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Methodology 

Review of antimicrobial technologies 

 
Selection of the best antimicrobial technologies 

 
Contact with suppliers to get antimicrobial packaging 

 
Production of antimicrobial packaging 

 

Testing of effectiveness 

 



Review of antimicrobial technologies 

 

Á Papers and publications review (Celabor + ITENE) 

Á Commercialized technologies (Celabor + ITENE) 

Á Patents review (ITENE) 

Á é 

 

Ą Active principles, effectiveness, processing technologies, supplier 

information, relevance for SMEôs, é 
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AM AGENT
COMMERCIAL 

NAME
COMPANY

MAIN TARGET 

MICROOGANISM
FOOD

silverMetals

Escherichia coli

Listeria monocytogenes

Yeasts

Molds

AgIon TM

Food Touch  TM

AgPOLYMER®

Novaron ®

Apacider®

Surfacine

Ionpure

Zeomic®

UltraFresh ®

Piatech 

Bactekiller

Zeomix

MicroFree TM

Iraguard B5000

Silvi Film

AgIon 

Technologies 

(USA)

Microbeguard 

(USA)

AgPOLYMER 

(Italy)

Toagosei Co LTD 

(Japan)

Sangi Co (Japan)

Surfacine 

Development Co

Ishizuka Glass Co

Sinanen Zeomic 

Co

Thonson research 

Associates 

Meat

Fish

Fruits

Review of antimicrobial technologies 

Example: 
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Č Interesting commercial antimicrobial technologies based on the 

review: 

 Á Metals (Silver) Ą Iraguard, Apacideré 

Á Gases (CO2, ClO2, EtOHé) Ą Negamold, Microsphere, 

Verifraisé 

Á Bacteriocins (nisine, natamyciné) Ą Nisaplin, Novasiné 

Á Organic acids (sodium lactate, sodium diacetateé) Ą 

Galacticé  

Á Spices (allyl isothiocyanate) Ą Wasaouroé 

Á Essential oil (Citrus, eugenolé) Ą citrexé 

Review of antimicrobial technologies 
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Classification of food requirements  
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Contact with suppliers   
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Processing   

Twin screw extruder (DSE 20-40D, Brabender, 
Germany) equipped with a flat sheet die.  
 

Film samples of 8 - 10 cm wide and 100 ï 150 µm 
thickness  
 

Process parameters (temperature profile from the 
first barrel zone to the die, screw speed and/or 
polymeric and antimicrobial input) were set in 
function of the antimicrobial and polymeric 
material:  

Material Temperature profile Screw speed (rpm) 

PE + silver ions 190-185-185-185-185-185 50 

PP + silver ions 195-190-190-190-190-190 50 

PE + lactate/diacetate 185-175-175-175-175-175 50 

PE + nisin/natamycin 185-170-170-170-170-170 70 
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Processing   
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The optimization set up of the parameters controlling the melting extrusion 

process was necessary in order to obtain adequate films 

In the case of the antimicrobial nisin, 

the impact of the temperature and 

time of residence into the extruder 

was critical.  

 

The picture shows the difference of 

the films containing nisaplin. The 

brown color is indicative of 

degradation of nisin.  



Antimicrobial packaging to be tested   

Extruded by 

ITENE 

Formulation 

NÁ 

Antimicrobial 

packaging name 
Product AM Agent 

Concentration  

(of pure product) 

in the film  

Concentration 

of Master 

Batch 

1 PP + Ultrafresh 5% Ultrafresh Ag 0.5% 10% 

2 PP + Ultrafresh 10% Ultrafresh Ag 1% 10% 

3 
PP + Apacider AK20 

2,5% 

Apacider Ag 0.5% 20% 

4 
PP + Apacider AW20 

2,5% 

5 
PE + Apacider AK20 

2,5% 

6 
PE + Apacider AW20 

2,5% 

7 
PE + Galaflow SL60 

3% 
Galaflow SL 60 Sodium Lactate 3% - 

8 
PE + Galimax Diace-N-

4 3% 
Galimax Diace 

Sodium Lactate 

(56%) 

+  

Sodium Diacetate 

(4%) 

3% - 

Antimicrobial packaging  O. Houbiers, CELABOR; J. M. Bermúdez ITENE; Dr. U. Kropf, GP/TECOS 



Antimicrobial packaging to be tested   

Extruded by 

ITENE 

Received like 

this (without 

processing) 

Formulation 

NÁ 

Antimicrobial 

packaging name 
Product AM Agent 

Concentration  

(of pure product) 

in the film  

Concentration 

of Master Batch 

9 PE + Natamax 5% Natamax Natamycine 2.5% 50% 

10 PE + Nisaplin 4% Nisaplin Nisine 0.1% 2.5% 

11 PE + Biocleanact 5% Biocleanact ? ? ? 

12 Negamold 30 

Negamold Ethanol Vapour - - 

13 Negamold 100 

14 Pure PP Reference film: Pure PP without antimicrobial 

15 Pure PE Reference film: Pure PP without antimicrobial 

Extruded by 

ITENE 
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Functional properties evaluation  

Oxygen permeability coefficient
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Functional properties evaluation  

Water vapor permeability coefficient
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Functional properties evaluation  

Transmittance
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Functional properties evaluation  

Haze
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Functional properties evaluation  

Tensile strength: MD
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Functional properties evaluation  

Tensile strength: CD
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Functional properties evaluation  

Elongation: MD
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Functional properties evaluation  

Elongation: CD
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Functional properties evaluation  

Tearing resistance: MD
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Functional properties evaluation  

Tearing resistance: CD
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Functional properties evaluation  
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IR 
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IR analyses did not detect the presence of the antimicrobial products into the 

films but it is indicative that antimicrobials have not modified the chemical 

structure of the polymer.  
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TGA 
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TGA analyses were used to estimate the antimicrobial content in PP films 
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Material Content 
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TGA 
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TGA analyses were used to estimate the antimicrobial content in PE films 

Material Content 

(TGA) 

Film PE + Galaflow 4 % 
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Film PE + Natamax 1 % 
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DSC 
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DSC analyses were carried out to study the thermal properties of films 

in order to evaluate differences between the pure PP films and those 

with antimicrobials 
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Films with PP 

Å Crystallization T was similar 

Å Melting T was similar 

Å Crytallinity decreased in the 

films containing antimicrobial 

products.  

Å No differences were found 

among films with antimicrobials 



DSC 
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DSC analyses were carried out to study the thermal properties of films 

in order to evaluate differences between the pure PE films and those 

with antimicrobials 

Films with PE 

Å Crystallization T was similar. Just 

films containing nisaplin and 

natamax showed some decrease 

indicating a plasticizing effect 

Å Melting T was similar 

Å Crytallinity was similar 
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Legislation in EU 

European regulation: 

Regulation (EC) No 1935/2004 

 

 

 

Definition 

 

On materials and articles intended to come into contact with food 

Ą talks for the first time about active and intelligent packaging 

Active food contact materials and articles are defined as materials and 

articles that are intented to extend the shelf-life or to maintain or improve 

the conditions of packaged food. They contain deliberately incorporated 

components intended to release or absorb substances into or from the 

packaged food or from the environment surrounding the food. 
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Legislation in EU 

New Regulation (EC) No 450/2009 of 29 May 2009 

 

 Á On active and intelligent materials and articles intended to come into 

contact with food 

Á Regulation (EC) No 1935/2004 lays down the general principles for 

eliminating the differences between the laws of the Member States as 

regards food contact materials.  

Á This Regulation is a specific measure within the meaning of Article 5(1)(b) 

of Regulation (EC) No 1935/2004. This Regulation should establish the 

specific rules for active and intelligent materials and articles to be applied in 

addition to the general requirements established in Regulation (EC) No 

1935/2004 for their safe use.  

 

European regulation: 
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Legislation in EU 

Á The safety assessment of a substance or of a combination of 

substances which constitutes the components should be carried out by 

the European Food Safety Authority (EFSA) 

Á A community list of authorised substances that may be used in active 

and intelligent components will be created  

Á The Community list should include the identity, conditions of use, 

restrictions and/or specifications of use of the substance  

 

 

 

 

European regulation: 

New Regulation (EC) No 450/2009 of 29 May 2009 

o Positive list of authorised substances 

o Defines purity criteria 

o Defines specific migration limit 

 
Nb: the amount of released active substance should not be calculated in the value 

of overall migration 
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Controlled release of antimicrobial agents 

Test conditions  

 

Specific migration  

Food Simulant Contact time (days) Temperature (ÁC) 

Acetic acid 3% 10 40 

Ethanol 10% 10 40 

Isooctane  2 20 

ÁBy total immersion method 

ÁDifferent food simulants 

ÁFor all antimicrobial films 
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Controlled release of antimicrobial agents 

Specific migration 

Development of analytical detection methods: 

ÁNisine Ą HPLC UV DAD (220 nm) 

 

ÁNatamycine Ą HPLC UV DAD (303 nm) 

 

ÁSodium lactate Ą HPLC UV DAD (210 nm) 

 

ÁSodium diacetate (sodium acetate & acetic acide) Ą HPLC 

 UV DAD (210 nm) 

 

ÁAg ions Ą ICP 
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Controlled release of antimicrobial agents 

Specific migration results: 

EtOH Hac Isooctane 

Nisine < 0,71% < 0,71% < 0,71% 

Natamycine 0,03% < 0,0028% < 0,0028% 

Galaflow 6,10% 10,90% < 2,38% 

Galimax 

Lactate 11,10% - < 2,55% 

Diacetate 16,50% - < 2,97% 
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Controlled release of antimicrobial agents 

Headspace gas chromatography (ETHANOL): 

C:\GCMS\...\AIP\mise au point\cal1HS\1 10/29/2010 12:07:20 PM
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Development of analytical detection method: 

ÁHeadSpace sampling (syringe) 

ÁManual injection GC-MS 

ÁQuantification by calibration 
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Controlled release of antimicrobial agents 

Headspace gas chromatography (ETHANOL): 
Release of Ethanol along time
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Compilation of existing test methods for 

characterizing antimicrobial packaging materials 
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ISO 
22196:2007 

Measurement of antibacterial 
activity on plastics surfaces 

Plastics Bacteria Migration 

ISO 
16869:2008 

Assessment of the effectiveness of 
fungistatic compounds in plastic 
formulations 

Plastics Fungi Migration 

Methods for  

MICROBIOLOGICAL ANALYSIS  
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MICROBIOLOGICAL ANALYSIS - Antibacterial activity  
ISO 22196:2007 Plastics ï Measurement of Antimicrobial Activity on Plastic Surfaces 

- Staphylococcus aureus NCTC 6571 ï Gram-positive bacteria 

- Escherichia coli NCTC 9001 ï Gram-negative bacteria 

 

 

Bacterial suspensions to be used for the tests 
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SAMPLES: produced by ITENE 

 

Sample 1. PP 

Sample 2. PE 

Sample 3. PP + ultrafresh 5 %    

Sample 4. PP + ultrafresh 10 %  

Sample 5. PP + apacider PP-AK  

Sample 6. PP + apacider PP-AW  

Sample 7. PE + apacider PE-AK  

Sample 8. PE + apacider PE-AW  

Sample 9. PE + nisaplin 

Sample 10. PE + galaflow 

Sample 11. PE + galimax 

Sample 12. PE + natamax 

Sample 13. PE + biocleanact 

silver ions: action by direct contact, no migration 

Bacteriocin: action by diffusion, migration, direct contact is needed 

Sodium lactate (Na diacetate): action by diffusion, migration, 

direct contact is needed 

Alcohol, Natural anti-microbial agent, Citric acid, Water 

Control samples 

MICROBIOLOGICAL ANALYSIS - Antibacterial activity  
ISO 22196:2007 Plastics ï Measurement of Antimicrobial Activity on Plastic Surfaces 
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Counting of bacterial colonies 

Sample 8. PE + apacider PW 

MICROBIOLOGICAL ANALYSIS - Antibacterial activity  
ISO 22196:2007 Plastics ï Measurement of Antimicrobial Activity on Plastic Surfaces 
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MICROBIOLOGICAL ANALYSIS - Antibacterial activity  
ISO 22196:2007 Plastics ï Measurement of Antimicrobial Activity on Plastic Surfaces 

Sample 13. PE + 

biocleanact 
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MICROBIOLOGICAL ANALYSIS - Antibacterial activity  
ISO 22196:2007 Plastics ï Measurement of Antimicrobial Activity on Plastic Surfaces 

Calculation of antibacterial activity : R= (Ut- U0) - (At- U0)= Ut- At 

 

Sample 3. PP + ultrafresh 5 %   R= >4.4 - >4.4 = 0 

Sample 4. PP + ultrafresh 10 %   R= >4.4 - >4.4 = 0 

Sample 5. PP + apacider PP-AK  R= >4.4 - >4.4 = 0  

Sample 6. PP + apacider PP-AW  R= >4.4 - >4.4 = 0 

Sample 7. PE + apacider PE-AK  R= >4.4 - >4.4 = 0 

Sample 8. PE + apacider PE-AW  R= >4.4 - >4.4 = 0 

Sample 9. PE + nisaplin   R= >4.4 - >4.4 = 0 

Sample 10. PE + galaflow   R= >4.4 - >4.4 = 0 

Sample 11. PE + galimax  R= >4.4 - >4.4 = 0 

Sample 12. PE + natamax   R= >4.4 - >4.4 = 0 

Sample 13. PE + biocleanact   R = >4 ï 1.02= > 2.98 

Staphylococcus aureus NCTC 6571 (5.8 x 105) 


