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Introduction
Antimicrobial materials and surfaces are being increasingly 

important to control pathogenic microorganisms. There are a wide 
variety of antimicrobial technologies which are being investigated and 
developed to protect surfaces [1]. 

A most prominent technology is the incorporation of inorganic 
antimicrobials - most commonly the silver ion, Ag+ [2]. Silver 
is a naturally occurring element with great effectiveness at low 
concentrations and a well-known antimicrobial broad-spectrum, as 
well as being widely recognized as safe for human contact [3]. The 
mechanism of action of the ionic silver is related to their interaction 
with sulfhydryl (thiol) groups. Thus, ionic silver interacts with thiol 
groups in enzymes and not only disrupts folic acid synthesis, but it also 
disrupts protein synthesis, inhibits DNA synthesis, disrupts electron 
transport and interferes with cell wall synthesis [4]. To date, there has 
been no evidence regarding a hypothetical microbial resistance to silver 
due to its multi-target antimicrobial action makes it almost impossible 
for the bacteria to mutate in a way that would lead to resistance [5].

Recent technological innovations are focused on the incorporation 
of silver on inorganic vehicles such as laminar clays, zeolites or 
soluble phosphate glasses in order to protect silver from oxidation-
reduction reactions and to control silver release from the surface to the 
environment. Surface modification of clays allows the creation of new 
materials and new applications [6]. This process acts as a previous step 
before the incorporation of silver into polymeric matrixes in order to 
produce active materials [7].

Another well-known biocide agent is Zinc pyrithione (ZnP). Its 
development in the 1950s was based on the development of aspergillic 
acid, the natural antibiotic from Aspergillus niger [8]. ZnP inhibits 

fungal growth through copper import and damage to iron-sulphur 
proteins and also depolarizes membrane electropotential in fungi [9]. 
ZnP is the most common material used for dandruff treatment globally, 
and recently it is being used as active compound in other antibacterial 
approaches [10,11]. 

One of the most important potential uses for antimicrobial 
materials is in surface coatings [12]. Biofilm formation on material 
surfaces represents a serious problem in society from both an 
economical and health perspective [13]. For some time, scientists and 
healthcare professionals have considered in the importance of surfaces 
as reservoirs of microbes [1,14,15]. In this context, the incorporation 
of active ingredients (such as nanoparticles of silver and ZnP) in 
coatings has shown promising results in surface protection from 
biofilm formation, preventing the spread of infection for transmission 
to food and humans by contact [16]. Other advantages in economic 
and environmental aspects are less frequency of repainting, labor and 
chemical cost reductions.

BactiBlock® is a novel antimicrobial silver-based organomodified 
layered silicate additive. These silver-based nanoclays have the ability 
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Fungal strains and growth conditions

Aspergillus niger (CECT 2807, ATCC 6275) obtained from the 
Spanish Type Culture Collection (Valencia, Spain). The fungus was 
grown on complete agar medium (CM; described in ISO 846:1997) [18] 
and was harvested from isolates after incubation at 28ºC for 6 days. 
Then, it was suspended in distilled water. The suspension was then 
filtered through sterile gauze to remove mycelium and adjusted to 107 
spores/ml.

Minimal inhibitory concentrations of R4.47

 To evaluate the effectiveness of R4.47, microbial growth was 
evaluated according to the macro-dilution method described by the 
Clinical and Laboratory Standards Institute [19]. For this method, 
different concentrations of the powder additive were introduced in 
sterile bottles containing TSB. For each bacterium, were tested: 0, 
3, 15, 30, 50, 100, 200, 300, 400 and 500 µg/ml. After 15 min, tubes 
were inoculated with each microorganism in mid-exponential phase 
obtaining approximately a final concentration of 105 CFU/ml, and 
incubated at 37ºC for 24 h. Then, serial decimal dilutions were made 
and 1 ml from each dilution was sub-cultivated on TSA plates. Finally, 
plates were read after overnight incubation at 37ºC. These results were 
expressed as CFU/ml and compared with a control sample without 
additive. Three different batches of R4.47 in duplicate were used.

Antifungal effectiveness of ZnP

To evaluate the effectiveness of ZnP, Aspergillus niger growth was 
evaluated by disk diffusion (Kirby-Bauer) susceptibility test according 
to standards of the National Committee for Clinical Laboratory 
(NCCLS) [20]. 150 mm diameter CM plates were seeded with 0.2 ml of 
the spore suspension. Then, 6 mm diameter sterile disks of absorbent 
paper were placed on plates and 0.02 ml of ZnP solutions (0.0%, 0.3%, 
0.5%, 1.0% and 1.5%) were loaded on the paper disks. Finally, plates 
were incubated at 28ºC for 7 days. Each sample was tested in triplicate.

Antibacterial effectiveness of BactiBlock®-treated products

To evaluate the effectiveness of the R4.47 when incorporated in 
polymeric-based coatings (BB655A0 and BB635A1), bacterial growth 
was evaluated according to standard protocol for antimicrobial 
surfaces JIS Z 2801:2012 (JIS stands for Japanese Industrial Standard), 
which is equivalent to International method ISO 22196:2011 [21]. 
For this method, each sample (5x5 cm) was inoculated with 6.25*105 
CFU and incubated at 37ºC, 100% RH for 24 hours. Then, 0.1 ml 
from each tube was sub-cultivated on TSA plates. Finally, plates were 
read after overnight incubation at 37ºC. Three samples were tested in 
triplicate. The results were expressed as final CFU/ml and compared 
with a control sample, corresponding to the same product but without 
additive in its composition. The value of antimicrobial activity of the 
samples tested by the Standard JIS Z 2801 was determined through the 
following formula: R=log (B/C), where B is the average of the number 
of viable cells of bacteria on the untreated test piece after 24 h, and C is 
the average of the number of viable cells of bacteria on the antimicrobial 
test piece after 24 h. When R ≥ 2.0, the sample is considered to present 
biocidal properties.

Antifungal effectiveness of BB635A1

The antifungal effectiveness of BB635A1 was analyzed by visual 
examination following the International Standard ISO 846:1997 [18], 
which describes the standard test method developed to determine and 

to evenly distribute silver across the matrixes, and thus provide them a 
uniform antimicrobial activity [17]. The present study was conducted 
to determine the in vitro antimicrobial capacity of two BactiBlock®-
treated polymer-based surface coatings, one also functionalized with 
ZnP. Besides, the minimal inhibitory concentration of BactiBlock® and 
antifungal effectiveness of ZnP were evaluated. 

Materials and Method
Materials

BactiBlock® is the trade-marked name for the antimicrobial 
silver-based organomodified layered silicate additives developed by 
Nanobiomatters BactiBlock S.L. (Paterna, Spain). BactiBlock® 101 
R4.47 (below referred to as R4.47) is a silver-based additive which 
uses an organomodified phyllosilicate as carrier. It is a highly efficient 
antimicrobial additive because of its high specific surface area (D50=2.5 
µm). The organomodified nanoclay allows silver dispersion and 
distribution into the coating and all over the surface when it is applied. 
Unmodified clay (natural phyllosilicate) was used for comparative 
purposes. 

BactiBlock® 655 A0 Antimicrobial Flooring Protection (BB655A0) 
is a polyurethane monolayer coating designed to protect all kind of 
floors against microorganisms. BactiBlock® 635 A1 Antimicrobial 
Coating FG (BB635A1) is an antimicrobial acrylic coating designed to 
inhibit the growth of both bacteria and fungi, thanks to the addition 
of ZnP in its composition (0.25%). Both BactiBlock®-treated coatings 
contain 0.3% R4.47. Untreated polyurethane and acrylic coatings were 
used as control to compare antimicrobial test results. No additional 
information regarding the additive and coatings components is shown 
for confidentiality terms.

Silver content in R4.47

Energy dispersive X-ray fluorescence (EDXRF Bruker Tiger S8) 
was used to determine silver content in R4.47. Pressed clay powder 
pellets were prepared using boric acid as a support. Each sample was 
vacuum dried for 2 h at 105ºC, weighed together with the support and 
ground in planetary mill at 700 r/min for 20 s. Then the samples were 
pressed with 80 ton pressure for 20 s.

Bacterial strain and growth conditions

Staphylococcus aureus (CECT 240, ATCC 6538P), Escherichia 
coli (CECT 516, ATCC 8739), methicillin-resistant Staphylococcus 
aureus (MRSA) (CECT 5190, ATCC 43300), vancomycin-resistant 
Enterococcus faecium (VRE) (CECT 5253), Pseudomonas aeruginosa 
(CECT 110, ATCC 10145), Acinetobacter baumannii (CECT 452, 
ATCC 15308) and Klebsiella pneumoniae (CECT 8453, ATCC 4352) 
obtained from the Spanish Type Culture Collection (Valencia, Spain). 
The strains were stored in Tryptone Soy Broth (TSB) with 20% 
glycerol at -80ºC until needed. For experimental use, the stock culture 
from each microorganism was maintained by regular subculture 
on Tryptone Soy Agar (TSA) slants at 4ºC and transferred monthly. 
Using the inoculation loop, bacteria was removed to 10 ml of TSB and 
was incubated at 37ºC overnight. A 100 μl aliquot from the overnight 
culture was again transferred to TSB and grown at 37ºC to the mid-
exponential phase of growth. The mid-exponential phase culture was 
served as the inoculum in the susceptibility tests. The cell density was 
determined by optical density at 600 nm, adjusting to 108 CFU/ml 
(CFU for colony forming units). 
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evaluate the effect of fungi on polymeric materials. Samples were placed 
on CM plates. Then, the surface was inoculated with 0.1 ml of the spore 
suspension and incubated at 25ºC, 100% HR for 28 days. After each 
week, pictures about fungi growth in each sample were done. A control 
sample corresponding to equivalent BB635A1 product but without 
additive in its composition was used to compare visual examination. 
Three samples were evaluated in triplicate. 

Statistical analysis 

The data is presented as the mean ± standard error of the mean. An 
ANOVA analysis was performed using the IBM SPSS Software v.22 to 
compare the bacterial counts between the BactiBlock®-treated coatings 
and the non-treatment samples. The level of significance was set at a 
p-value<0.01.

The antifungal activity of BB635A1 was determined by visual 
comparison with control samples for different periods of time (1, 2, 3 
and 4 weeks), according to ISO 846. 

Results 
Two BactiBlock® surface coatings were tested to determine their 

antimicrobial capacity according to international standards assays. 
BactiBlock® coatings are functionalized with a novel antimicrobial 
silver-based organomodified layered silicate additive (R4.47), which 
have the ability to evenly distribute silver across the matrixes, and thus 
provide them a uniform antimicrobial activity. Firstly, a chemical and 
microbiological characterization of R4.47 was done. Semi-quantitative 
cheminal analysis of R4.47 reported silver contents of 1.91 ± 0.03% in 
the composition. No silver was detected in unmodified nanoclays. The 
antimicrobial evaluation tests of R4.47 were performed to detect its 
minimum inhibitory concentration (MIC) for each microorganisms 
included in the study. As R4.47 silver nanoclay is not soluble in 
water, the antibacterial activity was evaluated preparing suspensions 
at different concentrations. Table 1 shows the bacterial counts of 
the previous suspension to the first one that presented turbidity due 
to bacterial growth, which was considered as the MIC value. Results 
report that R4.47 has strong effectiveness against both bacteria and 
fungi. Results values obtained ranging from 3 to 300 µg/ml as maximum 
corresponding to 0.057 to 5.7 µg/ml of pure Ag (Table 1).

Antifungal effectiveness of ZnP was also performed to determine 

the optimal concentration to include in the formulation of active 
coatings. The growth inhibition of A. niger is noted from solutions with 
0.3% ZnP. A delay of sporulation is also observed at this concentration. 
The zone of inhibition and delay were 16.00 ± 0.58 mm and 51.67 ± 
1.20 mm, respectively. Furthermore, higher ZnP concentrations do not 
significantly improve outcomes. 

After confirming antimicrobial activity of active agents, coatings 
were tested for all the microorganisms. Table 2 and Table 3 collect the 
results of antibacterial tests carried out with BB655A0 and BB635A1 
respectively. Results show bactericide activity against all the bacteria 
tested according to the JIS Z 2801, where the log reduction (R) 
obtained are between 2.21 and 5.99, being these values higher than 2 
which is the threshold value for bactericide activity. All of the bacterial 
concentrations in testing samples are significantly lower than control 
samples (p-value<0.01). When comparing the results between the two 
products, the addition of ZnP to BB635A1 is associated with increased 
antibacterial activity, since its R values were higher than R values 
obtained of BB655A0 (compare results presented in Table 2 and 3).

Finally, BB635A1 also was tested according to ISO 846:1997 for 
analyzing antifungal activity of the coating, thanks to the addition of 
ZnP in its formulation. Figure 1 shows the A. niger growth after 4 weeks 
of incubation, reporting a total colonization of the fungi in the control 
sample surface but not in the BB635A1-coated sample surface. 

Discussion
After analysis of antimicrobial activity of the two provided coatings, 

results show a very high log reduction (R) values for all the bacteria 
tested exceeding the values required by the international standard 
(JIS Z 2801). Both BB635A1 and BB655A0 obtained a significant 
reduction for all the pathogens tested compared to control samples 
(p-values<0.01), confirming the effective antibacterial activity of the 
BactiBlock®-treated coatings. These results were expected by us since 
the two coatings tested (BB655A0 and BB635A1) contain 0.3% R4.47 
corresponding to 60 µg/ml of pure silver, which is a concentration 
much higher than the MIC value of R4.47 for all the microbes. These 
MIC values obtained are less than the amount of active agent needed in 
comparation with other additives tested in previous studies [22]. 

Based on our results, we can confirm silver has strong antimicrobial 
activity against Gram-positive and Gram-negative, including drug-

Microorganism Log10 CFU/ml ± SE MIC of BactiBlock® 101 R4.47 (µg/ml)
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Staphylococcus aureus
(CECT 240, ATCC 6538P) 5.68 ± 0.26 3

Methicillin-resistant Staphylococcus aureus
(CECT 5190, ATCC 43300) 0.00 ± 0.00 100

Vancomycin-resistant Enterococcus faecium (VRE) (CECT 5253) 5.50 ± 0.17 100
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Klebsiella pneumoniae
(CECT 8453, ATCC 4352) 0.00 ± 0.00 15

Acinetobacter baumannii
(CECT 452, ATCC 15308) 5.38 ± 0.15 30

Escherichia coli
(CECT 516, ATCC 8739) 0.00 ± 0.00 100

Pseudomonas aeruginosa
(CECT 110, ATCC 10145) 1.41 ± 0.40 300

M
ol

d Aspergillus niger
(CECT 2807, ATCC 6275) 1.88 ± 0.14 3

The minimum inhibitory concentration was considered the lowest concentration suspension of R4.47 that presented no visible growth of a microorganism after overnight 
incubation. CECT, Spanish type culture collection; ATCC, American type culture collection. CFU, colony-forming unit. SE, standard error

Table 1: Minimal inhibitory concentrations (MIC) of BactiBlock® 101 R4.47. 
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resistant microorganisms (Table 1). According to the results, P. 
aeruginosa was the less susceptible bacteria to R4.47. P. aeruginosa has 
been described as a bacteria with an intrinsic resistance mechanism 
because of pyocyanin synthesis, with reduces silver resulting in an 
inactive compound (Ag°) [23]. In addition, it has been reported that 
P. aeruginosa survives to antibiotic and other antimicrobial agents by 
taking out potent cytotoxins from the cell to the exterior [24,25]. But 
even in this case BactiBlock®-treated coatings decreased the population 
of this bacterium. Surprisingly, MIC values of the two S. aureus strains 
are quite different, being higher for MRSA. There is not a priori reason 
to expect this, but these differences are in accordance with the results 
shown by Ansari et al., where the MIC values were 12.5 µg/mL and 
50 µg/mL for the reference strain of S. aureus and MRSA, respectively 
[26]. However, R values obtained in the antibacterial coating tests are 
better for MRSA than for no-resistance S. aureus; although in both 
cases are higher than the threshold value. Further, the silver-based 
nanoclay, BactiBlock® 101 R4.47, exhibits antimicrobial activity against 
A. niger at low concentration, confirming the antifungal properties of 
silver against Candida spp. [27]. 

On the one hand, silver is taking advantage of quaternary 
ammonium compounds, the most commonly used disinfectants 
nowadays because of their high toxicity [28]. On the other hand, 

BactiBlock®-treated coatings are more effective than coatings from 
quaternary ammonium salts [29]. These factors would be important to 
consider when choosing a coating to protect a surface. 

Recent market analysis report that the global market for 
antimicrobial coatings is growing up rapidly [30]. Many different 
chemical strategies and technologies have been described for 
antimicrobial coatings. However, silver-based coatings appear to 
dominate the market [11]. Mainly, the use of silver is promoted 
because silver has a strong and broad-spectrum antimicrobial activity 
and mutations to silver resistance are unlikely because of its multi-
target mode of action [2]. Besides, it was demonstrated that polymer 
materials based on silver-based nanoclays exhibit long-term activity 
because of the controlled silver release and diffusion [17,22]. The 
controlled release of silver from the coatings can be a clear advantage 
in antimicrobial surface protection [31]. Although BactiBlock® 635 
A1 Antimicrobial Coating FG antimicrobial activity is higher than 
BactiBlock® 655 A0 Antimicrobial Flooring Protection, this efficacy is 
hardly better when compared with other similar developed products 
based on silver nanoparticles [32]. The differences in antibacterial 
activity between the two coatings should not be result from the 
differences in the material coating (polyurethane monolayer vs. 

Microorganism Sample Mean ± SE R p-value
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Staphylococcus aureus (CECT 240, ATCC 6538P)
Control 3.52E+05 ± 2.54E+04

BB655A0 2.17E+02 ± 1.06E+02 3.21 0.002**

Methicillin-resistant Staphylococcus aureus (CECT 5190, ATCC 43300)
Control 2.09E+06 ± 7.68E+05

BB655A0 1.00E+01 ± 0.00E+00 5.32 4.00E-06**

Vancomycin-resistant Enterococcus faecium (VRE)  (CECT 5253)
Control 5.07E+06 ± 1.51E+06

BB655A0 3.11E+04 ± 1.20E+04 2.21 0.001**
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Klebsiella pneumoniae (CECT 8453, ATCC 4352)
Control 2.17E+06 ± 4.41E+05

BB655A0 1.00E+01 ± 0.00E+00 5.34 4.44E-07**

Pseudomonas aeruginosa (CECT 110, ATCC 10145)
Control 1.88E+06 ± 2.55E+05

BB655A0 3.23E+02 ± 2.60E+02 3.77 0.002**

Acinetobacter baumannii (CECT 452, ATCC 15308)
Control 1.56E+06 ± 2.92E+05

BB655A0 1.00E+01 ± 0.00E+00 5.19 4.31E-07**

Escherichia coli (CECT 516, ATCC 8739)
Control 7.07E+06 ± 1.41E+06

BB655A0 1.00E+01 ± 000E+00 5.85 5.00E-06**

Bacterial counts of control and tested samples for each bacterium to determine the bactericide activity of the coating by comparing means (p-value<0.01). Bold indicates 
statistically significant results. Control, polyurethane monolayer without silver-based nanoclays. R, log reduction bacteria. SE, standard error. *p-value<0.05. **p-value<0.01

Table 2: Antibacterial effectiveness of BB655A0 for gram-positive and gram-negative bacteria. 

Microorganism Sample Mean ± SE R p-value
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Staphylococcus aureus (CECT 240, ATCC 6538P)
Control 6.45E+05 ± 1.69E+05

BB635A1 1.00E+01 ± 0.00E+00 4.81 2.00E-06**

Methicillin-resistant Staphylococcus aureus (CECT 5190, ATCC 43300)
Control 9.67E+06 ± 3.03E+06

BB635A1 1.00E+01 ± 0.00E+00 5.99 4.42E-08**

Vancomycin-resistant Enterococcus faecium (VRE) (CECT 5253)
Control 1.71E+07 ± 3.53E+05

BB635A1 1.00E+01 ± 0.00E+00 5.99 1.59E-08**
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Klebsiella pneumoniae (CECT 8453, ATCC 4352)
Control 4.53E+06 ± 4.06E+05

BB635A1 1.00E+01 ± 0.00E+00 5.66 4.69E-05**

Pseudomonas aeruginosa (CECT 110, ATCC 10145)
Control 1.19E+06 ± 1.23E+05

BB635A1 1.00E+01 ± 0.00E+00 5.08 8.29E-08**

Acinetobacter baumannii (CECT 452, ATCC 15308)
Control 9.67E+06 ± 1.38E+06

BB635A1 1.00E+01 ± 0.00E+00 5.95 5.69E-08**

Escherichia coli (CECT 516, ATCC 8739)
Control 8.93E+06 ± 3.17E+08

BB635A1 1.00E+01 ± 0.00E+00 5.95 0.001**

Bacterial counts of control and tested samples for each bacterium to determine the bactericide activity of the coating by comparing means (p-value<0.01). Bold indicates 
statistically significant results. Control, acrylic coating without antimicrobial agents (silver-based nanoclay and ZnP). R, log reduction bacteria. SE, standard error. 
*p-value<0.05. **p-value<0.01

Table 3: Antibacterial effectiveness of BB635A1 for gram-positive and gram-negative bacteria. 
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acrylic), since both the polyurethane-coating control and the acrylic-
coating control didn’t show bactericidal activity (Table 2 and 3). 

The combination of two active agents maximizes the antimicrobial 
activity of a coating. For this reason, BB635A1, which also contains 
2500 µg/mL of ZnP in its formulation, presents better antibacterial 
activity than BB655A0, since the bacteria reduction values obtained 
are higher than those of BB655A0 for all the bacteria tested (Table 2 
and 3). ZnP is a compound which boosts the antimicrobial activity of 
the coating. Tests in vitro showed that polyurethane foam containing 
ZnP had antibacterial effect against E.coli, P. aeruginosa, Salmonella 
and S. aureus [33]. Besides, it is widely known the antifungal capability 
of ZnP, which inhibits fungal growth through increased cellular levels 
of copper, damaging iron-sulphur clusters of proteins essential for 
fungal metabolism [9]. Although results show that R4.47 has antifungal 
activity, our experiences let us to combine silver nanoclays and ZnP to 
provide a total surface protection against both bacteria and fungi. The 
combination of two different antimicrobial agents it is not a new idea 
and has been already introduced in the market [34]. Future actions in 
antimicrobial coating market should focus on combining the action of 
two or more antimicrobial agents. 

The use of antimicrobial coatings is particularly important in 
healthcare since it has been proved the role of environmental surfaces 
in the transmission of hospital-acquired infections (HAIs) [1]. The 
antimicrobial coatings have the capability of killing pathogens and 
preventing biofilm formation. Biofilm can persist for many months on 
inert surfaces facilitating the dissemination of infections after touching 
[35]. The bacteria selected in this study are the bacteria included in the 
group of microorganisms named ESKAPE pathogens and Escherichia 
coli, which is the most frequently isolated microorganism in health-

associated infections in Europe [36]. The group of ESKAPE pathogens 
enclose: E. faecium, S. aureus, K. pneumoniae, A. baumannii, P. 
aeruginosa and E. spp. These pathogens are capable of resist to antibiotic 
and other antimicrobial agents representing new paradigms in 
pathogenesis, transmission and resistance [37]. The ESKAPE pathogens 
are also responsible for substantial percentage of healthcare-acquired 
infections (HAIs) [37,38]. The surface protection against Aspergillus spp. is 
also essential in healthcare environment since infections due to this fungi 
cause significant morbidity and mortality [39]. 

According to our results, BactiBlock®-treated coatings could be a 
potent measure to control harmful microorganisms to which patients 
and consumers are daily exposed preventing the formation of biofilms 
on surfaces and, as consequence, the spread of infections in healthcare 
environment, household and food industry. However, considering that 
the international standards (JIS Z 2801 and ISO 846) protocols do not 
reflects real-life application conditions, our future goal is to perform 
an antimicrobial analysis of coatings in a healthcare scenario. Besides, 
the durability and the effect of wear on coatings in real-situations need 
to be assessed, because of it is not possible using these in vitro tests. 
Hence, further studies in real-life situations should be done to confirm 
these results. 
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