



DESCRIPTION 
This invention relates to the use of dual inactivation mechanisms method of a self-disinfecting coating involving reactive oxygen species (ROS) and denaturation mechanisms deriving from the synergistic chemical formulation. The said coating when applied on all inanimate surfaces will inactivate essential cell proteins and disrupting the cell membrane of viruses, bacteria, and fungi up to 180 days after application with an inactivation efficacy of at least 99.9% against viruses, bacteria, and fungi.
Pathogenic strains of Candida and Aspergillus species are the primary cause of hospital-acquired fungi infections, and in recent years these yeast and mould infections have been recognized as serious threats to immunocompromised patients. The distribution of these fungi pathogens appears to be widespread in our environment. In dermatological laboratory examinations, Candida and Aspergillus species are frequently isolated as superficial infections of skin and nails
In the US, all the Environmental Protection Agency (EPA)- registered quaternary-ammonium-compound-based anti-fungi formulations failed the disinfectant test against clinical strains of Aspergillus species. These studies indicate some serious shortcomings in the efficacy of prevalent anti-fungi of commercial disinfectants, and there appears to be a need for new approaches to disinfecting pathogenic fungi in our environment.
Biofilms are a collective of one or more types microorganisms that can grow in many different surfaces. Microorganisms that form biofilms include bacteria, fungi, and protists. Microorganisms are protected from most disinfectants by production of thick masses of cells and extracellular materials, or biofilms. Biofilms are microbial communities that are tightly attached to surfaces and cannot be easily removed. Once these masses form, microbes within them can be resistant to disinfectants, including physical characteristics of older biofilms, genotypic variation of the bacteria. Bacteria within biofilms are up to 1,000 times more resistant to antimicrobials than are the same bacteria in suspension.

The disinfecting efficacy of current disinfectants against viruses, bacteria and fungi depends on intrinsic qualities of the viruses and microorganisms. The intrinsic resistance mechanisms in microorganisms to disinfectants vary. 
For example, some aspergillus species are resistant to conventional disinfectants using only denaturation mechanism, because the spores coat and cortex act as a barrier, mycobacteria have a waxy cell wall that prevents disinfectant entry, and gram-negative bacteria possess an outer membrane that acts as a barrier to the uptake of disinfectants. 
In addition, typically, disinfectants containing quaternary ammonium compounds do not exhibit good efficacy against difficult-to-kill nonenveloped viruses such as norovirus, rotavirus, or poliovirus. Their antimicrobial activity is inactivated by organic soil and should not be diluted in hard water limiting its disinfecting action in areas of application. 
It is pertinent, therefore, to develop a self-disinfecting coating that uses dual inactivation mechanisms method to inactivate viruses, bacteria and Fungi since denaturation mechanism used by common disinfectant are not effective enough.

Hence, there is a need to use a dual inactivation mechanisms method for the self-disinfecting coating. The said dual inactivation mechanisms of the self-disinfecting coating derives its functional properties from the  synergistic chemical formulation, comprising of colloidal silver nanoparticles with nanoparticle size ranges from 1-100 nanometre, colloidal copper nanoparticles with nanoparticle size ranges from 1-100 nanometre for providing the Reactive Oxygen Species (ROS) mechanism, quaternary ammonium compound such as alkyl dimethyl benzyl ammonium chloride with chemical formula C19H34ClN, alkyl didecyl dimethyl ammonium chloride with chemical formula C22H48ClN, and dialkyl dimethyl ammonium chloride with chemical formula C35H74N+ twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide  C22H48BrN) and dioctyl dimethyl ammonium bromide C18H40NBr) providing the denaturation mechanism, chlorhexidine is used as denaturation agent against gram-positive and gram-negative bacteria, silicone emulsion fluid for transparent residual film forming and water as carrier.

Colloidal silver and copper nanoparticles are used for providing reactive oxygen species (ROS) mechanism of the self-disinfecting coating because a large surface-to-volume ratio, silver and copper nanoparticles exhibit remarkable antimicrobial activity, even at a low concentration. They could penetrate bacterial cell walls, changing the cell structure of cell membranes, and even resulting in cell death. In addition, copper nanoparticles provide biostatic property that inhibits the growth or multiplication of microorganisms. 
Fungi is surrounded by multiple membrane layers and has low permeability and cannot be killed via denaturation using common disinfectants containing quaternary ammonium compound. Quaternary ammonium compounds are not effective against Fungi. 
Whereas, colloidal silver and copper nanoparticles can increase the permeability of cell membranes, produce reactive oxygen species (ROS), and interrupt replication of deoxyribonucleic acid by releasing silver and copper ions. Their efficacy is due not only to their nanoscale size but also to their large ratio of surface area to volume. 
The colloidal silver and copper nanoparticles used in the synergistic chemical formulation of the dual inactivation mechanism method of the self-disinfecting coating is used in inactivating various viruses, bacteria, and Fungi. 
To better understand the mechanism of reactive oxygen species (ROS) of silver and copper nanoparticles inhibitory mechanisms, a solution containing 50% colloidal silver, and 50% of copper nanoparticles with size ranges from 5-50 nanometres was introduced in pathogenic Candida albicans and non-pathogenic Saccharomyces cerevisiae.
The method of testing is briefly herein described below.
After 24 hours the effect of the solution containing the said silver and copper colloidal nanoparticles on fungus cell proliferation was analysed by growth kinetics monitoring and spot assay. The inventor then examined cell cycle progression, reactive oxygen species (ROS) production, and cell death using flow cytometry. Glucose uptake was assessed using tritium-labelled 2-deoxyglucose. 
Results: The growth of both C. albicans and S. cerevisiae was suppressed by treatment with colloidal of 5-50 nm silver and copper nanoparticles. In addition, 5-50 nm of colloidal silver and copper nanoparticles induced cell cycle arrest and a reduction in glucose uptake in both fungi after 30 minutes of culture in a dose-dependent manner (P<0.05). 5-50 nm of colloidal silver nanoparticles together with 5-50 nm of colloidal copper particles synergistically enhanced cell death in C. albicans (P<0.05) and in S. cerevisiae 
Conclusion: 
A solution of containing 50% of colloidal silver nanoparticles and 50% of colloidal copper nanoparticles exhibit good anti-fungi via reactive oxygen spices (ROS) mechanism. The ROS mechanism increases the cell wall/membrane permeability hence, cell wall wall/membrane integrity have been compromised according to the said fungi species. 
The inactivation mechanism of colloidal silver and copper nanoparticles against bacteria are further herein described below as shown in figure 1.
1) Disruption of cell wall and cytoplasmic membrane: silver ions (Ag+) and copper ions (Cu+) released by silver and copper nanoparticles adhere to or pass through cell wall and cytoplasmic membrane.                                                                                                          2) Denaturation of ribosomes: silver and copper ions denature ribosomes and inhibit protein synthesis.                                                                                                                                  3) Interruption of adenosine triphosphate (ATP) production: ATP production is terminated because silver ions deactivate respiratory enzyme on cytoplasmic membrane.                                                                                                                               4) Membrane disruption by reactive oxygen species: reactive oxygen species produced by the broken electron transport chain can cause membrane disruption.        5) Interference of deoxyribonucleic acid (DNA) replication: silver and reactive oxygen species bind to deoxyribonucleic acid and prevent its replication and cell multiplication.                                                                                                                6) Denaturation of membrane: silver nanoparticles accumulate in the pits of cell wall and cause membrane denaturation.                                                                                         7) Perforation of membrane: silver nanoparticles directly move across cytoplasmic membrane, which can release organelles from cell.                                                           The inactivation mechanism of the reactive oxygen species of silver and copper nanoparticles against the cell of microorganism are illustrated in figure 1.
The quaternary ammonium compounds used in the synergistic chemical formulation of the dual inactivation mechanism of self-disinfecting coating is for denaturation process of viruses, and bacteria.
The bactericidal action of the quaternary ammonium compounds has been attributed to inactivation of the energy-producing enzymes, it is used in the denaturation essential cell proteins and disruptions of the cell membrane.
Since they are cationic surfactants (positively charged surface-active agents) that impact cell walls and membranes after relatively long contact times. Their permanent positive charge makes them bind readily to the negatively charged of most microbes. Quaternary ammonium compounds are generally very stable, mostly unaffected by pH levels, and remain effective on a food-contact surface for a long time.                        
The inactivation mechanism of quaternary ammonium compound against the cell of microorganism is illustrated in figure 2
The Chlorhexidine is used as the denaturation agent in the synergistic chemical formulation of the dual inactivation mechanism method of the self-disinfecting coating due to its a broad-spectrum biocide property and is effectiveness against Gram-positive bacteria, Gram-negative bacteria, and fungi. It has both bacteriostatic (inhibits bacterial growth) and bactericidal (kills bacteria) mechanisms of action. Chlorhexidine allows for a longer duration of antimicrobial action against a broad spectrum of bacteria and fungi. The substantivity property Chlorhexidine allows it to be released slowly and ultimately kills by disrupting the cell membrane of microorganisms not found in quaternary ammonium compounds.
Chlorhexidine is a positively charged molecule that binds to the negatively charged sites on the cell wall; it destabilizes the cell wall and interferes with osmosis. The bacterial uptake of the chlorhexidine is very rapid, typically working within 20 seconds. Even in low concentrations it affects the integrity of the cell wall. Once the cell wall is damaged, chlorhexidine then crosses into the cell itself and attacks the cytoplasmic membrane (inner membrane). Damage to the cytoplasm's delicate semipermeable membrane allows for leakage of components leading to cell death. In high concentrations, chlorhexidine causes the cytoplasm to congeal or solidify.             The inactivation mechanism of Chlorohexidine against the cell of microorganism is illustrated in figure 3
The bactericidal effect is a result of the binding of this cationic molecule to negatively charged bacterial cell walls. At low concentrations of chlorhexidine, this results in a bacteriostatic effect and at high concentrations, membrane disruption results in cell death.
The silicone emulsion fluid in the synergistic chemical formulation of the dual inactivation mechanism of the self-disinfecting coating is used for transparent residual film forming coating. The silicone emulsion can be anionic, cationic, and non-ionic.
Water is used as carrier in the synergistic chemical formulation of the dual inactivation mechanisms of the self-disinfecting coating. 
BACKGROUND OF INVENTION
The coronavirus can live for hours to days on surfaces like countertops and doorknobs. How long it survives depends on the material the surface is made from. The family of viruses that includes the one that causes COVID-19 can live on some of the surfaces we probably touch every day. 

Hence, it is essential to prevent any infections via touching the contaminated surfaces, it is only prudent for us disinfect all surfaces as frequent as possible on high touch point areas in public places and onboard mass rapid trains, buses, taxis, etc. However, in practice, it may not be as convenient or even not possible where the human traffic is extremely heavy. 

In view of the above, the inventor saw the need of inventing a self-disinfecting coating that inactivates bacteria, viruses and fungi using dual inactivation mechanisms method, as the disinfecting efficacy of current common disinfectants against viruses, bacteria and microorganisms such as fungi depends on several factors, some of which are intrinsic qualities of the organism, others of which are the chemical and external physical environment. Also, the intrinsic resistance mechanisms in microorganisms to disinfectants vary. For example, spores are resistant to disinfectants because the spores coat and cortex act as a barrier, mycobacteria have a waxy cell wall that prevents disinfectant entry, and gram-negative bacteria possess an outer membrane that acts as a barrier to the uptake of disinfectants. Hence, there is a need to use a dual inactivation mechanism for the self-disinfecting coating.

Biofilms are a collective of one or more types microorganisms that can grow in many different surfaces. Microorganisms that form biofilms include bacteria, fungi, and protists.

Microorganisms are protected from most disinfectants by production of thick masses of cells and extracellular materials, or biofilms. Biofilms are microbial communities that are tightly attached to surfaces and cannot be easily removed. Once these masses form, microbes within them can be resistant to disinfectants by multiple mechanisms, including physical characteristics of older biofilms, genotypic variation of the bacteria, microbial production of neutralizing enzymes, and physiologic gradients within the biofilm (e.g., pH). Bacteria within biofilms are up to 1,000 times more resistant to antimicrobials than are the same bacteria in suspension.

The disinfecting efficacy of current common disinfectants against viruses, bacteria and fungi depends on intrinsic qualities of the viruses and microorganisms. The intrinsic resistance mechanisms in microorganisms to disinfectants vary. 

For example, spores are resistant to disinfectants because the spores coat and cortex act as a barrier, mycobacteria have a waxy cell wall that prevents disinfectant entry, and gram-negative bacteria possess an outer membrane that acts as a barrier to the uptake of disinfectants. 

In addition to the inadequacy of the common disinfectants, several physical and chemical factors also influence disinfectant procedures: temperature, pH, relative humidity, and water hardness. 

To increase of the efficacy of disinfectants activity, a common practice is to increase the temperature. Furthermore, too great an increase in temperature causes the disinfectant to degrade and weakens its germicidal activity and thus might produce a potential health hazard. 

In view of the above deficiency of the current disinfectants, there is an urgent need for a revolutionary self-disinfecting coating that utilises dual inactivation mechanisms involving reactive oxygen species (ROS) and denaturation against viruses, bacteria and fungi, as all the above inherent problems cannot be solved by common disinfectants.

SUMMARY OF INVENTION

The inventor of this patent has discovered that using of dual inactivation mechanisms method in the self-disinfecting coating against viruses, bacteria and fungi are highly effective. It has been discovered that the self-disinfecting coating using dual inactivation mechanisms method deriving its functional properties from a synergistic chemical formulation comprising of colloidal silver nanoparticles, colloidal copper nanoparticles, quaternary ammonium compound, chlorhexidine and silicone emulsion provides up to at least 99.99% inactivation viruses, bacteria, and fungi.
A first embodiment of this invention is directed to the use dual inactivation mechanisms method against viruses, bacteria and fungi of the self-disinfecting coating using reactive oxygen species (ROS) deriving from a solution containing of colloidal silver nanoparticles and copper nanoparticles and the denaturation inactivation mechanism using quaternary ammonium compounds. 
In another embodiment, chlorhexidine is used as the denaturation mechanism against gram-positive and gram-negative bacteria in the dual inactivation mechanism method of the self-disinfecting coating.
In other embodiments, silicone emulsion is used as transparent residual film forming of the dual inactivation mechanism method of the self-disinfecting coating. Water is used as carrier for the synergistic chemicals’ formulation.
DESCRIPTION OF THE DRAWINGS
Figure 1 describes the inactivation mechanism of the colloidal silver and copper nanoparticles using reactive oxygen species of the dual inactivation mechanisms of the self-disinfecting coating.
The silver and copper nanoparticles’ inactivation mechanism effects are herein described: 
Silver nanoparticles continually release silver ions, which is the mechanism of killing microbes. Owing to electrostatic attraction and affinity to sulfur proteins, silver and copper ions can adhere to the cell wall and cytoplasmic membrane. 
The adhered ions can enhance the permeability of the cytoplasmic membrane and lead to disruption of the bacterial envelope. After the uptake of free silver and copper ions into cells, respiratory enzymes can be deactivated, generating reactive oxygen species but interrupting adenosine triphosphate production. Reactive oxygen species can be a principal agent in the provocation of cell membrane disruption and deoxyribonucleic acid (DNA) modification. 
As sulfur and phosphorus are important components of DNA, the interaction of silver and copper ions with the sulfur and phosphorus of DNA can cause problems in DNA replication, cell reproduction, or even result in termination of the microorganisms. Moreover, silver ions and copper ions can inhibit the synthesis of proteins by denaturing ribosomes in the cytoplasm
The inactivation mechanism actions of silver nanoparticles and copper nanoparticles are summarize as follows:
1) Disruption of cell wall and cytoplasmic membrane: silver and copper ions (Ag+) (Cu+) released by silver and copper nanoparticles adhere to or pass through cell wall and cytoplasmic membrane. 
2) Denaturation of ribosomes: silver and copper ions denature ribosomes and inhibit protein synthesis.
 3) Interruption of adenosine triphosphate (ATP) production: ATP production is terminated because silver and copper ions deactivate respiratory enzyme on cytoplasmic membrane. 
4) Membrane disruption by reactive oxygen species: reactive oxygen species produced by the broken electron transport chain can cause membrane disruption. 
5) Interference of deoxyribonucleic acid (DNA) replication: silver and reactive oxygen species bind to deoxyribonucleic acid and prevent its replication and cell multiplication. 
6) Denaturation of membrane: silver nanoparticles accumulate in the pits of cell wall and cause membrane denaturation. 
7) Perforation of membrane: silver and copper nanoparticles directly move across cytoplasmic membrane, which can release organelles from cell.

Figure 2 describes the inactivation mechanism of the denaturation of the quaternary ammonium compound of the self-disinfecting coating, the inactivation mechanism via denaturation is described below:

1) Quaternary ammonium compound upon contact bacteria cell wall, will disrupt the lipid membrane by thinning the bacteria cell wall.
2) The said thinning process will lead to the leakage of cytosolic contents.
3) It will facilitate the precipitation of cellular materials
4) Ultimately destruction of essential gradients.
Figure 3 describes the inactivation mechanism of chlorhexidine via the denaturation of the self-disinfecting coating, the inactivation mechanism via denaturation  is described below:

1) The positive charged Chlorhexidine molecule is attracted to the negatively charged phospholipids in the cell wall.
2) Chlorhexidine binds to the cell wall causing it to rupture and leakage of cytoplasm.
3) The rupturing of the cell wall causes the fluid to leak leading to lysis and cell death.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Unless stated otherwise, all percentages, parts, ratios, etc., are by weight. Further, when an amount, concentration, or other value is disclosed as either a range, preferred range or a list of preferred upper and lower values, such disclosure is to
have the same effect as if each individual value within the specified range and any range obtained from a combination of any two individual values within the disclosed range has been specifically disclosed, even if the individual values are not uniquely or individually disclosed herein. Where a range of numerical values is recited herein, unless otherwise stated, the range is intended to include the endpoints thereof, and all integers and fractions within the range. Unless specified, it is not intended that the
scope of the invention be limited to the specific values recited when defining a range.

For clarity, terms used herein are to be understood as described herein or as such term would be understood by one of ordinary skill in the art of the invention. Additional explanation of certain terms used herein, are provided below.

Denaturation Mechanism-is a process in which proteins or nucleic acids lose the quaternary structure, tertiary structure, and secondary structure which is present in their native state, by application of some external stress or compound such as quaternary compound and chlorhexidine. If proteins in a living cell are denatured, this results in disruption of cell activity and possibly cell death. Protein denaturation is also a consequence of cell death.

Reactive Oxygen Species (ROS) Mechanism-a type of unstable molecule that contains oxygen and that easily reacts with other molecules in a cell. A build-up of reactive oxygen species in cells may cause damage to DNA, RNA, and proteins, and may cause cell death. Reactive oxygen species are free radicals. Also called oxygen radical.
Microorganism-Technically a microorganism is an organism that is microscopic. Microorganisms can be bacteria, and fungi.

Inactivation- to make inactive: a) as to destroy certain biological activities, b) to cause as an infectious agent to lose disease-producing capacity.
Colloidal Silver and Copper Nanoparticles- is the term used to describe silver and copper nanoparticles suspended in a liquid and is less than 100 nanometre in size, without capping agent, and invisible to the naked eye.
Synergistic- an interaction between two or more chemicals that cause the total effect of the formulation to be greater than the sum of the individual effects of each chemical. 
CFU-Colony forming unit is a unit used in microbiology to estimate the number of viable bacteria or fungal cells in a sample. 
The following descriptions are exemplary embodiments only, and are not intended to limit the scope, applicability, or configuration of the invention in any way. Rather, the following description provides a convenient illustration for implementing exemplary embodiments of the invention. Various changes to the described embodiments may be made in the function and arrangement of the elements described without departing from the scope of the invention as set forth in the appended claims.
According to the aspect of the present invention, it is the object of the invention to provide the details of the dual inactivation mechanisms method of the self- disinfecting coating deriving its functional properties from the synergistic chemical formulation. 

The said synergistic chemical formulation comprising of colloidal silver nanoparticles with nanoparticle size ranges from 1-100 nanometre, colloidal copper nanoparticles with nanoparticle size ranges from 1-100 nanometre for providing the Reactive Oxygen Species (ROS) mechanism, one of the quaternary ammonium compounds comprising of alkyl dimethyl benzyl ammonium chloride with chemical formula C19H34ClN, alkyl didecyl dimethyl ammonium chloride with chemical formula C22H48ClN, and dialkyl dimethyl ammonium chloride with chemical formula C35H74N+ twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide  C22H48BrN) and dioctyl dimethyl ammonium bromide C18H40NBr) providing the denaturation mechanism, chlorhexidine is used as the denaturation chemical against gram-positive and gram-negative bacteria, silicone emulsion fluid for transparent residual film forming and water.

In an embodiment of the said invention, the preferred size of colloidal silver and copper nanoparticles of the synergistic chemical formulation of the dual inactivation mechanism method of the self-disinfecting coating ranges 5-50 nanometre.
In another embodiment of the said invention, the percentage by of the of colloidal silver and copper nanoparticles of the synergistic chemical formulation of the dual inactivation mechanism method of the self-disinfecting coating ranges from 6% to 50%.
In an embodiment of the said invention, quaternary ammonium compounds comprising of alkyl dimethyl benzyl ammonium chloride with chemical formula C19H34ClN, didecyl dimethyl ammonium chloride with chemical formula C22H48ClN, and dialkyl dimethyl ammonium chloride with chemical formula C35H74N+ twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide  C22H48BrN) and dioctyl dimethyl ammonium bromide C18H40NBr) is used for the provision of  the denaturation mechanism.

In another embodiment of the said invention, the preferred quaternary ammonium compound is diakyl dimethyl ammonium chloride with the chemical formula of C22H48ClN is used for the denaturation mechanism.

Another embodiment of the said invention, the percentage of the above said quaternary ammonium compound of the synergistic chemical formulation of the dual inactivation mechanisms method of the self-disinfecting coating ranges from 0.1% to 9%.

In an embodiment of the said invention, 0.1% -9% of chlorhexidine gluconate of the synergistic chemical formulation of the dual inactivation mechanisms of the self-disinfecting coating is used as the denaturation mechanism of the gram-positive and gram-negative bacteria.

In an embodiment of the said invention silicone emulsion of the synergistic chemical formulation of the dual inactivation method of the self-disinfecting coating is used as the transparent film forming coating. 

In another embodiment of the said invention, the preferred silicone emulsion is polydimethylsiloxane.

In the further embodiment of the said invention, the of polydimethylsiloxane used is 20% to 70%.

In an embodiment of the said invention water is used as a carrier.
In another embodiment 30 to 70% of water is used as a carrier
Examples
The following are the illustrative of various embodiments of the foregoing invention.
Example 1

This example illustrates the dual inactivation mechanism method of self-disinfecting coating deriving its’ functional  properties from the synergistic chemical formulation comprising colloidal silver and copper nanoparticles of 6% to 50% and with nanoparticles size ranging from 5 nano metre to 50 nano metres,  0.1%-9% of one of the quaternary compounds comprising of alkyl dimethyl benzyl ammonium chloride C19H34ClN, didecyl dimethyl ammonium chloride C22H48ClN, and dialkyl dimethyl ammonium chloride C35H74N+,  twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide C22H48BrN and dioctyl dimethyl ammonium bromide C18H40NBr)  by weight, 0.1%-9% of chlorhexidine gluconate, 20% to 70% of silicone polydimethylsiloxane, and 30-70% of water.

Example 2

This example 2 illustrates the dual inactivation mechanism method of self-disinfecting coating deriving its’ functional properties from the synergistic chemical formulation comprising colloidal silver and copper nanoparticles of 6% to 50% and with nanoparticles size ranging 5 nm to 50 nanometre,  0.1%-8% of one of the quaternary compounds comprising of alkyl dimethyl benzyl ammonium chloride C19H34ClN, didecyl dimethyl ammonium chloride C22H48ClN, and dialkyl dimethyl ammonium chloride C35H74N+,  twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide C22H48BrN and dioctyl dimethyl ammonium bromide C18H40NBr), 0.1%-8% of chlorhexidine gluconate, 20% to 50% of polydimethylsiloxane and 20-70% of water.


Example 3

This example 3 illustrates the dual inactivation mechanism method of self-disinfecting coating consisting of the synergistic chemical formulation comprising colloidal silver and copper nanoparticles of 6% to 50% and with nanoparticles size ranging 5 nm to 30 nanometre,  0.1%-8% of one of the quaternary compounds comprising of alkyl dimethyl benzyl ammonium chloride C19H34ClN, didecyl dimethyl ammonium chloride C22H48ClN, and dialkyl dimethyl ammonium chloride C35H74N+,  twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide C22H48BrN and dioctyl dimethyl ammonium bromide C18H40NBr), 0.1%-8% of chlorhexidine gluconate, 20% to 50% of polydimethylsiloxane and 20-70% of water


Example 4

This example 4 illustrates the dual inactivation mechanism method of self-disinfecting coating deriving its’ functional properties from the synergistic chemical formulation comprising colloidal silver and copper nanoparticles of 33 % and with nanoparticles size ranging 5 nm to 30 nano metre, 5% of one of the quaternary compounds comprising of alkyl dimethyl benzyl ammonium chloride C19H34ClN, didecyl dimethyl ammonium chloride C22H48ClN, and dialkyl dimethyl ammonium chloride C35H74N+,  twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide C22H48BrN and dioctyl dimethyl ammonium bromide C18H40NBr), 2% of chlorhexidine gluconate, 20% of polydimethylsiloxane and 40% of water.

Example 5

This example 5 illustrates the dual inactivation mechanism method of self-disinfecting coating deriving its’ functional properties from the synergistic chemical formulation comprising colloidal silver and copper nanoparticles of 33 % and with nanoparticles size ranging 5 nm to 30 nanometre, 5% of didecyl dimethyl ammonium chloride C22H48ClN, 2% of chlorhexidine gluconate, 20%  of polydimethylsiloxane and 40% of water.


The test procedure ascertaining the efficacy of dual inactivation mechanisms method of the self-disinfecting coating involving reactive oxygen species and denaturation mechanisms method according to JIS Z 20801:2010/A1 2012 are herein described below.

Testing method
Bacteria to be used for test
The species of bacteria to be used for the test shall be as follows, and the test shall be carried out on respective bacteria.
a) Staphylococcus aurous-ATCC 6538P
b) Escherichia coli- ATCC 8739



Examples of bacterial strain to be used for the test are shown in table 1. 
Table 1 Bacterial strain used for test
	Type of bacteria
	Preservation number of bacterial strains
	Agency of culture collection

	Staphylococcus
aureus







	ATCC 6538P
FDA 209P
NBRC 12732


CIP 53.156
DSM 346

NCIB 8625

	American Type Culture Collection
Food and Drug Administration
Bioresource Information Center, Department of Biotechnology of National Institute of Technology and
Evaluation
Collection des Bacteries de l'Institu t Pasteu r Deutsche
Sammiung von Mikroorgs.nismen und Zellkulturen
Gmbh
National Collection of Industrial and Marine Bacteria Ltd.

	Escherichia coli







	ATCC 8739
NBRC 3972

CIP 53.126
DSM 1570

NCTB 8545

	American Type Culture Collection
Bioresource in formation Center, Department of Biotechnology of Nations I Institute of Technology and
Evaluation
Collection des Bacteries del'insti tut Pasteur Deutsche
Sammlung von Mikroorganismen und Zellkulturen
Gmbh
National Collection of Industrial and Marine Bacteria Ltd



Test operation
a) Preincubation of test bacteria. One platinum loop of bacteria shall be transferred from the preserved bacterial strain to the slant culture medium and incubated at a temperature of 35°C ±1°C for 16 h to 24 h in the incubator. Further, from this incubated bacteria, one platinum loop of bacteria shalt be transferred to a fresh slant culture medium and incubated at a temperature of 35°C ±1°C for 16 h to 20 h.

b) Preparation of test piece. The preparation of test piece shall be as  
                      follows.
1) The flat part of the product. Shall be cut into a square of 5 cm ± 0.2 cm (within 10 mm in thickness) and made as the test piece of standard size. 
2) Untreated test. Pieces shall be cut out from the antibacterial untreated product or the film. Among six untreated test pieces, three shall be used for the measurement of number of viable bacteria immediately after inoculation with test inoculum and another three shall be used for the measurement of number of viable bacteria after the incubation for 24 h.
3) The three untreated test pieces shall be used for the measurement of number of viable bacteria after incubation for 24 h and the film shall be alternatively used for the measurement of number of viable bacteria immediately after inoculation with test inoculum. When half the number (three pieces) cannot be prepared, the film shall be used for all.

c) Cleaning of test piece. The whole surface of test piece of shall be lightly wiped, with pharmacopeia gauze or absorbent cotton immersed in ethanol two or three times and dried completely.

d) Preparation of test inoculum. One platinum loop of bacteria of the test bacteria preincubated in a) shall be dispersed evenly in a small amount of 1/500 NB, and the bacteria concentration shall be estimated with direct microscopic observation or other appropriate method. This inoculum shall be diluted with 1/500 NB appropriately and adjusted so that the bacteria concentration becomes 2.5 x 105 to 10 x 105 cells/ml, and this shall be used as the test inoculum. if the test inoculum is not used immediately, it shall be cooled on ice (0°C) and shall be used within 2 h after storage.

e) The inoculation with test inoculum shall be as follows.
1) Each test piece shall be placed in a sterilized petri dish making the test surface up. The test surface shall be the surface of the product on which antibacterial treatment is performed. Even when the antibacterial treatment is processed to a depth, the cross section shall not be used as the test surface.

2) Exactly 0.4 ml of test inoculum of shall be taken with a measuring pipette and instilled onto each test piece in the petri dish. The volume of inoculated inoculum on the test piece whose size is other than the standard size shall be proportionally divided by the ratio of the area of covering film. Even if the test piece is of the standard size, when the volume of inoculum based on the provision is inoculated on the test piece of very good wettability such as ceramics, tile, enamel and glass, the film may move at a small slant and the inoculum may escape from the edge of the film. In this case, the volume of inoculated inoculum may be reduced up to 1/4 of the specified volume. However, even when the volume of inoculated inoculum is reduced, the bacteria concentration inoculated on the test piece shall he 6.2 X 103 to 2.5 x 104cells/cm2.

3) The instilled test inoculum shall be covered with a film; the film shall be gently pressed so that the test inoculum spreads across the film while paying attention so that it does spill over from the edge or film, and the lid of the petri dish shall be placed (see figure A and B). The standard size of film shall be the square of 4 cm ± 2 mm. 
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Figure A
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Figure B

f) Incubation of inoculated test piece with test inoculum. The petri dish containing the inoculated test piece with the test inoculum (three untreated test pieces and three antibacterial test pieces) shall be incubated at a temperature of 35°C ± 1°C and a relative humidity of 90% or more for 24h ± 1h.

g) The wash-out of test bacteria inoculated shall be as follows.
1) Test piece immediately after inoculation with test inoculum. For three untreated test pieces immediately after inoculation with test inoculum, the covering film and the test piece shall be placed on another petri dish respectively with caution so that the inoculum does not spill. By adding 10 ml of SCDLP broth, the inoculum on the untreated test piece shall be washed out, with a measuring pipette at least four times, and this wash-out inoculum shall be recovered completely. The washings shall be immediately proceeded to the measurement of the number of viable bacteria.

2) Test piece after incubation. For the test piece after the incubation of f), test bacteria shall be washed out in a similar way to 1). The washings shall be -immediately proceeded to the measurement of the number of viable bacteria.

3) For the wash-out of test bacteria the method such that the covering film and the test piece are placed in a sterilized stomacher pouch by using sterilized tweezers with caution so that the inoculum does not spill, 10ml of SCDLP broth is added with a measuring pipette and the test  piece and the covering film are kneaded sufficiently with hands or an extractor (such as stomacher) for the microbial test is applicable. Or if other methods show a recovery rate equivalent to or superior to the method. above, such methods may be used. If it is difficult to wash out the test bacteria with 10 ml of SCDLP broth because of the size and characteristics of the test piece, the volume may be increased.

h) Measurement of number of viable bacteria by agar plate culture method 
Exactly 1 ml of the wash-out of test bacteria inoculated shall he taken with a measuring pipette and added in a test tube containing 9.0 ml of phosphate buffered physiological saline of and sufficiently mixed. Then, 1 ml shall be taken from this test tube with a new measuring pipette and add in another test tube containing 9.0 ml of phosphate-buffered physiological saline, and sufficiently mixed. These procedures shall be repeated to prepare 10-fold serial dilutions. 1 ml each of the washings and each dilution shall be dispensed into two sterilized petri dishes. To each petri dish, 15 ml to 20 ml of the plate count agar warmed at 46°C to 48°C shall be added and sufficiently mixed. By placing the lids, the petri dishes shall be left as they are at a room temperature. After solidifying the culture medium, the petri dishes shall be turned over, and incubated in the incubator at a temperature of 35°C ±1°C for 40h to 48h. After incubation, the number of colonies in a serially diluted petri dish in which 30 to 300 colonies appear shall be measured, as a rule. If the number of colonies is less than 30 in the agar plate dispensed with 1 ml of the washings, the number of colonies shall be measured for this plate. If there are not any colony formations in any agar plate, then "< 1" shall be recorded. Further, if the number of colonies is not inversely proportional to the dilution ratio, since it is considered that the formation of colonies is inhibited by the effects of the antibacterial agent, the number of viable bacteria shall be determined using a method which forms colonies without being affected by the antibacterial agent with the use of an inactivating agent or dilution.

Calculation of number of viable bacteria
The number of viable bacteria shall be obtained by counts of colonies measured according to equation (1).
N =C x D x V 	 (1)A


where,	
N : number of viable bacteria (per 1 cm2 of test piece)
C : count of colonies (average count, of colonies of two petri dishes adopted)
D : dilution factor (that of dilution. dispensed into petri dishes adopted)
V : volume of SCDLP broth used for wash-out (ml)
A : surface area of covering film (cm2)
The number of viable bacteria shall be expressed with two significant figures y. rounding off the third significant figure. When the count of colonies C is "<1." C is taken as "1", and the number of viable bacteria shall he calculated corresponding to V, A, D at that time. For example. when V is 10 ml, A is 16 cm2 and D is 1, it shall be expressed as "<0.63". 

Test results
The test: results shall be as follows.

1) The following equation (2) is established for the logarithmic value of the number of viable bacteria immediately after inoculation on untreated test piece.

Lmax _ Lmin    ≤0.2 	 (2)Lmean



where, 
Lmax :    maximum logarithm number of viable bacteria 
Lmin :    minimum logarithm number of viable bacteria
Lmean :  average of logarithm numbers of viable bacteria of three test pieces

2) The average of the number of viable bacteria immediately after inoculation on the untreated test piece shall be within the range of 6.2 x 103 to 2.5 x 104cells/cm2.

3) The number of viable bacteria on untreated test piece after 2-4 h shall be not less than 62 cells/cm2 for all three test pieces. When a film is used for the untreated test piece, however, the number of viable cells of bacteria after 24h shall be not less than 6.2 x 102 cells/cm2 for all three tests pieces.

Calculation of antibacterial activity When the test has been determined to be valid, the antibacterial activity shall be obtained according to equation (3). 
R=(Ut - U0 ) - (At - U0 ) =Ut - At 	(3)
where,	
R : antibacterial activity
U0 : average of logarithm numbers of viable bacteria immediately after inoculation on untreated test pieces
Ut : average of logarithm numbers of viable bacteria after inoculation on untreated test pieces after 24h
At : average of logarithm. numbers of viable bacteria after inoculation on antibacterial test piece after 24 h
	Test Microorganism
(Bacterial cells inoculated per test piece)
	Average of the number of viable cells of test microorganism per test piece
	Value of Antibacterial Activity 
(Criteria: Not less than 2.0)

	Staphylococcus aureus (ATCC 6538P)
	0 hour
	24 hours
	

	Control: Not treated

	120,000
	6,100,000
	-

	Sample: Coated with dual inactivation mechanisms of the self-disinfecting coating comprises of said synergistic chemical formulation for 180 Days on PET plastic sheet
	-
	Less than 10
	More than 5.78



	Test Microorganism
(Bacterial cells inoculated per test piece)
	Average of the number of viable cells of test microorganism per test piece
	Value of Antibacterial Activity 
(Criteria: Not less than 2.0)

	Escherichia coli (ATCC 8739)
	0 hour
	24 hours
	

	Control: Not treated

	130,000
	15,000,000
	-

	Sample: Coated with dual inactivation mechanisms method of the self-disinfecting coating comprises of said synergistic chemical formulation for 180 Days on PET plastic sheet
	-
	Less than 10
	More than 6.18



[image: ]

Conclusion
The above test result ascertained the efficacy of the dual inactivation method of the self-disinfecting coating involving denaturation mechanism and reactive oxygen species mechanism (ROS) derived from the said synergistic chemical formulation, against Positive-gram and Negative-gram bacteria is 99.9998% and 99.99993% respectively. 

The test procedure for ascertaining the efficacy against yeast of dual inactivation mechanisms method of the self-disinfecting coating involving reactive oxygen species and denaturation mechanisms method according to BSEN 1275:2005 are herein described below.

1 Requirements

The product shall demonstrate at least a 4 decimal log (lg) reduction.

The fungicidal activity shall be evaluated using at least the following obligatory experimental test conditions: two test organisms (Candida albicans – vegetative cells and Aspergillus niger – spores), 20°C, 15 min.

The yeasticidal activity shall be evaluated using at least the following obligatory experimental test conditions: one test organism (Candida albicans – vegetative cells), 20°C, 15 min.

Where indicated, fungicidal or yeasticidal activity could be determined applying additional contact times, temperatures, and test organisms in accordance with 2.2.1 and 2.5.1.1.

NOTE 1	For these additional conditions, the concentration defined as a result can be lower than the one obtained under the obligatory test conditions.

NOTE 2	At the concentration defined as a result, it is not necessary to demonstrate a 4 lg reduction with the obligatory test conditions.

2 Test method 

2.1 Principle

2.1.1 A sample of the product as delivered (highest test concentration = 80 %) and/or diluted with water is added to a test suspension of fungi (yeast cells or mould spores). The mixture is maintained at (20 ± 1) °C for 15 min ± 10 s (obligatory test conditions). At the end of this contact time, an aliquot is taken, and the fungicidal and/or the fungistatic activity in this portion is immediately neutralized or suppressed by a validated method. The method of choice is dilution-neutralization. If a suitable neutralizer cannot be found, membrane filtration is used. The numbers of surviving fungi in each sample are determined and the reduction is calculated.

2.1.2 The test is performed using the vegetative cells of Candida albicans and the spores of Aspergillus niger (fungicidal activity) or only the vegetative cells of Candida albicans (yeasticidal activity) as test organisms (obligatory test conditions).

2.1.3 Additional and optional contact times and temperatures are specified. Additional test organisms can be used.

2.2 Materials and reagents
2.2.1 Test organisms
The fungicidal activity shall be evaluated using the following strains as test organisms:1)
- Candida albicans ATCC 10231;
- Aspergillus niger	ATCC 16404.
The yeasticidal activity shall be evaluated using only Candida albicans.
The required incubation temperature for these test organisms is (30 ± 1) °C (2.3.2.3).
If additional test organisms are used, they shall be incubated under optimum growth conditions (temperature, time, atmosphere, media) noted in the test report. If the additional test organisms selected do not correspond to the specified strains, their suitability for supplying the required inocula shall be verified. If these additional test organisms are not classified at a reference centre, their identification characteristics shall be stated. In addition, they shall be held by the testing laboratory or national culture collection under a reference for five years.

2.2.2 Culture media and reagents
2.2.2.1	General
All weights of chemical substances given in this European Standard refer to the anhydrous salts. Hydrated forms may be used as an alternative, but the weights required shall be adjusted to allow for consequent molecular weight differences.
The reagents shall be of analytical grade and/or appropriate for microbiological purposes. They shall be free from substances that are toxic or inhibitory to the test organisms.
NOTE 1	To improve reproducibility, it is recommended that commercially available dehydrated material is used for the preparation of culture media. The manufacturer's instructions relating to the preparation of these products should be rigorously followed.
NOTE 2	For each culture medium and reagent, a limitation for use should be fixed.

2.2.2.2 Water

The water shall be freshly glass-distilled water and not demineralized water.
Sterilize in the autoclave [2.3.2.1 a)].
NOTE 1	Sterilization is not necessary if the water is used e.g. for preparation of culture media and subsequently sterilized.
NOTE 2	If distilled water of adequate quality is not available, water for injections (see bibliographic reference [1]) can be used.

2.2.2.3 Malt Extract Agar (MEA) 

Malt extract agar, consisting of:
Malt extract						30.0 g
Soya peptone, Papaic digest of soybean meal	3.0 g
Agar							15.0 g
Water (2.2.2.2)					to 1 000,0 ml

Sterilize in the autoclave [2.3.2.1 a)]. After sterilization, the pH of the medium shall be equivalent to 5.6 ± 0.2 when measured at (20 ± 1)°C.

NOTE	In case of encountering problems with neutralization (2.5.1.2 and 2.5.1.3), it may be necessary to add neutralizer to the MEA.

2.2.2.4	Diluent

Tryptone sodium chloride solution, consisting of:
Tryptone, pancreatic digest of casein		1.0 g
Sodium chloride (NaCl)				8.5 g
Water (2.2.2.2)					to 1 000,0 ml

Sterilize in the autoclave [2.3.2.1 a)]. After sterilization, the pH of the diluent shall be equivalent to 7,0 ± 0,2 when measured at (20 ± 1)°C.

2.2.2.5	Neutralizer

The neutralizer shall be validated for the product being tested in accordance with 2.5.1.2, 2.5.1.3 and 2.5.2. It shall be sterile.

2.2.2.6	Rinsing liquid (for membrane filtration)

The rinsing liquid shall be validated for the product being tested in accordance with 2.5.1.2, 2.5.1.3 and 2.5.3. It shall be sterile, compatible with the filter membrane and capable of filtration through the filter membrane under the test conditions described in 2.5.3.

2.3 Apparatus and glassware 

2.3.1 General

Sterilize all glassware and parts of the apparatus that will come into contact with the culture media and reagents or the sample, except those which are supplied sterile, by one of the following methods:

a) by moist heat, in the autoclave [2.3.2.1 a)];

b) by dry heat, in the hot air oven [2.3.2.1 b)].

2.3.2 Usual microbiological laboratory equipment and the following:

2.3.2.1	Apparatus for sterilization:

a) for moist heat sterilization, an autoclave capable of being maintained at (121+30) °C for a minimum holding time of 15 min.

b) for dry heat sterilization, a hot air oven capable of being maintained at (180+50)°C for a minimum holding time of 30 min, at (170+50) °C for a minimum holding time of 1 h or at ( 160+50)°C for a minimum holding time of 2 h.

2.3.2.2	Water baths, capable of being controlled at (20 ±1) °C, at (45 ±1) °C (to maintain melted MEA in case of pour plate technique) and at additional test temperatures ± 1 °C (2.5.1).

2.3.2.3	Incubator, capable of being controlled at (30 ±1) °C.

2.3.2.4	pH-meter, having an inaccuracy of calibration of no more than ± 0.1 pH units at (20 ± 1) °C.

NOTE	A puncture electrode or a flat membrane electrode should be used for measuring the pH of the agar media (2.2.2.3).

2.3.2.5	Stopwatch

2.3.2.6	Shakers

a) Electromechanical agitator, e.g. Vortex® mixer)

b) Mechanical shaker

2.3.2.7	Membrane filtration apparatus, constructed of a material compatible with the substances to be filtered

The apparatus shall have a filter holder of at least 50 ml volume. It shall be suitable for use with filters of diameter 47 mm to 50 mm and 0.45 µm pore size for the membrane filtration method (2.5.3).

The vacuum source used shall give an even filtration flow rate. In order to obtain a uniform distribution of the micro-organisms over the membrane and to prevent overlong filtration, the device shall be set so as to obtain the filtration of 100 ml of rinsing liquid in 20s to 40s.

8 Refrigerator, capable of being controlled at 2 °C to 8 °C.

2.3.2.9 Graduated pipettes, of nominal capacities 10 ml, 1 ml and 0,1 ml, or calibrated automatic pipettes.

2.3.2.10 Petri dishes (plates), of size 90 mm to 100 mm.

2.3.2.11 Glass beads, 3 mm to 4 mm in diameter.

2.3.2.12 Volumetric flasks.

2.3.2.13 Fritted filter, with porosity of 40 μm to 100 μm according to ISO 4793.

2.3.2.14 Centrifuge (2000 gN).

2.3.2.15 Roux bottles or similar flasks.

2.4 Preparation of test organism suspensions and product test solutions

2.4.1 Test organism suspensions (test and validation suspension)

2.4.1.1 General

For each test organism, two different suspensions must be prepared: the “test suspension” to perform the test and the “validation suspension” to perform the controls and method validation.

2.4.1.2 Preservation and stock cultures of test organisms

The test organisms and their stock cultures shall be prepared and kept in accordance with EN 12353.

2.4.1.3 Working culture of test organisms

2.4.1.3.1 Candida albicans (yeast)

To prepare the working culture of Candida albicans (2.2.1), prepare a subculture from the stock culture (2.4.1.2) by streaking onto MEA (2.2.2.3) slopes or plates (2.3.2.10) and incubate (2.3.2.3). After 42 h to 48 h, prepare a second subculture from the first subculture in the same way and incubate for 42 h to 48 h. From this second subculture, a third subculture may be produced in the same way. The second and (if produced) third subcultures are the working cultures.
If it is not possible to prepare the second subculture on a particular day, a 72 h subculture may be used for subsequent subculturing, provided that the subculture has been kept in the incubator (2.3.2.3) during the 72 h period. Never produce and use a fourth subculture.

2.4.1.3.2 Aspergillus niger (mould)

For Aspergillus niger (2.2.1), use only the first subculture grown on MEA (2.2.2.3) in Roux bottles (2.3.2.15) and incubate for 9 d to 11 d. No further subculturing is needed.

2.4.1.3.3 Other test organisms (yeasts or moulds)

For additional test organisms, any departure from this method of culturing the yeast or the mould or of preparing
the suspensions shall be noted, giving the reasons in the test report.

2.4.1.4 Test suspension (“N”)

2.4.1.4.1 Candida albicans

The procedure for preparing the Candida albicans test suspension is as follows:

a) take 10 ml of diluent (2.2.2.4) and place in a 100 ml flask with 5 g of glass beads (2.3.2.11). Take the working culture (2.4.1.3.1) and transfer loopfuls of the cells into the diluent (2.2.2.4). The cells should be suspended in the diluent by rubbing the loop against the wet wall of the flask to dislodge the cells before immersing in the diluent. Shake the flask for 3 min using a mechanical shaker [2.3.2.6b)]. Aspirate the suspension from the glass beads and transfer to another tube.

b) adjust the number of cells in the suspension to 1.5 x 107 cfu/ml 4) to 5.0 x 107 cfu/ml using diluent (2.2.2.4), estimating the number of cfu by any suitable means. Maintain this test suspension in the water bath at the test temperature θ [2.5.1.1 a)] and use within 2 hr.

c) for counting, prepare 10-5 and 10-6 dilutions of the test suspension using diluent (2.2.2.4). Mix [2.3.2.6a).

Take a sample of 1,0 ml of each dilution in duplicate and inoculate using the pour plate or the spread plate technique.
1) When using the pour plate technique, transfer each 1,0 ml sample into separate Petri dishes and add 15 ml to 20 ml melted MEA (2.2.2.3), cooled to (45 ± 1) °C.

2) when using the spread plate technique, spread each 1,0 ml sample – divided into portions of approximately equal size – on an appropriate number (at least two) of surface dried plates containing MEA (2.2.2.3).

For incubation and counting, see 2.4.1.6.

2.4.1.4.2 Aspergillus niger

The procedure for preparing the Aspergillus niger test suspension is as follows:

a) take the working culture (2.4.1.3.2) and suspend the spores in 10 ml of sterile 0,05 % (w/v) polysorbate 80 solution in water (2.2.2.2). Using a glass rod or spatula, detach the conidiospores from the culture surface. Transfer the suspension into a flask and gently shake by hand for one minute together with 5 g of glass
beads (2.3.2.11). Filter the suspension through a fritted filter (2.3.2.13);

b) carry out a microscopic examination under x 400 magnification immediately after the preparation and just before the test, to show the absence of mycelia fragments and spore germination (check at least ten fields of view for absence of both). If germinated spores are present, discard the suspension.

If mycelia are present, set up a washing process (centrifugation) as follows. Transfer the filtered suspension to centrifuge tubes. The filtered suspension is centrifuged (2.3.2.14) at 2 000 gN for 20 min. The conidiospores are washed at least twice by resuspension in diluent (2.2.2.4) and subsequent centrifugation. If mycelia are still present, repeat the washing process.

c) adjust the number of spores in the suspension to 1.5 x 107 cfu/ml to 5.0 x 107 cfu/ml using the diluent (2.2.2.4), estimating the number of cfu by any suitable means. Use the suspension within 4 h. It can be stored up to 2 d in the refrigerator and shall then be checked just before the test for absence of germinated spores [see b)]. In any case, adjust the temperature according to 2.5.1.4 only immediately before the start of the test (2.5.2 or 2.5.3).

d) for counting, prepare 10-5 and 10-6 dilutions of the test suspension using diluent (2.2.2.4). Mix [2.3.2.6a)].

Take a sample of 1,0 ml of each dilution in duplicate and inoculate using the pour plate or the spread plate technique.
1) When using the pour plate technique, transfer about half of each 1,0 ml sample into separate Petri dishes (i.e. in duplicate = four plates) and add 15 ml to 20 ml of melted MEA (2.2.2.3), cooled to (45 ± 1) °C;

2) when using the spread plate technique, spread about one quarter of each 1,0 ml sample on an appropriate number (at least four) of surface dried plates containing MEA (2.2.2.3) (i.e. in duplicate – at least eight plates).

For incubation and counting, see 2.4.1.6

2.4.1.5 Validation suspension (“Nv”)

a) To prepare the validation suspension, dilute the test suspension (2.4.1.4.1 and 2.4.1.4.2) with the diluent (2.2.2.4) to obtain the Fungi count of 3,0 x 102 cfu/ml to 1,6 x 103 cfu/ml [about one-fourth (1 + 3) of the 10-4 dilution].

b) For counting, prepare a 10-1 dilution with diluent (2.2.2.4). Mix [2.3.2.6a)]. Take a sample of 1,0 ml in duplicate and inoculate using the pour plate or the spread plate technique [with Candida albicans, 2.4.1.4.1 c); with Aspergillus niger, 2.4.1.4.2 d)]. For incubation and counting see 2.4.1.6.

2.4.1.6 Incubation and counting of the test and the validation suspensions

For incubation and counting of the test and the validation suspensions, the procedure is as follows:

a) incubate (2.3.2.3) the plates for 42 h to 48 h. Discard any plates that are not countable for any reason. Count the plates and determine the number of cfu.

Only for Aspergillus niger: incubate the plates for a further 20 h to 24 h and – if the number of colonies has increased – for a third additional period of 20 h to 24 h. Do not recount plates that no longer show well-separated colonies. Recount the remaining plates. If the number has increased, use only the higher number for further evaluation.

b) note for each plate the exact number of colonies, but record ">165" (for moulds) or "> 330" (for yeasts) for any counts higher than 165 and 330 respectively and determine the Vc values according to 2.6.2.2.

c) calculate the numbers of cfu/ml in the test suspension “N” and in the validation suspension “Nv” using the methods given in 2.6.2.3 and 2.6.2.5. Verify according to 2.7.

2.4.2 Product test solutions

The concentration of a product test solution shall be 1.25 times the desired test concentration because it is diluted to 80 % during the test and the method validation (2.5.2 or 2.5.3). Product test solutions shall be prepared in water (2.2.2.2) at minimum three different concentrations to include one concentration in the active
range and one concentration in the non-active range (2.8.2). The product as received may be used as one of the product test solutions, in this case the highest tested concentration is 80 %.

For solid products, dissolve the product as received by weighing at least 1,0 g ± 10 mg of the product in a volumetric flask and filling up with water (2.2.2.2). Subsequent dilutions (lower concentrations) shall be prepared in volumetric flasks (2.3.2.12) on a volume/volume basis in water (2.2.2.2).

For liquid products, dilutions of the product shall be prepared with water (2.2.2.2) on a volume/volume basis using volumetric flasks (2.3.2.12).

The product test solutions shall be prepared freshly and used in the test within 2 h. They shall give a physically homogeneous preparation that is stable during the whole procedure. If during the procedure a visible inhomogeneity appears due to the formation of a precipitate or flocculant, it shall be recorded in the test report.

NOTE Counting micro-organisms embedded in a precipitate or flocculant is difficult and unreliable.

The concentration of the product stated in the test report shall be the desired test concentration. Record the test concentration in terms of mass per volume or volume per volume and details of the product sample as received.

2.5 Procedure for assessing the fungicidal or yeasticidal activity of the product

2.5.1 General

2.5.1.1	Experimental conditions (obligatory and additional)
Besides the obligatory temperature, contact time and test organisms, additional experimental conditions may be selected (Clause 4), as follows:
1. temperature θ (in °C):
- the obligatory temperature to be tested is θ = 20 °C.
- the additional temperature may be chosen from 4 °C, 10 °C or 40 °C.
- the allowed deviation for each chosen temperature is ± 1 °C.
1. contact time t (in min):
- the obligatory contact time to be tested is t = 15 min.
- additional contact times may be chosen from 1 min, 5 min, 30 min or 60 min.
- the allowed deviation for each chosen contact time is ± 10 s, except for 1 min, for which it is ± 5 s.
1. test organisms (2.2.1):
- the obligatory test organisms for testing fungicidal activity are Candida albicans and Aspergillus niger;
- the obligatory test organism for testing yeasticidal activity is Candida albicans.

Additional test organisms may be tested.

2.5.1.2	Choice of test method (dilution-neutralization or membrane filtration)

The method of choice is the dilution-neutralization method (2.5.2). To determine a suitable neutralizer, carry out the validation of the dilution neutralization method (2.5.2.3, 2.5.2.4 and 2.5.2.5 in connection with 2.5.2.6) using a neutralizer, chosen according to laboratory experience and published data.

If this neutralizer is not valid, repeat the validation test using an alternative neutralizer containing a combination of polysorbate 80 (30 g/l), saponin (30 g/l), L-histidine (1 g/l), lecithin (3 g/l), sodium thiosulphate (5 g/l) in either diluent (2.2.2.4) or phosphate buffer 0,0025 mol/l.

If both neutralizers are found to be invalid, the membrane filtration method (2.5.3) may be used in place of the dilution-neutralization method.

NOTE	In special circumstances, it may be necessary to add neutralizer to the MEA (2.2.2.3).

2.5.1.3 General instructions for validation and control procedures

The neutralization and/or removal of the fungicidal and/or fungistatic activity of the product shall be controlled and validated – only for the highest product test concentration – for each of the used test organisms and for each experimental condition (temperature, contact time). These procedures (experimental condition control, neutralizer or filtration control and method validation) shall be performed at the same time with the test and with the same neutralizer – or rinsing liquid – used in the test.

If because of problems with neutralization a neutralizer has been added to MEA (2.5.1.2) used for the validation and control procedures the MEA used for the test shall contain the same amount of this neutralizer as well.

2.5.1.4	Equilibration of temperature

Prior to testing, equilibrate all reagents (product test solutions (2.4.2), test suspension (2.4.1.4), validation suspension (2.4.1.5), diluent (2.2.2.4), water (2.2.2.2) to the test temperature θ [2.5.1.1 a)]) using the water bath (2.3.2.2). Check that the temperature of the reagents is stabilized at q.

The neutralizer (2.2.2.5) or the rinsing liquid (2.2.2.6) and water (2.2.2.2) shall be equilibrated at a temperature of (20 ± 1) °C.

2.5.1.5 Precautions for manipulation of test organisms

Do not touch the upper part of the test tube sides when adding the test- or the validation suspensions (2.4.1).
2.5.2 Dilution-neutralization method

2.5.2.1	General

The test and the control and validation procedures (2.5.2.2 through 2.5.2.5) shall be carried out at the same time.

2.5.2.2 Test "Na" – determination of fungicidal or yeasticidal concentrations 

The procedure for determining fungicidal or yeasticidal concentrations is as follows:

a)	pipette 1,0 ml of water (2.2.2.2) into a tube. Add 1,0 ml of the test suspension (2.4.1.4). Start the stopwatch (2.3.2.5) immediately, mix [2.3.2.6a)] and place the tube in a water bath controlled at the chosen temperature θ [2.5.1.1 a)] for 2 min ± 10 s.

At the end of this time, add 8,0 ml of one of the product test solutions (2.4.2). Restart the stopwatch at the beginning of the addition. Mix [2.3.2.6a)] and place the tube in a water bath controlled at q for the chosen contact time t [2.5.1.1 b)]. Just before the end of t, mix [2.3.2.6a)] again;

b) at the end of t, take a 1,0 ml sample of the test mixture “Na” and transfer into a tube containing 8,0 ml neutralizer (2.2.2.5) and 1,0 ml water (2.2.2.2). Mix [2.3.2.6a)] and place in a water bath controlled at (20 °± 1) C. After a neutralization time of 5 min ± 10 s, mix [2.3.2.6a)] and immediately take a sample of 1,0 ml of the neutralized test mixture “Na” (containing neutralizer, product test solution, test suspension) in duplicate and inoculate using the pour plate or the spread plate technique:
1. when using the pour plate technique, pipette each 1,0 ml sample into separate Petri dishes and add 15 ml to 20 ml of melted MEA (2.2.2.3), cooled to (45 ± 1) °C.

1. when using the spread plate technique, spread each 1,0 ml sample – divided into portions of approximately equal size – on an appropriate number (at least two) of surface dried plates containing MEA (2.2.2.3).

For incubation and counting see 2.5.2.6:

c)	perform the procedure a) and b) using the other product test solutions at the same time.

d) perform the procedure a) to c) applying the other obligatory and – if appropriate – other additional experimental conditions (2.5.1.1).

2.5.2.3 Experimental conditions control “A” – validation of the selected experimental conditions and/or verification of the absence of any lethal effect in the test conditions

To validate the selected experimental conditions and/or verify the absence of any lethal effect in the test conditions, the procedure is as follows:

NOTE	When the test is performed at the following conditions: Candida albicans or Aspergillus niger, 20 °C, any contact time, this control can be skipped.

1. pipette 1,0 ml of water (2.2.2.2) into a tube. Add 1,0 ml of the validation suspension (2.4.1.5). Start the stopwatch immediately, mix [2.3.2.6a)] and place the tube in a water bath controlled at e for 2 min ± 10 s. At the end of this time, add 8,0 ml of water (2.2.2.2). Restart the stopwatch at the beginning of the addition. Mix [2.3.2.6a)] and place the tube in a water bath controlled at q for t. Just before the end of t, mix [2.3.2.6a)] again;

1. at the end of t, take a sample of 1,0 ml of this mixture “A” in duplicate and inoculate using the pour plate or the spread plate technique [2.5.2.2 b]. For incubation and counting see 2.5.2.6.

2.5.2.4	Neutralizer control “B” – (Verification of the absence of toxicity of the neutralizer) To verify the absence of toxicity of the neutralizer, the procedure is as follows:

1. pipette 8,0 ml of the neutralizer – used in the test (2.5.2.2) – and 1,0 ml of water (2.2.2.2) into a tube. Add 1,0 ml of the validation suspension (2.4.1.5). Start the stopwatch at the beginning of the addition, mix [2.3.2.6a)], and place the tube in a water bath controlled at (20 ± 1) °C for 5 min ± 10 s. Just before the end of this time, mix [2.3.2.6a)];

1. at the end of this time take a sample of 1,0 ml of this mixture “B” in duplicate and inoculate using the pour plate or the spread plate technique [2.5.2.2 b)].

For incubation and counting see 2.5.2.6.

2.5.2.5	Method validation “C” (Dilution-neutralization validation)
 
To validate the dilution neutralization method, the procedure is as follows:

1. pipette 1,0 ml of water (2.2.2.2) into a tube. Add 1,0 ml of the diluent (2.2.2.4) and then, starting a stopwatch, 8,0 ml of the product test solution only of the highest concentration used in the test (2.5.2.2). Mix [2.3.2.6a)] and place the tube in a water bath controlled at q for t. Just before the end of t, mix [2.3.2.6a)] again.

1. at the end of t transfer 1,0 ml of the mixture into a tube containing 8,0 ml of neutralizer (used in 2.5.2.2). Restart the stopwatch at the beginning of the addition. Mix [2.3.2.6a)] and place the tube in a water bath controlled at (20 ± 1) °C for 5 min ± 10 s. Add 1,0 ml of the validation suspension (2.4.1.5). Start a stopwatch at the beginning of the addition and mix [2.3.2.6a)]. Place the tube in a water bath controlled at (20 ± 1) °C for (30 ± 1) min. Just before the end of this time, mix [2.3.2.6a)] again. At the end of this time take a sample of 1,0 ml of the mixture “C” in duplicate and inoculate using the pour plate or the spread plate technique [2.5.2.2 b)]

For incubation and counting see 2.5.2.6.

2.5.2.6 Incubation and counting of the test mixture and the control and validation mixtures

For incubation and counting of the test mixture and the control and validation mixtures, the procedure is as follows:
1. incubate (2.3.2.3) the plates for 42 h to 48 h. Discard any plates that are not countable for any reason. Count the plates and determine the number of colonies forming units.

Only for Aspergillus niger: Incubate the plates for a further 20 h to 24 h and – if the number of colonies has increased - for a third additional period of 20 h to 24 h. Do not recount plates that no longer show well-separated colonies. Recount the remaining plates. If the number has increased, use only the higher number for further evaluation.

1. note for each plate the exact number of colonies, but record ">165" (for moulds) or ">330" (for yeasts) for any counts higher than 165 and 330 respectively and determine the Vc values according to 2.6.2.2.

1. calculate the numbers of colony-forming units per millilitre in the test mixture "Na" and in the validation mixtures "A", "B" and "C" using the method given in 2.6.2.4 and 2.6.2.6. Verify according to 2.7.


2.5.3 Membrane filtration method

2.5.3.1	General

The test and the control and validation procedures (2.5.3.2 through 2.5.3.5) shall be carried out in parallel and separately for each experimental condition (2.5.1.1).

Each membrane filtration apparatus shall be equipped with a membrane of 0.45 µm pore size and 47 mm to 50 mm diameter (2.3.2.7) and filled with 50 ml of the rinsing liquid (2.2.2.6). The time required for filtering – if longer than one minute in exceptional cases – shall be recorded in the test report. When transferring the membranes to the surface of an agar plate, care should be taken to ensure that the test organisms are on the upper side of the membrane when placed on the plate and to avoid trapping air between the membrane and agar surface.

2.5.3.2 Test “Na” – (Determination of the fungicidal or yeasticidal – concentrations) 

The procedure for determining the fungicidal or yeasticidal concentrations is as follows:
1. see 2.5.2.2 a);

1. at the end of t take a sample of 0,1 ml of the test mixture “Na” in duplicate and transfer each 0,1 ml sample into a separate membrane filtration apparatus (2.5.3.1). Filter immediately. Filter through at least 150 ml but no more than 500 ml of rinsing liquid (2.2.2.6). If the rinsing liquid is not water, complete the procedure by filtering 50 ml of water (2.2.2.2). Then transfer each of the membranes to the surface of separate MEA plates.

		For incubation and counting see 2.5.3.6.

1. see 2.5.2.2 c);

1. see 2.5.2.2 d).

2.5.3.3	Experimental conditions control “A” – (Validation of the selected experimental conditions and/or verification of the absence of any lethal effect in the test conditions)

To validate the selected experimental conditions and/or verify the absence of any lethal effect in the test conditions, the procedure is as follows:

NOTE	When the test is performed at the following conditions: Candida albicans or 
Aspergillus niger, 20 °C, any contact time, this control can be skipped.

1. see 2.5.2.3 a);

1. at the end of t, take a sample of 1,0 ml of this mixture "A" in duplicate and transfer each 1,0 ml sample into a separate membrane filtration apparatus (2.5.3.1). Filter immediately and additionally with 50 ml of water (2.2.2.2). Then transfer each of the membranes to the surface of separate MEA plates (2.2.2.3).

In the case of Aspergillus niger divide the sample in two, three or four portions of approximately equal size and transfer each portion into a separate membrane filtration apparatus (2.5.3.1) i.e. for duplicate four, six or eight membranes shall be inoculated.

NOTE	The reason for dividing the sample is the upper limit for counting [2.6.2.2 a)]. 

For incubation and counting, see 2.5.3.6.

2.5.3.4	Filtration control “B” – (Validation of the filtration procedure) 

To validate the filtration procedure, proceed as follows.

Take 0,1 ml of the validation suspension (2.4.1.5) in duplicate (suspension for control "B") and transfer each 0,1 ml sample into a separate membrane filtration apparatus (2.5.3.1).

Filter immediately. Filter through the rinsing liquid (2.2.2.6) the same way as in the test [2.5.3.2 b)]. If the rinsing liquid is not water, complete the procedure by filtering 50 ml of water (2.2.2.2). Then transfer each of the membranes to the surface of separate MEA plates (2.2.2.3). In the case of Aspergillus niger divide the sample in two, three or four portions of approximately equal size and transfer each portion into a separate membrane filtration apparatus (2.5.3.1) i.e. for duplicate four, six or eight membranes shall be inoculated.

NOTE	The reason for dividing the sample is the upper limit for counting [2.6.2.2 a)]. 

For incubation and counting, see 2.5.3.6.

2.5.3.5 Method validation “C” – (Validation of the membrane filtration method or counting of the fungi on the membranes which have previously been in contact with the mixture of product and diluent

For validation of the membrane filtration method or counting of the fungi on the membranes which have previously been in contact with the product, the procedure is as follows:

1. see 2.5.2.5 a);

1. at the end of t, take 0,1 ml of the validation mixture "C" in duplicate and transfer each 0,1 ml sample into a separate membrane filtration apparatus (2.5.3.1). Filter immediately. Filter through the rinsing liquid (2.2.2.6) the same way as in the test [2.5.3.2b)], then cover the membranes with 50 ml of the rinsing liquid (2.2.2.6) and add 0,1 ml of the validation suspension (2.4.1.5). Filter immediately again and additionally with 50 ml of water (2.2.2.2), then transfer each of the membranes to the surface of separate MEA plates (2.2.2.3). In the case of Aspergillus niger divide the sample in two, three or four portions of approximately equal size and transfer each portion into a separate membrane filtration apparatus (2.5.3.1) i.e. for duplicate four, six or eight membranes shall be inoculated.

NOTE	The reason for dividing the sample is the upper limit for counting [2.6.2.2 a)]. 

For incubation and counting, see 2.5.3.6.

2.5.3.6 Incubation and counting of the test mixture and the control and validation mixtures

For incubation and counting of the test mixture and the control and validation mixtures, the procedure is as follows:
1. incubate (2.3.2.3) the plates for 42 h to 48 h. Discard any plates that are not countable for any reason. Count the colonies on the membranes.

Only for Aspergillus niger: incubate the plates for a further 20 h to 24 h and – if the number of colonies has increased - for an additional third period of 20 h to 24 h. Do not recount plates that no longer show well-separated colonies. Recount the remaining plates. If the number has increased, use only the higher number for further evaluation;
1. note for each plate the exact number of colonies, but record "> 55" (for moulds) or ">165" (for yeasts) for any counts higher than 55 and 165 respectively and determine the Vc values in accordance with 2.6.2.2.

1. calculate the numbers of cfu/ml in the test mixture “Na” and in the validation mixtures "A", "B" and "C" using the method given in 2.6.2.4 and 2.6.2.6. Verify according to 2.7.

2.6 Experimental data and calculation 

2.6.1 Explanation of terms and abbreviations

2.6.1.1	Overview of the different suspensions and test mixtures

N and Nv represent the Fungi suspensions, Na represents the fungicidal test mixture, A (experimental conditions control), B (neutralizer or filtration control), C (method validation) represent the different control test mixtures.
N, Nv, N0, Nv0, Na and A, B and C represent the number of cells counted per ml in the different test mixtures in accordance with Table 1.

Table 1 — Number of cells counted per ml in the different test mixtures

	
	Number of cells per ml in the Fungi
suspensions
	Number of cells per ml in the test mixtures at the beginning of the contact time
(time = 0)
	Number of survivors per ml in the test mixtures at the end of the contact time t or 5 min (B) or 30 min (C)

	Test
	N
Test suspension
	N0 (= N/10)
	Na (before neutralization or filtration)

	Controls
	Nv
Validation suspension
	Nv0 (= Nv/10)
	A, B, C




2.6.1.2	Vc values

All experimental data are reported as Vc values:
- in the dilution-neutralization method (test and controls), a Vc value is the number of colony-forming units counted per 1,0 ml sample.
- in the membrane filtration method, a Vc value is the number of colony-forming units counted per 0,1 ml sample of test mixture Na and per 1,0 ml sample in the controls.

2.6.2 Calculation

2.6.2.1	General
The first step in the calculation is the determination of the Vc values, the second the calculation of N, N0, Na, Nv, Nv0, A, B and C. The third step is the calculation of the reduction R (2.8).

2.6.2.2 Determination of Vc values 

The Vc values are determined as follows:

1. the usual limits for counting fungi on agar plates are between 15 and 150 colonies for moulds and between 15 and 300 colonies for yeasts. In this European Standard, a deviation of 10 % is accepted, so the limits are 14 and 165 for moulds and 14 and 330 for yeasts. On membranes the usual upper limits are different: 50 for moulds and 150 for yeasts, therefore with the 10 % deviation, the limits are 55 for moulds and 165 for yeasts:

NOTE		The lower limit (14) is based on the fact that the variability is increasing the smaller the number counted in the sample (1 ml or 0,1 ml) is, and therefore subsequent calculations may lead to wrong results. The lower limit refers only to the sample (and not necessarily to the counting on one plate), e.g. three plates per 1 ml sample with 3 cfu, 8 cfu and 5 colony-forming units give a Vc value of 16. The upper limits (55, 165 and 330) reflect the imprecision of counting confluent colonies and growth inhibition due to nutriment depletion. They refer only to the counting on one plate, and not necessarily to the sample.

1. for counting the test suspension N (2.4.1.6), the validation suspension Nv (2.4.1.6) and for all countings of the dilution-neutralization method (2.5.2.6), determine and record the Vc values according to the number of plates used per 1 ml sample (2.6.1.2);

NOTE		If more than one plate per 1 ml sample has been used to determine the Vc value, the countings per plate should be noted.

if the count on one plate is higher than 165 (or 330), report the number as “>165” (or “> 330”). If more than one plate per 1 ml sample has been used and at least one of them shows a number higher than 165 (or 330), report this Vc value as “> sum of the counts” (e.g. for “>165, 132, 144”, report “> 441”);

if a Vc value is lower than 14, report the number (but substitute by “< 14” for further calculation in the case of Na);

for the membrane-filtration method (2.5.3), the countings on the membranes are the Vc values (2.6.1.2). Report the Vc values below the lower limit (14) or above the upper limit (165 or 55) as described above;

c) only Vc values within the respective counting limits are taken into account for further calculation, except in the case of Na (2.6.2.4).

2.6.2.3 Calculation of N and N0 

N is the number of cells per ml in the test suspension (2.4.1.4; 2.6.1.1).

Since two dilutions of the test suspension (2.4.1.4 in connection with 2.4.1.6) are evaluated, calculate the number of cfu/ml as the weighted mean count using the following equation:

	

where
c	is the sum of Vc values taken into account.

n1	is the number of Vc values taken into account in the lower dilution, i.e. 10-5;

n2	is the number of Vc values taken into account in the higher dilution, i.e. 10-6; 

10-5 is the dilution factor corresponding to the lower dilution.

Round off the results calculated to two significant figures. For this, if the last figure is below 5, the preceding figure is not modified; if the last figure is more than 5, the preceding figure is increased by one unit; if the last figure is equal to 5, round off the preceding figure to the next nearest even figure. Proceed stepwise until two significant figures are obtained. As a result, the number of cfu/ml is expressed by a number between 1,0 and 9,9 multiplied by the appropriate power of 10.

2.6.2.4 Calculation of Na
Na is the number of survivors per ml in the test mixture [2.5.2.2 a) or 2.5.3.2 a)] at the end of the contact time and before neutralization or membrane filtration. It is tenfold higher than the Vc values due to the addition of neutralizer and water [2.5.2.2 b)] or the sample volume of 0,1 ml [2.5.3.2 b)] in the membrane filtration method.

Calculate Na using the following equation:

Na = 10c/n 

where
c	is the sum of Vc values taken into account;

n	is the number of Vc values taken into account.

If one or both of the duplicate Vc values are either below the lower or above the upper limit, express the results as “less than” or “more than”.

2.6.2.5 Calculation of Nv and Nv0 
Nv is the number of cells per ml in the validation suspension (2.4.1.5). It is tenfold higher than the counts in terms of Vc values due to the dilution step of 10-1 (2.4.1.5).
Nv0 is the number of cells per ml in the mixtures A, B and C at the beginning of the contact time (time 0) (2.6.1.1). It is one-tenth of the mean of the Vc values of Nv [2.4.1.6 c)] taken into account.

Calculate Nv and Nv0 using the following equations: 

Nv = 10c/n

Nv0 = c/n

where
	c	is the sum of Vc values taken into account;

	n	is the number of Vc values taken into account

2.6.2.6 Calculation of A, B and C

A, B and C are the numbers of survivors in the experimental conditions control A (2.5.2.3 or 2.5.3.3), neutralizer control B (2.5.2.4) or filtration control (2.5.3.4) and method validation C (2.5.2.5 or 2.5.3.5) at the end of the contact time t (A) or the defined times 5 min (B) and 30 min (C). They correspond to the mean of the Vc values of the mixtures A, B and C taken into account.

Calculate A, B and C using the following equation:
A, B, C = c/n 

where
	c	is the sum of Vc values taken into account;
	n	is the number of Vc values taken into account.

2.7 Verification of methodology

2.7.1 General

A test is valid if:

- all results meet the criteria of 2.7.3; and

- the requirements of 2.8.2 are fulfilled. 

2.7.2 Control of weighted mean counts
For results calculated by weighted mean of two subsequent dilutions (e.g. “N”), the quotient of the mean of the two results shall be not higher than 15 and not lower than 5. Results below the lower limit are taken as the lower limit number (14). Results above the respective upper limit [2.6.2.2 b)] are taken as the upper limit number.
2.7.3 Basic limits
For each test organism check that:

1. N is between 1.5 x 107 and 5.0 x 107	(7.17 ~ lg N ~ 7.70);

N0 is between 1.5 x 106 and 5.0 x 106	(6.17 ~ lg N0 ~ 6.70);

1. Nv0 is between 30 and 160			(3.0 x 101 and 1.6 x 102);
(Nv is between 3.0 x 102 and 1.6 x 103);

1. A, B, C are equal to or greater than 0.5 x Nv0;

1. control of weighted mean counts (2.7.2): quotient is not lower than
	and not higher than 15.

2.8	Expression of results and precision

2.8.1 Reduction
The reduction (R = N0/Na) is expressed in logarithm.
For each test organism record the number of cfu/ml in the test suspension N (2.6.2.3) and in the test Na (2.6.2.4). Calculate N0 (2.6.2.3).
For each product concentration and each experimental condition, calculate and record the decimal log reduction (lg) separately using the equation:
lgR =lgN0 - lgNa

For the controls and validation of the dilution-neutralization method or membrane filtration method, record Nv0 (2.6.2.5), the results of A, B and C (2.6.2.6) and their comparison with Nv0 [2.7.3 c)].
2.8.2 Control of active and non-active product test solution (2.4.2)
At least one concentration per test [2.5.2.2 a) to c) or 2.5.3.2 a) to c)] shall demonstrate a 4 lg or more reduction and at least one concentration shall demonstrate a lg reduction of less than 4.
2.8.3 Limiting test organism and fungicidal/yeasticidal concentration

2.8.3.1	Fungicidal concentration
For each test organism, record the lowest concentration of the product which passes the test (lg R ~ 4). Record as the limiting test organism the test organism requiring the highest of these concentrations (it is the least susceptible to the product in the chosen experimental conditions).
The lowest concentration of the product active on the limiting test organism is the fungicidal concentration determined according to this European Standard.

2.8.3.2 Yeasticidal concentration
Record the lowest concentration of the product which passes the test with Candida albicans (lg R ≥ 4). The lowest concentration of the product active on Candida albicans is the yeasticidal concentration determined according to this European Standard.

2.8.4 Precision, replicates
Taking into account the precision of the methodology determined by a statistical analysis based on data provided by a collaborative study, replication of the test (six to seven replicates for a precision of ± 1 lg in reduction) is recommended (Annex E). The number of replicate tests shall be decided according to the required level of precision, considering the intended use of the test results.
Replication means the complete test procedure with separately prepared test — and validation suspensions. The replicate of the test may be restricted to the limiting test organism. The mean of the results of the replicates — not each single result — shall demonstrate at least a 4 lg reduction and shall also be calculated and recorded.

2.9	Interpretation of results - conclusion 

2.9.1 General
According to the chosen experimental conditions (obligatory or obligatory and additional) the fungicidal concentrations determined according to this European Standard may differ (Clause 4).

2.9.2 Fungicidal activity

The product shall be deemed to have passed the EN 1275 standard for fungicidal activity if it demonstrates in a valid test at least a 4 lg reduction in one of the test conditions defined by this European Standard using moulds and yeasts as test organisms.
The fungicidal concentration determined according to this European Standard is reported with the test conditions (temperature, contact time, test organisms).
The basic fungicidal concentration according to this European Standard is the concentration active on the limiting organism when the test is performed with the obligatory conditions (20 °C, 15 min, test organisms: Candida albicans and Aspergillus niger).
A product which passes the test is characterized as possessing fungicidal activity in the conditions of the test. In order to qualify the product for a defined purpose it shall be evaluated using additional standard tests which are appropriate to its intended use.

2.9.3 Yeasticidal activity
The product shall be deemed to have passed the EN 1275 standard for yeasticidal activity if it demonstrates in a valid test at least a 4 lg reduction in one of the test conditions defined by this European Standard using yeasts as test organisms.
The yeasticidal concentration determined according to this European Standard is reported with the test conditions (temperature, contact time, test organism).
The basic yeasticidal concentration according to this European Standard is the concentration active on Candida albicans when the test is performed with the obligatory conditions (20°C, 15 min).
A product which passes the test is characterized as possessing yeasticidal activity in the conditions of the test. In order to qualify the product for a defined purpose it shall be evaluated using additional standard tests which are appropriate to its intended use.
Information regarding the additional standard tests which shall be used to qualify a product as antiseptic and/or disinfectant for a defined purpose is given in Annex F.

2.10 Test Results
METHOD OF TEST BS EN 1275: 2005
Chemical disinfectants and antiseptics – Quantitative suspension test for the evaluation of basic fungicidal or basic yeasticidal activity of chemical disinfectants and antiseptics – Test method and requirements (Phase 1)”.

The test microorganism used were:
Candida albicans (ATCC 10231)
Aspergillus niger (ATCC 16404)

Dilution tested: Neat
Contact time: 15 minutes
Neutralization method: D/E Neutralization broth
Test temperature: 20±1°C
Incubation temperature: 30±1°C
RESULTS

Validation and controls
	Controls
	Validation
Suspension (Nv0)
	30<Nv0<160
(Pass / Fail)
	Experimental Condition control (A)
	Neutralizer control (B)
	Method Validation (C)
Product Concentration:
Neat
	B and C ≥0.5 x Nv0
(Pass / Fail)

	Candida albicans (ATCC 10231)
	60
	Pass
	N.A
	70
	66
	Pass



Test Microorganism: Candida albicans (ATCC 10231)
	Concentration
/ Contact Time
	Initial Count of Test Microorganism
per ml of Test Mixture
	Count of Surviving Test
Microorganism per ml
	Log Reduction
	Percentage Kill of
Test Microorganism

	
	CFU per ml
	Log10
	CFU per ml
	Log10
	
	

	
15 minutes
Neat
	

2,800,000
	

6.45
	

Less than 10
	

Less than 1
	
More than 5.45
	
More than 99.9996














Validation and controls
	Controls
	Validation
Suspension (Nv0)
	30<Nv0<160
(Pass / Fail)
	Experimental Condition control (A)
	Neutralizer control (B)
	Method Validation (C)
Product Concentration:
Neat
	B and C ≥0.5 x
Nv0
(Pass / Fail)

	Aspergillus niger (ATCC 16404)
	45
	Pass
	N.A
	35
	35
	Pass



Test Microorganism: Aspergillus niger (ATCC 16404)
	Concentration
/ Contact Time
	Initial Count of Test Microorganism
per ml of Test Mixture
	Count of Surviving Test
Microorganism per ml
	Log Reduction
	Percentage Kill of
Test Microorganism

	
	CFU per ml
	Log10
	CFU per ml
	Log10
	
	

	
15 minutes
Neat
	

1,800,000
	

6.26
	

Less than 10
	

Less than 1
	
More than
5.26
	
More than
99.9994




[image: ]

Conclusion
The above test result ascertained the efficacy of the dual inactivation method of the self-disinfecting coating, involving denaturation mechanism and reactive oxygen species mechanism derived from the above said synergistic chemical formulation against Candida albicans and Aspergillus is 99,9996% and more than 99.9994% respectively. It ascertains that the use dual inactivation mechanisms method of the self-disinfecting coating derived from the said synergistic chemical formulation has excellent inactivation mechanism against fungi

The test procedure ascertaining the efficacy of dual inactivation mechanisms method of the self-disinfecting coating involving reactive oxygen species and denaturation mechanisms method against H5N1 virus using the haemagglutination-inhibition (HAI) assay test method are herein described below.

The purpose of the test is to ascertain the efficacy of the self-disinfecting coating using dual inactivation mechanisms method comprising the synergistic chemical formulation against H5N1 Enveloped Virus.

1.1 Observation Parameter
The test parameter is based on the observation of the percentage of death virus after the introduction of said invention/disinfectant.

2.0 Test Method 
Using Isolated AI H5N1 virus from Tasikmalaya 2020, collected from Microbiology Department of Faculty of Veterinary, Bogor Institute of Agriculture (IPB).  The test was done in the unit of the Integrated Services of Medicine of Microbiology, Faculty of Veterinary IPB. Five live egg embryos Specific Pathogen Free (SPF) were used as medium for the test. 
The haemagglutination-inhibition (HAI) assay is a traditional method for assessing immune responses to influenza virus haemagglutinin (HA) and for identifying influenza virus field isolates. The HA protein on the surface of influenza virus agglutinates erythrocytes.

2.1 Test Procedure 

Three components were used; AI H5N1 Virus, Live Egg Embryos and said disinfectant 100% concentration. The preparation of the disinfectant solution was done by diluting 1 part of said disinfectant to 1part distilled water by weight. 
Subsequently, 2 ml of AI H5N1 Virus (10 9 EID 50) was introduced in to the said disinfectant solution and then the mixture was incubated for 15 minutes at 37ºC.  
0.2 ml of said mixture was then injected into 11 days old live embryo via allantois and kept in the incubator at 37ºC, observation was then carried out daily till the death of embryo. The liquid of the allantois was taken out for rapid test, HA/HI using AI standard serum.
3.0 Results

Based on observation all the embryos died two days after the introduction of the mixture of said disinfectant and H5NI Virus. The liquid from the allantois of the death embryo was then taken for rapid test HA/HI using AI standard serum. 
The results as tabulated below:
Table1. The Efficacy Result of said invention/disinfectant against AI H5NI Virus

	Concentration
	Dilution
	Percentage of Inactive Virus AI H5N1 (%)

	100
	1:1
	99.9999%



Based on Table 1, the said invention/disinfectant could inactivate 99.9999% of AI H5NI virus. 
Conclusion

The above test result ascertained the efficacy of the dual inactivation method of the self-disinfecting coating, involving denaturation mechanism, and reactive oxygen species (ROS) mechanism, derived the synergistic chemical formulation against enveloped viruses with 99.9999% inactivation efficacy against H5N1 enveloped viruses.  



Claims

I claim:

1) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi, involving reactive oxygen species (ROS) and denaturation mechanisms.

2) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 1, wherein, the reactive oxygen species (ROS) and denaturation mechanisms derive it functional properties from the said synergistic chemical formulation.

3)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 2, wherein the synergistic chemical formulation comprising of colloidal silver and copper nanoparticles, quaternary ammonium compound, chlorhexidine, silicon emulsion and water.

4) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claims 1, wherein the reactive oxygen species (ROS) mechanism involves colloidal silver and copper nanoparticles with nanoparticles size ranges from 1-100 nanometre.

5) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 1- 3, wherein denaturation mechanism involves quaternary ammonium compounds and chlorhexidine. 

6) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 3 and 5, wherein the quaternary compounds comprises one of the followings; alkyl dimethyl benzyl ammonium chloride C19H34ClN, alkyl didecyl dimethyl ammonium chloride C22H48ClN, and dialkyl dimethyl ammonium chloride C35H74N+,  twin-chain or dialkyl quaternaries (e.g. didecyl dimethyl ammonium bromide C22H48BrN and dioctyl dimethyl ammonium bromide C18H40NBr).

7) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 3 and 5, wherein, chlorhexidine is chlorhexidine gluconate.

8) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 3, wherein the silicon emulsion is polydimethylsiloxane.

9) The size of the colloidal silver and copper nanoparticles of claim 4, wherein ranges from 1 nanometre to 50 nanometres.

10)  The size of the colloidal silver and copper nanoparticles of claim 9, wherein it ranges from 5-50 nanometres.

11)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 6, wherein the quaternary compound is didecyl dimethyl ammonium chloride with chemical formula C22H48ClN.

12)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 7, wherein the percentage chlorhexidine gluconate ranges from 0.1% to 9% by weight.

13)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 12, wherein the chlorhexidine gluconate is used in the denaturation of positive-gram and negative-gram bacteria.

14)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 8, wherein polydimethylsiloxane is used for transparent film forming of the coating.

15)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 14, wherein, polydimethylsiloxane used ranges from 20%-70% for transparent film forming of the coating.

16) The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 3, wherein, water is used as the carrier.

17)  The use of dual inactivation mechanisms method of a self-disinfecting coating against viruses, bacteria, and fungi of claim 16, wherein, 30%-70% of water is used as the carrier.
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