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OF FINNISH
INNOVATIONS

include VTT
expertise

VTT – Technology for business

VTT Technical Research Centre of Finland Ltd is the
leading research and technology company in the
Nordic countries. We provide expert services for our
domestic and international customers and partners,
and for both private and public sectors. We use
4,000,000 hours of brainpower a year to develop new
technological solutions.

We develop new smart technologies, profitable solutions
and innovative services. We cooperate with our customers
to produce technology for business and build success and
well-being for the benefit of society.

VTT is a non-profit organisation and a crucial part of
Finland's innovation eco-system. VTT operates under the
mandate of the Ministry of Employment and the Economy.

§ Turnover 272 M€
Personnel 2,470
§ Unique research and

testing infrastructure
§ Wide national and

international cooperation
network
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Personnel by location
VTT

Group
Parent

company

Espoo 1,674 1,484

Jyväskylä 92 72

Kuopio 26 13

Oulu 315 314

Sodankylä 29 -

Tampere 249 232

Other locations 29 13

Total 2,414 2,128

VTT on the map

VTT’s locations
in Finland

VTT’s international research units
Seoul (South Korea)

VTT’s marketing and networking
offices
Brussels (Belgium)





Demand for active and intelligent packaging in the U.S. is
forecast to expand 8.0 percent annually to 3.1 billion € in
2017, well above total packaging demand growth.

Active packaging demand is expected to increase 5.7
percent annually to 2.0 billion € in 2017.



By: marketsandmarkets.com
Publishing Date: February 2011
Report Code: FB 1539



Vartiainen, Jari, Antimicrobial surface coatings in packaging applications,
Surface Coatings. Rizzo, M. & Bruno, G. (eds). Nova Science Publishers. New York (2009), 45 - 91
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Yildirim, S. Newsletter Transfer, 3-2010, Wädenswil, Switzerland
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Antimicrobial packaging for food

§Micro-organisms cause spoilage of foodstuffs
§The use of traditional preservatives "inside" the food matrix is

ineffective
§Microbial growth occurs mainly at the surface of solid and

semisolid foodstuffs
§Antimicrobial effect can be directed at the surface of

foodstuffs, for example, by using antimicrobial packaging
materials which come into direct contact with foodstuffs

THE AMOUNT OF TRADITIONAL
PRESERVATIVES CAN BE DECREASED



U.S antimicrobial packaging market volume by base
material, 2012 - 2024 (Kilo Tons)

The global antimicrobial packaging market was valued
at 6.51 billion € in 2015.



Vartiainen, Jari, Antimicrobial surface coatings in packaging applications,
Surface Coatings. Rizzo, M. & Bruno, G. (eds). Nova Science Publishers. New York (2009), 45 - 91



Yildirim, S. Newsletter Transfer, 3-2010, Wädenswil, Switzerland



Incorporation in package Chemical immobilization in package

PACKAGE PACKAGEFOOD FOOD

Ref. Han, 2000
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INHIBITION ZONE METHODS
FOR QUALITATIVE ASSESMENT OF SURFACES
WITH LEACHABLE ANTIMICROBIALS

§ The sample is placed on solid medium
containing the test microorganism and
incubated until growth is visible.

§ A clear zone surrounding the sample
indicates  antimicrobial diffusion from
the sample and subsequent growth
inhibition.



Diameter of
inhibition zone
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VIABLE COUNT METHODS

ASTM E2149 “Shake-flask test”
§ The samples are cut to test

pieces.
§ The test pieces are incubated in

a shake flask in bacterial
suspension containing known
number of test  bacteria.
§ After incubation the number of

viable bacteria in the suspension
is measured by plating
§ The number of viable bacteria in

the flask containing the
antimicrobial sample is compared
to that in the flask containing  the
non-treated reference.



Vartiainen, Jari, Antimicrobial surface coatings in packaging applications,
Surface Coatings. Rizzo, M. & Bruno, G. (eds). Nova Science Publishers. New York (2009), 45 - 91
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Chemo-enzymatic functionalisation of
lignin-containing fibre materials

PRINCIPLE OF THE METHOD
§ Based on laccase-catalysed oxidation of phenolic -OH to phenoxy

radicals
§ Activation + Bonding  = Functionalisation
§ Functional chemicals selected based on target modification

FUNCTIONAL PROPERTIES ADDED TO FIBRES:
§ Charge
§ Hydrofobicity
§ Conductivity
§ Traceability
§ Antimicrobial activity

= Chemical with a reactive site
= Reactive site on the fibre

FIBRE

FUNCTIONAL
CHEMICAL O•

Surface lignin

OR
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Adjusting the level of hydrophobicity
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Adjusting the level of hydrophobicity
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Elegir et al. (2008) Enzyme and Microbial Technology
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Antimicrobial papers

Releases the active ingredient
Benzalkonium chloride when in
contact with wet hands



Low-cost, compostable and
infused only with organic spices,
FreshPaper keeps produce
fresh for 2-4x longer.



•Prevention of germ growth
•Inhibition of mould (Candida albicans)
•Hygiene maintenance and significant
bacteria reduction (E.coli, S.aureus)
•Odour control
•Increase in shelf life and product
freshness



20/06/2017 45
45

Antimicrobial plasters



Both containers and labels have proven efficacy across
a broad spectrum of bacteria including MRSA and E.
Coli. Both are based on ionic silver, a natural compound
that kills over 99.9% of bacteria and provides food safe
contact. Bottles and jars are available in SAN, PP, PET
and HDPE.

Antimicrobial bottles
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Vartiainen et al. (2003) Journal of Plastic Film
and Sheeting. Vol. 19 (2003) No: 4, 249 - 262



Vartiainen et al. (2003) Packaging Technology and Science, No: 6, 223 - 229
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Plasma activation

§ Plasma is a (partially) ionised gas in which ions and electrons
are present as well as radicals and molecules in an excited state
§ Plasma contains both physical as well as chemical very reactive

species.

Electrons Molecules Ions

Radicals
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Plasma activation
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Wet-coating of plasma-activated
surfaces with antimicrobial compounds

§Biobased polymers modified
with antimicrobial compounds
and enzymes



Vartiainen et.al (2005) Polymer Bulletin. Vol. 54 No: 4 - 5, 343 - 352



Vartiainen et al. (2008) Packaging Technology and
Science. Vol. 21 No: 6, 317 - 328

Vartiainen et al. (2004) Journal of Applied
Polymer Science. Vol. 94 No: 3, 986 - 993

Vartiainen et al. (2007) 10th Pacific
Polymer Conference (PPC 10). Kobe,
Japan, 4 - 7 Dec. 2007







Glutaraldehyde + GOX

10 sec, 65 °C
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GOX

GOX



Glucose oxidase immobilized onto
N2-plasma + NH3 activated PP

T=0

3 min

2 min

1 min



Vartiainen et al. (2005) Packaging Technology
and Science. Vol. 18 (2005) No: 5, 243 - 251









• Pouches of the dimension 25 x 15
cm were prepared.

• Fresh salmon fillets, with a weight
of approximately 200 g each, were
packaged individually and sealed
under vacuum.

• Microbiological, chemical and
sensory analyses were carried out
after storing at 2˚C for 8 days.









Carrier gas
NH3

Glutaraldehyde + GOX + Chitosan

Amino activation GOX/Chitosan
immobilization
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Antimicrobial printing

Target: To develop ink with antimicrobial
properties applicable with conventional
printing technique (flexo or rotogravure)
to food packaging material.

Inner surface of the packaging material
is covered with an antimicrobial ink
layer coming in contact with packed
foodstuffs.
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Antimicrobial printing: advantages

§Thin active layers
§total amounts of antimicrobial substances
as low as possible

§Traditional printing method
§flexo or rotogravure

§No high temperatures
§higher antimicrobial activity

§Easy to apply
§whenever, wherever…



75

• TiO2 and ZnO have photo-oxidative and antimicrobial activities
• Inhibition to grow (bacteriostatic) or killing (bactericidal) of patogenic bacteria:

gram- , gram+ and bacteria spores.
• TiO2 40 nm nanoparticles and ZnO 45 nm nanoparticles

Nano-composites preparation:
• 15 min mixing CNF suspension (2.5% in water) with TiO2 (6% in water) and/or ZnO (1% in ethylene glycol)
• 3 washings with water followed by centrifugation to eliminate not-adsorbed inorganic fillers

Nano-composite Initial mixing ratio of the
preparations (as dry weight)

TiO2 content
(% dry weight)

ZnO content
(% dry weight)

CNF-TiO2 1 : 1 24 -
CNF-ZnO 10 : 1 - 7
CNF-ZnO&TiO2 10 : 1 : 10 42 2
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Paper Samples ppm ZnO % TiO2 S. aureus (Gram +) K. pneumoniae (Gram -)

Bacteriostatic
activity

(log reduction)

Bactericidal
activity

(log reduction)

Bacteriostatic
activity

(log reduction)

Bactericidal
activity

(log reduction)

Untreated paper  (control) 0 0 0 0 0 0

Paper CNF-TiO2 (0.4 g/m2) 0 0.034 0 0 0 0

Paper CNF-TiO2 (0.9 g/m2) 0 0.167 1.3 0 0 0

Paper CNF-TiO2 (1.8 g/m2) 0 0.291 Total
bacteriostatic 1.0 1.8 0

Paper CNF-ZnO&TiO2 (0.6
g/m2) 38.4 0.115 0.7 0 0 0

Paper CNF-ZnO&TiO2 (1.3
g/m2) 104.6 0.307 Total

bacteriostatic 0.1 0.2 0

Paper CNF-ZnO (0.8 g/m2) 180 0 Total
bacteriostatic 0.3 2.1 0

• Significant bacteriostatic activity was obtained (inhibition to bacteria proliferation) with TiO2
contents around 0.3%

• Bactericidal activity (bacteria killing-reduction of initial inoculated cells) was not detected.

Antibacterial activity under conditions of light exposition.
Bacteria grow on untreated reference: 106 – 107 (6-7 log).

• Patrizia Sadocco(*), Jessica Causio(*), Giovanni Baldi(**)(*) Innovhub-SSCCP, (**) Centro Ricerche Colorobbia Italia
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ØCNF-TiO2 has significant activity for the oxidation of NO and NOx

NOTE: coat weight below 1 g/m2

• Patrizia Sadocco(*), Jessica Causio(*), Giovanni Baldi(**)(*) Innovhub-SSCCP, (**) Centro Ricerche Colorobbia Italia
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Pressure 10 Pa - 100 kPa;
Temperature 50-500 °C

Picture by Aalto University
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Thin coatings Activity
25 nm Al2O3 (water) 70 °C 3.5
25 nm ZnO (water) 70 °C 5.9
50 nm ZnO (water) 70 °C 5.8
75 nm ZnO (water) 70 °C 5.8
50 nm ZnO + 5nm Al2O3 70 °C 5.9
50 nm ZnO + 15nm Al2O3 70 °C 4.6
25 nm ZnO (water) 100 °C 2.3
50 nm ZnO (ozone) 70 °C 5.8
50 nm ZnO (ozone) 100 °C 5.8

§ Determined with JIS Z 2801,
§ Antimicrobial if activity > 2,
§ All samples antimicrobial against

Escherichia coli,
§ Direct contact rather than edge

diffusion more efficient,
§ Nanolaminate consisting of 50 nm

ZnO covered with a layer of Al2O3
retained most of its antimicrobial
activity compared to plain ZnO.
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§ 50 nm of ZnO deposited onto
BOPLA with water at 70 °C
indicated lateral diffusion of
an antibacterial agent from a
relative thick film
§Growth of Aspergillus niger

and Bacillus subtilis inhibited
§ EN 1104 (Hemmhof test) test

commonly applied to
evaluate materials for food
contact

Aspergillus niger

Bacillus subtilis
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