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Why active packaging? 

Temperature Light      Oxygen Humidity Microorganisms
(fungi , bacteria ...)

FOODSTUFF

VOil and fat oxidation (rancidity)
V Vitamin changes
VOrganoleptic perception
VMicrobial proliferation

REJECTION !!!

LOOKING FOR òTHE IDEAL PACKAGINGó



MIGRATION

SORPTION

PERMEATION 

(O2, CO2 ...)

POSITIVE
üAntiox idant s
üAntimicrobials
üAromas
ü ......

NEGATIV E

üMonomers

üAdditiv es

üContaminant s

ü .......

Legislation Active packaging

PACKAGING
INTERACTIONS



a- Sachets

b- IN the packaging material

c- ON the packaging material

Selection of the active system 

- Alcohols

- Organic / inorganic acids

- Salts

- Amines

- Phenols

- Enzymes

- Metals

- Quelating agents

- Antibiotics

- Fungicides

- Natural extracts

- Aromas

FOR...
- Humidity control

- Ethylen removal

- Oxidation control

- CO2 generation

- Ethanol generation

-Microbial growth prevention

-Supplying aromas

WITH...

- Direct contact
- Vapor phase

HOW...

BY...



Technologies involved
(active materials)

üExtrusion of active polymers

üCoating (plastics , paper, board , 

aluminiumé

üMultilayer materials (coextruded , 

laminates )

üFuncionalization of the surface

üTags or labels



Active Materials developed
and available

Polymers: (commercially available )
polyolefins (PE, PP, PS, PVC, etc )
polyester: PET
polyamides (PA)

Paper and board (commercially available )
Biopolymers (research level)
Metals : Al)

Flexible
Rigids
Semirrigids



Types of active packaging

Absorbers
Humidity : silica , driers
Oxygen: Iron powder, Enzymes

(glucose- oxidasa,ethanol -
oxidasaé)

Radical scavengers
Ethylene : KMnO 4

Releasers
Antimicrobials

Aromas

CO2

Ethanol

Direct contact or vapour phase



Preparation of active packaging                                                                                              

Flexible and/or semi - rigid 
packaging that contains an 
active medium with natural 

extracts to control microbial 
proliferation and/or as 

antioxidants in packaged 
foodstuff.

Diffusion of active compounds in the material
Migration of active compounds to the atmosphere: control release ·

Migration of active compounds to foodstuff

PP/PE

ACTIVE MEDIUM

INTERNAL

ATMOSPHERE

FOODSTUFF

/PET



Positive migration ?
The hypothesis é

ÅActive agents acting from the packaging

ÅNo direct contact is required .

ÅTo use only as active agents those accepted
as food additives and commercially available.

ÅSolution ad-hoc for each kind of food (no
universal solution )

ÅVersatility



Design of a new active packaging

Selection of active agents

Preparation of the new material

Study of the protection mechanism

Technical and scientific Evaluation with model compounds

Technical and scientific Evaluation with food

Organoleptic Study

Migration Study

Industrial Tests (machinability , ...)

Stability and shelf life of both food and packaging

An example of joint R&D&i with the Industry



Participants in the oxidation process

Organic substrate

(ðCH=CHðCH2ðCH=CHð)O2

oxygen
Free 

radicals

Rā

OXIDATION OF ORGANIC COMPOUNDS

Antioxidant Mechanism

If free radicals are removed, then the oxidation 
process cannot take place

Scavenger of radicals
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The reaction products are measured by HPLC - Fluorescence

Evaluation of the 
antioxidant capacity (I)



D. Pezo, J. Salafranca , C. Ner²n* , Anal.& Bioanal.Chem, 2006, 

Generation of radicals

Sample to evaluate
(natural extract...)

Final Products

Evaluation of the 
antioxidant capacity (II)



Evaluation of the 
antioxidant capacity(III)

Active Plastic bags
to evaluate

SA

HPLC- fluoresc



Results
Measuring the radicals

 

Without antioxidants
(blank sample)

With antioxidants

Clove>Cinnamon- II> oregan> cinnamon>rosemary >propolis > ginger> citronella



Antioxidant capacity
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Antioxidant activity (%)
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Antioxidant properties last for one year in some cases (Rosemary)



ANTIOXIDANT CASCADE FROM ROSEMARY 
EXTRACT in the PACKAGING
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ANTIOXIDANT PACKAGING

Technical evaluation using model substances

Selection of model compounds representative of different 
foodstuffs

- Ascorbic acid          Citrics

- Iron (II)            Inorganics,hemoderivatives

- Myoglobin              Animal origin

- Fatty acids              Animal and vegetal oils



Oxidation of myoglobin
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Measured by UV -VIS



Fatty acids

measured by GC-MS after derivatization to methyl esters 

Good results after 19 days at 40 ÜC
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Results after 11 days of storage in modified atmosphere and active 

packaging at  1Ñ1ÜC using oregan as active agent for lamb meat

Control Active packaging with oregan

Real examples (I)
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ÅSignificant inhibition of lipid oxidation
ÅThe antioxidant effect slightly increases with the concentration     
of active agents

Percentage of  inhibition of lipid 
oxidation after 14 days of storage
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Real examples (II)

Beef meat

Nerin, C. et al, J. of Agric. & Food Chem 2006



ÅBacteria:
Gram + Gram ï

Staphylococcus aureus Escherichia coli

Bacillus cereus Pseudomonas aeruginosa

Listeria monocytogenes Yersinia enterocolitica

Enterococcus faecalis Salmonella choleraesuis

ÅMoulds:
Penicillium islandicum

Aspergillus flavus

ÅYeast:
Candida albicans

Antimicrobial Packaging
Food- borne pathogens



SOME EXAMPLES...

PP active film

B. cereus

BACTERIA Gram + 

S. aureus

Active PP

Active PP

PP

PP

Cidal effect !!



�<�����H�Q�W�H�U�R�F�R�O�t�W�L�F�D S. choleraesuis

SOME EXAMPLES...

PP active film

BACTERIA Gram -

Active PP Active PP PPPP

Cidal effect!!


