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Microbiological examination of plasma-coated and plasma-treated 

wood and paper surfaces 

 

Task 

Within this test series, the microbiological effect of plasma treated wood and kraft paper samples coated 

with different coating systems and pine oil contents should be investigated. 

Furthermore, plasma-coated plywood and paper samples manufactured by the Molecular Plasma Group 

(MPG) were tested regarding their inhibitory activity against fungal and bacterial strains. 

 

Materials 

For plasma treatment, the following substrates were used: 

* Kraft paper, 80 g/m2 

* Beechwood, thickness 5 mm 

* Birch plywood, thickness 5 mm 

For the subsequent coating conventionally available pine oil (pinus cembra from distillation) and a 

commercial linseed oil varnish and a 2-component PUR varnish as binders were used. 

 

The plasma-coated substrates were produced in cooperation with MPG. The following materials were 

selected for the experiments (Table 1). 
 

Table 1: Materials 

Nr. Sample name Sample 

1 Nr.5 Birch plywood panel with APTES-coating 

2 Nr.9 Kraft paper with APTES-coating 

3 Nr.26 Birch plywood panel with PFDTES and silver nanoparticles 

4 Nr.27 Kraft paper with PFDTES and silver nanoparticles 
APTES…..Aminopropyltriethoxysilane 
PFDTES…1H, 1H, 2H, 2H-Perfluorodecyltriethoxysilane 

 

 

Experimental 

Plasma treatment 

The plasma treatment was carried out using an atmospheric pressure plasma device Plasmatreat FG3001 / 

RD1004 and compressed air as a process gas (Fig.1 and Fig.2).  

The distance between plasma and sample surface was 7 mm, the relative velocity between plasma jet and 

sample 6 m/min. 
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Fig.1: Plasma treatment of 2cm x 2cm beechwood samples  

(clamped in a specially prepared sample holder) 

 

 
Fig.2: Plasma treatment of kraft paper samples  
(fixed on a mounting board with adhesive tape) 

 

Sample coating 

The cut and plasma-treated samples were coated on all sides with two layers each using a brush and 

afterwards dried for at minimum two hours at room temperature. 
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The following coating variations were realized: 

* Application of pure pine oil 

* Coating of linseed oil varnish with 25% pine oil 

* Coating of PUR-lacquer with 25% pine oil 

 

Microbiological tests 

The following microorganisms were selected for the tests: 

* Aspergillus niger (black mold) 

* Trametes versicolor (wood-destroying fungus) 

* Pseudomonas aeruginosa (gram-negative bacteria) 

* Enterobacter sp. (gram-negative bacteria) 

For the tests, a malt extract agar for the fungal strains (33.6g per 1L) and a standard nutrient agar 1 for the 

bacterial strains (37g per 1L) were prepared. 

 

Preparation of agar media for microbiological tests 

For the 27 required agar media per microorganism, a total of 1.5 liters of standard nutrient agar 1 and 1.5 

liters of malt extract agar were prepared. So 37g or 33.6g of each agar were weighed into a 1L flask. Then 

distilled water was filled up to 1 liter and the agar was dissolved with a glass rod. The openings of the flasks 

were sealed with aluminum foil – but gas exchange with the environment had to remain possible. The flasks 

were autoclaved at 125°C for 30 minutes to sterilize and dissolve the agar and then cooled at room 

temperature for about 30 minutes. 

To the malt extract agar, 1ml of the antibiotic chloramphenicol per 1L agar was added to prevent growth of 

bacteria on the nutrient media for the fungi (Fig.3). 

In a lamina bench, the agar was poured into Petri dishes, previously sterilized with 70% ethanol, until the 

bottom was completely covered and free of air bubbles. The agar was not allowed to cool below 50°C, 

otherwise it was already too firm to pour. Subsequently, the Petri dishes were set up to cool and harden the 

agar for at least 10 hours. 
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Abb.3: Preparation of the agar (weighing, autoclaving, liquid & finished agar) 

 

Inoculation of the nutrient media with the microorganisms 

For aspergillus niger a spore suspension was prepared before inoculation. For this purpose, 5 ml of distilled, 

autoclaved water were added dropwise to the motherplate containing the fungal colony, and the fungal 

spores were dissolved by brushing with a Drigalski spatula (Fig.4). Using a pipette, the fungal suspension 

was subsequently transferred to a sterile vessel. 20μl of this suspension were dropped on each agar and 

spread well over the entire surface using the Drigalski spatula. Subsequently, the samples were placed with 

the test side on the inoculated medium and the Petri dish was sealed with parafilm. 

 

Fig.4: Aspergillus niger-motherplate and Drigalski spatula 

 

In the case of Trametes versicolor however, one piece of the fungus for each test dish was cut out of the 

mother culture with a needle and placed in the Petri dish opposite the samples. 

The inoculation of the agar plates with the two bacteria was carried out by spreading the bacteria by means 

of a seed loop on the agar surface. Finally, all test dishes were incubated at 28°C (Fig.5). 
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Fig.5: Incubator with the inoculated agar plates 

 

Evaluation of the incubated agar plates 

The agar plates with the two bacteria and with aspergillus niger were incubated for 24 hours until the 

microorganisms were grown for inspection. This was determined by control samples (without test specimen) 

of the respective microorganism by complete overgrowth of the agar surface. 

A microorganism is considered inhibited when an inhibition zone forms around the sample. This means that 

the microorganism around the sample cannot grow any further and a clearly visible, free area becomes 

apparent. The evaluation of the incubated agar plates was carried out optically with the naked eye.  

The samples used in the microbiological examinations are listed below (Table 2). 

 

Table 2: Samples for the microbiological examinations 

Sample description Material Coating 

ZP Beech wood 100% pine oil 

LP Beech wood 25% pine oil + linseed oil varnish 

PP Beech wood 25% pine oil + PUR- lacquer 

L+Z+P Kraft paper 25% pine oil + linseed oil varnish 

P+Z+P Kraft paper 25% pine oil + PUR-lacquer 

5 Birch plywood APTES-coating 

9 Kraft paper APTES-coating 

26 Birch plywood PFDTES-coating with silver nanoparticles 

27 Kraft paper PFDTES-coating with silver nanoparticles 
APTES…..Aminopropyltriethoxysilane 
PFDTES…1H, 1H, 2H, 2H-Perfluorodecyltriethoxysilane 
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Results 

The results of all tested microorganisms on the respective substrates are shown graphically below. 

 

Beech wood with 100% pine oil (Sample ZP) 

For aspergillus niger a mild inhibition was determined. For the other three microorganisms no inhibitory 

effect could be detected (Fig.6).  

  

  

 
Fig.6: Beech wood sample with 100% pine oil tested with aspergillus niger (top left image), trametes 
versicolor (top right image), enterobacter sp. (image center left) and pseudomonas aeruginosa (image 

center right); Formation of a mild inhibition using aspergillus niger (image below left) 
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Beech wood with linseed oil varnish and 25% pine oil (Sample LP) 

For aspergillus niger one of three samples exhibited a zone of inhibition, i.e. the growth of the mold is 

inhibited. The sample with enterobacter also showed a small inhibition zone in one sample of three (Fig.7). 

  

  

  
Fig.7: Beech wood sample with linseed oil varnish and 25% pine oil content tested with aspergillus niger 

(top left image), trametes versicolor (top right image), enterobacter sp. (image center left) and 
pseudomonas aeruginosa (image center right); Formation of a mild inhibition zone for aspergillus niger 

(image below left) and enterobacter (image below right) 
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Beech wood with PUR-lacquer and 25% pine oil (Sample PP) 

No inhibition could be detected for any microorganism (Fig.8). 

  

  
Fig.8: Beech wood sample with PUR lacquer and 25% pine oil content tested with aspergillus niger (top left 

image), trametes versicolor (top right image), enterobacter sp. (image below left) and pseudomonas 
aeruginosa (image below right) 

 

Kraft paper with linseed oil varnish and 25% pine oil (Sample L+Z+P) 

All tested samples showed no inhibitory effect (Fig.9).  
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Fig.9: Kraft paper sample with linseed oil varnish and 25% pine oil content tested with aspergillus niger (top 
left image), trametes versicolor (top right image), enterobacter sp. (image below left) and pseudomonas 

aeruginosa (image below right) 

 

Kraft paper with PUR varnish and 25% pine oil (Sample P+Z+P) 

The samples showed no inhibitory effect on the tested microorganisms (Fig.10). 

  

  
Fig.10: Kraft paper sample with PUR lacquer and 25% pine oil content tested with aspergillus niger (top left 

image), trametes versicolor (top right image), enterobacter sp. (image below left) and pseudomonas 

aeruginosa (image below right) 
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Birch plywood with APTES coating (Sample 5) 

The birch plywood sample with the plasma coating based on aminopropyltriethoxysilane (APTES) showed no 

inhibitory activity against the fungi and bacteria as well (Fig.11).  

  

  
Fig.11: Birch plywood sample with APTES layer tested with aspergillus niger (top left image), trametes 

versicolor (top right image), enterobacter sp. (image below left) and pseudomonas aeruginosa (image below 
right) 

 

Kraft paper with APTES-coating (Sample 9) 

The kraft paper sample with the aminopropyltriethoxysilane (APTES)-layer showed no inhibitory effect on the 

microorganisms (Fig.12).  
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Fig.12: Kraft paper sample with APTES-coating tested with aspergillus niger (top left image), trametes 
versicolor (top right image), enterobacter sp. (image below left) and pseudomonas aeruginosa (image below 

right) 
 

Birch plywood with PFDTES-coating and silver nanoparticles (Sample 26) 

The birch plywood sample with a plasma coating based on perfluorodecyltriethoxysilane (PFDTES) and silver 

nanoparticles showed no inhibitory effect on the tested fungal and bacterial strains (Fig.13). 

  

  
Fig.13: Birch plywood sample with PFDTES-layer and silver nanoparticles tested with aspergillus niger (top 

left image), trametes versicolor (top right image), enterobacter sp. (image below left) and pseudomonas 
aeruginosa (image below right) 
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Kraft paper with PFDTES-coating and silver nanoparticles (Sample 27) 

The kraft paper sample with a plasma coating based on perfluorodecyltriethoxysilane (PFDTES) and silver 

nanoparticles showed no inhibitory effect on the microorganisms (Fig.14). 

  

  
Fig.14: Kraft paper sample with PFDTES-layer and silver nanoparticles tested with aspergillus niger (top left 

image), trametes versicolor (top right image), enterobacter sp. (image below left) and pseudomonas 
aeruginosa (image below right) 

 

Microbiological testing of pine oil 

The pure pine oil showed no inhibitory effect on the fungal and bacterial strains (Fig.15). 
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Fig.15: Filter paper samples soaked in 100% pine oil tested with aspergillus niger (top left image), trametes 
versicolor (top right image), enterobacter sp. (image below left) and pseudomonas aeruginosa (image below 

right) 

 

Conclusion 

In microbiological tests, plywood and kraft paper samples with a plasma coating based on 

aminopropyltriethoxysilane (APTES) as well as on perfluorodecyltriethoxysilane (PFDTES) and silver 

nanoparticles were tested using two fungal and two bacterial strains. However, the results of the tests 

showed no inhibitory effect on the microorganisms. Possible reasons could be, on the one hand, the 

precursor substances themselves or the excessively low content of antibacterial / antimicrobial silver 

nanoparticles. On the other hand, the too small layer thickness of the plasma coatings of a few 100nm could 

be responsible for the insufficient inhibitory effect against the test strains. 

The plasma-treated beech wood and kraft paper samples, which were subsequently coated with linseed oil 

varnish or PUR varnish and pine oil, occasionally showed an inhibitory effect on some microorganisms. For 

the samples coated with linseed oil varnish and 25% pine oil, at least one of three samples exhibited an 

inhibitory effect (formation of an inhibition zone) against the fungus aspergillus niger (black mold) and the 

bacterium enterobacter sp. Since the inhibitory effect only occurred for one sample, unfortunately, the result 

is not very meaningful. In addition, it could be quite possible that the inhibitory effect was provoked by the 

plasma treatment and not by the pine oil content, because contrary to expectations, the pine oil itself known 

as antibacterial / antimicrobial showed no inhibitory effect in the microbiological tests. In contrast, the 

plasma-treated sample coated with 100% pine oil showed a slight inhibition against aspergillus niger.  

Based on the results it is required to carry out further experiments for a well-founded statement on the 

antibacterial or antimicrobial properties of plasma-coated or plasma-treated and pine oil-coated wood-based 

substrates. 


