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Innovative 
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- High barrier materials 
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Active Packaging: „..designed to deliberately incorporate components that would release or absorb 

substances into or from the packaged food or the environment surrounding the food“   

Regulation (EC) No 1935/2004 A 

* Yildirim S. Active Packaging for Food Biopreservation, in Protective Cultures, Antimicrobial Metabolites and Bacteriophages for Food and Beverage Biopreservation, 

Lacroix C (ed). Woodhead Publishing: Cambridge, 2011; 460-489. 
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Yildirim S., Röcker B., Pettersen M.K., Nygaard Julie N., Ayhan Z., Rutkaite R., Radusin T., Suminska P., Marcos B., Coma V., Active Packaging for Food Applications, 

Comprehensive Reviews in Food Science and Food Safety, 2018, 17: 165–199.   

Vilela C., Kurek M., Hayouka Z., Röcker B. Yildirim S., Antunes M. D. C. Nygaard J. N. Pettersen M. K., Freirea, C. S. R. A concise guide to active agents for functional 

food packaging, Trends in Food Science & Technology, 2018, 80, 212-222 
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Growth of aerobic  

microorganisms 
Oxidation O2 

Discoloration 

and rancidity 

Moulds and other 

Spoilage organisms 

Degraded appearance  

and nutritional value 

Impaired sensory  

qualities 

Lost freshness, unpleasant  

taste and aroma 

Reduced Shelf life 
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- Gas Flushing 

- Modified Atmosphere Packaging 

 

Up to 3-5% residual oxygen  
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Nyberg C, Tengstål CG. Adsorption and reaction of water, oxygen, and hydrogen on Pd(100): Identification of adsorbed hydroxyl and implications for the catalytic 

H2–O2 reaction. The Journal of Chemical Physics 1984. 80(7): pp. 3463-3468, DOI: 10.1063/1.447102.  
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Patent: EP2236284, 2010, S. Yildirim, J.C-Jammet, W. Lohwasser 



Pd Coated Surface Analysis 
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• Pd coated surfaces were analyzed using scanning electron microscopy 

• 100 nm to 20 nm surface is flat 

• A sponge like structure in 10 and 5 nm sample 

• 10 nm sample is more dense than 5 nm sample 

5 nm 10 nm 20 nm 50 nm 100 nm 



Palladium-based Oxygen Scavenging Label 

H2 + ½ O2                H2O 
Pd 

Yildirim S, Jammet JC, Lohwasser W. Multi-layer film. European Patent, 2236284, 6/10/2010. 
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Oxygen Scavenger 

 

            vs. 

 

 

 

SiOx 

Palladium 

Substrate 

Palladium 

Substrate 

Yildirim S, Röcker B, Rüegg N, Lohwasser W. Development of Palladium-based Oxygen Scavenger: Optimization of Substrate and Palladium Layer Thickness. Packaging 

Technology and Science 2015. 28(8): pp. 710-718 



Effect of Palladium Deposition Thickness on the 
Oxygen Scavenging Activity 

18 

18 

Oxygen Scavenger 

 

SiOx 

Palladium 

Substrate 

Best Substrates: 

• PET 

• PET/AlOx 

• PLA 

• LDPE 

• oPP 
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Oxygen Scavenger 

 

SiOx 

Palladium 
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Best Substrates: 

• PET 
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Röcker B., Rüegg N., Glöss A. N., Yeretzian C., Yildirim S., Inactivation of Palladium-based Oxygen Scavenger by Volatile Sulphur Compounds Present in the 

Headspace of Packaged Food, Packaging Technology and Science, 2017, 30, 8, 427-442 
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Bartholomew CH. Mechanisms of catalyst deactivation. Applied Catalysis A: General 2001. 

Maxted EB. The Poisoning of Metallic Catalysts, in Advances in Catalysis, Frankenburg WG, Komarewsky VI, Rideal EK, Emmett PH, Taylor HS (ed). Academic Press, 

1951 
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(1) Tray 

 

(2) Palladium-coated film 

 

(3) Sensor spot 

 

(4) Glass petri dish 

      + VSC-Solution 

 

(5) Lidding film 
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Röcker B., Rüegg N., Glöss A. N., Yeretzian C., Yildirim S., Inactivation of Palladium-based Oxygen Scavenger by Volatile Sulphur Compounds 

Present in the Headspace of Packaged Food, Packaging Technology and Science, 2017, 30, 8, 427-442 



Determination of Minimum Inhibitory 
Concentrations Range of VOC 

25 

25 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

0 20 40 60 80 100 120 140 160

O
xy

ge
n

 c
o

n
ce

n
tr

at
io

n
 /

 v
o

l.
%

  

Time / min 

VSC Buffer Solutions 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

0 20 40 60 80 100 120 140 160

O
xy

ge
n

 c
o

n
ce

n
tr

at
io

n
 /

 v
o

l.
%

  

Time / min 

VSC Buffer Solutions 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

0 20 40 60 80 100 120 140 160

O
xy

ge
n

 c
o

n
ce

n
tr

at
io

n
 /

 v
o

l.
%

  

Time / min 

Food Products 

Empty Packaging Ham
Roast Beef Cheese
Peanuts Par-baked Buns

Head Space Analysis 



Minimum Inhibitory Concentration Range  of VOC 
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Further VSC 

29 



Label Development 
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3. Step:  
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Hutter S., Rüegg N., Yildirim S., Use of palladium based oxygen scavenger to prevent discoloration of ham, Food Packaging and Shelf Life, 2016, 8, 56-62 



Use of Palladium based Oxygen Scavenger to 
Prevent Oxidation in Linseed Oil 
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Faas N., Röcker B., Smrke S., Yeretzian C.,Yildirim S. Prevention of lipid oxidation in linseed oil using a palladium-based oxygen scavenging film, Food Pacakging and Shelf 

Life, to be submitted 



Use of Palladium based Oxygen Scavenger to 
Prevent Mould Growth of Bakery Products 
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Rüegg N, Röcker B. Yildirim S. Use of palladium based oxygen scavenger to prevent mould growth of bakery product. Manuscript in preperation 
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Thank you very much for your attention  


