 

Q3 2017 Q4 2017 31 Dec 
2017

END

ACTIVITY PLAN 2017
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Correlation btw food quality decay and sensor response
Y = f (gas concentration vs microbial growth vs time/temperature)

S&S project Food items Target

Y’s (answer): 
- Microbial growth (CBT, mould, yeast) 
- Gas sensing  (C02, volatile compounds (i.e VOC and other 

marker) 

Variables: 
- Storage temperature (fridge (4-8 °C) vs amb temperature (25 °))
- Storage time Barilla Tomato Sauce

400 g      
Ready cooked pasta 
240 g      

Sampling times (days)

0 2 4 7 14 36

0 3 4 5 6 7

@4° and 8 °C *

@25 °C

Replicates: R1; R2; R3; R4 

PROCESS MAP
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* trials carried out without inoculation of a 
specific  quantity of bacteria 
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GAS SENSING DETECTION

PID Sensitivity MOS  Sensitivity 

GAS SENSORS CHARACTERISTICS 
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Telaire T6615

Electronic nose with 
10 MOS

PID (10.6 eV, 
sensitivity: 5 
ppb-20ppm)

Correlation btw food quality decay and sensor response
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Tomato sauce@25 °C

MOS sensors selected through Principal 
Component Analysis (PCA): W5S 
(nitrogen oxides), W1S (methane), W2S 
(alcohol) and W2W (sulphur organic 
compounds). The signals increase after 5 
days of storage. The changes of these 
signals occur later than the 
microbiological growth. 

Increasing of PID signal after 4 days of storage. 
The signal is well  correlated with microbial 
growth.

The C02 trend during storage seems to be 
correlated with the microbiological 
analysis: the signal of CO2 increases at 
4th storage day. The signal reaches full 
scale after 6 days of storage due to an 
evident increase of bacteria, moulds and 
yeasts.

Tomato sauce@4 °, 8°C No significant variation for TCB, mould and yeast and pH index

CO2 sensor PID sensorMOS sensors

Tomato sauce correlation results
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Cooked Pasta correlation results
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MOS sensors selected by Principal 
Component Analysis (PCA): W1W (sulphur 
compounds), W5S (nitrogen oxides), W2W 
(sulphur organic compounds) and W1S 
(aromatic compounds). The signals 
increase after 5 days of storage

The PID signal is not significant: the signal 
increase  after 6 days of storage when the 
cooked pasta sample has an evident growth of 
mould 

The C02 trend during storage seems to be 
correlated with the microbiological 
analysis: the signal of CO2 start to 
increase after 2 days of storage; The 
signal reaches full scale after 4 days of 
storage due to an evident increase of 
bacteria and moulds

CO2 sensor

Cooked Pasta @25 °C

MOS sensors PID sensor

Threshold 
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SENSING PROGRAM_KNOWLEDGE CREATION 
SUMMARY 

FOOD QUALITY DECAY SENSOR DETECTION

Food Category MICROBIOLOGI
CAL ANALYSIS

ACCEPTABILITY 
THRESHOLD CO2 MOS PID

Tomato sauce
Total count 4 log (CFU/g)

Moulds 4 log (CFU/g)

Yeasts 4  log (CFU/g)

Cooked pasta 
Total count 4 log (CFU/g)

Moulds 4 log (CFU/g)

Yeasts 4 log (CFU/g)

NO correlation with microbiological analysis/no sensor response 

LOW correlation with microbiological analysis/fair sharp signal variation  

GOOD correlation with microbiological analysis/sharp signal variation 
close to microbiological threshold

TAKEAWAY: 
-In case of sterilized products stored at 25 °C, the 
C02 sensor resulted to be the most flexible 
against food category

-Among MOS sensor array, no identification of 
the main sensor correlated with food quality 
decay.
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Smart device development
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CO2 sensing
Teleaire T6615 CO2 sensor module was selected 
because:
- flexible sensitivity ranges (2000 to 50000ppm) 
that match the expected CO2 concentration
- dual wavelength sensor, that self compensate 
drift
- easy PC interface 

UV source
VISHAY VLMU1610-365-135 was selected as UV 
source because, when compared to the CNR 
reference 4W-365nm UV tube:
- matches required emission wavelength (365nm)
- have enough UV power (20mW/sr)
- wide emission angle (135°)
- “Flat” radiation pattern

Antimicrobial film
Antimicrobial film (70x15mm) is fixed to a 
rectangular metal frame that can slide into 
the cap, to be exposed to the UV light when 
LED is activated.
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Antimicrobial film characterization
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Assumptions:
1)The thyme oil microcapsule break when exposed to UV light at 365nm (CNR)
2) The gas sensor can detect thyme oil (W1S sensor, targeted to CH4 does the job) 

Experimental setup: 
The UV LED and the AM film are placed into a sealed vessel with two connections. Air is 
pumped from the ambient to the vessel by means of a pump. The air leaving the vessel exit to 
the ambient and can be sampled by a gas sensor with its own pump. With such arrangement, 
thyme oil is not accumulated into the vessel, and the exit air gas concentration depends on 
the thyme oil emission rate from the AM film. 
Test was done with 1 LED and 5 LED’s to understand UV power effect on thyme oil release.

Results:
Test done with pump OFF (with Air OUT pipe closed) evidenced a  correlation between UV 
power and oil emission, and the duration of the film activity. With 1LED the film releases oil up 
to 3.5h, while with 5LEDs the emission of oil seems to be faster. 

IMPORTANT NOTES: 
FILM preparation process seems to be the biggest noise here. More tests and better film 
fabrication process are required to draw any conclusion.



Whirlpool Corporation - Confidential 15

Study on Antimicrobial concentration to reduce  growing spoilage 
This activity has been led  by ENEA research team

Activity 1 : Isolation of bacteria and psychrophilic yeast into Barilla sauces with and without 
basilicum 

Activity 2: Evaluation of antimicrobial activity (thyme oils and and basil oil ) on microorganisms 
(Penicillium expansum 7051 and Penicillium spp.) in vitro

Activity 3: Microbial Challenge Test to evaluate the effect of antimicrobial activity  referring to  
Penicillium expansum 7057 growth at 8 °C 
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Study on Antimicrobial concentration to reduce  growing spoilage 
This activity has been led  by ENEA research team

Result 1: Psychrophiles bacteria and yeasts able to grow at 4 
and 8° C were isolated, respectively on Nutrient Agar (NA) 
plates containing 100 μg/ml of cycloheximide and Potato 
Dextrose Agar (PDA). The isolated yeast were identified as  
Penicillium spp. by optical microscope

Result 2: Inhibition is greater in presence of thyme oil than of 
basil oil.Thyme oil was more effective at 28°C instead of 8 °C 
of storage temperature. 

Result 3: Challenge test on tomato sauce showed a good 
correlation btw Penicillium expansum 7057 growth and C02 
concentration (measured by Electronic nose) after 10 days of 
incubation time.

Thyme oil (sx) and basilic oil (dx) effect  on 
the P. expansum growth 
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SW data manager development
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The prototype implement the Sensor Service, 
Main Service and Cloud Service. Retrieve 
data CO2 data from the sensor and allows 
the Partner’s cloud to control the UV LED. 
The appliance Services and data are 
accessible through the standard WHP cloud 
for future experimentations.
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S&S App development 
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The main screen of the mobile App communicate the customer the status of the food, the internal temperature of the package and expected 
expire date. On the right side the status of the antibacterial film is available. Info provided according to the algo defined in the other tasks.
 

Product selection through bar code

Product tracking 
(production, processing, distribution)
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Conclusions
Good Results Fair Results

-C02 sensor is well correlated with food quality decay

-UV source seems to be a good choice to activate the 
antimicrobial film 

-The final smart device prototype and the software  
data manager seem to be promising for its scale up on 
industrial scale 

- The developed S&S APP give information both on 
food quality  and remaining antimicrobial level 

-The antimicrobial film and its effect on the 
food shelf life extension  would need more 
studies before taking some conclusions. 
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