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Preface 

This report summarises the main findings and conclusions from the Sami&Samu project, a joint effort 
between VTT, Jyväskylä University of Applied Sciences (JAMK), Central Finland Health Care District 
(KSSHP), and several industrial partners. The project was conducted between August 2018 and June 
2021. 
 
VTT was responsible for the coordination of the project work, dissemination of results, antimicrobiality 
review, antimicrobiality laboratory testing as well as testing of fibre-based solutions. JAMK focused on the 
research on camera technology testing and laboratory work on producing wood based antimicrobial 
substances for antimicrobiality testing, including a test with wooden door handles, coated with different 
antimicrobial wood extracts. JAMK also carried out a review on hospital antimicrobiality regulation, a review 
on the techno-economy of wood based antimicrobial agents and a user survey on bio-based disposable 
tableware. KSSHP provided an invaluable testing environment (“a living laboratory”) for carrying out the 
antimicrobiality testing for patients’ privacy curtains, hospital cleaning study, and for the user survey for 
fibre-based tableware. Also, the value of practical insight on everyday hospital operation provided by 
KSSHP throughout the execution of the project cannot be ranked too high. 
 
The diverse group of industrial partners took part in the planning and monitoring of the project through 
advisory group meetings and by commenting the outcomes of the project. In addition to this, several 
demonstrations based on the bioactive antimicrobial compounds and wood fibre or non-fossil plastics 
based were executed with industrial partners. 
 
The project team wants to warmly thank the Regional Council of Central Finland and consortium com-
panies (UPM Oyj, KiiltoClean Oy, Woodly Oy, Millidyne Oy, Serres Oy, Walki Oy, Paptic Oy and Sakupe 
Oy) for their financial support and valuable guidance during the entire course of the project. The advisory 
board of the project consisted of the following members: 
 
 Hilkka Laine, KS-Liitto 
 Martta Asikainen, Woodly Oy 
 Mika Suvanto, Serres Oy 
 Oili Kallatsa, KiiltoClean Oy 
 Elli Kultanen, Woodly Oy 
 Harri Lepoaho, Sakupe Oy 
 Tuomas Mustonen, Paptic Oy 
 Pentti Sipponen, Repolar Oy 
 Petri Sorsa, Millidyne Oy 
 Markus Nuopponen, UPM Oyj 

Annika Sundell, Walki Oy 
Maire Matsinen, KSSHP 
Pirjo Mustonen, KSSHP 
Samppa Alanen, JAMK 
Miia Jämsén, JAMK 
Tarmo Lampila, JAMK 
Juha Mannila, VTT 
Klaus Niemelä, VTT 
Matti Virkkunen, VTT 
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1. Introduction 

Central Finland is well known of its know-how in forestry sector. This includes aspects such as wood-
based fibres and organic chemical bio-products and related production technologies. The vast forests of 
the region are the key raw material source for the bioeconomy of the region. This regional know-how is 
built on the intensive research work in the within sector executed by research institutes like VTT (VTT 
Technical Research Centre of Finland Ltd) and education provided by JAMK (University of Applied 
Sciences) as well as JYU (University of Jyväskylä).  

In 2020 in Jyväskylä the Central Finland Health Care District (KSSHP) took new facilities in to use as the 
new hospital called Nova was finalized. The Nova hospital provides health services for 21 communities in 
Central Finland. Since the beginning of the planning of the new hospital nature and its capability to 
enhance well-being has had a major role in the design of the facilities. For example, the national parks 
that are located in Central Finland have been the source of inspiration for the themes of decoration of the 
new hospital. Moreover, nature and forests will be utilized also in the materials and substances that are 
used in the new Nova hospital. The new hospital will enhance the use of bio-based materials and 
substances that are based mainly of forest products. In addition to this, the circular economy concept has 
been taken strongly into account in the planning of the material flows of the new hospital. The Sami&Samu 
project was planned to act as an enabler in the increasing use of bio-based materials in the Nova hospital. 

The project consortium consists of three actors executing the study: VTT, JAMK and KSSHP, each with a 
special set of skills and experience to cover the vast research challenge in the project. The consortium is 
further strengthened by the following companies: KiiltoClean Oy, Millidyne Oy, Paptic Oy, Repolar Oy, 
Sakupe Oy, Serres Oy, UPM Oyj, Walki Oy and Woodly Oy. 

The Sami&Samu project has two major operation lines. Firstly, the aim is to reduce the effect of microbial 
resistance in hospital environment by using substances originated from forest based materials. WHO 
(World Health Organization) has declared microbial resistance as one of the most important challenges 
for the next coming decades. Secondly, the project seeks solutions for bio-based materials to replace 
plastic materials used in processes in hospitals. VTT has a proven record in this particular development 
area and is globally known as one of the leading research organisations in the sector. The Sami&Samu 
project is also targeting to test the effect of wood-based organic compounds to reduce the effect of 
microbes in materials used in hospitals and on surfaces in certain locations in hospital environment. 
Besides this, the aim is to test bio-based antibacterial fibres to be used in certain hospital textiles. One aim 
of the project is to confirm the availability of the certain organic compounds in supply chains of forest 
products industry. The preliminary work for this target was made in Biopooli project in JAMK in 2015–2018. 
The hospitals utilize a classification system for cleanness of the different operation facilities. One aim of 
the project is also to develop a low cost camera-based applications to measure cleanness by using a 
sophisticated optical system. The main results and conclusions from the Sami&Samu project are described 
in this report, typically in the order of the executed work packages (WPs). 

2. WP2: Background studies 

This WP has an important role for the execution of the entire project, by collecting and analysing infor-
mation (from different sources) needed in various later stages to plan and finalise different activities in 
other work packages, particularly the demonstrations in WP5. For that purpose, the planned main tasks of 
WP2 were divided into two main groups (antimicrobial compounds and sustainable fibre materials), with a 
good number of objectives listed on the next page. 
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1. Potential use of forest-based antimicrobial compounds: 

 To review earlier studies on natural antimicrobial compounds found in the main Nordic wood species, 
to ensure that the most relevant information will be exploited in the project, and to identify potential 
gaps that might need further attention. 

 To select or develop suitable tests for the efficacies of selected, promising antimicrobial substances. 

 To identify a selection of relevant hospital microbes to be used in the above efficacy tests. 

 To conduct pre-tests for the integration of the selected antimicrobial compounds to the materials or 
products used in the hospitals. 

2. Replacement of fossil-based materials by wood- or fibre-based sustainable materials: 

 To map hospital materials or medical products where wood- and biobased materials could be 
substituted for fossil-based plastics, or where biobased antimicrobial substances could be used. 

 To initiate the integration of the project’s industrial partners to joint innovations towards the 
development of more sustainable hospital materials and medical products. 

The Sections 2.1.1 and 2.1.2 provide short overviews on the progress of the studies related to the potential 
of the forest-based antimicrobial substances. The background studies related to the replacement of 
plastics in different materials and products will be summarised in Chapter 5 that jointly summarises all the 
efforts made in this area. 
 

2.1 Main achievements 

2.1.1 Bioactive compounds from forest resources 

For a long time, different secondary metabolites (extractives) found in varying amounts in different tree 
species (and in different tree parts, e.g. xylem, bark, foliage) have attracted a lot of interest, for example 
as raw materials for chemical industry and as bioactive substances for pharmaceutical and medical 
applications. During the past years, more and more attention has been paid especially to the antimicrobial 
properties of these compounds, often as their mixtures isolated by different techniques. There are, for 
example, several recent review papers available, covering various types of compounds derived from 
different sources (Table 2.1). 

Table 2.1. Examples of recent reviews on bioactive (antimicrobial) compounds of Nordic and other tree 
species. Only the first author name is now given. 

Author(s) Topic Refs. 

Tanase (2019) Phenolic compounds in woody vascular plants 105 

Metsämuuronen (2019) Phenolic compounds in Scots pine and Norway spruce 145 

Metsämuuronen (2014) Antibacterial compounds in the main Finnish trees 68 

Jablonsky (2017) Extractives in softwood barks 280 

Alberti (2018) Diarylheptanoids (e.g. in birch) 192 

Szwajkowska-Michalek Bioactive compounds in Centr. Eur. trees and shrubs 195 

Routa (2017) Extractives of Nordic trees 215 

Royer (2012) Extractives in Canadian hardwoods 200 

Royer (2013) Extractives in Canadian softwoods 115 

Król (2015) Betulinol as an anticancer agent 81 

Rastogi (2015) Medicinal compounds in birch species 150 
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Despite the extensive amount of information, a deep survey on the antimicrobial compounds in main Nordic 
wood species was conducted, also focusing on the studies of their efficacy against a number of relevant 
hospital microbes. The searches revealed more than 500 publications dealing with pine, spruce, larch, 
birch, aspen, beech and/or alder, dealing with the selected microbes as listed below (of them, E. coli and 
S. aureus were selected as the key microbes for the future laboratory tests): 

• Escherichia coli  142 publications 
• Staphylococcus aureus 140 publications 
• MRSA     17 publications 
• Pseudomonas aeruginosa    78 publications 
• Salmonella (all species)   38 publications 
• Klebsiella pneumoniae   26 publications 
• Enterococcus faecalis      19 publications 
• Clostridium difficile      0 publications 
• Aspergillus niger     28 publications 
• Candida auris       0 publications 

The existing information clearly shows that a high number of potentially interesting and useful chemicals 
and fractions could be available, not only from the xylem (wood) materials of the trees, but especially also 
from bark, needles, leaves and other tree parts. Of these, for example, many softwood and hardwood 
barks and softwood needles seem to be rich in a wide variety of such compounds, including low- and high 
molar mass phenolic compounds, different terpenoids and sterols, and miscellaneous compounds. 
Examples of potentially interesting phenolic bark compounds are shown in Fig. 2.1. Many of such 
compounds have shown numerous bioactive properties, for example lignin has shown reduced risk of 
coronary heart disease, vasoprotective activity, and antiADD, antiaflatoxin, antiaggregant, antiaging, anti-
allergic, antiangiogenic, antiarrhythmic, antibacterial, anticancer antidermatitic, antiestrogenic, antiher-
petic, antihistaminic, anti-HIV, anti-inflammatory, antimelanomic, antimutagenic, antioxidant, antiperis-
taltic, antiproliferant, antispasmodic, antistress, antithyroid, antiviral, anxiolytic, apoptotic, choleretic, CNS-
depressant, cytotoxic, differentiator, diuretic, DNA-protective, estrogenic, hypotensive, inotropic, musculo-
tropic, mutagenic, myorelaxant, pesticide, progestational, radioprotective, sedative, sunscreen, and utero-
trophic properties (Routa et al. 2017).  
 
The future use of different forest-derived chemicals or fractions also depends on their secured availability 
in sufficient volumes and purities. Currently, the main Nordic and global source for such chemicals is tall 
oil, further fractionated to fatty acids and resin acids, and their  combinations. In addition, phytosterols for 
food ingredients are currently produced from tall oil in high amounts. Another important, industrial fraction 
is crude turpentine, composed of two principal fractions: monoterpenes as the desired main fraction, and 
distillation residue, composed of numerous, currently overlooked sesqui- and diterpenes. Other extractives 
(or related fractions), currently isolated and used in various amounts include polyphenolic tannins and 
different minor streams, such as bark extracts or essential oils from softwood needles. Some materials of 
that type are also used as nutraceuticals; one of the best-known examples may be French Pycnogenol 
extract from pine bark, available in almost all Finnish shops and supermarkets selling natural health 
products. At the moment there are several signals in the Nordic, European and other countries 
demonstrating that numerous SMEs have started to pay more and more attention to the separation and 
valorisation of tree extractives and related materials for pharmaceutical, nutraceutical and other 
applications, based on different bioactive properties of the desired chemicals and fractions. here are 
several key challenges related to the use of such materials in the hospital environments. These include, 
in addition to their antimicrobial effects, questions such as their continuous availability in the same 
(established) composition, their processability into the forms required by the final uses, possible emissions 
(odours) from volatile materials, chemical stability, allergenic properties, and many others. 
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Fig. 2.1. Examples of bioactive phenolic wood bark compounds (Tanase et al. 2019). 

At the moment there are several signals in the Nordic, European and other countries demonstrating that 
numerous SMEs have started to pay more and more attention to the separation and valorisation of tree 
extractives and related materials for pharmaceutical, nutraceutical and other applications, based on 
different bioactive properties of the desired chemicals and fractions. From the perspective of the present 
project, there are several key challenges related to the use of such materials in the hospital environments. 
These include, in addition to their antimicrobial effects, questions such as their continuous availability in 
the same (established) composition, their processability into the forms required by the final uses, possible 
emissions (odours) from volatile materials, chemical stability, allergenic properties, and many others. 
 
The literature studies revealed, among others, that softwood needles appear to form an interesting future 
source for various potent bioactive substances, but there are currently no comprehensive review papers 
available on this topic. Therefore, such a review paper has now been commenced, to be compiled (at least 
to some extent) to match with a recent review by Jablonsky et al. (2017) on softwood bark. 
 

2.1.2 Antimicrobial curtains for hospital cubicles  

Hospital privacy curtains were identified as one of the key materials worth a closer look in the project, for 
two relevant reasons. First, on a shorter term there is a need to find biobased antimicrobial substances to 
be used instead of (or in addition to) silver. Second, on a longer term there will be pressure to substitute 
biobased curtain textiles for the widely used polypropene. Therefore, the major goal was to develop an 
antimicrobial coating for polypropylene sheet used as hospital privacy curtain. The work started by testing 
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a selection of bioactive compounds (tannins, resins and terpenes obtained from trees) against S. aureus 
and E. coli bacteria (Fig. 2.2). Compounds that reduced colony-forming units (CFUs) of both bacteria by 
99.9% or more (a bacteriocidal effect, ≥log 3 reduction) were selected for coating trials. Further tree-based 
materials were also tested against S. aureus with future coating trials in mind, one of them in particular 
showing promising antibacterial activity (Fig. 2.3). 
 

 
Fig. 2.2. Antibacterial efficacy of bioactive compounds derived from trees. 
 

 
Fig. 2.3. Antibacterial efficacy of bioactive liquids derived from trees and softwood needles. 
 
The next step was to develop a coating method for the polypropylene curtains (Fig. 2.4) and prepare 
samples for antibacterial testing. The coating dispersions comprised a binder (aqueous vinyl acetate 
ethylene) and a bioactive compound. The binder turned out not to be necessary for coating deposition as 
long as the hydrophobic PP surface was activated by corona treatment. 
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Fig. 2.4. Method used for coating of polypropylene curtains (binder is optional). 
 
Antibacterial testing of coated curtains containing an estimated 26–44 g/m2 of bioactive compound showed 
that three tannins had bacteriocidal effects (≥99.9% reduction) against both of the test bacteria (Fig. 2.5).  
 

 
Fig. 2.5. Antibacterial efficacy of coated curtains (ca. 26–44 g/m2 of bioactive compound). 
 
Further coated test specimens were then prepared with the three tannins. The amount of tannin in the 
coatings was larger (40–60 g/m2) than in the previous set. This time both S. aureus and E. coli were fully 
eliminated (99.999–99.9999% killed) when the coatings were tested. The coatings also showed activity 
against of the recalcitrant yeast C. auris, although the effect was not bacteriocidal (Fig. 2.6). 



 RESEARCH REPORT VTT-R-00787-21

13 (81)
 

  

 

 

 
Fig. 2.6. Efficacy of coated curtains (ca. 40–60 g/m2 of tannin) against the yeast C. auris. 
 
A second goal is to ascertain whether bio-based curtains based on cellulose and embedded bioactive 
compounds could be used in hospitals instead of ones made of polypropylene. The first step toward this 
goal was to investigate the antibacterial effects of blends of nanocellulose and bioactive material. 
Promising results were achieved with several of the blends showing bactericidal effects (Fig. 2.7).  
 

 
Fig. 2.7. Antibacterial efficacy of blends of nanocellulose and bioactive material (2:1 on dry matter basis). 
 
Further steps toward bio-based hospital privacy curtains entailed deeper tests to finalise selection of 
biobased (tannin-based) antibacterial material to coat uncoated curtain materials to be used in the real 
hospital conditions for long-term efficacy tests (Section 5.1.8). In this context, a recent study by Luk et al. 
(2019) on the efficacy of two types of antimicrobial privacy curtains forms a useful reference work.  
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2.1.3 Test methods for antibacterial properties 

The antimicrobial test method so far used by VTT is far more demanding than the relevant standard 
method for testing the antimicrobial effects of plastics (ISO 22196), since the concentration of microbe 
contamination has been higher. The strong microbe concentration was used in order to see clear 
differences between tested components.  

3. WP3: Applications of novel camera technology 

The objective of WP3 is to find out method to detect hygiene level in hospital environment. Current method 
is detecting small areas and not good for screening large surface areas (ATP surface tester is rapid; results 
in minutes, and inexpensive, but not very sensitive). New method should be fast and efficient for identifying 
unclean objects and easy to use. In the first phase of the project the objective was to identify the existing 
camera technologies and light sources, test different types of devices and select suitable setups for the 
second phase. 

3.1 Main achievements 

The first phase started with familiarization with the operation of the current method in hospital environment 
(ATP) and interviewing staff about use of ATP device and its challenges. The next step was to consider 
alternatives to the current method and clarify existing camera technologies and light sources.  

3.1.1 NIR camera test 

The first camera test was made with EHD IK1112 NIR camera (range 900–1700 nm) and different kind of 
light sources (wavelength 300–3000 nm). The main target was to detect unclean spots (surfaces). With 
the NIR camera unclean spots could not be detected, so the next test was focused on finding different 
types of cleaners (basic hospital cleaners), including HETI Moniteho, HETI Kapil, Yleispesu Joutsen, and 
Oxivir (Figs. 3.1 and 3.2). The main results from the NIR camera tests were that the NIR wavelengths are 
not sufficiently good for the detection of unclean spots of fluids. Fluid thickness affects the result. 
 

   
Figs. 3.1 and 3.2. EHD IK1112 NIR camera (left) and a set of cleaner samples (right). 
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3.1.2 UV + VIS camera test 

The second camera test was made with Hamamatsu C11440-36U UV + VIS camera (range 300–900 nm) 
and different kind of light sources (wavelength 300–3000 nm). With this camera we wanted to find out the 
effect of different wavelength ranges to spot unclean spots and to detect cleaners so we purchased 
different kind of band pass filters in range from 330 nm to 840 nm (Fig. 3.3). 

 

 

Fig. 3.3. An example of the effect of a filter on the wavelength going on a camera cell. 

The most useful wavelength range was revealed below 400 nm (UV). Whit UV light and UV band pass 
filter it was possible to detect different cleaners on the plastic board (Fig. 3.4). When the wavelengths were 
increased, the detection level dropped. Using IR light and IR band pass filter almost all visibility 
disappeared (Fig. 3.5). 

 
Fig. 3.4. Detected cleaners with UV light and UV band pass filter. 
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Fig. 3.5. Cleaners with IR light and IR bandpass filter (compare Fig. 3.4). 
 
3.1.3 UV camera toilet imaging 

The first real environment test was made in unclean toilet with UV light source and Hamamatsu C11440-
36U camera with UV band pass filter. UV wavelength is useful imaging area also because other light 
sources in the room do not affect the results (Figs. 3.6–3.8). With that setup it is easy to spot dirty spots 
on the porcelain (the toilet was not cleaned, so the pictures are from unclean items). 

 

  
 

 
Fig. 3.6. Toilet imaging setup. 



 RESEARCH REPORT VTT-R-00787-21

17 (81)
 

  

 

 

 
Fig. 3.7. Unclean sink photographed with the UV camera. 
 

 
Fig. 3.8. Unclean toilet seat photographed with the UV camera. 
 
3.1.4 Microbial imaging with hyperspectral camera 

Microbial imaging was made at VTT’s laboratory in Espoo. The aim of the measurements was test if we 
could detect different types and concentrations of microbial samples with Specim IQ hyperspectral camera 
(Fig. 3.9). Samples were on the different types of material; wood, metal and hospital curtain. Samples 
were cleaned with cleaner and paper before microbial growth so there was lot of small paper particles on 
the rough wood surface. That’s why wood samples were rejected. Specim IQ studio uses spectral angle 
mapper classification method which is an unautomated method for directly comparing image spectra (test 
spectra) to a previously known spectra (reference). That means every data cube (imaging sample) needs 
a lot of analysis before results. 
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Fig. 3.9. Specim IQ Studio used to study a curtain sample (blue line is reference from clean sample). 

 
Steel sample with strong suspension of Staphylococcus aureus E-700045 (sample 19), E. coli (sample 22) 
and Candida auris (sample 25) was also analysed. The microbes were grown overnight and placed on 
about 1 mL of surface (amount depending on the material, but not exceeding). There were about 
10,000,000 microbes on a plate. The average spectrum is from middle of the sample and the maximum 
spectrum is recorded from the edge (highest concentration). Both of the spectra have been normalized to 
a clean metal surface (Fig. 3.10). 
 

 
Fig. 3.10. Wavelength graphs from Staphylococcus aureus E-700045, E. coli and Candida auris samples.  
 
3.1.5 Fluorescence measurements with a spectroradiometer  

When the samples were exposed to UV light a clear fluorescence peak shift was observed between few 
samples (Candida auris and Staphylococcus aureus E-700045; Fig. 3.11).  
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Fig. 3.11. Samples of Candida auris, E. coli and Staphylococcus aureus E-700045 photographed with 
phone camera under UV light. 
 
Fluorescence peak tests from Staphylococcus aureus E-700045 (S19), E. coli (S22) and Candida auris 
(S25) samples were made with filtered mercury lamp (filter separates only the 360 nm peak). Fluorescence 
spectrum of the samples was measured with a spectroradiometer (Ocean Optics QE65000). An interesting 
finding was that the samples had clearly distinguishable fluorescence spectra and that the dispersion 
between the various measurement points was quite small. This could potentially be used to identify 
microbes (Fig. 3.12). 
 

 
Fig. 3.12. Spectroradiometer results from Staphylococcus aureus E-700045, E. coli and Candida auris 
samples. 
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3.2 Real environment imaging 

For the second phase it was decided to tender and acquire a camera with UV, VIS and NIR sensitive cell. 
The purchase of cameras was affected by the poor availability of rental equipment and high rental prices. 
As a result of the tender, it was decided to acquire an EHD imaging SCM2020-UV camera with a cell 
sensitivity of 200–1100 nm (Fig. 3.13–3.14). 

 
Fig. 3.13. Sensitivity of EHD imaging SCM2020-UV camera cell. 
 

 
Fig. 3.14. EHD imaging SCM2020-UV camera with UV bandpass filter. 
 

In addition, various bandpass filters were purchased for the camera from the UV and VIS range. Camera 
and filter procurement was utilized for both environment hygiene level determination and door handle 
sample hygiene level identification. 
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3.2.1 Dental clinic tests 

Imaging the hospital environment and clarifying the hygiene level was challenging due to limitations of 
coronavirus. For this reason, the dental clinic with less activity and fewer patients was selected for testing. 
The purpose was to determine the purity level using UV light visually and using a UV-sensitive camera. At 
the dental clinic (Fig. 3.15), the dentist's room was inspected visually and with camera after the patient's 
visit and after a routine cleaning. The same procedure was to be performed in the dental hygienist's room 
but the basic wiping had already been completed. 

 
Fig. 3.15. Equipment for dentist’s room imaging. 
 
Dirty or substance-containing areas were visible from the dental clinic's premises, both visually and with 
the camera technology. Using the fluorescence phenomenon, various stubborn dirt spots were detected 
that did not come off by the basic wiping. Some of the visible points were probably materials used in dental 
care procedure. (Fig. 3.16 and 3.17). 
 

 
Fig. 3.16. Example of a dental clinic instrument with a phone camera and UV sensitive EHD imaging 
SCM2020-UV camera.  
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Fig. 3.17. Example of a dental clinic instrument with a phone camera and UV sensitive EHD imaging 
SCM2020-UV camera (light and dark spots are different materials). 
 
3.2.2 School environment tests 

Due to the corona constraints, it was decided to image the school’s facilities to check the hygiene level. 
Various spaces and furniture were photographed with EHD imaging SCM2020-UV camera, UV filter and 
UV light (Fig. 3.18). Dirt was clearly observed in the toilet bowl, towel and wall, among other things (Fig. 
3.19). In addition, some kind of dirt and difference between cleaned and uncleaned surfaces was observed 
from the backrest and seat part of furniture (Figs. 3.20–3.21). 

 
Fig. 3.18. Toilet towel machine imaging with EHD imaging SCM2020-UV camera. 
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Fig. 3.19. Dirt on the toilet equipment detected with EHD imaging SCM2020-UV camera (upper towel 
clean, lower used). 
 

 
Fig. 3.20. Dirty and cleaned seat backrests with EHD imaging SCM2020-UV camera and UV light. 
 

 
Fig. 3.21. Dirty and clean seat with EHD imaging SCM2020-UV camera and UV light. 
 
Dirt left by the hands could also be detected from the environment, such as the edges of the doors (Fig. 
3.22). 
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Fig. 3.22. Door edges covered with dirt from hands (right picture with EHD imaging SCM2020-UV camera 
and UV light). 
 

3.2.3 UV camera tests results 

Utilizing the UV area and UV sensitive camera cell, camera technology can be used to separate various 
dirt / substances. To detect dirt, the environment does not need to be dark (compare fluorescence) and 
the lighting does not affect the measurement. However, the challenge in using camera technology is the 
varying properties of different surfaces. It is difficult to distinguish between dirty and clean from a variable 
surface without a clear reference point (dirty vs. clean). In addition, the different reflection of UV light on 
the surfaces affects the image of the camera. When shooting the environment, pictures should be taken 
with different shutter speeds and camera parameters to make the lighting of the picture uniformity. 

4. WP4: Sourcing of antimicrobial substances 

The main objective of WP4 is to produce enough wood-based antimicrobial substances and/or mixtures 
for other actions of the project and tests the most simples and suitable processing methods for the 
antimicrobial substances. This WP has a very strong link to WP2 and WP5. 

WP4 was divided into two phases:  

Phase 1. To produce antimicrobial components or to acquire commercial components for pre-tests, 
planned in WP2. In this phase, existing production methods were used, taking into account the availability 
of virgin and industrial components as well as the effects of the separation and production methods on the 
composition of components. Also, this phase included a techno-economic review from antimicrobial 
components and utilisation of camera technology in identification of the components. 

Phase 2: The most potential raw material sources and processing methods from the phase 1 have been 
further investigated. Main emphasis has been on development and testing of production and identification 
methods and utilization of extracted/purchased components in Living Lab-tests.  

At the beginning of the project, it was known that antimicrobial agents/fractions are located in different 
structural parts of the wood and their compositions and concentrations can vary, e.g. according to the age 
of the tree and the place, where they were grown (Routa et al. 2017). Antimicrobial compounds can be 
present in wood at high concentrations in very specific points of virgin raw materials. Industrial by-products 
or commercial products have already been processed into components or mixtures that can be used quite 
directly. All the potential production paths have been important in this project. 
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4.1 Sources of potential antimicrobial components 

Several antimicrobial components (Table 4.1) have been produced, collected or received from partners 
for antimicrobial screening, material tests and chemical characterisation (mainly by GC/MS or NMR 
spectroscopy). Some of these components are from commercial sources, some from industrial sources 
and some from virgin raw materials. The fractions and mixtures of liquid, solids and powders have been 
used in the tests. 

Table 4.1 Sources of the antimicrobial components. 
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As already mentioned, selected antimicrobial substances were either purchased or isolated (by extraction) 
in sufficient amounts for further studies (Table 4.1). At the same time, production methods for different 
antimicrobials were considered and preliminary techno-economic evaluation was performed to the extent 
that it could be implemented. Table 4.2 shows approximate prices of the antimicrobial materials and their 
current availability in the markets. 

Table 4.2 Estimations of raw antimicrobial materials price levels and their availability in the markets. 

 

Production of antimicrobial substances depends on availability of raw materials and the markets, including 
existing and old production and collecting methods. Different antimicrobial substances have different 
properties, which means that their effects on microbes can vary. It is likely that the active substances on 
a large scale will be mixtures of individual components obtained from selected materials. In other words, 
their usability is dependent on many factors, such as: 

• availability and price 
• intended application area 
• composition of material 
• product method or pre-handling 
• quality/purity of the antimicrobial substances 
• consumption of the material 
• properties of the material on the surface, e.g. applicability, smell, and adhesion 

 
Based on both extensive literature studies, the first microbial testing, the potential production methods and 
composition data were selected the following materials, used in different application studies:  

• bark compounds (especially betulin and tannins)  
• needle substances/fractions  
• softwood resin 
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4.2 Selected antimicrobial raw materials used in the project 

4.2.1 Tannins 

Commercial hydrolysable (chestnut, valonea and tara), condensed (mimosa and quebracho) and 
cationised condensed (TanFloc SG and SH) tannins were purchased from Christian Markmann GmbH, 
Hamburg, Germany (bulk prices 1.9–4 €/kg). The tannins fell into three categories: hydrolysable, 
condensed (flavonoid-based), and cationised condensed. The tannins were ready-to-use dry powders 
except for tara. Tara tannin was extracted by water (Tara-W) or 75% ethanol (Tara-E) from the seed pod 
powder (that contains >50% tannin) at a consistency of 10% (stirring at 1000 rpm and RT for 24 h). The 
dissolved tara tannins were recovered by filtration, any ethanol removed under reduced pressure, and the 
aqueous tannin solutions freeze-dried. Raw materials for some commercial tannins are shown in Fig. 4.1. 

 
Fig. 4.1. Raw materials for selected hydrolysable and condensed tannins. 
 
Hydrolysable tannins are gallo- and ellagitannins based on esters of gallic acid and a central 
monosaccharide that is usually -D-glucose (Scalbert 1991; Buzzini et al. 2008). Quinic acid can be 
incorporated in the structure of some gallotannins in the same way as gallic acid - tara tannins, for instance, 
contain galloyl- and caffeoylquinic acids (Clifford et al. 2007). Further esterification between galloyl groups 
via depside binds results in larger gallotannins while ellagitannins include also C-C bonds between the 
galloyl units. These structural features are show in Fig. 4.2. Hydrolysis of gallo- and ellagitannins yields 
gallic acid and ellagic acid, respectively. 

 
Fig. 4.2. Building blocks of hydrolysable tannins. 
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The flavonoid biosynthetic pathway produces monomeric flavan-3-ols such as epicatechin and epigallo-
catechin that then form oligo- and polymeric proanthocyanidins, aka condensed tannins (Fig. 4.3), with 
different A- and B-ring substituent patterns (Rauf et al 2019). Condensed tannins are also commercially 
modified to produce cationic flocculants by means of the Mannich reaction with ammonium chloride and 
formaldehyde (Fig. 4.3) (Lamb and Decusati 2002). 

 
Fig. 4.3. Example of the structure of condensed tannin and its cationised form. 

Hydrolysable tannins used in the project and a reference, purified gallotannin (tannic acid), were analysed 
by 31P NMR (Fig. 4.4, Table 4.3) and other methods (Table 4.3) to elucidate their structural differences.  

Table 4.3. Analytical data on tannins. 
Tannin Aliphatic OH, 

mmol/g 
Phenolic OH,  

mmol/g 
COOH, 
mmol/g 

N, % Carbo- 
hydrates,  
% 

Molar mass,  
g/mol 

 In 
tannin 

Total ortho-Substitution Total    Mw Mn 

   None Mono Di       

Tannic acid 0.02 0.44 0.00 9.56 4.71 14.30 0.56 0.01 1.4 883 732 

Chestnut 0.45 4.55 0.20 4.06 2.26 7.52 0.36 0.11 12.6 1456 951 

Valonea 0.51 5.15 0.10 2.39 1.83 5.08 0.40 0.44 9.1 1269 869 

Tara-E 0.16 4.68 0.04 7.14 3.62 10.84 0.25 0.17 5.2 925 725 

Tara-W 0.19 4.97 0.02 6.37 3.25 9.66 0.25 0.42 7.1 913 718 

Mimosa 
 

5.30 
  

 8.52 0.32 0.16 6.7 1697 1073 

Quebracho 
 

3.78 
  

 7.69 0.42 0.57 8.7 1820 1161 

TanFloc SG 
    

   7.60 4.2 2677 1197 

TanFloc SH 
    

   6.61 3.1 3178 1273 

 
The 31P NMR spectra reveal significant differences between the phenolic hydroxyl contents of the tannins, 
ranging from 5 to 11 mmol/g (14 mmol/g for the reference, tannic acid). The tara tannins bear the greatest 
resemblance to tannic acid with their highest phenolic hydroxyl contents, highest ratio of mono- to di-ortho-
substituted phenolic hydroxyls (ca. 2), few phenolic hydroxyls without ortho-substituents, and low molar 
masses. Chestnut and valonea tannins have lower ratios of mono- to di-ortho-substituted phenolic 
hydroxyls (1.7 and 1.3, respectively). Condensation (C-C-bonding) between aromatic units increases the 
proportion of di-ortho-substituted phenolic hydroxyls, so this indicates that more ellagitannins are present 
(see castalagin, Fig. 4.2) in the chestnut and valonea tannins than in the tara tannins. They also contain 
more carbohydrates and phenolic hydroxyls without any ortho-substituents, while their total phenolic 
hydroxyl contents are much lower and molar masses larger.  

Overall, the results on the hydrolysable tannins are in line with earlier research according to which tara 
tannins are predominantly gallotannins while chestnut and valonea tannins are mixtures of gallo- and 
ellagitannins (Aguilar-Galvez et al 2014, Abdalla et al 2015, Clifford et al 2007, Ozgunay et al 2007, Pasch 
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and Pizzi 2002). The condensed tannins have phenolic hydroxyl contents of 7.7-8.5 mmol/g and larger 
molar masses than the hydrolysable tannins. The TanFloc cationised mimosa tannins contain significant 
amounts of nitrogen as a result of the Mannich reaction (Fig. 4.3). 

 

 

Fig. 4.4. 31P NMR spectra of four hydrolysable tannins (top) and the enlarged spectrum of Tara-E (bottom), 
showing signals for aliphatic hydroxyls (A), phenolic hydroxyls (B-D), and carboxyls (E). 
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4.2.2 Fractions of pine and spruce resin 

Various resins were tested during the project: purchased spruce resin from the surface of wood logs, 
purified spruce resin, powdered spruce resin and self-collected pine and spruce resin (Fig. 4.5). Additional 
information from these can be found for a selection of aged and fresh softwood resin samples listed in 
Table 4.1. 

 
Fig. 4.5. Resins tested during the project. 
 
The resin compounds were analysed (after trimethylsilylation) by GC–MS for resin acids and other 
compounds (Table 4.4). For the composition, 31–33 main compounds were taken into account. If all the 
trace compounds were included, as many as 60–70 peaks could be detected in most of the samples. 

The main compounds in each sample included “normal” resin acids (from pimaric acid to neoabietic acid), 
a wide selection of oxidised hydroxyresin acids (mainly derivatives of dehydroabietic acid), and phenolic 
compounds. The latter group was composed of three cinnamic acid derivatives (4-hydroxycinnamic, 
ferulic, and caffeic acids) and lignans (secoisolariciresinol, lariciresinol and pinoresinol). Interestingly, the 
highest amounts of 4-hydroxycinnamic acid and pinoresinol were found in the aged spruce resins. It is 
also interesting to note that even rather old resin samples can still contain moderate amounts of volatile 
turpentine compounds (monoterpenes) such as α-pinene. The main differences between the spruce and 
pine resin samples include the presence of ferulic and caffeic acids in the pine resin sample, and the lack 
of any 4-hydroxycinnamic acid. All the compounds present in the analysed resin materials are known to 
possess different antimicrobial properties; in many cases such properties have been shown to be very 
strong. 
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Table 4.4. Relative composition (%) of aged and fresh spruce and pine resins. 1, spruce resin, collected 
in Eastern Finland in March 2016; 2, spruce resin from Repolar, collected in western Lapland in September 
2013; 3, spruce resin collected in Eastern Finland in March 2016; 4, spruce resin collected in Räyrinki 11th 
June 2019; and 5, pine resin collected in Räyrinki 11th June 2019. 

 
Note: Resins 1 and 3 were both collected in 2016. These raw resins also contain bark and other forest-based materials. Powdering 
of resins 1 and 3 was performed at different times: in March 2016 and 2019. Resins 2, 4 and 5 contained only resin gum from the 
surface of coniferous trees. 
 

Resin recognition tests were utilized for the fresh spruce and pine resins. The purpose of resin detection 
is to find a system for automatic collection of resin as a by-product of the wood industry. In this project, 
resin recognition was started with Senop HSC-2 hyperspectral camera, using UV and halogen light 
sources (Fig. 4.6). 
 
The camera is configured with Senop HIS-2 software (Fig. 4.7). This camera takes data cube that can be 
opened with HIS-2 tool. In data visualization tab it is possible to look at each pixels spectra but HIS-2 tool 
does not have any kind of data analysis functions. Therefore the data needs to be analysed with separate 
software.  
 

Resin compound(s) 1 2 3 4 5
α-Pinene 2 0,9 7,5 3 2,3

Other monoterpenes 0,3 1,1 0,6 2,5 2,7

Sesquiterpenes 0,4 0,3

Neutral diterpenes 2,6 4,6 2 6,1

Pimaric acid 1,5 7,4

Sandaracopimaric acid 0,9 1,3 1 3,5 1,1

Isopimaric acid 3,9 6,3 3,7 8,3 3,9

Palustric acid 2,9 0,4 9,2 5,3

Levopimaric acid 1,8 9,7 6,5

Dehydroabietic acid 19,5 18,2 17,8 15,5 18,8

Abietic acid 0,6 3,6 0,6 7,3 7,3

Neoabietic acid 1,5 6 7,1

7-α-Hydroxydehydroabietic acid 4,9 4,2 4 3,8 2

7-β-Hydroxydehydroabietic acid 1,9 1,6 1,6 1,3 1,6

12-Hydroxydehydroabietic acid 1,3 1,3 1,2 0,9 0,9

15-Hydroxydehydroabietic acid 7,3 6,2 6,9 4,8 5,9

15-Hydroxyabietic acid 1,2 2,5 2,1

7,15-Dihydroxydehydroabietic acids (2) 3,2 2,1 2,4 1,2 2,8

7-Oxodehydroabietic acid 2,8 2,5 2,8 1,8 2,4

15-Hydroxy-7-oxodehydroabietic acid 0,9 0,6 1,2 2

Other resin acids 2,1 3,7 1,5 2,1 4,9

Vanillin 1,1 1,7

4-Hydroxycinnamic acid 18 13,7 14,8 3

Ferulic acid 2

Caffeic acid 3,5

Secoisolariciresinol 1 0,7 1

Lariciresinol 3,5 2,1 3,5 1

Pinoresinol 17,6 15,7 17,1 2 1,6

Other lignans 2 3,6

Other compounds (including unknowns) 4,2 2,2 4,4 1 4,3
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Fig. 4.6. Senop HSC-2 hyperspectral camera (A), UV light (B) and resin fluorescent effect (C). 
 

 
 

Fig. 4.7. Senop HIS-2 configuration tool for camera parameters (reference sample from spruce resin using 
black matte plate as reference point). 

The study on the resin samples was continued with a UV and VIS sensitive camera using band pass filters 
and UV and LED lights. With different kind of band pass filters wood and resin samples were better and 
less visible (Fig. 4.8).  

The resin is fluorescent, for example it is seen with a UV sensitive camera as a dimmer spot or alternatively 
with a suitable filter as a brighter spot (Fig.4.9). To find the right filter for fluorescent peak, more testing 
should be done to determine if there are other fluorescent components in the wood pulp. 

 

A 

C 

B 
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Fig. 4.8. Resin samples on wood surfaces, detected by EHD imaging SCM2020-UV camera with different 
band pass filters. 
 

 
Fig. 4.9. Resin samples under UV light. 
 
4.2.3 Betulin from birch bark 

Birch bark was pre-treated and extracted with different techniques and solvents at JAMK. The tests 
focused on finding out how the freshness of the raw materials, methods of pre-treatment and different 
extractions affect the composition of antimicrobial compounds and the response of microbes to the 
substances.  

Fresh young and old birch trees were cut down in Saarijärvi during the regeneration felling (in May 2019) 
and harvested to a heap of small logs near the cutting area. The next day the birch bark was peeled out 
of the logs (Ø 10–30 cm) and transported to the laboratory. From a part of birch bark, the dark inner bark 
layer was separated from the white outer bark layer; part of the birch bark sample was retained as such. 
The separated white bark was air-dried and cut into pieces of suitable size or milled into particle size of 
below 1 mm for the extractions. A separate birch bark sample from the Oy Haka-Wood Ab sawmill was 
pre-treated in the same way as the fresh birch bark in the laboratories of JAMK.  

Birch bark was extracted in a simple way using refluxing technique. Only one extraction method was 
applied, using one pure solvent, ethanol (EtOH), and three different alcohol-alkali solutions, ethanol + 
potassium hydroxide (EtOH + KOH), ethanol+ sodium hydroxide (EtOH + NaOH) and isopropyl alcohol + 
sodium hydroxide (IPA + NaOH). Analyses were based on literature (Rizikovs et al. 2014, Korpinen 2018, 
Šiman et al. 2016). The extraction ratio was selected 1:9:0,33 in the case of alkali and EtOH-extract with 
1:9.  
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Fig. 4.10 shows the exact extraction process of betulin in the alkaline solutions. Process of EtOH extraction 
was done in the same way. Practically, four different crude betulin powders were produced (Fig. 4.11). A 
few betulin samples, EtOH and IPA + NaOH powders were purified from the impurities completely.  

 
Fig. 4.10. Extraction of betulin in the alkaline solutions. 
 

 
Fig. 4.11. Crude and pure betulin powders isolated with different solvents. 
 

The betulin yields are shown in Fig. 4.10 and Table 4.5. It was observed that yield of betulin varies between 
10–30% depending on the extraction solvents and pre-treatment. Also, the colour of betulin varied with 
different solvents. It is concluded that impurity contents of betulin, which can also be visually seen, was 
increased when alkali was present in the extraction. Ethanol and isopropanol + sodium hydroxide solutions 
produced quite white technical betulin powder.  
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Table 4.5. Betulin yields from ethanol extraction of different fractions of birch bark. 

 

During the pre-treatment process in relation to betulin yields it was observed that grinding of birch bark (to 
<1 mm particle size) slightly increases the yield. However, it is not the best way to handle the bark. It takes 
working time and spends energy compared to cutting pieces of birch bark. It is also worth removing the 
inner birch bark (dark) as it reduces the betulin yield and consumes more the solvents. The extraction of 
pure inner birch bark (dark) would not yield any betulin. The betulin yield was slightly lower in sawdust 
than in fresh birch bark. It also was observed that the use of brownish birch stem would reduce the betulin 
yield. The composition of the crude and purified betulin extracts were analysed by gas chromatography – 
mass spectrometry (GC-MS), after derivatisation of the samples by trimethylsilylation (Table 4.6). 

Waste solvents can be recycled with distillation and other wastes can be taken to combustion, converted 
to a plant growth substrate, used for the raw materials as pots material or for fertilizers. The recovery of 
waste depends on the used solvent.  

Table 4.6. Relative composition (%) of the betulin extracts, as determined by GC/MS after trimethyl-
silylation. 1 and 2, crude EtOH extracts; 3, crude EtOH + KOH extract; 4, purified EtOH extract; 5, crude 
EtOH extract (ball-milled bark sample); 6, crude IPA + NaOH extract; 7, purified IPA + NaOH extract; and 
8, crude EtOH + NaOH extract.  

Compound 1 2 3 4 5 6 7 8 

Glycerol     4,5     0,4   3,6 

Monosaccharides 0,9 0,7     1      

Disaccharides 2,4 0,2            

18-Hydroxyoleic acid     3,5     0,5   2,8 

20-Hydroxyeicosanoic acid     1     0,5   1,2 

22-Hydroxydocosanoic acid     8,1     5,9 0,2 8 

9,10-Epoxy-18-hydroxystearic acid        8,8 

9,10,18-Trihydroxystearic acid     2,4         2,6 

Octadecanedioic acid     9,2     1,2    

Other suberin acids     1,7         4,8 

Sesquiterpene   0,6     0,3      

Lupeol 4,9 5,2 4   6,9 6,5   3,7 

Betulinol 86,1 86,1 63,5 97,2 84,8 80,4 98,7 62 

Betulinic acid 3,6 4,4 2,1 2,8 5 2,5 1,1 2,5 

Unknown 2,1 2,8     2 2,1    
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In each case, betulin was clearly the main compound. In the crude (unpurified) extracts without the use of 
any alkalis, its share was rather constant (c. 85–86%). The use of the alkalis increased the shares of 
suberin-derived hydroxy fatty acids and dicarboxylic acids, giving the lowest betulin share of 62% when 
EtOH/NaOH system was used in the extraction. Both of the purified samples showed very high betulin 
contents, up to nearly 99%. The main impurity was betulinic acid which is structurally very similar to betulin. 

4.2.4 Suberin from birch bark 

Suberin was the by-product from extracts of betulin in this project. Birch bark was pre-treated and extracted 
exactly in the same way as the betulin extracts were done (Section 4.2.3). Used raw materials were also 
same as in betulin extracts. The tests focused on finding out how much the suberin yields vary between 
different extract solutions. 
 
The suberin was extracted from birch bark pieces using three different alcohol-alkali solutions: ethanol + 
potassium hydroxide (EtOH + KOH), ethanol+ sodium hydroxide (EtOH + NaOH) and isopropyl alcohol + 
sodium hydroxide (IPA + NaOH). Also pure solvent, ethanol (EtOH) was used to check the process 
method. As in betulin extracts, analyses were based on literature (Rizikovs et al. 2014, Korpinen 2018, 
Šiman et al. 2016). The extraction ratio was selected 1:9:0,33 in the case of alkali and EtOH-extract with 
1:9. After filtration of betulin, the suberin was precipitated out of H2O-solution by concentrated HNO3. 
 
Fig. 4.12 shows the exact extraction process of suberin in the alkaline solutions. Process of EtOH 
extraction was done in the same way. Practically, three different crude suberin were produced (Fig. 4.13).  
 

 
Fig. 4.12. Extraction of suberin in alkali solutions in conjunction with betulin extraction. 
 
The suberin yields are shown in Fig. 4.12 and Table 4.7. It was observed that yield of suberin varies 
between 0–20% depending on extraction solvents and pre-treatment method. Also, the colour and compo-
sition of suberin varied between different solvents.  
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Fig. 4.13. Crude suberin powders isolated with different solvents. 
 
Table 4.7. Suberin yields from alkali extractions of different fractions of birch bark. 

 
 
The suberin yields were higher when KOH was used in extraction solution. On the other hand, the IPA + 
NaOH extraction produced yellow suberin, which is a typical suberin colour. The suberin yield was also 
high in brownish, fresh birch bark pieces, whereas the betulin concentration was very low. It could be seen 
that the grinding of birch bark to <1 mm particle size decreased suberin yield, opposite to betulin extraction. 
As expected, no suberin could be separated by ethanol extraction. In this respect, all extraction processes 
were successful.  
 
Suberin was the by-product, which could be produced easily in the betulin separation process. This is an 
important thing. The extractions should be planned so that as many valuable components as possible can 
be recovered from extraction and so that the waste generated can be further recycled as described in the 
betulin section.  
 
The GC/MS analyses (Table 4.8) revealed a number of differences in the composition of the recovered 
suberin extracts. It can especially be noticed that under the IPA/NaOH conditions 9,10-epoxy-18-hydroxy-
stearic acid had almost completely been hydrolysed to 9,10,18-trihydroxystearic acid. Another charac-
teristic feature for this extract was the presence of highest shares of betulinic acids. 
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Table 4.8. Relative composition (%) of the suberin extracts, as analysed by GC/MS after trimethylsilylation. 
tr., trace amounts detected. 

Suberin constituent EtOH/NaOH EtOH/KOH IPA/NaOH 

Ferulic acid 0,7     

18-Hydroxyoleic acid 10,8 12,5 6,4 

18-Hydroxystearic acid   0,2   

Dihydroxyoleic acids (2) 1,4 1,1 0,7 

9,18-Dihydroxystearic acid 2 1,3 1,1 

9,10-Epoxy-18-hydroxystearic acid 30,5 34 1,3 

9,10,18-Trihydroxystearic acid 25,6 6,9 69,2 

Ethyl 9,10,18-trihydroxystearate 9,6 1,7   

20-Hydroxyeicosanoic acid   1,5 1,5 

22-Hydroxydocosanoic acid   0,9   

Hexadecanedioic acid   0,4   

9-Octadecenedioic acid 2,5 3,9 tr. 

Octadecanedioic acid 0,8 1,4   

Eicosanedioic acid 1,2 2,3   

Docosanedioic acid 1 8,8 tr. 

Other carboxylic acids or esters 6,3 7,7 1,3 

Glycerol   2,4 0,2 

Betulinol   0,8 tr. 

Betulinic acid 2,3 4,1 4,3 

Betulinic acid isomer 5,3 5,5 12,7 

Other compounds (unknown)   2,6 1,3 
 

4.2.5 Needle extracts from pine  

Needles were pretreated and extracted in two stages at JAMK. First, the antimicrobial properties of spruce 
and pine needles were analysed. Based on these results pine needles were selected to the step one for 
more detailed extraction tests. Based on the compositions of these extracts pretreatment methods and 
extraction solutions were selected to the step two. In the second step, selected needle extracts were 
produced for applications. At this stage, the reproducibility of the methods for producing the desired 
antimicrobial compounds was also studied. The tests also focused on finding out how the freshness of the 
raw materials in relation to the methods of pre-treatment and different extractions methods affect the 
composition of antimicrobial compounds. 

In the first stage, the fresh pine needles with twigs (Ø < 10 mm) were collected manually from the land 
area of the regeneration felling in Saarijärvi (in May 2019). The needles with twigs were originated from 
the branches and top of felled pine trees. In the stage two, the pine needles with twigs were collected in 
Karstula (in June and December 2020) from the young seedlings area. Pine needles with twigs (Ø < 10 
mm) were harvested in manual from the standing trees (Ø < 10 cm). In both steps, the needles were frozen 
immediately after collection. 

Mainly, two different fractions were studied: needles without twigs and needles with twigs (Fig 4.14). 
Separation of the needles from the twigs was done manually by tearing. Before the extractions, the pine 
needles were pre-treated in several different ways. They were either air-dried or oven-dried, crushed, 
milled or allowed to remain as is. In cases of drying, the needle fractions or needle twigs were dried either 
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on a table at room temperature or oven-dried at 105 °C. The colour of the pine needles varied between 
green or brown in air-dried and oven-dried fractions. The milled needles and needle twigs are obtained by 
means of a planetary ball milling. The crushed needles, in turn, have been treated by breaking the needle 
into a crumb using a meat grinder. It should be noted that several treatments may have been performed 
on the same needle fraction. 

 
Fig. 4.14. Fractions of pine needles (with and without twigs) before pre-treatment.  
 
Fractions of needles were extracted in a simple way using refluxing technique. Only one extraction method 
was applied. The extraction solutions were prepared using only one solvent per extraction. In step one, 
the used solvent was water (H2O), technical ethanol (EtOH) and acetylene (Ac). In step two, the used 
solvent was water (H2O) and technical ethanol (EtOH). The extraction ratio was selected EtOH-extract 
with 1:9 in both steps. 

Process of needles extraction was done in the same way than extractions of betulin and suberin. 
Practically, 13 different, concentrated needle extracts were produced in the first stage (Tables 4.9 and 
4.10) and 12 different, concentrated needle extracts were produced in the second stage (Tables 4.11 and 
4.12). 

Table 4.9. Yields of pine needle extracts isolated in different pre-treatments in the first stage.  
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The GC/MS analyses (after trimethylsilylation) indicated that the pine needle extracts may contain more 
than 100 different compounds. No attempts were now made to identify or characterise all of them, and 
thus the attention was now paid to c. 30 main compounds. As can be seen in Table 4.10, the pre-treatment 
and extraction conditions can be have significant impacts on the composition of the extracts.  
 

Table 4.10. Relative composition (%) of the main low molar mass compounds in 11 pine needle extracts 
from the first round of extractions.  

 
1) Oven-dried needles, EtOH extract, 2) air-dried milled needles, EtOH extract, 3) air-dried needles, EtOH extract, 4) 
air-dried milled needles, acetone extract, 5) air-dried needles, acetone extract, 6) air-dried milled needles, aqueous 
extract, 7) air-dried needles & twigs, aqueous, 8) air-dried needles & twigs, EtOH extract, 9) oven-dried needles & 
twigs, EtOH extract, 10) air-dried needles & twigs, acetone extract, 11) fresh milled needles, EtOH extract. 

All the extracts seem to contain high amounts of polyhydroxy compounds, including monosaccharides, 
and especially, very interesting cyclic compounds, i.e. pinitol, quinic acid, and shikimic acid. Of them, for 
example, pinitol is known to have a large variety of different, strong bioactive properties (as reviewed by 
Poongothai and Shripathi 2013). Also, quinic and shikimic acids are well known for their bioactive pro-
perties. 
 
The use of acetone as the solvent results in isolation of substantial amounts of terpenoid compounds, 
including diterpene alcohol (cis-abienol) and resin acids. An interesting feature of pine needles ins their 
known content of special dicarboxylic resin acids, pinifolic acid and its methyl ester. In addition to pine 
needles, pinifolic acid is also found in resin of tropical hardwoods of Copaifera genus (e.g. Arruda et al. 
2019), known for a wide spectrum of bioactive properties. Other known bioactive compounds found in pine 
needles include different lignans and other phenolic compounds, such as taxifolin. 
 

Compounds 1 2 3 4 5 6 7 8 9 10 11
Number of compounds in total >90 >80 >110 >90 >100 >110 >110 >110 >110 >110 >80

Number of integrated (main) compounds 31 32 32 32 33 32 33 33 33 33 33

Polyhydroxy compounds
Monosaccharides 15,1 18,7 14,7 8,1 7,3 18,1 13,2 15,4 16,4 6,4 54,9

Sugar alcohols 2,1 3,8 4,6 4,2 4,3 2,8 0,3

Sugar acids 0,7 1,8

Disaccharides 4,9 5 5 2,4 3,9 5,1 9,4 4,7 6 2,8 6,7

Glycerol 0,3 3,4 3 5,3 7,2 7,3 5,5 4 3,8 2,9 2,6

Pinitol 33,9 28,1 28,8 23,5 18,7 31,5 39,9 25,5 29,2 21,2 19,6

Pinitol isomers (2) 1,6 1,3 1,6 0,9 0,9 1,5 1,5 1,8 1,1 1 1,3

myo-Inositol 2,2 2,1 1,3 4,6 2,3 1,1 1,5 2,1

Shikimic acid 20 12,2 8,2 9,2 3,3 11,5 4,2 4,6 6

Quinic acid 3,4 3,5 2,5 1 1 7,2 8,4 2,1 2,2 9

Terpenes
Resin acids (common in wood) 1,2 1,6 4,7 4,3 2,6 8,7 4,2 19,1 1

Pinifolic and methylpinifolic acids 6 7,4 9 17,7 12,3 9,3 8,2 24 1,3

cis-Abienol 4,5 7,9 12,8 16,1 16,3 14,2 14,9 7,4

β-Sitosterol 0,8 1,7 1,4

Betulinol 4,3

Other compounds
Ethylamine 0,3 0,3 0,3

Fatty acids 0,5 3,2 7 2,1 0,4 4,4

Malic acid 1,9 1,6

Citric acid 0,9 1,4 3,5 3,5 0,8

Phenolic compounds, unknown (3-5) 3,4 2,4 1,7 4,8 10,6 1,4 3,5 2,1 6,2 0,8

Taxifolin 2,5 0,5 0,8 0,4 1,1

Others (incl. unknown) 0,7 3,5 1,5 2,9 1,2 0,7 1 1,4 1,2 2,1 0,4
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It is noteworthy that the fresh pine needles also contain monoterpenes and other volatile compounds, 
responsible for the “forest odour” of the needles. Such compounds were not recorded in the present 
analyses, as the focus was on less volatile polyhydroxy and terpenoid compounds. On the other hand, the 
most volatile compounds have in many cases been lost during drying and other pre-treatment steps. 
 
Based on the exact extractions of the first round, it was found that the pre-treatment has effects on compo-
sition of the extract and yields. Based on this, air-drying, oven-drying and needles crushing were selected 
for the next step. It was observed that crushing and air-drying fresh needles regularly produces more yield 
of extract than the others pre-treatment. Especially, if the compositions of the extractants are not taken 
into account (Tables 4.11 and 4.12). 
 
Table 4.11. Relative composition (%) of the main low molar mass compounds in 12 pine needle extracts 
from the second round of extractions.  

 
1) Air-dried needles & twigs, aqueous extract, 2) Air-dried needles, aqueous extract, 3) fresh (not dried) needles, 
aqueous extract, 4) fresh (not dried) needles & twigs, aqueous extract, 5) air-dried crushed needles, aqueous extract, 
6) air-dried crushed needles & twigs, aqueous extract, 7) oven-dried needles, EtOH extract, 8) oven-dried needles & 
twigs, EtOH extract, 9) air-dried crushed needles & twigs, EtOH extract, 10) air-dried needles, EtOH extract, 11) air-
dried needles, EtOH extract, 12) air-dried crushed needles, EtOH extract. 
 
Some of the above extracts (10–12) contained higher amounts of unidentified compounds than most of 
the extracts. On the basis of the recorded mass spectra most of them represent resin acids or related 
compounds, and other types of apolar extractives. 
 
 
  

Compounds 1 2 3 4 5 6 7 8 9 10 11 12
Polyhydroxy compounds
Monosaccharides 49,3 46,1 47,5 49,9 52,4 41,9 38,2 55,2 33,4 2,8 4,9 27,6
Sugar alcohols 0,6 0,5 0,3 0,4 2,7 0,4
Sugar acids 1,2 0,7 2,3 2,1 1,2 1,6
Disaccharides 2,4 2,6 2,2 4,2 1,4 1,1 2,3 1,6 4,8 8,8 10,2 2,6
Glycerol 6,3 2,7 1,8 1,3 3 7,9 1,1 0,7 5,1 1,1 1,1 0,7
Pinitol 16,1 16,4 16,9 13,8 15 16,1 24,4 20 20,1 31,5 33,7 15,6
Pinitol isomers (2) 0,4 0,4 0,3 0,3 0,3 1 0,3
myo-Inositol 1,6 3,1 2,3 2,1 1,9 2 1,5 0,8 0,3
Shikimic acid 6,6 10,3 9,8 7,2 8,2 7,5 13 3,5 8,5 2,3 3,2 8,1
Quinic acid 6 11,5 7,6 8,3 8,9 6,5 4,9 2,5 2 0,5 1 1,4
Terpenes
Sesquiterpenes 3 2,7 1,8 3,1
Resin acids (common in wood) 1 3,1 3,6 4,3 4,5 2,7
Pinifolic acid 1,2 1 2,2 8,3 5,3 5,3
Pinifolic acid methyl ester 3,2 2,6 10,1 17,2 12,9 17,4
Isoabienol 1,3 2,2
Other compounds
Fatty acids 0,3 0,3 1,2 1,7 1,1 1,7
Malic acid 1,3 0,2 0,9 0,5 0,9 1,9
Citric acid 4 1,2 1,4 1,6 1,8 6
Benzoic acid 1,9 2,2
Phenolic compounds, unknown (3-7) 1,9 2,6 3,7 4,9 1,4 1,5 2,8 2,7 1,1
Pinosylvin monomethyl ether 0,9 1
Taxifolin 0,9
Others (incl. unknown) 2,3 2,1 2,9 3,4 3,6 3 2,9 3,5 4,2 16 17,1 13,8
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Table 4.12. Yields of pine needle extracts isolated in pre-treatments in the second stage.  

 

4.3 Conclusions 

The process chains of raw materials, antimicrobial components and replaced materials of plastic need pre-
tests. Also, then when the existing process parameters will be changed (Fig. 4.15). The process spins all 
the time in background regardless anyway of the phases of the process and what kind of components or 
solutions are produced from wood. Some solutions get out and some continue, sometimes some can come 
back to the process. It is good to understand, when are produced components from wood, the process is 
extensive and influenced by many factors. Basically, every component must be evaluated case by case. 
It also needs to be considered that the legislations significantly regulate the utilizing of components in the 
products and specially in hospital. 
 

 
Fig. 4.15. Technical and economical process chains (raw material, antimicrobial substances, plastic 
substitute materials) in WP4. While a wheel spins, the next ones also spin. The best solutions (IN) continue 
in the process and some will leave out (OUT). 
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In this process is important to know that a material by pre-treatment and storage methods can be 
influenced to yield of antimicrobial components and the composition of antimicrobial compound mix. 
Information is especially needed when it is desired to produce a particular compound, maximize yield or 
store raw materials before process. These kinds of observations could be seen during the project, when 
analysing of compounds after various pre-treatments. 

The discussed examples (especially resins and different extracts) clearly demonstrate the complex 
composition of the natural extracts isolated from different parts of trees. In many cases it has been 
assumed that the bioactive properties recorded (in literature) for various extracts are caused by synergic 
effects of the large number of compounds, representing different functionalities. In addition to this type of 
studies with different extracts, a huge number of antimicrobial studies have been performed using pure 
model compounds or their mixtures, as discussed in several recent review papers listed in Table 2.1. The 
results in this work also confirm that if needed, desired main compounds (such as betulin) can be isolated 
and purified from different extracts.  
 
Camera system could be possible to use for resin detection. Imaging and detecting resin with a camera 
are difficult due to the diversity of the wood, debris, and from which stage of the wood processing the resin 
should be identified and collected. 

5. WP5: Demonstrators 

Currently there are numerous products made of fossil-based plastics in hospitals that could be replaced 
with bio-based ones originating e.g. from Finnish forests. The antimicrobial compounds used are typically 
silver-based. The work done in WP2 showed the potential for antimicrobially potential compounds found 
in wood-based compounds.  

The target of WP5 was to demonstrate the most potential, techno-economically and regulatory feasible 
solutions in living lab hospital environment. These solutions include both materials replacing fossil-based 
plastics and antimicrobial surfaces. In the beginning of the project KSSHP and VTT defined various 
applications where materials containing or made of fossil-based plastics could be replaced with bio-based 
ones. These were further discussed with project’s industrial partners and potential products fitting the 
companies’ production technologies and interest were identified. 

5.1 Main achievements 

5.1.1 Basic property testing  

Target of this study made in first stage of the project was to make a preliminary comparison between the 
materials used in hospitals and materials of two partner companies. The selected materials were Paptic’s 
cellulose-based nonwovens and Woodly’s cellulose-based films (Table 5.1). Their basic properties are 
provided in Table 5.2. 

Table 5.1. List of the selected raw materials. 
 Hospital materials    Partner materials  

 Refuse sack   Woodly 46*  

 Garment bag   Woodly 307*  

 Garbage bag   Paptic 43*  

 Bib   Paptic 68*  

 Draw-sheet   Paptic 118*  

 Drop curtain    

 Disposable apron    

*Numbers represent the grammage of material. 
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Table 5.2. Basic properties of the materials. 

Materials used in hospitals 
Grammage Thickness Density 

g/m2 µm kg/m3 

Refuse sack 49,8 139,3 359 

Garment bag 33,5 26,7 1257 

Garbage bag 8,6 6,3 1405 

Bib 31,7 153 208 

Draw-sheet 35,4 224,7 158 

Drop curtain 106,3 577,5 184 

Disposable apron 17 23,4 728 

Woodly 46 46 47 992 

Woodly 307 306,6 265 1157 

Paptic 43 42,7 71,2 600 

Paptic 68 68,3 155 441 

Paptic 118 117,6 207,2 568 

 
The strength (tensile index) of drop curtain is the highest in materials used in hospitals (Fig. 5.1). That 
strength level was achieved with Woodly’s and Paptic’s highest grammage materials. The strength of 
Woodly’s highest grammage material was approximately five times higher than second best materials. The 
strength level of other materials used in hospitals was achieved with all materials supplied by companies. 
The strain of Paptic’s material was very low compared to other materials used in hospitals than draw-sheet 
(Fig. 5.2). The strain level of drop curtain is achieved with Woodly’s lightest material and exceed with 
Woodly’s heaviest material. The required strain level of other materials used in hospitals is much higher 
than materials supplied by companies.  

 
Fig. 5.1. Tensile indices of materials. 
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Fig. 5.2. Strains of the materials. 

Geometric mean strength and strain values were calculated by equation: 

𝑆 =  𝑆  𝑥 𝑆       (MD, machine direction; CD, cross-direction) 
 
5.1.2 Wood polymer composites 

The wood polymer composites (WPCs) can be either partly or totally bio-based, bio- or nonbiodegradable. 
VTT manufactured and tested several WPCs consisting of wood fibres compounded in traditional and bio-
based plastics. Wood fibres used in the first stage were chemi-thermomechanical pulp (CTMP) and in the 
second phase also long fibre pulp (LFP) fibres were included on basis of their mechanical properties as 
well as lower lignin content. Wood fibres were pre-treated (dried, compacted) enabling the WPC melt 
processing. Traditional polymers chosen were polyethylene (PE) and polypropylene (PP). Bio-based 
polymers were polylactic acid (PLA). bio-based PE (Green PE) from Braskem and W101 from Woodly. 
Case specific compatibilisers (MAH, maleic anhydride) were used with polyolefins (PE, PP). One possible 
application sector identified was suction bag covers or their couplings. Compounding of materials was now 
done with VTT Twin-screw extruder (Bioberstorff 25 x 33D and injection moulding of universal test 
samples, ”dog-bones” (Fig. 5.3) with Engel ES 200/50 HL with ø 25 mm screw. Their mechanical properties 
were tested according to ISO 527 and their tensile strengths at zero yield (no permanent changes) are 
presented in Fig. 5.4. 

 
Fig. 5.3. Injection moulded wood polymer composites. 
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Fig. 5.4. Tensile strengths (zero slope) of injection moulded wood polymer composites with traditional and 
bio-based plastics. 

As a conclusion for WPC work it could be seen that compounding of CTMP-fibres in various plastic 
matrices could be done successfully and CTMP-fibre additives increased linearly the tensile strengths of 
both traditional and bio-based polymers. Additionally even higher strength performance was gained with 
LFP-fibres.  

Based on good results in laboratory tests bigger batches of CTMP- and LFP-composites were com-
pounded (Fig. 5.5) and supplied for Serres in-house tests. These included 20 and 40 wt% CTMP loadings 
in traditional PE and PE as well as 2,5, 5 and 10 wt% LFP loadings in BIO-PE matrix. Injection moulding 
trials were successfully done in Serres as well as internal evaluation of the properties of moulded speci-
mens.  
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Fig. 5.5. Compounding of WPCs with Berstorff 25 x 33D twin screw extruder. 
 
5.1.3 Antimicrobial melt compounded and injection moulded samples 

In order to add wood-derived antimicrobiality to wood-based plastic a series of compoundings followed by 
injection moulding of planar samples for antimicrobiality tests was done. Compounding of tannin (TanFloc 
SG) and untreated gum resin was done in PLA, bio-based PE and Woodly 101 wood-based plastic matrix 
with 15 cc DSM Xpore Microcompounder (Fig. 5.6). Injection moulding of planar 25  25 mm slabs for 
antimicrobiality tests was followed by Thermo Haake Minijet injection moulding machine. 

 
Fig. 5.6. Microcompounder, mould and injection moulded bio-based test specimens with bio-based 
antimicrobials. 
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Antimicrobial properties of samples produced were tested according to ISO 22196: Measurement of 
antibacterial activity on plastics and other non-porous surfaces using Staphylococcus aureus VTT E-70045 
strain and the results are shown in Table 5.3. In the table KP stands for untreated gum resin and TF stands 
for TanFloc respectively.  

Regarding the results of Table 5.3, it should be noted that the tests were done for one parallel sample per 
each compound so no statistical comparison is included. Based on these results 5 Wt% of TanFloc SG in 
PLA matrix shows significant antimicrobiality (over 4 at logarithmic scale) and Woodly 101 shows indica-
tions of inherent antimicrobiality when compared to other plastic matrices. 

Table 5.3. Microbicidal efficacy of tannin and untreated gum resin compounds in accordance to ISO 22196. 
KP, untreated gum resin; TF, TanFloc (tannin). 

Sample
Number of microbes, 

cfu/sample
Microbicidal 
efficacy PLA as ref BIO-PE as ref

BIO-PE KP1% 50 000 -0,10 1,30 -0,10
BIO-PE KP2.5% 10 000 0,60 2,00 0,60
BIO-PE TF1% 100 000 -0,40 1,00 -0,40
BIO-PE TF2.5% 130 000 -0,51 0,89 -0,51
BIO-PE TF5% 50 000 -0,10 1,30 -0,10
BIO-PE ref 40 000 1,40
W 101 KP1% 2 000 0,57 2,70 1,30
W 101 KP2.5% 40 000 -0,73 1,40 0,00
W 101 TF1% 12 300 -0,22 1,91 0,51
W 101 TF2.5% 13 300 -0,25 1,88 0,48
W 101 TF5% 10 900 -0,17 1,96 0,56
W 101 ref 7 400 2,13 0,73
PLA KP 1% 200 000 0,70 0,70 -0,70
PLA TF 1% 120 000 0,92 0,92 -0,48
PLA KP 2.5% 20 000 1,70 1,70 0,30
PLA TF 2.5% 5 500 2,26 2,26 0,86
PLA TF 5% 100 Over 4,00 4,00 2,60
PLA ref 1 000 000 -1,40  

5.1.4 Hygienic surface demonstrators from Millidyne  

Millidyne’s Avalon® coatings were tested in KSSHP living lab environment as actual case studies. These 
thin, dirt repellent and easy-to-clean hygienic coatings are combining organic and inorganic chemistry at 
a molecular level (“nano-lacquers”).  

The aim of the research was to monitor the impact of the Avalon® protective coating on the dirt and 
microbial load on the surfaces and the cleanability of the surfaces. The research was carried out at the 
Central Finland Central Hospital at predefined sites. The research took place on 1 August 2019 – 28 
February 2020. Avalon® protective coating treatment was carried out by Millidyne in week 31. 
 
The nature of the activities of the units/facilities influenced the selection of research locations. The units 
selected the room to be coated and a possible identical control room. The hospital facilities have been 
built in different decades, making it possible to test the functioning of the protective coating at sites of 
different ages. The emergency clinic's facilities introduced in 2007-2008 would be an excellent target for 
the utilisation rate and patient flow, but due to the on-call activities, the coating and monitoring of the 
facilities was not possible. 
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Several case-specific Avalon coatings were applied on various substrate materials on different positions. 
Positions included the Haematology Ward’s corridor and patient room, the Internal Medicine Outpatient 
Clinic’s reception room, the Surgery Outpatient Clinic’s reception room, and the Rehabilitation Ward’s 
patient rooms. Coated surfaces included floor surfaces, work/patient desks, furniture, privacy curtains, 
faucets of sinks, computer keyboards, undersides of hand paper holders and railings of beds (Figs. 5.7–
5.12). These coatings were done in August 2019 and the tests lasted until February 2020. The examination 
of coated surfaces was done by KSSHP personnel with ATP-luminometry, RLU-limits and INSTA 800 
quality system. 

 
Figs. 5.7–5.12. Examples of coated research positions. 
 
A separate ATP luminometer test device and test reagents were ordered for the project. Surface samples 
were taken from the sites on 10 July 2019 before the coating was installed, to determine the limit values, 
and the sampling points were photographed. From August to December the ATP-measurements were 
done after cleaning, from January to February both before and after cleaning. Regarding coated floor 
surface of Haematology Ward (Fig. 5.13) there were first issues with slipperiness and an additional grinding 
washing series had to be done to avoid that.  

 
Fig. 5.13. Floor coating on the Haematology Ward. 
 
The planned number of surface samples and the sampling frequency were not realised at the initial stage, 
due to problems with the availability of ATP test reagents caused by Covid.  
 
The ward domestic, who took the samples, also cleaned the surfaces before sampling. This ensured that 
the sample is always taken from a clean surface. The surface was wiped using a damp microfibre cloth 
moistened with a general cleaning solution. 
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In this summary only comparable results are taken into account. Totally 444 measurements were done 
and as a conclusion the hygienicity of coated surfaces was 32% better than non-coated control surfaces 
(Table 5.4). 

Table 5.4. Compilation of surface hygienicity results by KSSHP/Millidyne. 

  Coated Non coated Difference % 

Average before cleaning 935 1383 -32,4 

Average after cleaning 231 339 -32,0 

Change % -75,3 -75,5   

        

Standard deviation before cleaning 1383 2766 -50,0 

Standard deviation after cleaning 386 548 -29,6 

        

Defined limits are:       

In operational rooms:          

Below 100 -> Accepted and good, 100-250 -> sufficient/passable, over 250 -> 
fail     

In other reception areas, departments and offices:   

Below 250 -> Accepted and good, 250-500 -> sufficient/passable, over 501 -> 
fail    

 
As a conclusion it was seen that Avalon® coating enhanced the hygienicity by 32% but special attention 
is to be paid on floor surfaces if they are to be coated.  

5.1.5 Patients’ item bag from Paptic  

Wood-based, non-woven item bags (Fig. 5.14) were chosen for Paptic’s demonstrators for replacing fossil-
based plastics with bio-based ones in hospital environment. The bags were printed with logos of Hospital 
Nova, Regional Council of Central Finland, EU, Sami&Samu project as well as project’s participants 
according to Hospital Nova’s graphical instructions.  

The bag was planned to be launched as patient item bag during the launch of Hospital Nova visual 
expression but was postponed until the Covid situation was settled down to feasible level and the launch 
was done November 2020 simultaneous with disposable table wear at hospitals restaurant Caterina and 
café Paussi.  
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Fig. 5.14. Wood based patients item bag from Paptic. 
 
These new type of bags were welcomed in demonstrators’ customer testing and questionnaire. The 
message from restaurant company Kylän Kattaus to developers and producers was clear: "We would like 
to receive more information as matters develop and be involved. We are extremely interested in your bio-
based bag. There is a great need for it”. 

5.1.6 Take-away coffee cups from Walki 

Currently the take-away coffee cups and salad bowls still typically have a barrier layer made of fossil-
based plastic even though the substrate would be cardboard. In order to replace fossil-based plastics in 
hospital environment Walki manufactured cardboard coffee cups and take-away salad bowl with bio-based 
barrier layer (Fig. 5.15). Both of Walki’s demonstrators can be recycled as cardboard keeping in mind not 
to put notable amounts of food remainders in recycling. Logos of Hospital Nova and Sami&Samu project 
financers were printed in these demonstrators according to Hospital Nova graphical instructions. These 
demonstrators were planned to be launched at Central Finland Central Hospital during the launch of 
Hospital Nova visual expression but was postponed until the Covid situation was settled down to feasible 
level. A user questionnaire was arranged at the launch of the demonstrators.  

 
Fig. 5.15. Walki’s wood-based demonstrators. 



 RESEARCH REPORT VTT-R-00787-21

52 (81)
 

  

 

 

User testing of the wood based tableware in the Central Finland health care district 
 
In November 2020 a user testing of disposable wood-based dishes (Fig. 5.15) produced by Walki was 
carried out in the Central Finland Health District's lunch restaurant Caterina and café Paussi. For the user 
testing, two project specialists (Fig. 5.16) visited the restaurants mentioned above and carried out the 
testing. The lunch restaurant tested a single-use plate in a salad buffet and a single-use coffee/tea cup 
was tested at the café. 

A Webropol survey was prepared for user testing, which was used to examine user and restaurant 
company (Kylän Kattaus) experiences of wood-based disposable products. The customer had the 
opportunity to respond to the questionnaire on a mobile device by using the QR code, or by using a paper 
version, which the project specialists (Fig. 5.16) recorded in Webropol. For those customers who wanted 
to participate in the survey but needed help filling out the form, the project specialists read the questions, 
the customer replied, and this information was saved unchanged in Webropol. After user testing, the 
respondents were offered the opportunity to ask for more information about the products and the 
Sami&Samu project.  

 
Fig. 5.16. Project specialists Jaana Mäkelä and Juho Jäppinen carrying out user testing. 
 
Respondents' background information 

There were 85 customers involved in user testing, and they represented the customer group in a versatile 
manner. The age of respondents varied between 23 and 82 years, the average being 50.5 years. The 
respondents were mainly from Central Finland, from both urban and rural areas. More than 68 per cent of 
the respondents were women and nearly 32 per cent were men. The respondents had a background in 
education from comprehensive school to university (Table 5.5).  

Table 5.5. The educational background of those participating in user testing. 

Education Number Percentage 

General upper secondary school 7 8.2 

Vocational school 31 36.5 

University of Applied Sciences 28 32.9 

University 19 22.4 
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Coffee and tea cup user experience 

Coffee and tea cup were tested at the Paussi café, which is Central Finland Central Hospital’s café. Most 
of the participants in the user testing assessed the coffee/tea cup as pleasant to use and suitable for its 
intended purpose. A few people hoped that the cup was sturdier. 

Users were also asked to describe their user experience in their own words. The responses formed clear 
themes with which customers described the cups. Respondents generally said that the cup was "good" or 
"pretty good" or "OK", in other words, they were satisfied with the cup. 

Furthermore, the cup was considered ecological, which also emerged as an important point in other parts 
of the survey.  

Thirdly, the respondents felt that the cup was robust and maintained its form. The usability of the cup was 
also considered good. 

The heat of the cup, felt through the cup to fingers, shared opinions. Some felt that the cup was hot and 
burning their fingers, while others said it was good that the cup was not hot.  

 "Burning through, a handle would be good” 

 “Does not feel too hot” 

The customers also pointed out issues to be developed, and the clearest of them was the wish for a cup 
handle. Some of the cups leaked from their bottom seam, which naturally affected the user experience. 

"The cup feels and looks nice, and does not change the taste of the drink, but it leaks from 
the seam on the bottom” 

“Good in every way. I was surprised there is no handle. Does not burn. One mug was 
leaking.“ 

To summarise the experience of the coffee and tea cup users, the customers were satisfied with both the 
cup and the development work carried out to promote wood-based products. 

"Great that things are improving” 

“It is good that finally someone has come up with the idea of using wood as a raw material.” 

Plate user experience 

The wood-based disposable plate was tested at the lunch restaurant Caterina’s (Kylän Kattaus, Central 
Finland Health Care District) salad buffet. The majority (84%) of the participants in user testing felt that the 
plate was pleasant to use. A large number (78%) also estimated the plate as suitable for its purpose. Some 
of the respondents are not in favour of disposable tableware in a lunch restaurant, which becomes clear 
in the following citation. 

"I ate from the plate in a workplace canteen, where I would NOT like to eat from disposable 
dishes.” 

In user testing, experiences were also mapped with open-ended answers. Four themes clearly emerged 
from the responses, but there were also differences in experiences. Firstly, the size of the plate was 
considered small: "It could be a little bigger, otherwise perfect.” However, while eating, the experience may 
have changed, and the customer said, "The plate felt smaller than it was".  

Some of the users estimated the plate to be a little unsteady:  

“It was a little wobbly. Otherwise extremely useful!“ 

"The plate is too wobbly, meaning that it is not sturdy if there is no tray under it.” 
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The plate being wood-based was perceived as a positive thing. 

"A regular plate is better, but if you want to switch to single-use plates, the wood-based plate 
is fully functional.” 

The most obvious development suggestion, which emerged, was that the plate needs a lid. 

"We would need a lid to buy a salad to go.” 

Bio-based disposable tableware 

All respondents unanimously agreed (yes/no) that it is important to replace single-use products containing 
plastic with bio-based products. The open-ended answers, to which customers gave their opinions in their 
own words, also revealed that a bio-based approach is important to customers. Recyclability and plastic 
replacement were important features for the customers. 

"It makes me feel good when someone is able to produce products that are this good and 
well-shaped, from something else than plastic.” 

"More comfortable to use than plastic-based. Saves nature, this information provides more 
use comfort. Plastic waste load is reduced. “ 

“... recyclability and ecological materials are the future, and they should be utilised more, also 
in public institutions.” 

Customers are clearly aware of the possibility of recycling wood-based dishes. Therefore, the sorting of 
wastes is also expected to take place in a manner that considers wood-based products. 

"Recycling ought to be organised in a smart way. In other words, bio-based dishes are not 
made to be thrown into mixed waste. “ 

Participants in user testing were also critical towards wood-based products: "Does not affect the user 
experience. In other words, if it is not good/functional, it cannot be "forgiven" just because it is bio-
based/nature-friendly. “ 

The user testers also pointed out that it should be clearly stated in which waste the product belongs to. As 
a development idea, it was suggested that the recycling method could be printed on the product. 
Respondents encouraged product developers and companies to continue to develop and manufacture 
wood-based products and to expand their product range. 

Business perspective for testing wood-based tableware 

The user testing of wood-based tableware, the coffee and tea cups, as well as the plates, was carried out 
in the restaurants of Kylän Kattaus (service provider for the Central Finland Health Care District in 
Jyväskylä).  

Firstly, on the basis of the responses, it is important for the company to aim to replace single-use products 
containing plastic with bio-based products. Secondly, it is good to be aware that customers are eco-
conscious, and therefore want bio-based disposable tableware. Thirdly, attention must be paid to the 
occasional supply problem of products, as well as to the fact that the majority of the products available are 
not domestic. Based on this survey, and on the company perspective, the development work and 
manufacturing of products in Finland should be increased. At the early stages of the development work, 
the price of the products could be somewhat higher, as long as the price stabilises as production 
progresses. The message to developers and producers was clear: "We would like to receive more 
information as matters develop and be involved. We are extremely interested in your bio-based bag. There 
is a great need for it. “ 
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Conclusions 

The user testing of bio-based disposable products by customers, as well as the collection of company 
feedback were successful. Based on customer responses and oral on-site feedback, both customers and 
the company welcomed wood-based, biodegradable products. Users are motivated to reduce the use of 
plastic, and conscious of the importance of bio-based products, as well as of the correct recycling of waste. 
In the future, if similar experiments are organised, it is also important to organise waste collection and 
recycling in a correct manner. Currently, the biodegradability of the products and the possibility of recycling 
were praised, but the disposing of the dishes in mixed waste caused confusion. 

5.1.7 Hospital textile 3-partite demonstrator 

Currently notable percentage of hospital textiles, shielding and packaging materials are still based on 
fossil-based plastics.  

In co-operation between Walki, Woodly, Paptic and VTT new 2-layer web-structures were developed and 
manufactured. Paptic’s wood fibre based, clothe-like materials were extrusion-coated with Woodly’s wood-
based plastic material in Walki’s roll-to-roll extrusion coating with variable of parameters.  

The target of these materials was mainly the substitution of conventional plastics in hospital textiles.  

Produced 3-partite demonstrators were evaluated by KSSHP, JAMK and VTT and the most potential 
application positions were specified. Also further material development was proposed for companies in 
order to expand the application field of these materials. This included e.g. using a thicker, higher 
absorbancy substrate material for some applications.  

The best suitability according to KSSHP valuation would be hospital textiles such as: 

 Covers of inspection tables 

 Cross sheets 

 Babies inspection table covers 

 Disposable pinnies/aprons  

 Bibs  

In addition to extrusion coatings done in Walki trials were also arranged at VTT’s roll-to-roll PLASCO cast 
film/extrusion coating line with possibility up to 5-layer extrusion coating (Figs. 5.17 and 5.18). 

 
Fig. 5.17. VTT’s roll-to-roll extrusion coating line, wet coating unit in front. 
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Fig 5.18. Extrusion coating die of VTT’s roll-to-roll extrusion coating line. 
 
In the trials done at VTT the target was to study adhesion properties of wood-based hospital textile with 
wood-based barrier layer. 60 and 110 gsm Tringa® from Paptic were used as substrates, Woodly 101 as 
barrier layer and compounds with varying proportions of Woodly 101 and Kiiltomelt 6081 as adhesive 
layer. Various samples were manufactured varying the adhesive layer composition as well as extrusion 
parameters. Feasible adhesion was gained but the homogeneity of the adhesive layer would be preferred 
to be studied further. 

5.1.8 Privacy curtain demonstrators  

The Central Finland Central Hospital's emergency and infectious ward was first selected as the research 
location for the privacy curtains (Fig. 5.19). The staff were informed about the research, and they found it 
significant and important for the ward.  

As for sample preparation polypropylene (PP) and viscose patches were coated with aqueous tannin 
solutions by brushing and the coatings allowed to dry at RT. One side was left uncoated (reference side) 
and the other coated with ca. 50 g/m2 of tannin. The tannins used were chestnut, valonea, TanFloc SG 
(cationised mimosa tannin) and tara (water extract ‘W’ or 75% ethanol extract ‘E’, extracted from tara pod 
powder). 

There were 25 test pieces containing tannin-based coating (Fig. 5.20), and 25 reference pieces without 
coating (size approx. 10 x 10 cm). The sample and reference pieces were numbered and attached to 
existing disposable polypropylene fabric curtains, on sites typically touched when the curtains are moved. 
The first batch of test pieces were installed on February 25th 2020.  
 
According to the research plan, bacterial culture samples from the sample and reference pieces should be 
taken once a week for 12 weeks. The first samples were taken on the March 4th 2020. 

After this, the corona pandemic also started in Finland. The Emergency Powers Act entered into force. 
These had a significant impact on the operations of the Central Finland Health Care District. The hygiene 
nurse, who was responsible for the practical implementation of the privacy curtain demonstration, was 
entirely engaged in corona pandemic work. The emergency clinic became a pandemic ward. In order to 
ensure the functioning of the ward, the collecting of research samples was interrupted. 

After the first stage of the corona pandemic subsided, the research was restarted, but now on the internal 
and pulmonary diseases ward (Fig. 5.21). The research was carried out in similar manner as the first time. 
A total of 32 test pieces (16 with coating and 16 reference pieces) were installed on existing curtains on 
the November 20th 2020.  
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Figs. 5.19 and 5.20. Privacy curtain and a test piece. 
 

 
Fig. 5.21. Launching the research on the Internal and Pulmonary Diseases Inpatient Ward. 
 
Bacterial culture samples were taken every one (1), two (2), four (4), six (6), and eight (8) weeks of the 
sample and reference pieces. The last samples of the test pieces were collected on December 17th 2020. 
Minna Salonen, Environment Specialist at the Central Finland Health Care District, was responsible for 
collecting the samples (Fig. 5.22). It was not possible to extend the research period to 10-12 weeks, as 
the work input of the Environment Specialist was attached to the first equipment and moving tasks of the 
hospital Nova at the end of December. The ward moved to the new Hospital Nova on January 19th 2021. 

In the hospital, the patches were stapled to privacy curtains so that the reference side was on one side 
and the antibacterial side on the other (Fig. 5.23) so that both sides would be touched at the same time. 
The staff and patients were instructed to move the curtains by grabbing the test patches. 
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Fig. 5.22. Minna Salonen was responsible for collecting the samples. 
 

  
Fig. 5.23. Installation of antibacterial test patches in hospital wards’ privacy curtains. 
 
The curtain patches were dry-swabbed for five times over eight weeks to collect samples of bacteria, which 
were then identified and quantified (Fig. 5.24). It is seen that there was a steady growth of bacterial 
populations in going from 2 to 8 weeks; the initial relatively high bacteria count (week 1) may have been 
due to contamination during installation of the patches. Each week, the bacteria counts were lower on the 
tannin-coated sides than on the reference sides, the average reduction in bacteria being 60%. This would 
place their antibacterial efficacy in between that of privacy curtains with built-in silver fibres (not effective) 
and those with quaternary ammonium chlorides (QACs) and polysiloxane (highly effective) used in another 
hospital privacy curtain study (Luk et al. 2019), although results of different studies conducted at different 
locations and conditions are not directly comparable. The performance data on the different tannin 
coatings are given in Fig. 5.25 but in this regard the data are insufficient for any reliable statistically valid 
conclusions to be drawn. The differences in the composition of the tannins are discussed in Section 4.2.1. 

The predominant genera of bacteria each week were the Staphylococci and Micrococci, followed by 
Dermacocci, Bacilli and Dietzia. Low numbers or many other genera were also found. The distribution of 
the bacteria kept changing over the course of the test period (as did the total bacteria counts, Fig. 5.24), 
indicating that as some bacteria were drying because of the dry conditions and lack of nutrition, they were 
replaced by fresh bacteria from human contact. The vast majority of the bacteria are of the phyla Firmicutes 
(e.g. Staphylococci) and Actinobacteria (e.g., Micrococci) and are typically found on human skin (Fig. 
5.26). Many different species of each genus were found, e.g., 12 or more for Staphylococci (Fig. 5.27). 
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Fig. 5.24. Performance of antibacterial demonstration test patches over eight weeks in hospital wards. 
Insert: coatings applied on the 16 test patches. 
 

 
Fig. 5.25. Antibacterial performance of different tannins in curtain patches (not enough data for a reliable 
comparison) in relation to their uncoated reference sides. 

 

 
Fig. 5.26. Types of bacteria found on test patches during the 8-week demonstration period. 
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Fig. 5.27. Species of Staphylococci bacteria found on the curtain test patches. 
 
Standard methods used to determine antimicrobial efficacy generally involve wet inoculation with microbe 
suspensions. The wet conditions allow the antibacterial compounds to dissolve or disperse in the test 
medium, resulting in good contact between them and microbes. However, such close contact is unlikely 
to occur under the dry conditions prevailing in hospitals, which may be the main reason for the major 
differences in antimicrobial efficacy typically observed between laboratory tests and ‘real-life’ applications. 

In this project, a laboratory study (a follow-up to the hospital antibacterial curtain study) looked at the effect 
of light wetting of tannin-coated curtains on their antibacterial efficacy. The hypothesis was that the wetting 
would temporarily cause intimate contact between bacteria and tannin, thereby enhancing the antibacterial 
effect. The hypothesis was verified (Fig. 5.28). At first, Tara-E tannin-coated bio-based (viscose) curtain 
patches and control viscose patches were inoculated with S. aureus bacteria (fresh colonies from overnight 
culture on Plate Count Agar without diluent). Some of the patches were then lightly wetted with sterile 
water while others were left dry. After that, samples of bacteria were taken periodically by dry-wiping with 
a non-woven gauze pad during 72 h. It was found that the wetted tannin-coated patch outperformed both 
the dry uncoated control patch and the dry tannin-coated patch, reducing colony-forming bacteria by 1–3 
logarithmic units more, depending on the exposure time. At 72 h, the effect was bacteriocidal with a log 3 
reduction relative to the dry control and a log 1 improvement on the dry tannin-coated patch. Furthermore, 
it was observed that wetting the control patch boosted the bacteria count. The implication for the hospital 
settings is that tannin-coated privacy curtains should be occasionally wetted to enhance their efficacies, 
while wet cleanings of the uncoated curtains (with water only) should be discouraged. 

 
Fig. 5.28. Effect of light wetting on the efficacy of tannin-coated privacy curtain patch after  
1–72 h incubation time (laboratory study). 
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The coated curtain samples placed in the hospital environment were also subject to optical contamination 
monitoring. The camera system was used to take baseline images of the samples (Fig. 5.29). After the 
test period, the specimens were exposed to UV light and it was found that the coatings were fluorescent, 
so that no dirt could be identified from the specimens by the camera system. 
 

 
Fig. 5.29. Coated curtain samples with EHD imaging SCM2020-UV camera. 
 
5.1.9 Pine needle extracts as detergent constituents 

Four pine needle extracts (numbers 1, 2, 8 and 9 in Table 4.11) isolated by JAMK were delivered to 
KiiltoClean, to be tested as additives for detergents. The extracts included two aqueous extracts (1 and 2) 
and two ethanol extracts (8 and 9). Of them, only the extracts 1 and 2 were sufficiently water-soluble to be 
used in washing tests (Figs. 5.30–5.32). As the extracts 1 and 2 have very similar compositions, only the 
extract 1 was now used (4% addition to a test laundry detergent). 

  
Figs. 5.30 and 5.31. Demonstration of colours of pine needle extracts. Left: Water solutions (0.2 %) of the 
extracts 1 (left) and 2 (right). Right: Colours of test laundry detergent solution with 2, 1 and 0 per cent of 
pine needle extract 1. For the composition of the needle extracts, see Table 4.11. 

 
As the main conclusion it can be noted that the tested extract had no remarkable effects on the washing 
performance. The dark colour of this type of extract may also turn out to be a limiting factor for its use in 
the present form. Separate tests revealed that the surface tensions of the extract solutions (50–55 mN/m) 
are higher than those of currently applied commercial products (<40 mN/m). 
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Fig. 5.32. Results from laundry washing test, using test laundry detergent with 0% (red bars) and 4% (blue 
bars) of pine needle extract 1. The test was performed at 40 °C, for 19 different dirt materials. The Y axis 
shows washing efficiency (higher values indicate better performance).  

5.1.10 Door handle tests  

The aim was to investigate the antimicrobial effect of four different extract mixes in coated wooden door 
handles in practise. Removable wooden sleeves were commissioned on the door handles and treated with 
extractant mixtures. Suitable extracts were selected from pre-tests. Due to the exceptions caused by 
Covid, the tests were carried out at the premises of JAMK under the conditions that were available during 
the tests. 

Before the door handle test, eight different extractant mixtures were tested with antimicrobial pre-test. 
Based on them, four treatments were selected for the door handle experiments. For preliminary tests, 
three parallel planed pieces of pine wood (50 mm x 25 mm x 5 mm) were coated with different extract 
mixtures (Fig. 5.33). Untreated pieces of wood were used as a control for antimicrobial tests. Based on 
the tests, it was not possible directly select extract mixtures to further research. The choices were made 
after in-depth reflection.  

 
Fig. 5.33. Treated parallel planed pieces of pine wood on pre-test. 
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Based on the preliminary tests the selected extract mixtures are shown in Table 5.6. The door handles 
were coated with liquid mixtures of solvent and oil-based. A total of 66 door handles (with references) were 
included in the tests. The coated door handles were installed in two different JAMK buildings: on the main 
campus of Rajakatu and in Lutakko to Dynamo. In addition to coated door handle tests, untreated wood 
sleeves, metal handles, and CovidSafe-virus tape handles were used as controls. (Fig. 5.34). 

Table 5.6. The selected door handles and their compositions of treatment agent. 

 

 
Fig. 5.34. The door handles to the test. 
 
The treated and untreated reference wood door handle sleeves were screwed except for tannin handles 
on the doors of the WC, corridors and laboratory rooms both inside and outside on top of existing door 
handles. Tannin door handles was only screwed on the door of the WC. The test was intended to be 
random, in other words the door handles were recycled every week according to a separately defined plan. 
The WC, corridor and laboratory handles were not messed with each other, nor were the handles installed 
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on inside or outside. The test period was two months. Sampling was done once a week every afternoon. 
Samples were taken from the door handle at two different locations on the contact agar (Petrifilm AC, 3M). 
After sampling the agars were incubated for three days at 30 °C. Microbial colonies were counted and 
imaged with a microbial sample imaging station (Fig. 5.35). 

 
Fig. 5.35. A microbial sample imaging station. (Imperx C1920 colour camera, Vision Assistant + LabView). 

At the end of the test period, all door handle sleeves were removed from the doors and photographed 
(Figs. 5.36 and Fig. 5.37). After this the door handles were submitted for hygiene level analysis. 

 
Fig. 5.36. Door handles before and after test (in left from main campus, in right from Dynamo). 



 RESEARCH REPORT VTT-R-00787-21

65 (81)
 

  

 

 

 
Fig. 5.37. Tannin door handles before and after test. 
 
The results from contact agar tests showed that bacteria were found from each door handle type on each 
sampling time (Fig. 5.38). It can be seen from the data that the deviation of results from same sample 
types is wider than differences between sample types. Therefore no clear and statistically significant 
difference between different door handles can be withdraw. However, results from metal and antimicrobial 
tape door handles are showing less deviation and less bacteria load than wood based door handles. This 
can be seen also from Fig. 5.39 with average number of bacteria on various door handle type. Bacteria 
were present on door handles already at starting point (week 0) and in general number of bacteria slightly 
increased during first week but after that number of bacteria did not grow systematically. 

 
Fig. 5.38. Number of bacteria on each door handle as function of time. 
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Fig. 5.39. Average of number of bacteria on various door handle type. 
 
The EHD imaging SCM2020-UV camera purchased for hygiene level determining, as well as various 
bandpass filters, were used to photograph the door handles. The purpose was to find out whether the 
camera technology could be used to identify contamination of the door handles. 

Testing began with the imaging of various door handle samples in a laboratory environment. The samples 
were two uncoated door handles and one tannin-coated handle. In addition, samples were photographed 
with the handles closed. Capturing and comparing the captured samples was challenging, so the measure-
ment ended up being done at the end of the testing period under laboratory conditions. Samples were 
imaged using different bandpass filters illuminated with UV and LED illumination. Using a camera system, 
it was found that different coatings absorb UV radiation differently (Fig. 5.40). 

 
Fig. 5.40. Coated door samples with EHD imaging SCM2020-UV camera. 
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More glossy spots stood out from the test specimens used for imaging in the UV range. Glossy areas may 
be dirt (e.g. grease), worn / polished area, or gel adhering to the surface from microbial sampling (Fig. 
5.41). 

 
Fig. 5.41. Modified wood extract coated used samples inner side and threshold image. 
 
As the conclusion from the door handle tests it can be mentioned that visible darkening was observed in 
all door handle sleeves and the coatings were worn off in places. Microbes were also abundant in all door 
handle sleeves. Since bacteria were detected from all door handles, including door handles with anti-
microbial properties, it can be concluded that none of the door handles was able to eliminate bacteria 
totally in real life application. Even though the amount of replicate samples was sufficient, no significant 
difference in number of microbes was observed between different door handles. However, metal and Covid 
Safe virus tape had slightly fewer microbes than wood base handles. It is possible that the contact agar 
gel could contaminate the wood sleeves and leave a nutrient medium on the microbes on the surface. It 
is also possible that the cleaning method was not suitable for wooden handles. According to the cleaners, 
the surface of the wood sleeves was clammy and the cleaning was not as efficient as for metal and sticker 
handles. For these reasons, the surface of the wooden sleeves may have remained dirty. 

Camera technology does not allow to directly see the dirt or microbes from different surfaces, but by 
comparing different results, it is possible to distinguish difference from images. The development of the 
technology would require further investigation, but by using the UV area it could be possible to monitor for 
example the wear of coatings. 

Unfortunately, tests were performed during strict corona situation-based limitations at school environment 
and door handles were not used with normal frequency. Beside of that these results are in line with most 
of our previous studies showing no difference in general number of bacteria between antimicrobial and 
normal surfaces when surfaces are in normal use. Differences are easier to see in lab tests with limited 
parameters and no disturbance. The limited efficacy of antimicrobial coatings in real life situations can be 
based on abrasion of antimicrobial coating (e.g. due to cleaning practices), presence of organic soil, which 
protects bacteria from antimicrobial compounds or microbe population consisting of various wild strains. 
Bacteria were not identified in this study and no conclusions about the harmfulness of these findings can 
be made. However, these results show that there is always a risk to get microbe contamination from door 
handles.  

5.1.11 ALD coatings 

Atomic layer deposition (ALD) is the thin film coating method keeping Moore’s law alive as transistor sizes 
are shrinking to a scale of a few nanometres. In this scale, there is no rival deposition method for preparing 
the high quality, uniform and pinhole free dielectric films required. Due to the superior conformity of ALD 
films, ALD is also the method of choice for preparing dielectric layers for 3D memory chips. The wide 
acceptance of ALD by the electronic industry awarded its inventor, Dr. Tuomo Suntola the one million euro 
Millennium technology price in 2018 (TAF 2021).  
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In conventional thermal batch ALD, highly reactive precursors and an inert purge gas are sequentially 
introduced (pulsed) to the surface of a substrate. In one sequence of gases called an ALD cycle, a 
submono-layer of a film is formed. This atomic nature of the process is behind the exceptional properties 
of ALD coatings and makes ALD the most controlled of thin film coating methods. Precursor reactions on 
the substrate and in the growing coating layers are saturated and self-limiting, and thus extremely smooth 
and pinhole-free film are formed. Furthermore, with the reactive precursors of ALD even high aspect ratio 
surfaces, such as deep trenches get a conformal and uniform coating. The downside of conventional ALD 
has been its low deposition rate compared to other commercial thin film coating methods. However, the 
development of spatial ALD (S-ALD) has increased the deposition rates by two orders of magnitude, 
bringing the applicability of ALD coatings to a completely new level (George, 2010, Oviroh et al., 2019). A 
schematic comparison of batch and spatial ALD processes for the deposition of Al2O3 can be seen in Fig. 
5.42. 
 

 
Fig. 5.42. A schematic comparison of batch and spatial ALD processes for the deposition of Al2O3. 
 

ALD metal oxides have earlier been tested as coatings for medical materials. According to Picosun’s press 
release (Picosun 2021), their unspecified oxide coatings were proved safe and aseptic for external medical 
devices and implants. Furthermore, these coatings “showed remarkable reduction of microbial growth and 
had low values of bacterial endotoxin contamination.” The tests were done by an independent third party 
laboratory according to ISO and ANSI/AAMI standards. 
 
In this study ALD coatings were demonstrated on PP hospital curtain for the first time. Metal-oxide ALD 
precursor materials are relatively cheap and oxide coating processes are typically well behaving and 
produce smooth and dense coatings. Metal oxides TiO2 and ZnO were first candidates for the ALD 
demonstrations on PP curtains as they are well known antimicrobials. According to literature their antimi-
crobial properties are due to low release of metal ions and ROS (reactive oxygen species) and under UV 
illumination the photocatalytic effect (Sun et al. 2014, Olmos & Gonzales-Benito 2021). These oxides also 
have many other beneficial properties as coatings, they are chemically stable, non-toxic, and fire resistant. 
ZnO was selected for the demonstrations as we had available temporal (Beneq TFS200) and spatial 
(Beneq TFS 200r) ALD processes for ZnO. Furthermore, ALD depositions were done at T=90-100° and at 
this temperature TiO2 is amorphous, whereas ZnO is crystalline. Amorphous TiO2 is known to have poorer 
photocatalytic properties compared to crystalline.  
 
The golden standard of ALD coatings is Al2O3. It adheres well and grows ideally on most common substrate 
materials e.g. polymers such as polypropylene. We knew from our previous experiments, however, that 
ZnO does not grow on PP without an intermediate seed layer (adhesion layer). As ZnO grows well on 
Al2O3, for all ALD on PP curtain demonstrations a seed layer of Al2O3 was used. 
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Batch processing is too slow and cumbersome for economical deposition of antimicrobial coatings on 
hospital curtains. Therefore, a demonstration deposition was done with TFS 200r spatial ALD research 
tool at University of Jyväskylä. TFS 200r works with the same principle as our pilot scale roll-to-roll ALD 
Beneq WCS 500. With promising results, the process is relatively easily up-scalable for deposition on 500 
mm wide flexible webs.   
  
In our current spatial TFS200r deposition set-up it is impossible to deposit multilayers without breaking the 
vacuum. So, the samples had to be removed from the reactor to change the process from the Al2O3 to 
ZnO. Such changes are not ideal when considering adhesion of the ALD coating. 
 
In this study three ALD depositions (two batch and one spatial) where done, with aim of demonstrating the 
suitability of ALD for the preparation of antimicrobial coatings on flexible webs with an up-scalable process 
(Table 5.7). The microbicidal efficacy of the deposited coatings was tested at VTT. The ALD 
demonstrations were done on PP hospital curtains, however also wood- and other plant-based materials 
can be used as substrates in the same processes. The main limiting factor for substrate materials is their 
temperature resistance. With Al2O3 and ZnO processes the deposition temperatures can be well below 
100°. ALD is a vacuum process, but vacuum required is only in the order of millibars. Vacuum compatibility 
thus is not a strict limitation for a substrate material. The main deposition parameters for the demonstration 
are compiled in the following table. 
 
Table 5.7. ALD deposition parameters. Thicknesses are approximations based on the number of ALD 
cycles deposited. 

Demonstration ALD type Seed layer/thickness (nm) Antimicr. layer/ thickness (nm) 
ALD 1 Batch Al2O3 /10 ZnO/50 
ALD 2 Batch Al2O3 /10 ZnO/50 
ALD 3 Spatial Al2O3 /50 ZnO/100 

 
The results from microbial attachment tests on two uncoated and three ALD can be found from Table 5.8. 
 
Table 5.8. Results of the microbicidal efficacy tests with S. aureus (24 h). 

Sample CFU’s/sample Microbicidal efficacy 
(log(#CFUref/#CFUsample) 

PP curtain 450 000 000  
PP curtain with Ag  76 000 000 0.77 
PP curtain with ALD (ALD 1) 94 000 000 0.69 
PP curtain with Ag and ALD (ALD 2) 38 000 000 1.08 
PP curtain with Ag and S-ALD (ALD 3) 89 000 000 0.71 

 
Although all the samples showed lower bacterial attachment than the reference sample, only sample ALD 
2 can be said to be antimicrobial, with the microbicidal efficacy being >1. The relatively poor results from 
the S-ALD may be due to insufficient adhesion of the anti-microbial ZnO, due to the removal of the sample 
from vacuum after seed layer deposition. However, there is little doubt that when adhesion is sufficient, 
and the coating processes are optimized S-ALD coating can be made as anti-microbial as ALD coatings. 
Further deposition tests are also needed to optimize the batch ALD processes. UV irradiation of the coated 
samples before microbial attachment tests, would probably lead to increased microbicidal efficacy.  
 
A helium ion microscopy image of an ALD (Al2O3, 100 nm) coated cellulose sample demonstrates the 
conformality of the coating (Fig. 5.43). The samples were cut with Broad Ion Beam milling and the image 
is taken at angle of 45° to the cut.  
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Fig. 5.43. A Helium Ion Microscopy image (Al2O3, 100 nm) of an ALD coated cellulose sample. The sample 
was cut with Broad Ion Beam milling and the image is taken at angle of 45° to the cut (Image: K. Arstila, 
University of Jyväskylä). 
 
To conclude: ALD coatings were for the first time demonstrated on PP hospital curtains. Due to the limited 
resources of the project no systematic study on the antibacterial properties as a function of the different 
deposition parameters (e.g., thickness) of the ALD coating (ZnO) could be done. However, literature and 
the demonstrations done here suggest that metal oxide ALD coatings have beneficial antimicrobial 
properties. Further systematic ALD deposition and microbial attachment studies are needed to 
demonstrate the full potential of ALD for the roll-to-roll deposition of antimicrobial coatings on fibre-based 
materials. 

5.2 Conclusions and recommendations 

The demonstrators of the project were executed mostly in the second phase of Sami&Samu project. 
Selected one’s were tested and evaluated as actual case studies in KSSHP living lab environment. The 
personnel of the hospital were very positive and eager to help carry out demonstrators dealing with 
replacement of fossil-based plastic products with wood-based ones, biobased antimicrobial applications 
as well as hygienic, dirt repellant and easy-to-clean surface treatments. Demonstrators got mostly 
positively emphasized feedback also from patients, visitors and companies working in KSSHP in question-
naire carried out during the project. The main demonstrators brought and tested in KSSHP hospital 
environment were wood-based disposable coffee cups and salad bowls from Walki, wood-based item bag 
from Paptic, dirt repellant and easy-to-clean coatings from Millidyne and privacy curtains with wood-based 
antimicrobial coatings from VTT. Regarding other demonstrators studied in the project further studies 
and/or dealing with IPR is needed prior entering publicly the living lab environment even though some of 
them showed strong technical performance, market potential and global impact. 
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Based on the feedback from hospital personnel, customers and project partners the work should be 
continued and broadened in almost each section of the Sami&Samu project. Even though unfortunate for 
the project execution, the corona pandemic showed the need for even better hygienicity surfaces also in 
hospitals as well as the need of antimicrobial coatings. For replacement of fossil-based plastics there is a 
continuous and increasing demand and doing it with wood and forest based solutions would be highly 
ecological as well as beneficial for Finland. 

6. WP6: Hospital regulation 

The Sami&Samu project develops wood-based biobased and antimicrobial ingredients with the objective 
of replacing the plastics used in a hospital setting and reducing multi-resistant microbial strains. Hospital 
work, both patient treatment and the services supporting it, are regulated by several acts, decrees and 
other instructions. When the project proceeds, the regulations overview will be expanded to also cover 
selected development and test products. The text below concerning regulations seeks to summarise the 
applicable acts, decrees and hospital instructions.  

Hospital hygiene and infection control are always primarily based on the mastery of the basic principles of 
infection control (universal precautions) in all patient work. Proper hand hygiene and the use of personal 
protective equipment, proper working methods, the careful handling of needles and sharp objects, and 
coughing and sneezing etiquette are the most important means of preventing healthcare-associated 
infections and the spreading of microbes. The regular cleaning of the patient’s treatment environment and 
the servicing of examination devices (cleaning, disinfection, sterilisation) are a principal part of universal 
precautions.  

The Act on Specialised Medical Care stipulates that each municipality shall see to it that a person receives 
the necessary specialised medical care as provided in the Health Care Act. If defects endangering patient 
safety or other drawbacks are observed in the organisation or provision of specialised medical care or if 
the operations are otherwise contrary to the Act on Specialised Medical Care or the Health Care Act, the 
National Supervisory Authority for Welfare and Health or the relevant regional state administrative agency 
are authorised to issue orders to remedy the defects or to eliminate the drawbacks. If patient safety so 
requires, the operations can be ordered to be suspended immediately or the use of the unit, a part thereof 
or a device can be prohibited. 

Furthermore, the Act on the Status and Rights of Patients stipulates that a patient is entitled to good 
healthcare and medical care and related treatment and to health and medical care required by his state of 
health within the resources available to healthcare at the time in question. 

The Communicable Diseases Act 1227/2016 obliges healthcare and social welfare units to systematically 
combat healthcare-associated infections, to implement surveillance for extensively drug-resistant 
microbes and to ensure infection control and the control of harmful effects caused by them to people and 
the society in conjunction with the measures for promoting patient safety. Hospital districts are responsible 
for ensuring that the control of healthcare-associated infections is developed in the social welfare and 
healthcare units in their area. The act applies to employees, public officials, persons in public service 
employment, persons in comparable service relation subject to public law, as well as to jobseekers. The 
act also defines certain concepts that are the subject matter of the regulations overview.  

A healthcare-associated infection is an infection that has originated during the examination or treatment 
carried out in social welfare or healthcare services. Furthermore, in the control of communicable diseases 
and in the international cooperation related to it, the following must also be complied with: 

 The International Health Regulations of the World Health Organisation (2005) (SopS 51/2007) 
 The decisions and regulations of the European Union concerning communicable diseases 
 Any other international treaties binding to Finland 

 



 RESEARCH REPORT VTT-R-00787-21

72 (81)
 

  

 

 

The WHO has published (2015) a Global action plan on antimicrobial resistance and requires control 
measures from its member countries as well. Finland’s national action plan for 2017–2021 is consistent 
with those of the WHO and the European Union, with due consideration given to the most important 
measures, objectives and responsibilities of each sector. The action plan emphasises preventive actions, 
socio-political responsibility and cross-administrative cooperation between different sectors of the society.  

The purpose of the Medical Devices Act (629/2010) is to maintain and improve the safety of medical 
devices and supplies and their use. It pertains to devices and supplies intended by the manufacturer to be 
used, among other things, in the diagnosis, prevention, monitoring or treatment of a disease or illness. 

Valvira, the central agency of the administrative branch of the Ministry of Social Affairs and Health, 
supervises the actions of healthcare units and professional, as well as the conformity and safe use of 
medical devices and supplies.  

The Finnish Standards Association SFS prepares standards in collaboration with organisations of different 
fields and publishes them as SFS standards. In addition to standards concerning medicine and medical 
facilities, the subject area of healthcare includes standards pertaining to medical devices, sterilisation and 
hospital equipment and supplies, among other things. 

Healthcare is regulated by a number of directives in which the essential requirements concerning health 
and safety are defined. Standards are used for ensuring patient safety and reducing product development 
risks. Medical devices are products that are used for treating a patient or are in contact with a patient. The 
requirements concern, among other things, instruments, equipment, devices, software, materials and 
preparations used for disinfecting a medical device. With the CE marking, the manufacturer verifies that 
the device meets the essential requirements applicable to it. Valvira is responsible for supervision. 

Acts, standards or other regulations do not require or define the collection of surface hygiene samples in 
a hospital setting, except for pharmacy cleanrooms. Surface hygiene samples can be used, among other 
things, for monitoring the cleanliness of hospital facilities by measuring the amount of organic dirt after 
cleaning. Microbiological culture samples are used for detecting the presence of certain bacteria in 
predetermined locations for research purposes, for example, or in epidemic situations.  

6.1 Hospital cleaning 

Many pathogens and multi-resistant microbes can be present in a hospital setting. For example, light 
switches, door handles, faucets, sinks, touch screens, patient tables, bed edges, curtain controls, screens 
and curtains and patient or examination room surfaces are typically places that are frequently touched and 
require special attention when they are cleaned. 

The Central Finland Central Hospital complies with the Quality objectives and cleaning programmes for 
healthcare cleaning services quality process prepared and maintained by the Hospital Hygiene and 
Infection Control Unit of the Central Finland Central Hospital. The quality assessment of the cleanliness 
level is an important part of quality management. In addition to visual evaluation, this is carried out by 
means of the ATP measurement method to determine the presence of organic dirt.  

The patient or client must receive good treatment and care according to the requirements of their treatment 
and care setting irrespective of the place of the treatment. The objective of sanitation is a clean, well-
functioning and safe environment where the treatment and facility types (such as operating room, inpatient 
ward, medical supplies storerooms, archive, utility rooms) determine the cleanliness level (hospital-
hygienic, hospital-clean, functional, as per need) and cleaning programme that are to be complied with at 
any given time. A sufficient cleanliness level is achieved by using the correct cleaning methods and 
cleaning agents, sufficient cleaning frequencies, by complying with an aseptic working order, and by 
focusing on the cleaning of contact surfaces. 
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The purpose of hospital cleaning is to maintain cleanliness, to remove dirt and dust from the facilities, to 
maintain surfaces, to reduce the microbial content of the environment, and to prevent the growth of 
microbes. The cleanliness of contact and horizontal surfaces is particularly important, because microbes 
are transmitted from contact and horizontal surfaces to hands, and from hands, further on to the patients. 
From the cleanliness point of view, the regular cleaning of the surfaces is more important than the use of 
disinfecting cleaning agents. The cleaning agents used in hospital cleaning are generally neutral or weakly 
alkaline, that is, basically similar to those used in other types of cleaning. The significance of cleaning and 
disinfectants increases with the emergence of multi-resistant microbes and widespread epidemics.  

The aim of the Sami&Samu project is to explore the potential for developing an all-purpose cleaning agent 
for hospital cleaning with a wood-based biocidal all-purpose cleaning agent as one of its active substances. 
In the development of the agent and the related regulation, developers, researchers and testers play an 
important role in ensuring that all the regulatory aspects of the agent are duly considered. Regulations are 
found relating to aspects, such as the packaging of the agent, its registration, biocides, ingredients and 
volatile compounds. 

The national Chemicals Act 599/2013 sets out provisions for the implementation of EU chemicals legis-
lation and national obligations concerning certain chemicals. The act is also applied to biocidal products, 
the efficacies of which are based on micro-organisms. 

Cleaning agents are subject to the general European chemicals legislation:  

 The Detergent Regulation 684/2004 sets out provisions for the labelling of detergents intended 
for consumers and the biodegradability of the tensides contained in detergents.  

 REACH Regulation: provisions on the registration, evaluation and authorisation of a substance 

 CLP Regulation: classification, labelling and packaging of chemicals. 
 

6.2 Biocidal products 

Biocidal products are used for controlling harmful organisms that include any organism that is harmful to 
human/animal health or materials (virus, bacteria, mould, fly, cockroach, mouse, rat). Biocidal products 
are chemically or microbiologically active, so as a rule they are always toxic to a certain group of 
organisms. The sale and use of biocidal products is governed by the Biocidal Products Regulation (EU) 
No 528/2012 (Mattila 2019).  

A biocidal product is a substance or mixture in the form in which it is supplied to the user. Biocides are 
classified into four main categories. These product groups exclude cleaning agents that are not intended 
to have a biocidal effect. Product-type 2 (PT2) of Main Group 1 Disinfectants includes, but is not limited 
to, products used for the disinfection of surfaces, materials, equipment and furniture and products used to 
be incorporated in textiles and paints. The Finnish Safety and Chemicals Agency (Tukes) is responsible 
for supervision.  

The following text on antimicrobial product development and biocide legislation is based on Katariina 
Vuorensola´s (The Finnish Safety and Chemicals Agency) presentation in the project seminar in 
September 2019. 

Biocide is an active substance or a microorganism that has an action on, or against harmful organism (e.g. 
bacteria, viruses, fungi). Biocidal product can be any substance or mixture (solid, liquid, gas, co-formulant) 
containing one or more active substances. It has designed to kill or prevent growth of a harmful organism 
with chemical or microbial effect and it is always toxic towards some organisms. A treated article that has 
a primary biocidal function can be any substance, mixture or article which has been treated with, or 
intentionally incorporates, one or more biocidal products.  
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According to ECHA, biocidal products are split into 22 product types (PT): 
 Disinfectants (PT 1 to 5) 

o Human hygiene 
o Disinfection of surfaces 
o Veterinary hygiene 
o Food and feed area 
o Drinking water etc. 

 Preservatives (PT 6 to 13) 
o In-can preservatives 
o Wood preservatives (against insects, fungi, etc.) 
o Fibre, leather, rubber and polymerised materials preservatives 
o Cooling towers disinfectants etc. 

(https://echa.europa.eu/regulations/biocidal-products-regulation/product-types) 
  
Disinfectant and preservative products and treated articles product types in hospital are: 

 Used for human hygiene purposes (on skin)  
 Used for the disinfection of surfaces, materials, equipment and furniture 
 Used for the disinfection of equipment … in contact with food 
 Used for the preservation of manufactured products 
 Used for the preservation of fibrous or polymerized materials 

 
Good to remember that the ground for biocide regulation is that they kill or prevents growth of living 
organisms and that is why they are a potential risk for human, animals and environment.  Biocidal products 
can be placed on the market and used if the active substance is approved, their use does not present 
unacceptable risks and they are sufficiently effective. 
 
New antimicrobial product has to have an active substance approval in the EU. Approval is valid for 10 
years, candidate for substitution is valid for 7 years and renewal is valid for 15/7 years. Product have to 
have also authorization before placing on the market. When the product has a national authorization, it is 
valid in the national country and if it has a mutual recognition, it is valid in both countries: evaluating and 
other country. The Union authorization means that the product is valid throughout the Union. A simplified 
authorization is possible when the biocidal products are less harmful for the environment, human and 
animal health. In Fig. 6.1 below, Vuorensola (2019) describes the approval process that is needed with 
the new antimicrobial products. 
 

 
Fig. 6.1. Active substance approval process (Vuorensola 2019). 
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The approval process briefly includes the following main steps: 

 ECHA verifies that the application and information are submitted in the correct format. 
 The applicant will pay the relevant fees to ECHA within 30 days from the date of the invoice. 
 ECHA accepts the application and the evaluating authority has 30 days to validate the 

application. 
 The applicant pays the relevant fees to the evaluating authority within 30 days. 
 If the dossier is incomplete, the evaluating authority request the missing information. The 

applicant then has 90 days to submit them. 
 Document evaluation begins. The evaluating authority has 365 days to evaluate the application. 

The applicant may be asked to provide additional information. The applicant must provide the 
requested information within 180 days. 

 The assessment report will be sent to the applicant. The applicant has 30 days to submit 
comments. 

 If the active substance is a candidate for substitution, a public consultation will be launched. 
 Opinion of the Biocidal Products Committee within 270 days. 

 
Fees for biocidical applications are listed in Table 6.1.The ECHA register for biocide active substances 
can be found here: https://echa.europa.eu/fi/information-on-chemicals.  
 
Table 6.1. Fees for biocidal applications in Finland 2019 (Vuorensola 2019). 

 
 

Useful sources for more information on biocides and related legislation include: 

 Biocidal Products Regulation (EU) 528/2012  
 Kemikaalilaki 599/2013  
 Sosiaali- ja terveysministeriön asetus kemikaaleja koskevien tietojen toimittamisesta 558/2008 
 Sosiaali- ja terveysministeriön asetus kemikaalien määrätietojen toimittamisesta 1155/2011 
 CLP Regulation (EY) 1272/2008  
 REACH Regulation (EY) 1907/2006  - SDS 
 Regulation on Detergents (EY) 648/2004 (e.g. tensides) 
 Biocide Products Regulation EU No 528/2012 

 https://echa.europa.eu/fi/regulations/biocidal-products-regulation/legislation   
 ECHA biocides regulation and guidances 

 https://echa.europa.eu/fi/guidance-documents/guidance-on-biocides-legislation  
 List of approved biocidal active substances and authorised products 

 https://echa.europa.eu/fi/information-on-chemicals  
 Guidelines for borderline products, incl. Biocidal products 

 https://ec.europa.eu/growth/sectors/cosmetics/products/borderline-products_en 
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6.3 Curtains 

Patient bed curtains do not meet the definition of the aforementioned Medical Devices Act 629/2010 
(intended to be used, among other things, in the diagnosis, prevention, monitoring or treatment of a 
disease or illness) or the definition of a medical device. Curtains are part of the patient’s treatment setting 
and manufactured of materials such as fabric or polypropylene fabric. No CE marking would thus be 
required for the curtain material. However, owing to the addition of an antibacterial characteristic, it will 
most likely require approval of the active substance pursuant to the Biocidal Products Regulation 
528/2012. The purpose of one of the project objectives, antimicrobial hospital curtains, is to prevent the 
spreading of infections so that pathogens will not migrate from the curtain to the patient or the personnel. 
The curtain change interval is defined by the manufacturer of the product. The curtain change interval 
currently in use is one year or as needed if splashes are present in the curtain. The antimicrobial curtains 
that are currently in hospital use have been treated with silver-ion technology and manufactured from 
recyclable material (100 g/m2 polypropylene). They can be disposed of with hospital waste. In the 
Sami&Samu project, curtains were treated with biobased antimicrobial substances that were expected to 
improve infection control. The finished product must satisfy at least the following requirements: 

 Fire safety standards   
 Biocidal products approval process 
 Volatile organic compounds (VOC) regulations 
 Stability and non-reactivity of the antimicrobial ingredient with other potential substances 
 Liquid-repellent curtain surface 

 
Regarding fire safety, the operator’s own responsibility, risk management and independent preparedness 
are of special importance. Attention was paid to the selection of products in accordance with the Rescue 
Act and Decree. The product’s fire safety characteristics are evaluated in terms of the flammability of the 
material, flame propagation speed in the material, the release of heat, and the release of smoke and gases. 
The main emphasis in the evaluation of fire safety is in the flammability, which will be evaluated with fire 
test methods (for example, a cigarette or small gas flame), whereby the measurement result may be more 
modest than, for example, in deliberately started fires. The flammability class, on the other hand, will be 
selected based on the use of, and conditions in, the room or space concerned, the condition of those 
occupying the facilities, monitoring, and the possibilities for escape. Deliberate ignition and careless fire 
handling shall also be taken into account. The flammability class shall also be indicated in the accom-
panying test report or opinion of the laboratory or research institute or in the product data sheet 
(Sisusteiden paloturvallisuus, RT 08-11098, 2012).  

Volatile organic compounds (VOCs) include a variety of volatile substances, such as aromatic hydro-
carbons (toluene, benzene), aldehydes, halogenated compounds and esters and alcohols (ethanol, n-
butanol, propanol). There are hundreds of VOCs known, and even a single compound may be harmful, 
but the combination of several compounds is more typically suspected to be harmful to health, causing, 
among other things, eye irritations, mucosal irritation symptoms and headaches. The sources of VOC 
emissions include, in particular, construction and interior materials (including solvent and raw material 
residues and reaction and decomposition products of manufacturing processes), detergents and, in some 
cases, microbial growths. The VOC content of indoor air can be affected by, among other things, frag-
rances and cleaning agents (Hengitysliitto 2019, Rundt et al. 2005). 

Action limits for VOCs calculated with toluene response: 

 Action limit for total concentration in indoor air at 400 µg/m3 
 Action limit for a single volatile organic compound in indoor air 50 µg/m3 

Additionally, separate action limits have been set out for certain compounds: 

 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate (TXIB) 10 µg/m3  
 2-Ethyl-1-hexanol (2EH) 10 µg/m3  
 Naphthalene, no odour, 10 µg/m3  
 Styrene 40 µg/m3 
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6.4 Flooring material 

In the Sami&Samu project, a flooring material was tested (Section 5.1.4) that is intended to improve the 
cleanability of the floor. Regarding flooring regulation, the EN 1345 standard, among other things, should 
be considered, as this standard requires that the floor be provided with a long-lasting anti-slip surface that 
lasts for its entire service life. The standard defines the requirements by which the endurance of the anti-
slip surface is ensured for different utilisation rates. The Finnish Institute of Occupational Health has also 
provided a five-step scale to classify floor slipperiness, where class 1 refers to very anti-slippery (friction 
coefficient ≥ 0.30) and class 5 refers to very slippery (friction coefficient < 0.05).  

6.5 Disposable tableware and paper bag 

The aim of the Sami&Samu is to investigate the opportunities for replacing disposable cups and salad 
bowls used in hospital cafeterias and restaurants with bio-based (wood-based) disposable cups and bowls. 
Regarding regulation, the hospital has no specific requirements for these products. It should be noted that 
bio-based containers are in compliance with the Environmental Strategy of the Central Finland Health 
Care District, i.e. they take into account the environment and the product life cycle. Furthermore, a 
‘Responsibility and Environment Supplement’ shared by hospital districts (catchment area) was expected 
to be issued in December 2019, and any guidelines given in it must be considered. 

The finished disposable container is expected to meet all the applicable EU food compatibility standards. 
Disposable containers should receive the Nordic Swan label, which guarantees that the disposable 
container is one of the most environmentally friendly products in its product group and meets the applicable 
requirements concerning the environment and health properties, in addition to which the material must be 
mostly composed of renewable raw materials. 

In the Sami&Samu project, a bio-based bag, instead of a plastic one, for the patient's clothes and personal 
belongings was tested. The bag is intended to replace plastic bags. As regards the regulation, in a hospital 
setting, a biodegradable bag must meet the requirements imposed by the environmental strategy and 
programme, but, otherwise, there is no need for any regulations overview. However, it remains to be 
clarified whether the biodegradable bag will be recyclable and how. 

7. Conclusions 

During the course of the Sami&Samu project, progress took place in all the main planned areas, i.e., 
availability of antimicrobial wood-based substances and their potential use in the hospital materials, 
introduction of wood- or fibre-based materials to replace fossil-based materials in the products used in the 
hospitals, development or testing of relevant monitoring or analysis methods (including camera 
technologies), and familiarisation with various legislation-related issues that regulate the introduction of 
new materials or products for the use in the hospitals. 

The questions on the antimicrobial substances were approached by extensive literature searches on such 
compounds in the main Nordic trees, by analysis of selected available bioactive raw materials (such as 
resins, tannins and tall oils) or new extracts (from bark and needles) for their composition and antibacterial 
properties. Furthermore, a number of selected biobased antibacterial substances or extracts were used 
for coating of patients’ privacy curtain materials, for coating of wooden door handles, and as ingredients 
in wood plastic composites. 

The studies on the potential substitution of fibre-based raw materials for the fossil-based raw materials 
were initiated by simultaneous identification of the potential hospital needs and evaluation of expertise and 
product portfolios of the industrial project partners, in order to find suitable matches. This way, a good 
number of well-matching study cases could be found and selected pre-tests conducted, and finally, a 
number of more pronounced demonstration studies in the hospital environment and other premises could 
be performed. The list of such studies also included the use of some novel non-fibre materials, such as 
dirt repellent hygienic coatings and antibacterial ALD coated metal oxides for hospital curtains. 



 RESEARCH REPORT VTT-R-00787-21

78 (81)
 

  

 

 

It became fully evident that numerous materials and products used in the hospital environments might 
benefit from the discovery and adoption of efficient, safe, biobased (e.g. forest-based) antimicrobials. On 
the basis of literature, the list of potential compounds or their mixtures (extracts) may look extensive, nearly 
endless. However, it may finally be a tedious task to find suitable raw materials with all required chemical 
and physical properties for the planned uses. In the present work, only a few antimicrobial compounds or 
extracts with different physical and chemical properties could be considered for a few selected case 
studies. For example, one of these cases addressed the use of different tannins as antimicrobial materials 
for coating of patients’ privacy curtains. After sufficient pre-studies and development of the coating method, 
a number of test pieces could be produced and installed for the tests in the real hospital premises. The 
test period remained, however, much shorter than initially planned, due to the challenging situation caused 
by the corona constraints. Despite that, all the studies and steps required before entering the final hospital-
level stage demonstrated to the consortium various characteristic features of this type of studies.  

Altogether, a relatively large number of different cases could be brought to pilot or demonstration phases, 
realised in different premises, varying from laboratories to hospital rooms and cafes. The cases addressed 
different materials, products and services for different applications. For various reasons, there was a lot of 
variation in the depths, volumes, durations and successes of these cases. Despite that, it can be men-
tioned that the user tests and other feedback and comments from different stakeholders indicated that 
there is a growing need for the development of more sustainable, biobased solutions in the hospital 
environments.  

At this point, it also needs to be pointed out that the planned demonstration studies in the hospital 
environment could not have been realised without proper familiarisation with the relevant regulations and 
many other aspects that are characteristic of such working conditions. Without any doubt, this is a 
demanding area covered by a number of different guidelines, recommendations and regulations requiring 
a lot of continuing attention in the future studies. 
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