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abstract

________________________________________________________________

Hydrogen peroxide (H2O2) is a safe and environmental friendly antiseptic, but largely disused because of stability problems. Huwa-San is a commercial product containing H2O2, stabilized with a silver-ion (Ag+) complex.
The present investigations compared the antimicrobial properties of Huwa-San and native H2O2 against a broad spectrum of bacteria, fungi, mycobacteria, bacterial spores, and virus and defined the importance of different physicochemical conditions that could influence the disinfecting potency, using a quantitative suspension test method. In antiviral tests, only the direct cidal effects could be evaluated as components of the culture medium interfered with the test products. Another important target was the action of the test products on bacterial biofilms. Here, the optimal growth- and test conditions were determined for each type of bacterium: biofilms of P. aeruginosa were stained after 24h with crystal violet, those of S .aureus after 48h with 1,9–dimethylmethyleneblue (DMMB) stain.

The experiment protocols included the testing of different concentrations of both test products against a panel of bacteria and fungi. Optimal product concentrations were determined in function of microbial inoculums, concentration and use application (surface disinfection, food, industrial, domestic areas). Different contact times were included to determine residual effects.
Huwa-San and hydrogen peroxide are bactericidal, including mycobactericidal, fungicidal, virucidal and sporicidal. From the results, it can be concluded that the combined hydrogen peroxide and Ag+-complex disinfectant, Huwa-San, exhibited improved antimicrobial performance as compared with native hydrogen peroxide, with the exception of bacterial spores and L. pneumophila, which exhibited similar susceptibility. The fungi were more resistant than non-sporulating bacteria to hydrogen peroxide and Huwa-San, but more susceptible than bacterial spores and mycobacteria. 
Temperature was an important factor influencing efficacy. Hydrogen peroxide and Huwa-San showed no antimicrobial activity at 0°C. Gradual improvement occurred with increasing temperatures. The activity of Huwa-San increased more at higher temperatures than the activity of hydrogen peroxide. 
H2O2 was only active at low pH and inactive at pH > 6,5. Huwa-San remained active over a wide pH-range, and became more active in acid pH. The activity on bacteria in suspension or dried-up bacteria was comparable. The addition of albumin showed no influence on the activity either. Iron (Fe2+) enhanced the activity of both products. To mimic normal use conditions, H2O2 and Huwa-San were tested in tap water. The most important trace elements present in tap water (Ca2+, Mg2+, Cl- e.g.) had no influence on the effectiveness of H2O2 and Huwa-San. 
Polio virus exhibit similar activity to hydrogen peroxide and Huwa-San in standard use conditions.
Both Huwa-San and H2O2 were highly effective against the formation of biofilms at their normal use concentrations. There was a distinctive reduction in S.aureus biofilm within the first 30 minutes after exposure at 0.5%. Higher concentrations were required to remove a 24-hour P. aeruginosa biofilm.
It can be concluded that Huwa-San exhibits a better biocidal activity than hydrogen peroxide.
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I. introduction
________________________________________________________________
Hydrogen peroxide (H2O2) was discovered by Louis Jacques Thernard in 1818. The antimicrobial properties of hydrogen peroxide have been recognised for many years and a variety of applications have been developed. Few biocides are, such as hydrogen peroxide, bactericidal (including mycobactericidal) sporicidal, virucidal and fungicidal, whereas most antiseptic are bactericidal (with or without being mycobactericidal) virucidal and fungicidal but do not inactivate spores
, 2. The antimicrobial activity of hydrogen peroxide is apparently due to its capacity to generate reactive oxygen species (ROS) such as the hydroxyl radical, which are powerful oxidants causing damage to nucleic acids, proteins and lipids. Among the ways by which hydrogen peroxide can be converted into hydroxyl radicals are the iron-catalyzed Haber-Weiss reaction, the superoxide driven Fenton mechanism and UV-radiation. A lot of advantages such as a low (eco)toxicity, colourless and odourless make hydrogen peroxide a safe and effective antiseptic
, 
, 
, 
. However, diluted solutions of hydrogen peroxide are unstable and dissociates readily in oxygen and water. This problem can be partially opposed by adding stabilisators, such as glycerol and phosphoric acid. 
Huwa-San is a disinfectant consisting of a stabilised combination of a silver ion complex and hydrogen peroxide. While hydrogen peroxide is unstable, the silver in Huwa-San stabilises hydrogen peroxide and protects the disinfected material against reinfection for a long period of time
, 
. Research is required to determine if the antimicrobial activity of the stable solution Huwa-San is superior to the antimicrobial activity of hydrogen peroxide. Experiments have therefore been carried out to enable the activities of both products to be compared. Those factors that affect antimicrobial activity the most, namely type and number of microorganism, period of contact, concentration, temperature, pH, surface and presence of interfering substances have also been investigated 
. 
In this study different types of test organisms that are problematic to kill by the existing biocides were used. Disinfectants have to meet the requirements of the EN (European Standard Norms). The EN-norms define specific strains of microorganisms to be tested. Between similar types of bacteria, there are considerable differences in the composition of the cell wall and in protection mechanisms against biocides. Gram positive bacteria, such as Staphylococcus aureus have a more rigid cell wall than gram negative bacteria such as Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium and Legionella pneumophila. The drug resistance and pathogenicity of the Mycobacteria are related to their distinctive cell wall, which is structurally similar to gram negative bacteria. However, the outermost lipopolysaccharide layer is replaced by mycolic acids, which form a waxy, water-resistant layer. This makes the bacteria resistant to stress such as drying, biocides and antimicrobial agents. Spores have coats that are also entirely different chemically from the cell walls of non-sporulating bacteria. Dormant spores of Bacillus subtilis are much more resistant than their vegetative cell counterparts to a variety of disinfectants 
, 
, 
. The fungi, Candida albicans, spores of Aspergillus niger, Saccharomyces cerevisiae and Verticillium dahliae also possess rigid cell walls. 

Another type of intrinsic resistance is shown by organisms that are capable of producing the enzyme, catalase, which degrades hydrogen peroxide. Catalase producing bacteria are S. aureus, E. coli, P. aeruginosa and S. typhimurium. 
The bacteria, fungi and virus tested, comprise important groups of microorganisms that are responsible for various types of infections and for causing spoilage of foods and of pharmaceutical products2. S. aureus, E. coli and S. typhimurium and spores of A. niger are the main sources of food born infections. L. pneumophila is considered to be a “facultative parasite”, which in the last twenty years has been identified as the leading cause of Legionnaire's disease. L. pneumophila grows very fast in water at temperatures between 20 and 55°C. Verticillium wilt, caused by the soil borne fungus V. dahliae is found worldwide in cultivated soils. These fungi are important pathogens of crop and landscape plants. 
Polio is best known as a cause of paralysis. Humans are the only natural host for polioviruses. This non-enveloped enterovirus is more stable than most other viruses to biocides and can remain infectious for relatively long periods in water and food. The primary mode of transmission is ingestion of water contaminated with faces containing the poliovirus. In this study, a strain of poliovirus was chosen because of its pathogenicity and its greater resistance too many disinfectants
.
A biofilm is defined as a “microbial derived sessile community characterized by cells that are irreversibly attached to a surface or interface or to each other. These cells are embedded in a matrix of self-produced extracellular polymeric substances and exhibit an altered phenotype with respect to growth rate and gene transcription”. The high resistance of sessile bacteria to antimicrobial agents can cause a lot of problems, in the industrial, aquatic and agricultural world as well as in all kinds of biomedical situations. Due to this resistance, biofilms are practically irremovable. A lot of studies are carried out in order to find the best disinfectant to prevent and destroy biofilms. Results in the literature suggest that hydrogen peroxide is  preferred for the removal of biofilms.
, 
, 
. 

Every bacteria species has distinctive characteristics in their biofilm. The exopolysaccharides of the P. aeruginosa biofilm are made of alginates. The synthesis of the alginates is controlled by the AlgACD gen cluster. These genes code for an enzyme, phosphomannomutase, that’s essential for the production of alginic acid. The Staphyloccocus aureus biofilm exists of N-acetylglycosamine. This biofilm is responsible for most of the nosocomial infections on Intensive Care units in hospitals 
, 
. 
It is the purpose of this rapport to demonstrate the differences and similarities in the antimicrobial activity of hydrogen peroxide and Huwa-San and the influence of different physicochemical parameters on their effectiveness. 
II. materials and METhods
___________________________________________________________________________

1. Materials
1.1. Biological materials
All the microorganisms used were standard strains. The virus tested was Polio I (Brunhilde). The bacteria and fungi were obtained from the American Type culture Collection, Rockville, Maryland, USA. Bacterial strains of E. coli (ATCC 10536), S. aureus (ATCC 6538), S. typhimurium (ATCC 13311), L. pneumophila (ATCC 33152), B. subtilis (ATCC 6633), Mycobacterium avium (ATCC 15769), and Mycobacterium terrae (ATCC 15755). C. albicans (ATCC 10231), S. cerevisiae (ATCC 9763) A. niger (ATCC 16404) were used as fungal strains. The sample of the fungus V. dahliae was collected from an olive grove in Turkey. The biofilm forming strains were P. aeruginosa (ATCC 700829), P. aeruginosa (ATCC 9027) and S. aureus (ATCC 6538). The not-biofilm formers P. aeruginosa (ATCC 15442) and S. aureus (ATCC 5374) were used as reference strains. 
The microorganisms were maintained by serial subculture, fresh cultures being started at monthly intervals from stock cultures. The bacteria were maintained on Tryptone Soy Agar (TSA) (international medicals), L. pneumophila on BCEY agar
 (oxoid) and the mycobacteria on Middlebrook 7H10 agar (DIFCO). The fungi were maintained on Sabouraud agars (SAB) (International medicals).
Bacterial spores were produced by inoculating a nutrient poor agar with B. subtilis. The agars were incubated aerobically at 37°C for three days. Spores and bacteria are collected by scraping the culture surface of the agar and are suspended in 15 ml aqua demineralised (AD). This suspension was placed in a hot water bath at 72°C for 60 minutes to eliminate the vegetative bacteria8.

The fungal spores of A. niger were harvested by inoculating a Malt Extract Agar with 100 µl suspension of A. niger spores. The MEA was incubated for 5 – 7 days at room temperature. Spores were collected by scraping the culture surface of the SAB agar and were suspended in 15 ml AD. This suspension is one year perishable at room temperature. 

The polio virus was cultivated on Vero California cells in Plaisner medium in 5% CO2 at 37°C. 
Biofilms were formed by filling the wells of a sterile 96-well plate (COSTAR No 3598) with 200 µl of bacterial suspension. The plates were covered and incubated aerobically for 24 – 48 hours at 37°C
, 
. 

1.2. Testproducts
The stock solutions of hydrogen peroxide 50% v/v (ROAM CHEMIE) and Huwa-San TR 50® 50% (ROAM CHEMIE) were stored at 4°C in a dark room. To determine activity against bacteria and fungi, solutions of the test products were prepared daily in AD (λ ≤ 2µS/cm) and  maintained at room temperature. The test mixtures for the determination of the virucidal activity were prepared in iso-osmotic buffered salt solutions (Plaisner medium) supplemented with bovine serum 2 %, a maintenance medium for VERO cells and viruses.
2. Methods
Quantitative suspensions tests, described in the EN-norms, were used for the determination of the bactericidal, sporicidal, fungicidal and virucidal activity of hydrogen peroxide and Huwa-San. The anti-biofilm activity was tested with an in-house-method. 
2.1. Virucidal activity
A concentrated suspension of poliovirus was added to a dilution of the test products in equal volume. The mixtures were incubated in a water bath at 25°C. After 1 hour an aliquot was taken. The activity of the hydrogen peroxide based products was neutralised in a dilution of catalase from bovine liver (SIGMA) in Plaisner medium. 1/10 dilution series in Plaisner medium was prepared. 200 µl of each dilution were transferred to a 96 well plate containing a monolayer of VERO cells. The plates were incubated aerobically at 37°C for 5 days. Viral growth was determined by light microscopy. 
2.2. bactericidal, sporocidal and fungicidal activity
A suspension of microorganisms in AD was added to a dilution of the test product. The mixture was maintained at 20°C ± 1°C for different contact periods. After each contact time, an aliquot was taken. The bactericidal or fungicidal action in this portion was immediately neutralized in a dilution of catalase from bovine liver in Buffered Peptone Water (E&O LABORATORIES). 1/10 dilution series in Buffered Peptone Water were prepared. 100 µl of each dilution were transferred to an agar. The agars were incubated aerobically at 37°C for 24-48 hours. The number surviving microorganisms were counted and the reduction in viable count was calculated
.

2.3. determination of the influence of physicochemical parameters

To determine the effect of the temperature on the antimicrobial activity of the test products, the test solutions were placed in a hot water bath or in an ice bath at contact time 0 minutes. 
The effect of the pH on the effectiveness of hydrogen peroxide and Huwa-San was evaluated by diluting the test products in demineralised water, previously adjusted for the right pH with citric acid or a buffer.
The microorganisms were dried for 60 minutes on glass slides (MENZEL-GLASER) to test the antimicrobial activity of hydrogen peroxide and Huwa-San on contaminated surfaces.
To evaluate the influence of additives on the activity of the hydrogen peroxide based products, a suspension of microorganisms was added to prepared samples of the test products with albumin (SIGMA), Iron (II) sulphate heptahydrate Fe(II)SO4.7H2O (SIGMA) or tap water.
2.4. anti-Bioflm tests
The wells of a 96-well tissue culture plate were filled with 200 µl of a concentrated bacterial suspension. The plates were incubated aerobically for 24-48 hours at 37°C. The content of each well was three times washed with 250 µl sterile physiological saline. The remaining attached bacteria were fixed with 200 µl methanol 99% v/v (MERCK) and after 15 minutes plates were emptied and left to dry. Then, P. aeruginosa biofilms in the plates were stained with 200 µl Gram’s crystal violet (MERCK) and S. aureus biofilms with 200 µl 1,9 – dimethylmethyleneblue (DMMB) (SIGMA). The dye bound to the adherent cells was resolubilized with 33% glacial acetic acid (SIGMA). Only 160 µl of glacial acetic acid was added per well to avoid interference with stained material at the liquid-air interface, which was not considered to be indicative of biofilm production. The optical density was measured at 570 nm (crystal violet) or 620 nm (DMMB) by using an automated ICN Flow Titertek Multiscan Plus reader. The optical density was a measure for the amount of biofilm.

The ability of the test products to prevent biofilm formation was tested by filling the wells of a 96-well tissue culture plate with test solution and bacterial suspension. The plates were incubated aerobically for 24 hours at 37°C. 

The removal of a biofilm was tested by adding Tryptone soy Broth (INTERNATIONAL MEDICALS) and different concentrations of test product to the biofilm, after washing with sterile physiological saline. The plates with P. aeruginosa biofilms were incubated aerobically for 24 hours at 37°C and the S. aureus biofilm 30, 60, 120 minutes at room temperature16, 17, 
, 
. 

III. results
________________________________________________________________

The results are expressed as Reduction Factor (RF). The reduction factor is the negative logarithm of the ratio between the total viable count of the treated samples and the blancs. The dilutions of TR 50 are expressed in their H2O2 concentrations to be comparable with the H2O2 solutions. 
1. Bactericidal, fungicidal and sporicidal activity
1.1. standard use conditions

The standard use conditions are room temperature, suspensions of test organisms and test solutions in AD, pH 5,50 without interfering substances.


1.1.1. Bactericidal activity

Table 1 and figure 1-2 illustrate the results of the bactericidal activity of hydrogen peroxide and Huwa-San against S. aureus, E. coli and S. typhimurium in standard use conditions.

	Micro-

organism


	Concentration 

testproduct

%v/v
	RF after x hours contact time



	 
	 
	0,25
	0,5
	1
	2
	4
	24

	S. aureus 
	0,5 % H2O2
	0,49
	0,72
	0,83
	0,87
	1,05
	1,20

	ATCC 6538
	0,5 % H2O2 + Ag+-complex
	2,08
	2,75
	5,23
	≥6,23*
	≥6,23*
	≥6,23*

	
	
	
	
	
	
	
	

	E. coli 
	0,5 % H2O2
	0,61
	2,00
	≥7,78*
	≥7,78*
	≥7,78*
	≥7,78*

	ATCC 10536
	0,5 % H2O2 + Ag+-complex
	6,00
	≥7,78*
	≥7,78*
	≥7,78*
	≥7,78*
	≥7,78*

	
	
	
	
	
	
	
	

	
	0,2 % H2O2
	0,30
	1,09
	1,97
	≥5,81*
	≥5,81*
	≥5,81*

	
	0,2 % H2O2 + Ag+-complex
	3,31
	≥5,81*
	≥5,81*
	≥5,81*
	≥5,81*
	≥5,81*

	
	
	
	
	
	
	
	

	S. typhimurium 
	0,2 % H2O2
	0,21
	0,08
	0,04
	0,18
	0,10
	0,42

	ATCC 13311
	0,2 % H2O2 + Ag+-complex
	2,00
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*


Table 1: The antibacterial effect of hydrogen peroxide and Huwa-San in standard use conditions on S. aureus, E. coli and S. typhimurium.  *All organisms were killed. (See figure 1, 2).

Hydrogen peroxide is clearly inferior to Huwa-San as a bactericidal agent. 0,5% Huwa-San is effective in 2 hours, but 0,5% hydrogen peroxide in the same conditions is totally ineffective against S. aureus. The bactericidal activity against E. coli of 0,5% hydrogen peroxide is less than that of 0,2% Huwa-San in standard use conditions. The difference in viable cell reduction of E. coli between hydrogen peroxide and Huwa-San using 0,5% solutions is 5 log and using 0,2 % solutions is 4 log, after 30 minutes contact time. 0,2% Huwa-San is also effective in 30 minutes under standard use conditions against S. typhimurium, contrary to the same concentration of hydrogen peroxide. (Table 1, figure 1-2). 

[image: image1]
Figure 1: The bactericidal effect of 0,5% hydrogen peroxide and 0,5% Huwa-San against S. aureus in standard use conditions. (Graphic presentation of table 1).       

[image: image2]
Figure 2: The bactericidal effect of 0,2% hydrogen peroxide and 0,2% Huwa-San against S. typhimurium in standard use conditions. (Graphic presentation of table 1). 

1.1.2. Legionella pneumophila 
Table 2 and figure 3 demonstrate the anti-Legionella activity of hydrogen peroxide and Huwa-San in standard use conditions.
	Micro-

organism


	Concentration 

testproduct

%v/v
	RF after x hours contact time



	 
	 
	0,25
	0,5
	1
	2
	4
	24

	L. pneumophila
	0,02 % H2O2
	0,00
	0,69
	1,58
	3,58
	≥5,19*
	≥5,19*

	ATCC 33152
	0,02 % H2O2 + Ag+-complex
	0,00
	0,75
	1,78
	3,89
	≥5,19*
	≥5,19*


Table 2: The antibacterial effect of hydrogen peroxide and Huwa-San in standard use conditions on L. pneumophila. *All organisms were killed. (See figure 3).

L. pneumophila exhibit similar activity to hydrogen peroxide and Huwa-San in standard use conditions. (Table 2, figure 3). 
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Figure 3: The bactericidal effect of 0,02% hydrogen peroxide and 0,02% Huwa-San on L. pneumophila in standard use conditions. (Graphic presentation of table 2).              
1.1.3. Sporicidal activity

Results of the sporicidal effect of hydrogen peroxide and Huwa-San against the spores of B. subtilis in standard use conditions are given in table 3 and figure 4.

	Microorganism


	Concentration 

testproduct %v/v
	RF after x hours contact time



	 
	 
	0,25
	0,5
	1
	2
	3
	4

	Spores of B. subtilis 
	1 % H2O2
	0,13
	0,03
	0,41
	2,15
	≥4,38*
	≥4,38*

	ATCC 6633
	1 % H2O2 + Ag+-complex
	0,21
	0,06
	0,45
	2,54
	≥4,38*
	≥4,38*

	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	-
	-
	-
	0,71
	2,35
	≥4,05*

	
	0,5 % H2O2 + Ag+-complex
	-
	-
	-
	0,82
	2,10
	≥4,05*


Table 3 : The activity of different concentrations of hydrogen peroxide and Huwa-San on the spores of Bacillus  subtilis in standard use conditions.*All organisms were killed, - test was not performed. (See figure 4).
Hydrogen peroxide and Huwa-San are equally effective in achieving a full reduction of the bacterial spores. 3 hours of exposure to a 1% solution and 4 hours to a 0,5% solution are required for effective destruction of B. subtilis spores. (Table 3, figure 4). 


[image: image4]
Figure 4: The activity of 1% hydrogen peroxide and 1% Huwa-San on the spores of B. subtilis in standard use conditions. (Graphic presentation of table 3).
1.1.4. Mycobactericidal activity 
Table 4 summarizes the results of the mycobactericidal tests with different concentrations of hydrogen peroxide and Huwa-San in standard use conditions.
	Micro
organism


	Testproduct

	Concentration

% v/v
	Contact time

	
	
	
	1 hour
	2 hours
	5 hours
	24 hours
	4 days

	M. avium
	H2O2
	20%
	0
	0
	0
	0
	0

	ATCC 15769
	
	15%
	0
	0
	0
	0
	0

	108 CFU/ml
	
	10%
	±
	-
	-
	-
	-

	
	
	5%
	+
	+
	±
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	±
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + Ag+-complex
	20%
	0
	0
	0
	0
	0

	
	
	15%
	0
	0
	0
	0
	0

	
	
	10%
	0
	0
	0
	0
	0

	
	
	5%
	0
	0
	0
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	±
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	M. terrae
	H2O2
	20%
	0
	0
	0
	0
	0

	ATCC 14348
	
	15%
	0
	0
	0
	0
	0

	109 CFU/ml
	
	10%
	±
	-
	-
	-
	-

	
	
	5%
	+
	+
	+
	±
	0

	
	
	3%
	+
	+
	+
	±
	0

	
	
	2%
	+
	+
	+
	+
	0

	
	
	1%
	+
	+
	+
	+
	0

	
	
	0,50%
	+
	+
	+
	+
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + Ag+-complex 
	20%
	0
	0
	0
	0
	0

	
	
	15%
	0
	0
	0
	0
	0

	
	
	10%
	0
	0
	0
	0
	0

	
	
	5%
	±
	0
	0
	0
	0

	
	
	3%
	+
	±
	0
	0
	0

	
	
	2%
	+
	+
	±
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	0
	0

	
	
	0,10%
	+
	+
	+
	+
	0


Table 4: The mycobactericidal effect of different concentrations hydrogen peroxide and Huwa-San on M. avium and M. terrae in standard use conditions. + means growth after indicated contact time, 0 means no growth after indicated contact time, - means test was not performed.

10% Huwa-San is effective in killing mycobacteria in 1 hour, but 15% hydrogen peroxide is necessary to acquire the same reduction. The mycobacteria are very resistant to 0,10% - 3% solutions, with little or no reduction following 5 hours of exposure. (Table 4). 

1.1.5. Fungicidal activity

Results of the fungicidal effect of different concentrations hydrogen peroxide and Huwa-San on C. albicans, the spores of A. niger, S. cerevisiae and V. dahliae in standard use conditions are presented in table 5 and figures 5-8.
	Micro-

organism


	Concentration 

testproduct

%v/v
	RF after x hours contact time



	 
	 
	0,25
	0,5
	1
	2
	4
	24

	C. albicans
	2 % H2O2
	1,90
	2,26
	4,00
	5,00
	≥6,57*
	≥6,57*

	ATCC 10231
	2 % H2O2 + Ag+-complex
	≥6,57*
	≥6,57*
	≥6,57*
	≥6,57*
	≥6,57*
	≥6,57*

	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	0,02
	0,00
	0,06
	0,10
	0,06
	0,00

	
	0,5 % H2O2 + Ag+-complex
	0,23
	0,56
	0,25
	0,39
	0,42
	0,43

	
	
	
	
	
	
	
	

	Spores of A. niger 
	2 % H2O2
	-
	2,52
	≥4,30*
	≥4,30*
	≥4,30*
	≥4,30*

	ATCC 16404
	2 % H2O2 + Ag+-complex
	-
	≥4,30*
	≥4,30*
	≥4,30*
	≥4,30*
	≥4,30*

	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	-
	1,6
	1,6
	3,3
	≥4,30*
	≥4,30*

	
	0,5 % H2O2 + Ag+-complex
	-
	≥4,30*
	≥4,30*
	≥4,30*
	≥4,30*
	≥4,30*

	
	
	
	
	
	
	
	

	
	0,2 % H2O2
	0,00
	0,00
	0,00
	0,06
	0,19
	-

	
	0,2 % H2O2 + Ag+-complex
	0,00
	1,01
	1,55
	1,80
	2,10
	

	
	
	
	
	
	
	
	

	S. cerevisiae
	3 % H2O2
	1,15
	1,38
	2,38
	-
	-
	-

	ATCC 9763
	3 % H2O2 + Ag+-complex
	≥5,23*
	≥5,23*
	≥5,23*
	-
	-
	-

	
	
	
	
	
	
	
	

	
	2 % H2O2
	0,70
	1,10
	1,17
	-
	-
	-

	
	2 % H2O2 + Ag+-complex
	≥5,23*
	≥5,23*
	≥5,23*
	-
	-
	-

	
	
	
	
	
	
	
	

	V. dahliae 
	0,5 % H2O2
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*

	
	0,5 % H2O2 + Ag+-complex
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*

	
	
	
	
	
	
	
	

	
	0,05 % H2O2
	1,17
	1,25
	1,73
	1,02
	0,00
	0,00

	
	0,05 % H2O2 + Ag+-complex
	3,04
	4,45
	≥5,45*
	≥5,45*
	≥5,45*
	≥5,45*

	
	
	
	
	
	
	
	

	
	0,01 % H2O2
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	0,01 % H2O2 + Ag+-complex
	0,22
	0,45
	0,34
	0,30
	0,22
	0,45


Table 5:  The antifungal effect of different concentrations of hydrogen peroxide and Huwa-San on C. albicans, spores of A. niger, S. cerevisiae and V. dahliae in standard use conditions. *All organisms were killed, - test was not performed. (See figures 5-8). 
These results demonstrate the higher fungicidal activity of Huwa-San compared to hydrogen peroxide in standard use conditions. 2% Huwa-San achieves a total destruction of C. albicans within 15 minutes, but 4 hours exposure to the same concentration of hydrogen peroxide is necessary to acquire the same reduction. 0,5% concentrations of the test products are ineffective. (Table 5, figure 5). 

Huwa-San is more effective against the spores of A. niger than hydrogen peroxide. The fungicidal activity of 2% hydrogen peroxide fungal spores less than that of 0,5% Huwa-San in standard use conditions. (Table 5, figure 6). 
2% and 3% Huwa-San are effective in 15 minutes against S. cerevisiae, but the same concentrations of hydrogen peroxide achieve only a small reduction following 1 hour of exposure. (Table 5, figure 7).
The plant fungus V. dahliae is very sensitive to the test products. Only 0,05% Huwa-San is required to achieve a full reduction of V. dahliae in 1 hour, but the same concentration of hydrogen peroxide doesn’t achieve a significant reduction. (Table 5, figure 8).

[image: image5]
Figure 5: The fungicidal effect of 2% hydrogen peroxide and 2% Huwa-San on C. albicans in standard use conditions.(Graphic presentation of table 5).

[image: image6]
Figure 6: The effect of 0,2% hydrogen peroxide and 0,2% Huwa-San on the spores of A. niger in standard use conditions. (Graphic presentation of table 5).

[image: image7]
Figure 7: The antifungal effect of 2% hydrogen peroxide and 2% Huwa-San against S. cerevisiae in standard use conditions. (Graphic presentation of table 5).
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Figure 8: The fungicidal effect of 0,05% hydrogen peroxide and 0,05% Huwa-San on V. dahliae in standard use conditions. (Graphic presentation of table 5).

1.1.6. Discussion

The number and the type of microorganisms, the concentration and the exposure time influence the activity of biocides. A decrease in concentration of hydrogen peroxide or Huwa-San results in a marked increase in the time necessary to achieve a comparable kill, other conditions remaining constant. It is obviously easier for these antimicrobial agents to be more effective when there are few microorganisms against which it has to act 2. 

Little is known about the way microorganisms are killed by hydrogen peroxide and Huwa-San. The bactericidal activity of hydrogen peroxide and Huwa-San is not entirely related to catalase activity
, 
. The three bacteria, S. aureus, E. coli and S. typhimurium produce catalase, nevertheless the gramnegative bacteria E. coli and S. typhimurium are more susceptible to hydrogen peroxide and Huwa-San than the grampositive bacterium S. aureus. Generally, grampositive bacteria are more sensitive to biocides than gram negative bacteria1, 2, 3, 4. Probably the main reason for this difference in sensitivity resides in the relative composition of the cell wall. In general terms, the cell wall of grampositive bacteria is composed of peptidoglycan, which forms a thick, fibrous layer. The cell wall of gramnegative bacteria contains a big amount of lipids. The biocides must penetrate the outer and cytoplasmic membrane to reach their site of action. The usual targets of the highly reactive hydroxyl radicals, produced by hydrogen peroxide based products, are polyunsaturated acids, which occur at very high levels in gramnegative bacteria2, 24, 28.
It was demonstrated that silver produces structural changes in bacterial cells and interacts with nucleic acids. A prime molecular target for silver ion resides in cellular SH groups, whether they are in structural or functional (enzymatic) proteins. Such interaction would be responsible for causing bacterial inhibition. Ag+ that reacts with SH-groups penetrates the membrane rapidly, interfering with membrane functions and also interacting with internal SH groups so that the function of many enzymes is inhibited2, 
 31. The silver effect in combination with the hydrogen peroxide effect makes Huwa-San a better disinfectant than hydrogen peroxide. 

Legionellae bacteria have been known to cause Legionnaires’ diseases. Many companies and laboratories have tested different disinfectants to control Legionellae bacteria. In general, the oxidizing disinfectants were found to be the most effective. Among these oxidizing agents, chlorine is the most widely used disinfectant in the world. Due to harmful disinfection by-products associated with chlorine (e.g. trihalomethanes), it was necessary to test less harmful disinfectants, such as hydrogen peroxide and Huwa-San. The results prove that L. pneumophila is the most sensitive test organism to hydrogen peroxide and Huwa-San, a 0,02% solutions is sufficient to achieve a full reduction in 4 hours. Experimental evidence shows that silver exerts an antibacterial effect against L. pneumophila
, 
, 
, 
. Nevertheless are hydrogen peroxide and Huwa-San equally effective in achieving a full reduction of L. pneumophila. Further research on the why of this discordance is required. 
Chemicals which destroy spores are known as sporicides and have the potential to act as sterilizing agents. Compared to vegetative cells, spores may be as much as 100 000 times more resistant to chemicals. To achieve sporicidal action with these compounds higher concentrations and longer contact times are required than with those used for destruction of vegetative cells2. The mechanisms which account for the resistance of spores relative to that of vegetative bacterial forms against the action of antimicrobial agents are complex and only partially understood. Spore resistance to hydrogen peroxide and Huwa-San is due to a number of factors, including the proteinaceous spore coats, the low water content of the spore coat, probably the relative impermeability of the inner spore membrane and the saturation of spore DNA with a group of DNA-binding proteins that block DNA damage cause by hydrogen peroxide8, 9, 
, 
, 
. Ag+ is bactericidal and fungicidal. However, bacterial spores and mycobacteria are not killed by Ag+, it is likely that the spore coat act as an efficient barrier to the entry of the silver complex6, 8. This is a possible explanation for the similar sporicidal activity of hydrogen and Huwa-San.

Few disinfectants are actively mycobactericidal. The resistance of mycobacteria to the most antiseptics is considered as being intermediate between vegetative bacteria and bacterial spores2. Again, this does not hold for hydrogen peroxide and Huwa-San, the mycobacteria were by far the most resistant organisms examined. High concentrations (15%) of the test products were required to achieve full destruction within the hour. Resistance of mycobacteria to hydrogen peroxide and Huwa-San is undoubtedly linked to the composition of the cell walls of these organisms. A characteristic property of the wall of these organisms is the presence of long-chain fatty acids (mycolic acids) which are responsible, at least in part, for their high resistance2, 29, 32, 
. Mycobacteria are intrinsically resistant to Ag+, although the mechanisms involved are unclear, impermeability to Ag+ may be involved. Nevertheless is Huwa-San slightly more effective against mycobacteria than hydrogen peroxide. 
Biocides are often considerably less active against yeasts and moulds than against non-sporulating bacteria2, 
. This is clearly demonstrated in table 1 and table 5, where C. albicans and S. cerevisiae are much more resistant to hydrogen peroxide and Huwa-San than the bacteria. Little information exists about the mechanisms of action of biocidal agents against fungi and the means whereby fungi can resist irreparable damage. The fungal cell wall presents a barrier to exclude or, more likely, to reduce the penetration of biocide molecules. The information in the literature links cell wall glucan, wall thickness and relative porosity in relation to the resistance of C. albicans and S. cerevisiae to hydrogen peroxide and Huwa-San32, 
. Experimental results suggest that catalase is not essential for yeast cells under normal conditions, but plays an important role in the acquisition of tolerance to oxidative stress, generated by hydrogen peroxide and Huwa-San
. Further studies on role of catalase in the response to hydrogen peroxide and Huwa-San are in order to clarify the function of catalase33, 
. In contrary to the bacterial spores, Huwa-San is more effective against fungal spores than hydrogen peroxide. A fungal spore is a reproductive organism and is not, such as the bacterial spores, designed to face up to stress conditions. The plant fungus V. dahliae is very susceptible to hydrogen peroxide and Huwa-San. The results of the fungicidal test demonstrate that Huwa-San is a better fungicidal agent than hydrogen peroxide.
Generally, hydrogen peroxide and Huwa-San are, contrary to the most biocides, bactericidal, including mycobactericidal, fungicidal and sporicidal. The results demonstrate that the silver ion complex, makes Huwa-San more effective than native H2O2, when applied under the standard use conditions for disinfection of microorganisms, with the exception of bacterial spores. The fungi are more resistant than non-sporulating bacteria to hydrogen peroxide and Huwa-San, but more susceptible than bacterial spores and mycobacteria. Clearly, little is known about the role of silver in the antimicrobial activity of Huwa-San and this is a field in which much useful research could be undertaken.
1.2. physicochemical parameters

The lethal activity of hydrogen peroxide and Huwa-San depends on a variety of factors including the temperature at which the biocide is used, external pH and presence of interfering substances
.

1.2.1. Temperature
The different temperatures had no significant effect on the initial viable count of the microorganisms. 

· The effect of the temperature on the bactericidal activity


Table 6 and figures 9-10 show the results of the effect of 40°C and 0°C on the bactericidal activity of hydrogen peroxide and Huwa-San against S. aureus, E. coli and S. typhimurium. Other conditions were remained constant. 
	Micro-

organism


	Concentration 

testproduct %v/v


	Temperature

°C


	RF after x hours contact time



	 
	 
	
	0,25
	0,5
	1
	2
	3
	4

	S. aureus 
	0,5 % H2O2
	RT
	0,44
	0,29
	0,55
	0,38
	0,38
	0,38

	ATCC 6538
	0,5 % H2O2
	40 °C
	0,15
	0,38
	0,58
	1,14
	1,14
	0,90

	
	0,5 % H2O2
	0 °C
	0,25
	0,00
	0,03
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	RT
	1,28
	1,45
	1,46
	1,74
	1,92
	2,03

	
	0,5 % H2O2 + Ag+-complex
	40 °C
	3,75
	4,36
	≥5,96*
	≥5,96*
	≥5,96*
	≥5,96*

	
	0,5 % H2O2 + Ag+-complex
	0 °C
	0,33
	0,28
	0,46
	0,68
	0,50
	0,65

	
	
	
	
	
	
	
	
	

	E. coli 
	0,2 % H2O2
	RT
	0,09
	0,17
	0,12
	0,04
	0,14
	0,05

	ATCC 10536
	0,2 % H2O2
	45 °C
	0,29
	0,29
	0,53
	0,73
	1,21
	1,61

	
	0,2 % H2O2
	0 °C
	0,00
	0,18
	0,15
	0,31
	0,26
	0,00

	
	
	
	
	
	
	
	
	

	
	0,2 % H2O2 + Ag+-complex
	RT
	0,78
	1,92
	2,35
	2,81
	3,37
	3,76

	
	0,2 % H2O2 + Ag+-complex
	45 °C
	1,82
	3,53
	4,09
	≥5,79*
	≥5,79*
	≥5,79*

	
	0,2 % H2O2 + Ag+-complex
	0 °C
	0,38
	0,31
	0,48
	0,35
	0,50
	

	
	
	
	
	
	
	
	
	

	S. typhimurium
	0,2 % H2O2
	RT
	0,21
	0,08
	0,04
	0,18
	0,23
	0,10

	ATCC 13311
	0,2 % H2O2
	40 °C
	0,06
	0,35
	0,29
	0,43
	0,56
	0,42

	
	0,2 % H2O2
	0 °C
	0,22
	0,29
	0,14
	0,02
	0,13
	0,32

	
	
	
	
	
	
	
	
	

	
	0,2 % H2O2 + Ag+-complex
	RT
	2,00
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*

	
	0,2 % H2O2 + Ag+-complex
	40 °C
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*
	≥5,46*

	
	0,2 % H2O2 + Ag+-complex
	0 °C
	1,86
	2,92
	3,29
	3,32
	3,06
	3,51


Table 6: The effect of different temperatures on the bactericidal effect of hydrogen peroxide and Huwa-San against Staphylococcus  aureus, Escherichia  coli and Salmonella  typhimurium. *All organisms were killed. (See figures 9-10).
Due to a high passage of the bacteria (> 20) the test results differ with the previous results of S. aureus and E. coli. The bactericidal activity of hydrogen peroxide and Huwa-San is enhanced by an increase in temperature. This effect is more distinct for Huwa-San than for hydrogen peroxide. 0,5% Huwa-San at 40°C is effective in 1 hour against S. aureus, but the same concentration hydrogen peroxide doesn’t cause a significant reduction. (Table 6).
0,2% Huwa-San at 45°C is able to destroy all E. coli bacteria within 2 hours. The activity of Huwa-San at 45°C increases with 3 log in comparison to the activity at room temperature. Hydrogen peroxide at room temperature was totally ineffective against E. coli. The activity of hydrogen peroxide is improved at 45°C, but still insufficient. (Table 6, figure 9).
At room temperature and 40°C, 0,2% Huwa-San achieves a full reduction of S. typhimurium in 30 minutes. Only at 40°C and a contact time of 24 hours 0,2% hydrogen peroxide causes a significant reduction in S. typhimurium. (Table 6, figure 10).
 At 0°C, the bactericidal activity of hydrogen peroxide and Huwa-San decreases. Hydrogen peroxide is totally ineffective. Huwa-San loses over 90% of its activity. The bactericidal activity of Huwa-San is higher than the activity of hydrogen peroxide at the three temperatures (0°C, RT and 45°C). (Table 6, figure 9-10).


[image: image9]
Figure 9: The effect of 0°C on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on E. coli. (Graphic presentation of table 6). 
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Figure 10: The effect of 40°C on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on S. typhimurium.. (Graphic presentation of table 6). 

· The effect of the temperature on the sporicidal activity
Table 7 and figures 11-13 illustrate the effect of 40°C, 60°C and 0°C on the sporicidal activity of different concentrations of hydrogen peroxide and Huwa-San.
	Micro-

organism


	Concentration 

testproduct %v/v


	Temperature

°C


	RF after x hours contact time



	 
	 
	
	0,25
	0,5
	1
	2
	3
	4

	Spores of
	1 % H2O2
	RT
	0,13
	0,03
	0,41
	2,15
	≥4,38*
	≥4,38*

	B. subtilis
	1 % H2O2
	60°C
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*

	ATCC 6633
	1 % H2O2
	40°C
	0,18
	0,10
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*

	
	1 % H2O2
	0°C
	0,15
	0,00
	0,00
	0,07
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	1 % H2O2 + Ag+-complex
	RT
	0,21
	0,06
	0,45
	2,54
	≥4,38*
	≥4,38*

	
	1 % H2O2 + Ag+-complex
	60°C
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*

	
	1 % H2O2 + Ag+-complex
	40°C
	0,00
	0,25
	≥4,38*
	≥4,38*
	≥4,38*
	≥4,38*

	
	1 % H2O2 + Ag+-complex
	0°C
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	RT
	-
	-
	-
	0,72
	2,35
	≥4,05*

	
	0,5 % H2O2
	60°C
	0,75
	≥4,05*
	≥4,05*
	≥4,05*
	≥4,05*
	≥4,05*

	
	0,5 % H2O2
	40°C
	0,01
	0,00
	0,32
	≥4,05*
	≥4,05*
	≥4,05*

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	RT
	-
	-
	-
	0,82
	2,10
	≥4,05*

	
	0,5 % H2O2 + Ag+-complex
	60°C
	0,90
	≥4,05*
	≥4,05*
	≥4,05*
	≥4,05*
	≥4,05*

	
	0,5 % H2O2 + Ag+-complex
	40°C
	0,00
	0,00
	0,83
	≥4,05*
	≥4,05*
	≥4,05*


Table 7: Comparison of the sporicdal activity of different concentrations of hydrogen peroxide and Huwa-San at different temperatures. *All organisms were killed. (See figures 11-13).
Like the bactericidal activity, also the sporicidal activity of hydrogen peroxide and Huwa-San is enhanced by an increase and lowered by a decrease in temperature. 
At 60°C 1% hydrogen peroxide and 1% Huwa-San achieve a full reduction in 15 minutes, 0,5% hydrogen peroxide and 0,5% Huwa-San in 30 minutes. 1% test solutions at 40°C require 1 hour and 0,5% test solutions require 2 hours to achieve a full reduction of the bacterial spores. Hydrogen peroxide and Huwa-San lose their sporicidal activity at 0°C. 
The sporicidal activity of Huwa-San and hydrogen peroxide is comparable at all temperatures. (Table 7, figure 11-13).

[image: image11]
Figure 11: The effect of 60°C on the sporicidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San. (Graphic presentation of table 7)

[image: image12]
Figure 12: The effect of 40°C on the sporicidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San. (Graphic presentation of table 7)

[image: image13]
Figure 13: The effect of 0°C on the sporicidal activity of 1% hydrogen peroxide and 1% Huwa-San. (Graphic presentation of table 7)
· The effect of the temperature on the fungicidal activity
The results obtained using hydrogen peroxide and Huwa-San at different temperatures against the fungus C. albicans and the spores of A. niger are given in table 8 and figure 14. 
	Micro-

organism


	Concentration 

testproduct %v/v


	Temperature

°C


	RF after x hours contact time



	 
	 
	
	0,25
	0,5
	1
	2
	3
	4

	C. albicans 
	0,5 % H2O2
	RT
	0,02
	0,00
	0,06
	0,10
	0,06
	0,00

	ATCC 10231
	0,5 % H2O2
	40 °C
	0,30
	0,23
	0,30
	0,43
	0,57
	0,38

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	RT
	0,23
	0,56
	0,25
	0,39
	0,42
	0,43

	
	0,5 % H2O2 + Ag+-complex
	40 °C
	0,66
	0,66
	0,78
	0,69
	0,71
	0,90

	
	
	
	
	
	
	
	
	

	Spores of  
	0,2 % H2O2
	RT
	0,00
	0,00
	0,00
	0,06
	0,00
	0,19

	A. niger
	0,2 % H2O2
	40 °C
	0,00
	0,00
	1,17
	0,89
	1,62
	1,60

	ATCC 16404
	
	
	
	
	
	
	
	

	
	0,2 % H2O2 + Ag+-complex
	RT
	0,00
	1,01
	1,55
	1,80
	2,10
	2,10

	
	0,2 % H2O2 + Ag+-complex
	40 °C
	1,36
	2,10
	2,40
	2,40
	≥3,40*
	≥3,40*


Table 8: The effect of 40°C on the fungicidal effect of hydrogen peroxide and Huwa-San against C. albicans and the spores of A. niger. *All organisms were killed. (See table 14)
The fungicidal activity of hydrogen peroxide and Huwa-San is potentiated by heat. The reduction in C. albicans bacteria at 40°C by Huwa-San is faster in the first 4 hours, at 24 hours the difference between the two test products is negligible. (Table 14).
At 40°C Huwa-San is effective in 3 hours against the spores of A. niger, contrary to hydrogen peroxide in the same conditions. The activity of Huwa-San increases with 2 log at 40°C, the activity of hydrogen peroxide with 1 log. Huwa-San is at all temperatures more effective than hydrogen peroxide. (Table 8, figure14).

[image: image14]
Figure 14: The effect of 40°C on the fungicidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on the spores of A. niger.  (Graphic presentation of table 8).

1.2.2. pH
· The effect of citric acid on the antimicrobial activity
Table 9 and figures 15-16 demonstrate the effect of 0,1% Citric acid (CTA) on the bactericidal and fungicidal activity of hydrogen peroxide and Huwa-San.
	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x hours contact time



	 
	 
	
	0,25
	0,5
	1
	2
	4

	S. aureus  
	Blanc AD
	6,18
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 6538
	Blanc 0,1% CTA
	4,45
	0,80
	1,70
	2,50
	3,00
	3,35

	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	6,18
	0,15
	0,30
	0,12
	0,096
	0,56

	
	0,5 % H2O2 + 0,1% CTA
	4,45
	2,82
	3,40
	5,00
	6,00
	≥7,30*

	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	6,18
	3,06
	3,06
	4,52
	≥7,30*
	≥7,30*

	
	0,5 % H2O2 + Ag+-complex + 0,1% CTA
	4,45
	3,00
	5,22
	5,70
	≥7,30*
	≥7,30*

	
	
	
	
	
	
	
	

	C. albicans  
	Blanc AD
	6,18
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 10231
	Blanc 0,1% CTA
	4,45
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	6,18
	0,00
	0,41
	0,55
	0,43
	0,43

	
	0,5 % H2O2 + 0,1% CTA
	4,45
	0,33
	0,37
	0,62
	1,09
	1,23

	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	6,18
	1,95
	2,07
	2,39
	3,02
	3,35

	
	0,5 % H2O2 + Ag+-complex + 0,1% CTA
	4,45
	1,92
	2,02
	4,05
	4,81
	≥6,40*


Table 9: The effect of 0,1% citric acid on the antimicrobial activity of hydrogen peroxide and Huwa-San on S. aureus and C. albicans. * All microorganisms were killed. (See figure 15-16)
0,1% citric acid causes a reduction in the initial viable count of S. aureus, but not of C. albicans. After correction for the blanc, the activity of hydrogen peroxide against S. aureus increases with 3 log in the presence of 0,1% CTA. There is no distinct difference in activity between Huwa-San and Huwa-San + 0,1% citric acid. Under standard use conditions, 0,5% Huwa-San requires 2 hours, but 0,5% hydrogen peroxide + 0,1% citric acid needs a contact period of 2 hours to achieve a full reduction. (Table 9, figure 15).
The fungicidal activity of hydrogen peroxide and Huwa-San improves slightly in 0,1% citric acid. Huwa-San at 0,5% is effective against C. albicans in 4 hours, while hydrogen peroxide in the same conditions achieves only 1,23 log reduction. (Table 9, figure 16).
These results confirm that fungi are more resistant than bacteria to hydrogen peroxide and Huwa-San.


[image: image15]
Figure 15: The effect of 0,1% citric acid on the bactericidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San on S. aureus. (Graphic presentation of table 9). 

[image: image16]
Figure 16: The effect of 0,1% citric acid on the fungicidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San on C. albicans. (Graphic presentation of table 9). 
· The effect of buffers with pH < 7 on the antimicrobial activity
The results of the quantitative suspension test with hydrogen peroxide and Huwa-San in the absence and presence of buffers with pH < 7 against S. aureus, E. coli and the spores of B. subtilis are summarized in table 10-12 and figure 17.
	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x hours of contact time



	 
	 
	
	0,25
	0,5
	1
	2
	3
	4
	24

	S. aureus
	Blanc AD
	5,78
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 6538
	Blanc 0,02 M citrate buffer (CB)
	4,21
	0,00
	0,03
	0,06
	0,14
	0,11
	0,12
	0,54

	
	Blanc 0,02 M acetate buffer  (AB)
	4,07
	0,15
	0,00
	0,42
	0,33
	0,77
	1,04
	1,19

	
	Blanc 0,02 M phosphate buffer (PB)
	4,25
	0,00
	0,00
	0,00
	0,04
	0,00
	0,54
	0,55

	
	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	5,78
	0,01
	0,00
	0,25
	0,00
	0,18
	0,06
	0,00

	
	0,5 % H2O2 + CB 0,02 M
	4,21
	0,24
	0,11
	0,25
	0,18
	0,00
	0,54
	1,29

	
	0,5 % H2O2 + AB 0,02 M
	4,07
	0,04
	0,37
	0,02
	0,50
	0,32
	1,06
	2,92

	
	0,5 % H2O2 + PB 0,02 M
	4,25
	0,00
	0,00
	0,00
	0,54
	0,59
	0,69
	0,74

	
	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	5,78
	0,41
	0,54
	0,79
	1,37
	1,65
	2,58
	4,04

	
	0,5 % H2O2 + Ag+-complex + CB 0,02 M
	4,21
	0,25
	0,41
	0,68
	1,68
	2,74
	4,58
	≥5,88*

	
	0,5 % H2O2 + Ag+-complex + AB 0,02 M
	4,07
	0,00
	0,46
	0,51
	1,81
	1,20
	2,99
	≥5,88*

	
	0,5 % H2O2 + Ag+-complex + PB 0,02 M
	4,25
	0,70
	1,17
	1,85
	2,15
	2,78
	3,24
	≥5,88*


Table 10: Effect of buffers with pH < 7 on the bactericidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San on Staphylococcus  aureus. * All microorganisms were killed.
Only the acetate buffer causes a significant reduction in the initial viable count of S. aureus. Hydrogen peroxide and Huwa-San are more active in acid pH than in neutral pH. The decrease of the pH has more influence on the bactericidal activity of hydrogen peroxide than on the activity of Huwa-San. Hydrogen peroxide + acetate buffer achieves almost a 3 log reduction in S. aureus within 24 hours, while hydrogen peroxide in the standard use conditions is totally ineffective. Under standard use conditions, 0,5% Huwa-San achieves a 4 log reduction in 24 hours, but in the presence of any of the buffers with pH < 7, 0,5% Huwa-San achieves a full reduction in 24 hours. (Table 10). 

	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x minutes of contact time



	 
	 
	
	5
	10
	15
	30
	60
	120

	E. coli
	Blanc AD
	5,78
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 10536
	Blanc 0,2 M citrate buffer (CB)
	4,56
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	Blanc 0,2 M acetate buffer  (AB)
	4,45
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	0,2 % H2O2
	5,78
	0,28
	0,28
	0,3
	0,28
	0,28
	0,28

	
	0,2 % H2O2 + CB 0,2 M
	4,56
	0,68
	0,28
	0,28
	0,20
	0,90
	0,91

	
	0,2 % H2O2 + AB 0,2 M
	4,45
	0,28
	0,28
	0,33
	1,41
	1,45
	2,13

	
	
	
	
	
	
	
	
	

	
	0,2 % H2O2 + Ag+-complex
	5,78
	0,34
	0,56
	1,55
	2,28
	2,38
	2,80

	
	0,2 % H2O2 + Ag+-complex + CB 0,2 M
	4,56
	0,44
	0,70
	1,70
	1,87
	2,98
	3,24

	
	0,2 % H2O2 + Ag+-complex + AB 0,2 M
	4,45
	0,88
	0,80
	2,24
	2,48
	≥6,28*
	≥6,28*


Table 11: Results of the effect of buffers with pH < 7 on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on E. coli.  * All microorganisms were killed. (See figure 17).
The initial viable count is not influenced by the acid pH. The bactericidal activity of the test products is enhanced by a reduction in the pH. The results demonstrate that a slight difference in pH between the citrate buffer, pH 4,56 and the acetate buffer, pH 4,45 has a large effect on the bactericidal activity of hydrogen peroxide and Huwa-San. In the presence of the acetate buffer, 0,2% hydrogen peroxide achieves a 2 log reduction in 2 hours, but 0,2% hydrogen peroxide is totally ineffective. In the presence of the acetate buffer, 0,2% Huwa-San was effective in 1 hour, but in the citrate buffer, only a 3 log reduction is achieved in the same contact period. The bactericidal activity of 0,2% hydrogen peroxide + acetate buffer against E. coli is less than that of 0,2% Huwa-San in standard use conditions. (Table 11, figure 17)
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Figure 17: The effect of buffers with pH < 7 on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on E. coli. (Graphic presentation of table 11).
	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x hours of contact time



	 
	 
	
	1
	2
	4

	Spores of
	Blanc AD
	5,78
	0,00
	0,00
	0,00

	B. subtilis
	Blanc 0,2 M citrate buffer (CB)
	4,56
	0,00
	0,00
	0,00

	ATCC 6633
	Blanc 0,2 M acetate buffer  (AB)
	4,45
	0,00
	0,00
	0,00

	
	
	
	
	
	

	
	1 % H2O2
	5,78
	0,00
	0,79
	≥4,64*

	
	1 % H2O2 + CB 0,2 M
	4,56
	0,50
	0,69
	≥4,64*

	
	1 % H2O2 + AB 0,2 M
	4,45
	0,70
	2,19
	≥4,64*

	
	
	
	
	
	

	
	1 % H2O2 + Ag+-complex
	5,78
	0,10
	0,68
	≥4,64*

	
	1 % H2O2 + Ag+-complex + CB 0,2 M
	4,56
	0,60
	0,94
	≥4,64*

	
	1 % H2O2 + Ag+-complex + AB 0,2 M
	4,45
	1,60
	2,06
	≥4,64*



Table 12:   Effect of buffers with pH < 7 on the sporicidal activity of 1% hydrogen peroxide and 1% Huwa-San. * All 
microorganisms were killed.
The bacterial spores are not susceptible to a decrease in the pH. Hydrogen peroxide and Huwa-San are, in standard use conditions and in the presence of buffers with a pH < 7, equally effective in achieving a full reduction of the bacterial spores within 4 hours. (Table 12).
· The effect of buffers with pH > 7 on the antimicrobial activity
Table 13 and figure 18 demonstrate the results of the quantitative suspension test with hydrogen peroxide and Huwa-San in the absence and presence of buffers with a pH > 7 against S. aureus.  

	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x hours of contact time



	 
	 
	
	0,25
	0,5
	1
	2
	3
	4
	24

	S. aureus
	Blanc AD
	5,78
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 6538
	Blanc 0,02 M Glycine buffer (GB)
	7,75
	0,16
	0,08
	0,14
	0,03
	0,00
	0,00
	0,19

	
	Blanc 0,02 M Tris buffer  (TB)
	8,17
	0,19
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	Blanc 0,02 M phosphate buffer (PB)
	7,92
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	5,78
	0,01
	0,00
	0,25
	0,00
	0,18
	0,06
	0,00

	
	0,5 % H2O2 + GB 0,02 M
	7,75
	0,00
	0,00
	0,00
	0,00
	0,04
	0,00
	0,29

	
	0,5 % H2O2 + TB 0,02 M
	8,17
	0,31
	0,16
	0,14
	0,01
	0,06
	0,12
	0,01

	
	0,5 % H2O2 + PB 0,02 M
	7,92
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	5,78
	0,41
	0,54
	0,79
	1,37
	1,65
	2,58
	≥5,88*

	
	0,5 % H2O2 + Ag+-complex + GB 0,02 M
	7,75
	0,24
	0,66
	1,32
	1,73
	1,63
	1,40
	≥5,88*

	
	0,5 % H2O2 + Ag+-complex + TB 0,02 M
	8,17
	0,07
	0,33
	0,66
	1,36
	2,12
	3,28
	≥5,88*

	
	0,5 % H2O2 + Ag+-complex + PB 0,02 M
	7,92
	0,19
	0,58
	1,24
	1,58
	2,78
	3,51
	≥5,88*


Table 13: Effect of buffers pH > 7 on the bactericidal activity of 0,5% hydrogen peroxide and 0, 5% Huwa-San on Staphylococcus  aureus. * All microorganisms were killed. (See figure 18)
The alkalic pH has no influence on the initial viable count of S. aureus. Under standard use conditions and under alkalic conditions, 0,5% hydrogen peroxide is totally ineffective. The bactericidal activity of Huwa-San stays unaltered in alkalic pH. 0,5% Huwa-San achieves a full reduction in 24 hours in the absence and presence of alkalic buffers. (Table 13, figure 18).

[image: image18]
Figure 18: The effect of buffers with pH > 7 on the bactericidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San against Staphylococcus  aureus. (Graphic presentation of table 13).
· The effect of phosphate buffers on the bactericidal activity
The results of the effect of phosphate buffers at different pH’s on the bactericidal activity of hydrogen peroxide and Huwa-San against S. aureus and E. coli are presented in table 14-15 and figure 19-20. 
	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x hours of contact time



	 
	 
	
	0,25
	0,5
	1
	2
	3
	4

	S. aureus
	Blanc AD
	5,78
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 6538
	Blanc 0,02 M  phosphate buffer (PB)
	4,25
	0,00
	0,00
	0,00
	0,04
	0,00
	0,05

	
	Blanc 0,02 M  phosphate buffer (PB)
	6,60
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	Blanc 0,02 M phosphate buffer (PB)
	7,92
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2
	5,78
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	0,5 % H2O2 +  PB 0,02 M
	4,25
	0,00
	0,00
	0,00
	0,54
	0,59
	0,69

	
	0,5 % H2O2 +  PB 0,02 M
	6,60
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	0,5 % H2O2 + PB 0,02 M
	7,92
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	5,78
	1,04
	1,30
	1,58
	2,02
	1,94
	3,30

	
	0,5 % H2O2 + Ag+-complex +  PB 0,02 M
	4,25
	0,70
	1,17
	1,85
	2,15
	2,78
	4,24

	
	0,5 % H2O2 + Ag+-complex +  PB 0,02 M
	6,60
	0,78
	1,67
	1,85
	2,27
	2,92
	3,16

	
	0,5 % H2O2 + Ag+-complex + PB 0,02 M
	7,92
	0,19
	0,58
	1,24
	1,85
	2,78
	3,51


Table 14: The effect of phosphate buffers at different pH’s on the bactericidal activity of 0,5%  hydrogen peroxide and 0,5% Huwa-San on S. aureus. (See figure 19).
The pH of the phosphate buffers has no influence on the initial viable count of S. aureus. Hydrogen peroxide, in standard use conditions and in the presence of the phosphate buffers at pH 6,60 and pH 7,92 is ineffective. The bactericidal activity of hydrogen peroxide is slightly potentiated by the phosphate buffer at pH 4,25. 0,5% Huwa-San in standard use conditions and in the presence of phosphate buffers at pH 6,60 and pH 7,92 achieves a similar reduction in S. aureus. The phosphate buffer at pH 4,25 enhances the bactericidal activity of Huwa-San with 1 log after 4 hours. The bactericidal activity of 0,2% hydrogen peroxide + acetate buffer against E. coli is less than that of 0,2% Huwa-San in standard use conditions. (Table 14, figure 19).
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Figure 19: The effect of phosphate buffers at different pH’s on the bactericidal activity of 0,5% hydrogen peroxide and 0,5% Huwa-San against S. aureus. (Graphic presentation of table 14).
	Micro-

organism


	Concentration 

testproduct %v/v


	pH


	RF after x minutes of contact time



	 
	 
	
	5
	10
	15
	30
	60

	E. coli
	Blanc AD
	5,78
	0,00
	0,00
	0,00
	0,00
	0,00

	ATCC 10536
	Blanc 0,02 M phosphate buffer (PB)
	3,60
	0,00
	0,00
	0,00
	0,00
	0,00

	
	Blanc 0,02 M phosphate buffer (PB)
	8,02
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	

	
	0,2 % H2O2
	5,78
	0,00
	0,27
	0,27
	0,45
	0,31

	
	0,2 % H2O2 + PB 0,02 M
	3,60
	0,41
	1,54
	1,92
	3,89
	≥5,38*

	
	0,2 % H2O2 + PB 0,02 M
	8,02
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	

	
	0,2 % H2O2 + Ag+-complex
	5,78
	0,89
	2,63
	4,1
	≥5,38*
	≥5,38*

	
	0,2 % H2O2 + Ag+-complex + PB 0,02 M
	3,60
	2,47
	3,13
	≥5,38*
	≥5,38*
	≥5,38*

	
	0,2 % H2O2 + Ag+-complex + PB 0,02 M
	8,02
	1,61
	2
	3,51
	≥5,38*
	≥5,38*


Table 15: The effect of phosphate buffers at different pH’s on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on E. coli. * All microorganisms were killed.
The initial viable count stays equal at the three different pH’s. 0,2% hydrogen peroxide + phosphate buffer pH 3,60 is effective against E. coli in 1hour, but ineffective in standard use conditions. In alkalic pH, hydrogen peroxide loses all bactericidal activity. In phosphate buffer with pH 3,60 Huwa-San requires 15 minutes, but in standard use conditions and in phosphate buffer with pH 8,02, a longer contact period of 30 minutes was required to achieve full reduction of E. coli. (Table 15).
Figure 20 summarizes the effect of different pH’s on the bactericidal activity of hydrogen peroxide and Huwa-San on S. aureus. The most striking is the much higher bactericidal activity of Huwa-San at all pH’s. In acid pH, the activity of both hydrogen peroxide and Huwa-San is enhanced. Hydrogen peroxide in neutral or alkalic pH becomes totally ineffective, while Huwa-San maintains its activity in the same conditions.
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Figure 20: The effect of the pH on the bactericidal activity of hydrogen peroxide and Huwa-San against Staphylococcus  aureus, expressed in function of the reduction factor.

1.2.3. Surface

Table 16 illustrates the bactericidal activity of hydrogen peroxide and Huwa-San on S. aureus and E. coli in suspension and dried up on glass slides. 
	Micro-organism


	Suspension/

surface


	Concentration 

testproduct

%v/v
	RF after x min/hours contact time



	 
	
	 
	5 

min
	10 min
	15 min
	30 min
	1

hour
	2

hours
	4

hours

	S. aureus 
	In suspension
	0,5 % H2O2
	-
	-
	0,00
	0,20
	0,50
	1,00
	1,00

	ATCC 6538
	
	0,5 % H2O2 + Ag+-complex
	-
	-
	3,00
	4,00
	≥7,08*
	≥7,08*
	≥7,08*

	
	
	
	
	
	
	
	
	
	

	
	On slides
	0,5 % H2O2
	-
	-
	0,64
	0,67
	1,04
	1,08
	1,13

	E. coli
	
	0,5 % H2O2 + Ag+-complex
	-
	-
	1,88
	5,38
	≥7,08*
	≥7,08*
	≥7,08*

	
	
	
	
	
	
	
	
	
	

	
	In suspension
	0,25 % H2O2
	1,00
	2,00
	2,00
	5,00
	≥6,48*
	≥6,48*
	≥6,48*

	ATCC 10536
	
	0,25 % H2O2 + Ag+-complex
	4,00
	≥6,48*
	≥6,48*
	≥6,48*
	≥6,48*
	≥6,48*
	≥6,48*

	
	
	
	
	
	
	
	
	
	

	
	On slides
	0,25 % H2O2
	2,18
	2,22
	2,38
	3,37
	≥6,48*
	≥6,48*
	≥6,48*

	
	
	0,25 % H2O2 + Ag+-complex
	2,04
	≥6,48*
	≥6,48*
	≥6,48*
	≥6,48*
	≥6,48*
	≥6,48*


Table 16: Results of the bactericidal effect of hydrogen peroxide and Huwa-San on bacteria in suspension and on bacteria dried up on glass slides. * All microorganisms were killed.
The bactericidal activity of hydrogen peroxide on bacteria in suspension and dried up is comparable, this applies also for Huwa-San. 0,5% Huwa-San is effective against S. aureus in 1 hour, contrary to 0,5% hydrogen peroxide that achieves only 1 log reduction in 4 hours. Huwa-San is effective against E. coli in 10 minutes, but 1 hour exposure to the same concentration hydrogen peroxide is required to achieve the same reduction. (Table 16)

1.2.4. Albumin

The results obtained using hydrogen peroxide and Huwa-San combined with 0,3% albumin against C. albicans, spores of A. niger and S. cerevisiae are given in table 17-18 and in figure 21.
	Micro-organism


	Concentration 

testproduct

%v/v
	RF after x minutes contact time



	 
	 
	15
	30
	60

	C. albicans 
	3 % H2O2
	2,57
	4,01
	≥6,57*

	ATCC 10231
	3 % H2O2 + Ag+-complex
	≥6,57*
	≥6,57*
	≥6,57*

	
	
	
	
	

	
	3 % H2O2 + 0,3% albumin
	2,51
	4,03
	5,57

	
	3 % H2O2 + Ag+-complex + 0,3% albumin
	≥6,57*
	≥6,57*
	≥6,57*

	
	
	
	
	

	Spores of 
	5 % H2O2
	≥5,70*
	≥5,70*
	≥5,70*

	A. niger
	5 % H2O2 + Ag+-complex
	≥5,70*
	≥5,70*
	≥5,70*

	ATCC 16404
	
	
	
	

	
	5 % H2O2 + 0,3% albumin
	≥5,70*
	≥5,70*
	≥5,70*

	
	5 % H2O2 + Ag+-complex + 0,3% albumin


	≥5,70*

	≥5,70*

	≥5,70*


	S. cerevisiae
	2 % H2O2
	0,79
	1,10
	1,15

	ATCC 9763
	2 % H2O2 + Ag+-complex
	≥5,30*
	≥5,30*
	≥5,30*

	
	
	
	
	

	
	2 % H2O2 + 0,3% albumin
	0,31
	0,48
	1,09

	
	2 % H2O2 + Ag+-complex + 0,3% albumin
	≥5,30*
	≥5,30*
	≥5,30*


Table 17: The effect of 0,3% albumin on the fungicidal activity of hydrogen peroxide and Huwa-San against Candida  albicans, the spores of Aspergillus  niger and Saccharomyces  cerevisiae. * All microorganisms were killed. (See figure 21)
There is no reduction in the fungicidal activity of hydrogen peroxide and Huwa-San in the presence of 0,3 % albumin. 3% Huwa-San with or without albumin is effective in 15 minutes against C. albicans, but 3% hydrogen peroxide in the same conditions requires a 1 hour contact period to achieve the same reduction. The spores of A. niger exhibit similar susceptibility to 5% hydrogen peroxide and 5% Huwa-San in the absence or presence of albumin. In 15 minutes, 2% Huwa-San achieves a full reduction of S. cerevisiae, while 2% hydrogen peroxide achieves only 1 log reduction, this applies for both conditions. (Table 17, figure 21).

[image: image21]
Figure 21: The effect of 0,3% albumin on the fungicidal activity of 2% hydrogen peroxide and 2% Huwa-San against S. cerevisiae. (Graphic presentation of table 17).
Results of the mycobactericidal activity of hydrogen peroxide and Huwa-San in the presence or absence of 0,3% albumin are given in table 18. 
	Microorganism


	Testproduct


	Concentration

 % v/v
	Contact time

	
	
	
	1 hour
	2 hours 
	5 hours
	24 hours 
	4 days

	M. avium
	H2O2
	20%
	0
	0
	0
	0
	0

	ATCC 15769
	
	15%
	0
	0
	0
	0
	0

	108 CFU/ml
	
	10%
	±
	-
	-
	-
	-

	
	
	5%
	+
	+
	±
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	±
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + Ag+-complex
	20%
	0
	0
	0
	0
	0

	
	
	15%
	0
	0
	0
	0
	0

	
	
	10%
	0
	0
	0
	0
	0

	
	
	5%
	0
	0
	0
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	±
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + 0,3% albumine
	20%
	0
	0
	0
	0
	0

	
	
	15%
	0
	0
	0
	0
	0

	
	
	10%
	±
	-
	-
	-
	-

	
	
	5%
	+
	+
	+
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	±
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + Ag+-complex 
	20%
	0
	0
	0
	0
	0

	
	+ 0,3% albumine
	15%
	0
	0
	0
	0
	0

	
	
	10%
	0
	0
	0
	0
	0

	
	
	5%
	+
	+
	0
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	+
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	M. terrae
	H2O2
	20%
	0
	0
	0
	0
	0

	ATCC 14348
	
	15%
	0
	0
	0
	0
	0

	109 CFU/ml
	
	10%
	±
	-
	-
	-
	-

	
	
	5%
	+
	+
	+
	±
	0

	
	
	3%
	+
	+
	+
	±
	0

	
	
	2%
	+
	+
	+
	+
	0

	
	
	1%
	+
	+
	+
	+
	0

	
	
	0,50%
	+
	+
	+
	+
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + Ag+-complex 
	20%
	0
	0
	0
	0
	0

	
	
	15%
	0
	0
	0
	0
	0

	
	
	10%
	0
	0
	0
	0
	0

	
	
	5%
	±
	0
	0
	0
	0

	
	
	3%
	+
	±
	0
	0
	0

	
	
	2%
	+
	+
	±
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	0
	0

	
	
	0,10%
	+
	+
	+
	+
	0

	
	
	
	
	
	
	
	

	
	H2O2 + 0,3% albumine
	20%
	0
	0
	0
	0
	0

	
	
	15%
	0
	0
	0
	0
	0

	
	
	10%
	±
	-
	-
	-
	-

	
	
	5%
	±
	+
	+
	0
	0

	
	
	3%
	+
	+
	+
	0
	0

	
	
	2%
	+
	+
	+
	0
	0

	
	
	1%
	+
	+
	+
	0
	0

	
	
	0,50%
	+
	+
	+
	0
	0

	
	
	0,10%
	+
	+
	+
	±
	0

	
	
	
	
	
	
	
	

	
	H2O2 + Ag+-complex 
	20%
	0
	0
	0
	0
	0

	
	+ 0,3% albumine
	15%
	0
	0
	0
	0
	0

	
	
	10%
	0
	0
	0
	0
	0

	
	
	5%
	+
	+
	0
	0
	0

	
	
	3%
	+
	+
	0
	0
	0

	
	
	2%
	+
	+
	±
	0
	0

	
	
	1%
	+
	+
	±
	0
	0

	
	
	0,50%
	+
	+
	+
	+
	0

	
	
	0,10%
	+
	+
	+
	±
	0


Table 18: The effect of 0,3% albumin on the mycobactericidal activity of hydrogen peroxide and Huwa-San. + means growth after indicated contact time, 0 means no growth after indicated contact time, - means test was not performed.
Results of the test with mycobacteria and hydrogen peroxide / Huwa-San in standard use conditions, presented above, have been included here for comparison. 

0,3% albumin has no significant influence on the mycobactericidal activity of hydrogen peroxide and Huwa-San. These results show that at least a 15% hydrogen peroxide solution or a 10% Huwa-San solution with or without albumin is required for effective destruction of the mycobacteria within the hour. (Table 18).

1.2.5. Fe2+

Table 19 and figure 22 demonstrate the results of the quantitative suspension test with hydrogen peroxide and Huwa-San in the absence and presence of 0,1% Fe2+.

	Micro-organism

	             concentration 
             testproduct %v/v

	RF after x minutes contact time


	 
	 
	5
	10
	15
	30
	60
	120

	E. coli  
	Blanc Fe (II)
	0,50
	0,80
	1,00
	1,80
	1,90
	2,10

	ATCC 10536
	
	
	
	
	
	
	

	
	0,2% H2O2
	0,00
	0,00
	0,61
	1,09
	1,97
	≥5,81*

	
	0,2% H2O2 + 0,1% Fe²+
	2,08
	2,92
	3,93
	≥5,81*
	≥5,81*
	≥5,81*

	
	
	
	
	
	
	
	

	
	0,2% H2O2 + Ag+-complex
	1,51
	2,68
	3,31
	≥5,81*
	≥5,81*
	≥5,81*

	
	0,2% H2O2 + Ag+-complex  0,1% Fe²+
	3,17


	≥5,81*

	≥5,81*

	≥5,81*

	≥5,81*

	≥5,81*




Table 19: The effect of iron (II) on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San on E. coli. 
* All microorganisms were killed. (See figure 22).
0,1% Fe2+ reduces the initial viable count with 2 log in 2 hours. The increase in bactericidal effect of hydrogen peroxide and Huwa-San is partially due to the antibacterial effect of Fe2+ and partial due to the potentiation of the test products and Huwa-San. The increase in activity is slighly more distinct for hydrogen peroxide than for Huwa-San. 0,2% Huwa-San combined with Fe2+ is effective in 10 minutes, but hydrogen peroxide in the same conditions needs a contact period of 30 minutes to achieve the same reduction. Hydrogen peroxide combined with Fe2+ and Huwa-San in standard use conditions are equally effective in achieving a full reduction (Table 19 and figure 22).

[image: image22]
Figure 22: The effect of 0,1% Fe (II) on the bactericidal activity of 0,2% hydrogen peroxide and 0,2% Huwa-San against E. coli. (Graphic presentation of table 19).

1.2.6. Tap water

The objective is to evaluate whether different types of water, AD, steam sterilized tap water and filtered tap water, have an influence on the antimicrobial activity of hydrogen peroxide and Huwa-San. Tap water contains spore elements, including chloride ions. The silver could precipitate with the chloride ions and lose his activity. In this way the activity of Huwa-San can be reduced to the activity of hydrogen peroxide in tap water. 
The sterilisation method changes the characteristics of the tap water. Steam sterilisation influences the concentration of the spore elements, solved CO2 gas and Cl2 gas can disappear out of the water, which results in a rise of the pH. Therefore two types of tap water were used, steam sterilized and filtered tap water. 

Table 21 and figures 23-24 summarize the results of the effect of different sterilised kinds of tap water on the antimicrobial activity of hydrogen peroxide and Huwa-San against S. aureus, S. typhimurium, C. albicans and the spores of A. niger.

	Micro-

organism


	Concentration 

testproduct %v/v


	
	RF after x hours of contact time



	 
	 
	0,25
	0,5
	1
	2
	3
	4
	24

	S. aureus
	0,5 % H2O2
	0,04
	0,02
	0,00
	0,00
	0,11
	0,21
	0,55

	ATCC 6538
	0,5 % H2O2 +  TW
	0,00
	0,03
	0,00
	0,20
	0,19
	0,00
	0,14

	
	0,5 % H2O2 +  FTW
	0,17
	0,04
	0,24
	0,07
	0,11
	0,00
	0,50

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	0,39
	0,70
	0,74
	0,88
	1,05
	1,19
	≥5,78*

	
	0,5 % H2O2 + Ag+-complex +  TW
	0,00
	0,00
	0,26
	0,64
	0,92
	1,70
	≥5,78*

	
	0,5 % H2O2 + Ag+-complex +  FTW
	0,02
	0,29
	0,36
	0,48
	1,27
	2,01
	≥5,78*

	
	
	
	
	
	
	
	
	

	S. typhimurium
	0,1 % H2O2
	0,02
	0,13
	0,18
	0,12
	0,09
	0,00
	0,00

	ATCC 13311
	0,1 % H2O2 +  TW
	0,13
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	
	
	
	
	
	
	
	
	

	
	0,1 % H2O2 + Ag+-complex
	0,23
	0,59
	0,42
	1,02
	1,28
	1,55
	1,80

	
	0,1 % H2O2 + Ag+-complex +  TW
	0,00
	0,79
	1,28
	1,67
	1,61
	2,30
	2,89

	
	
	
	
	
	
	
	
	

	C. albicans
	0,5 % H2O2
	0,00
	0,12
	0,28
	0,00
	0,10
	0,12
	-

	ATCC 10231
	0,5 % H2O2 +  TW
	0,00
	0,01
	0,10
	0,00
	0,03
	0,00
	-

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	0,32
	0,87
	0,58
	0,70
	0,70
	0,87
	-

	
	0,5 % H2O2 + Ag+-complex +  TW
	0,51
	1,50
	1,73
	2,36
	2,41
	2,57
	-

	
	
	
	
	
	
	
	
	

	Spores of
	0,5 % H2O2
	0,05
	0,05
	0,00
	0,00
	0,28
	0,88
	≥3,26*

	A. niger
	0,5 % H2O2 +  TW
	0,00
	0,10
	0,01
	0,50
	1,06
	1,51
	≥3,26*

	ATCC 16404
	0,5 % H2O2 +  FTW
	0,06
	0,00
	0,23
	0,45
	1,02
	1,33
	≥3,26*

	
	
	
	
	
	
	
	
	

	
	0,5 % H2O2 + Ag+-complex
	0,58
	≥3,26*
	≥3,26*
	≥3,26*
	≥3,26*
	≥3,26*
	≥3,26*

	
	0,5 % H2O2 + Ag+-complex +  TW
	0,00
	0,00
	0,27
	1,11
	≥3,26*
	≥3,26*
	≥3,26*

	
	0,5 % H2O2 + Ag+-complex +  FTW
	0,00
	0,00
	0,04
	0,60
	≥3,26*
	≥3,26*
	≥3,26*


Table 20: The effect of steam sterilized and filtered tap water on the antimicrobial activity of different concentrations of hydrogen peroxide and Huwa-San against S.aureus, S. typhimurium, C. albicans and spores of A. niger. * All microorganisms were killed. (See figures 23 – 24).
0,5% Huwa-San in AD and in tap water is effective against S. aureus, but the same concentration hydrogen peroxide is in both conditions ineffective. (Table 20). Hydrogen peroxide in AD and in tap water is also ineffective against S. typhimurium, while tap water enhances the activity of Huwa-San with 1 log in 2 hours. (Table 20, figure 23). In AD and in tap water, 0,5% hydrogen peroxide cannot achieve a significant reduction of C. albicans. The activity of 0,5% Huwa-San is potentiated by tap water with 1,5 log in 2 hours. (Table 20, figure 24).
These results prove that the sterilisation method of tap water does not influence the antimicrobial activity of hydrogen peroxide and Huwa-San. The bactericidal activity of the hydrogen peroxide based products experience no negative effect of spore elements in tap water. Against C. albicans and S. typhimurium, Huwa-San is even more active in tap water than in AD. The bactericidal activity of 0,5% hydrogen peroxide in standard use conditions against the spores of A. niger is less than that of 0,2% Huwa-San in the presence of tap water. (Table 20).

[image: image23]
Figure 23: The effect of tap water on the bactericidal activity of 0,1% hydrogen peroxide and 0,1% Huwa-San against S. typhimurium. (Graphic presentation of table 20).

[image: image24]
Figure 24: The effect of tap water on the fungicidal activity of 0,1% hydrogen peroxide and 0,1% Huwa-San against C. albicans. (Graphic presentation of table 20).
1.2.7. Discussion
As would expected, lethal activity of a biocide depends on a variety of factors, including its concentration, the number and type of microorganisms present, external pH, temperature, and the presence of interfering material2. The type and number of organisms and the concentrations of the test products have been discussed in 1.1.6. 

It is general known that the activity of biocides increases with increasing temperature and decreases at lower temperature. This is not surprising, as disinfection, like any other chemical processes, almost always takes place at a higher rate as the temperature rises and at a lower rate as the temperature drops1, 2, 3, 4. The results obtained are in agreement with the literature. The different temperatures had no significant effect on the initial viable count. The action of hydrogen peroxide and Huwa-San was potentiated by heat. This is thought to be associated with the production of highly reactive hydroxyl radicals, which are catalysed by heat. Also the activity of Ag+ is increased as the temperature is raised (Q10 = 1,6, that is a 1,6 fold increase in activity per 10°C rise in temperature)2, 3. Because of the activation of hydrogen peroxide and of silver by heat, the bactericidal and the fungicidal activity of Huwa-San were enhanced more than the activity of hydrogen peroxide. The bactericidal activity of Huwa-San increased 3 log in 30 minutes at 40°C, while the activity of hydrogen peroxide increased 0,5 – 1 log in 2 hours in the same conditions. Hydrogen peroxide and Huwa-San were slowly sporicidal at ambient temperatures, but at elevated temperatures activity was markedly increased. At 40 °C, the sporicidal activity of both test products raised with 4 log in 1 hour and at 60°C  with 4 log in 15 minutes.  The sporicidal action of hydrogen peroxide and Huwa-San was, such as in standard use conditions, comparable at high temperatures. As mentioned in 1.1.6. The intrinsic resistance for silver of the spore coat caused the similar sporicidal activity of hydrogen peroxide and Huwa-San. When the temperature drops to 0°C, so does the antimicrobial activity of hydrogen peroxide and Huwa-San.
It has long been known that a modification of the pH at witch a biocide acts can have profound influence on the activity. pH can influence the activity in the following ways: changes may occur in the molecule in the cell surface and partitioning of a compound between a product in which it is present and the microbial cell may be influenced by the pH2. 0,1% citric acid and the acetate buffer themselfs were bactericidal for S. aureus. The other buffers tested did not cause a significant reduction in initial viable count. 0,1% citric acid improved the bactericidal activity of hydrogen peroxide and the fungicidal activity of both test products. Generally, a decrease of the pH meant an increase in activity of hydrogen peroxide and Huwa-San. pH 4,45, induced by the acetate buffer, potentiated the activity of hydrogen peroxide and Huwa-San the most. The increase in bactericidal and fungicidal effect was more pronounced for Huwa-San. The sporicidal activity of hydrogen peroxide and Huwa-San was equally effective in standard use conditions as in the presence of buffers with a pH < 7. 
At alkalic pH, hydrogen peroxide is rapidly decomposed and so, did not remain active. The activity of Ag+ is also pH-dependent, it increases with increasing pH 32. This explains the results obtained with hydrogen peroxide and Huwa-San in buffers with pH > 7. In standard use conditions and at alkalic pH was Huwa-San equally effective in reduction of the bacteria. Hydrogen peroxide became totally ineffective at pH > 6,5. Useful research could be undertaken on the influence of different buffer systems on silver.  

The activity of hydrogen peroxide and Huwa-San on microbial suspensions that were dried onto glass slides prior to exposure to the biocide was tested. In these tests, the microbes were protected from hydrogen peroxide and Huwa-San not only by their cell wall, but also by dried residues from the microbial suspension broth. The bactericidal activity of Huwa-San and hydrogen peroxide is equal for bacteria in suspension and dried up bacteria. Huwa-San is more active than hydrogen peroxide on bacteria in suspension and on dried up bacteria. 
Organic matter may interfere with the antimicrobial activity of disinfectants. This interference generally takes the form of a “reaction” between the biocide and the interfering substance, an alternative possibility is that the interfering matter protects microorganisms from attack. The fungicidal activity hydrogen peroxide and Huwa-San is not influenced by the presence of 0,1% albumin.. 

0,1% iron (II) itself is antibacterial. Because of the formation of highly reactive hydroxyl radicals (Fenton reaction) induced by iron (II), hydrogen peroxide and Huwa-San show an increased activity33, 39. 

The type of water has no influence on the initial viable count or on the antimicrobial activity of hydrogen peroxide. The antimicrobial activity of Ag+ is reduced in the presence of phosphates, chlorides, sulphates and hard water6, 7, 26. Nevertheless was the activity of Huwa-San in tap water comparable with in AD. In some cases, e.g. C. albicans and S. typhimurium, the activity of Huwa-San was increased in tap water. The results show that the spore elements in tap water don’t influence the antimicrobial activity of hydrogen peroxide and Huwa-San. 
It can be concluded that Huwa-San is more effective than native H2O2 in all conditions tested, with the exception of bacterial spores. 

2. Virucidal activity: Polio

2.1. results
Hydrogen peroxide and Huwa-San are very toxic for the VERO-cells, the MNTD = Maximal non toxic dose is < 0,005 %. 
	Micro-

organism
	Concentration testproduct % v/v
	RF after 60 minutes contact time at 20°C

	
	
	0,05 %
	0,10 %
	0,50 %
	1 %
	2,50 %

	Polio
	H2O2
	0
	0
	1
	≥5*
	≥5*

	
	H2O2 + Ag+-complex
	0
	0
	2
	≥5*
	≥5*

	
	H2O2 + Fe (II) 0,1% + CTA 0,1 %
	0
	0
	1
	≥5*
	≥5*

	 
	H2O2 + Ag+-complex + CTA 0,1 %
	0
	0
	3
	-
	-


Table 21: The bactericidal effect of the test products on polio virus.* All organisms were killed. - = Test was not performed.
The activity of both products against polio is comparable. Iron and the low pH don’t improve the effectiveness of hydrogen peroxide. The activity of Huwa-San in neutral and acidic conditions is comparable. 
2.2. Discussion

Because of the great resistance of polio to many disinfectants, a contact period of 60 minutes with a 1% test solution is necessary to inactivate the virus. The combination product is not more virucidal than native hydrogen peroxide. It seems likely that the silver ion complex was inactivated by the chloor ions and the SH-groups of the proteins in the Plaisner medium2, 26, 31.

3. Biofilms
3.1. results

3.1.1. Prevention of P. aeruginosa biofilm formation

Table 22 presents the results of the prevention of biofilm formation with different concentrations of hydrogen peroxide and Huwa-San in standard use conditions. The OD in control conditions of biofilm formers P. aeruginosa ATCC 700829 is 0,55 ± 0,008 and of P. aeruginosa ATCC 9027  0,66 ± 0,016, the OD of the not-biofilm former P. aeruginosa ATCC 15442 0,12 ± 0,001. 
	Micro-

organism
	OD after 24 hours incubation at 37°C



	
	H2O2
	H2O2 + Ag+ complex

	
	0,25%
	0,13%
	0,06%
	0,03%
	0,008%
	0,00%
	0,25%
	0,13%
	0,06%
	0,03%
	0,008%
	0,00%

	Blanco 

(no bacteria)
	0,11 

± 0,008
	0,11 

± 0,008
	0,12 

± 0,009
	0,10 

± 0,007
	0,10 

± 0,005
	0,12 

± 0,006
	0,11 

± 0,008
	0,11 

± 0,008
	0,12 

± 0,009
	0,10 

± 0,007
	0,10 

± 0,005
	0,12 

± 0,006

	P. aeruginosa ATCC 700829
	0,11 

± 0,008
	0,11 

± 0,008
	0,45 

± 0,007
	0,86

± 0,008
	0,44 

± 0,008
	0,44

± 0,010
	0,11 

± 0,008
	0,11 

± 0,008
	0,45 

± 0,007
	0,86

± 0,008
	0,44 

± 0,008
	0,44

± 0,010

	P. aeruginosa ATCC 9027
	0,11 

± 0,008
	0,11 

± 0,008
	0,66

± 0,006
	0,79

± 0,004
	0,59 

± 0,008
	0,59 

± 0,010
	0,11 

± 0,008
	0,11 

± 0,008
	0,66

± 0,006
	0,79

± 0,004
	0,59 

± 0,008
	0,59 

± 0,010

	 P. aeruginosa ATCC 15442
	0,12 

± 0,009
	0,12 

± 0,009
	0,12 

± 0,009
	0,13 

± 0,002
	0,12 

± 0,002
	0,12 

± 0,002
	0,12 

± 0,009
	0,12 

± 0,009
	0,12 

± 0,009
	0,13 

± 0,002
	0,12 

± 0,002
	0,12 

± 0,002


Table 22: Amount of P. aeruginosa biofilm formed in 24 hours in standard use conditions in the presence of different concentrations hydrogen peroxide and Huwa-San.
Hydrogen peroxide and Huwa-San are equally effective in the prevention of P. aeruginosa biofilm formation in standard use conditions.  Remarkable is the enormous increase in biofilm formation in the presence of 0,3% test product. From a concentration 0,008% hydrogen peroxide or Huwa-San P. aeruginosa biofilm formation occurs similar to the formation in control conditions. P. aeruginosa ATCC 700829 can be classified as a moderately biofilm former, P. aeruginosa ATCC 9027 as a strong biofilm former. Nevertheless increases the biofilm of P. aeruginosa ATCC 700829 more sharply in subtherapeutic concentrations of hydrogen peroxide or Huwa-San. (Table 22).

3.1.2. The removal of a biofilm

· P. aeruginosa biofilm: contact period of 24 hours
Results of the removal of a 24 hours biofilm by hydrogen peroxide and Huwa-San following a contact period of 24 hours are summarized in table 23.  

	Micro-

Organism
	OD after 24 hours incubation at 37°C



	
	H2O2
	H2O2 + Ag+ complex

	
	8%
	4%
	1%
	0,5%
	0,00%
	8%
	4%
	1%
	0,5%
	0,00%

	Blanco 

(no bacteria)
	0,11 

± 0,008
	0,11 

± 0,008
	0,12 

± 0,009
	0,10 

± 0,007
	0,10 

± 0,005
	0,12 

± 0,006
	0,11 

± 0,008
	0,11 

± 0,008
	0,12 

± 0,009
	0,10 

± 0,007

	P. aeruginosa ATCC 700829
	0,11 

± 0,005
	0,21 

± 0,007
	0,86 

± 0,010
	0,49
± 0,009
	0,55 

± 0,008
	0,12

± 0,005
	0,21 

± 0,007
	0,86 

± 0,010
	0,49
± 0,009
	0,55 

± 0,008

	P. aeruginosa ATCC 9027
	0,10 

± 0,002
	0,22

± 0,002
	0,75
± 0,010
	0,63
± 0,005
	0,66
± 0,016
	0,12 

± 0,002
	0,22

± 0,002
	0,75
± 0,010
	0,63
± 0,005
	0,66
± 0,016

	 P. aeruginosa ATCC 15442
	0,12 

± 0,003
	0,12 

± 0,002
	0,12 

± 0,002
	0,12

± 0,002
	0,12 

± 0,001
	0,12 

± 0,003
	0,12 

± 0,002
	0,12 

± 0,002
	0,12

± 0,002
	0,12 

± 0,001


Table 23: The effect of different concentrations hydrogen peroxide and Huwa-San in standard use conditions following a contact period of 24 hours on a 24 hours biofilm of seudomonas  aeruginosa.


Also here are hydrogen peroxide and Huwa-San equally effective. The biofilm is totally removed by an 8% solution of the test products. A partial destruction is seen when a 4% solution was used. Striking is the exponential increase of biofilm in the presence of 1-2% hydrogen peroxide or Huwa-San. Starting 0,5% hydrogen peroxide or Huwa-San, a slight decrease in P. aeruginosa  biofilm is seen. (Table 23).
· S. aureus biofilm: different short contact periods
Results obtained with 0,5% hydrogen peroxide and 0,5% Huwa-San on a 48 hours biofilm of S. aureus at different contact periods are demonstrated in table 24. The OD in control conditions of biofilm former S. aureus ATCC 6538 is 0,291 ± 0,0010 and of not-biofilm former S. aureus ATCC 5374 is 0, 082 ± 0,001. 
	Micro-

Organism
	RF after x minutes contact time 


	
	
	0,5% H2O2
	
	0,5% H2O2 + Ag+ complex

	
	0
	30 
	60
	120
	240
	0
	30 
	60
	120
	240

	Blanco 

(no bacteria)
	0,034 

± 0,001
	0,042 

± 0,001
	0,042 

± 0,001
	0,041 

± 0,001
	0,038 

± 0,001
	0,034 

± 0,001
	0,042 

± 0,001
	0,042 

± 0,001
	0,041 

± 0,001
	0,038 

± 0,001

	
	
	
	
	
	
	
	
	
	
	

	S. aureus ATCC 5374
	0, 082 

± 0,001
	0,068 

± 0,001
	0,063 

± 0,001
	0,068 

± 0,001
	0,063 

± 0,001
	0, 082 

± 0,001
	0,067 

± 0,001
	0,057 

± 0,001
	0,058 

± 0,001
	0,065 

± 0,001

	
	
	
	
	
	
	
	
	
	
	

	S. aureus ATCC 6538
	0,291 

± 0,001
	0,125 

± 0,001
	0,121 

± 0,001
	0,116 

± 0,001
	0,110 

± 0,001
	0,291 

± 0,001
	0,118 

± 0,001
	0,123 

± 0,001
	0,101 

± 0,001
	0,099 

± 0,001


Table 24: The effect of 0,5% hydrogen peroxide and Huwa-San in standard use conditions following different contact periods on a 
48 hours biofilm of S. aureus. 
There’s a distinctive reduction in biofilm after treatment with a 0,5% hydrogen peroxide or Huwa-San, but the biofilm isn’t removed totally. The reduction happens in the first 30 minutes, after this the decrease in biofilm is negligible. (Table 24). 

3.2. discussion

It is generally known that bacteria within biofilms are much more resistant to antibacterial agents, both biocides and antibiotics, than are bacteria in suspension. Interestingly, hydrogen peroxide has been found to be the best disinfectant to remove biofilms2, 
, 
.
Hydrogen peroxide and Huwa-San were equally effective in the prevention and removal of a biofilm. It seems likely that the silver ion complex was inactivated by the chloor-, phosphate- and other ions and the SH-groups of the proteins in TSB2, 26, 31.

Huwa-San and hydrogen peroxide can prevent P. aeruginosa biofilm formation starting 0,13% solutions. Remarkable is the enormous increase in biofilm formation in the presence of 0,3% test product. This subtherapeutical concentration triggers probably the quorum sensing system, responsible for the biofilm formation, leading to the activation of the genes responsible for the alginate production. A concentration 0,008% hydrogen peroxide or Huwa-San is no longer a threat for the bacteria, and biofilm formation occurs similar to the formation in control conditions. The differences in increases in subtherapeutic concentrations between the P. aeruginosa biofilm formers are probably based on a difference in genotype40, 41.
The same results are seen in the removal of a 24 hours P. aeruginosa biofilm. 8% hydrogen peroxide or Huwa-San is required to achieve a total removal of the biofilm. A partial destruction is seen when a 4% solution was used. 1-2% hydrogen peroxide or Huwa-San enhances biofilm formation. P. aeruginosa biofilms experience these concentrations as a threat and it induces probably the genes responsible for the alginate production40, 41.
0,5% hydrogen peroxide or Huwa-San achieved a significant reduction in a 24 hour S. aureus biofilm in 30 minutes, but was not totally effective. Higher concentrations test product are required to destroy the biofilm completely.  

Low concentrations (0,13%) of hydrogen peroxide and Huwa-San showed significant biofilm prevention effectivity. 0,5% hydrogen peroxide and Huwa-San can affect a 24-48 hours biofilm in a contact period of 30 minutes and significantly reduce bacterial numbers. Higher concentrations are required to totally remove a 24 hours biofilm. 
IV. conclusions

________________________________________________________________

The aim of this study was to compare the antimicrobial properties of hydrogen peroxide and Huwa-San, which is a H2O2 product stabilised with silver-ion complex. Several parameters influencing the activity of biocides were tested. These include the number and type of microorganisms, the concentration of the biocides, the temperature and pH of treatment and the presence of interfering material.
The biocidal activities of hydrogen peroxide and Huwa-San were demonstrated against a wide range of microorganisms. In general, the microorganisms were susceptible to the biocides in following order, bacteria (being the most susceptible), fungi, bacterial spores and mycobacteria. Due to the presence of the stabilising silver ion-complex, Huwa-San acts as a more highly effective disinfectant than hydrogen peroxide in standard use conditions. The bacterial spores and L. pneumophila form the exceptions, in these cases Huwa-San and hydrogen peroxide were equally efective. 
A number of environmental parameters influence the antimicrobial activity of disinfectants.  The action of Huwa-San was more potentiated by heat than hydrogen peroxide. Both products showed no antimicrobial activity at 0°C. Disinfectant activity of hydrogen peroxide is substantially reduced at pH > 6,5. In contrast to hydrogen peroxide, Huwa-San was active over a broad pH spectrum and it also became more active in acid pH’s. The activity of hydrogen peroxide and Huwa-San on bacteria in suspension and dried up bacteria was comparable. The addition of albumin had no effect on the antimicrobial activity of hydrogen peroxide and Huwa-San. Fe2+ enhanced the activity of the test products. To imitate normal use conditions, H2O2 and Huwa-San were tested in tap water. The most important trace elements present in tap water (Ca2+, Mg2+, Cl- e.g.) had no influence on the effectiveness of H2O2 and Huwa-San. 

Hydrogen peroxide and Huwa-San were equally effective in achieving a full reduction of the polio virus.
Low concentrations (0,13%) of hydrogen peroxide and Huwa-San prevented significantly biofilm formation. 0,5% hydrogen peroxide and Huwa-San can affect a 24-48 hours biofilm in a contact period of 30 minutes and significantly reduce bacterial numbers. Higher concentrations were required to totally remove a 24 hours biofilm. 
Further tests will be necessary to assess the efficacy and practibility of Huwa-San in different applications. The aim of the next study should be to clarify the role of silver in the antimicrobial activity and stability of Huwa-San. 
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The effect of 0,2% hydrogen peroxide and 0,2% Huwa-San 
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The effect of 1% hydrogen peroxide and 1% Huwa-San on spores of B. subtilis ATCC 6633
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The effect of tap water on the fungicidal activity of 0,5% hydrogen peroxide 
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The effect of tap water on the bactericidal activity of 0,1% hydrogen peroxide 
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