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ABSTRACT 

  

 The pathogenic and spoilage microorganisms 

affect human health directly or indirectly and be-

come increasingly important in most countries. 

Novel antimicrobial agents and disinfectants have 

become necessary due to the rise of antibiotic re-

sistance phenomena. The current study investigate 

the inhibitory infect of ANOSAN on pathogenic 

bacteria and toxigenic fungi. Chemical analysis 

was performed for ANOSAN. The antimicrobial 

activity of ANOSAN was carried out using agar well 

diffusion assay and mean growth inhibition per-

centage and Minimum Inhibitory Concentration 

(MIC). The antibiofilm activity was conducted using 

Biofilm formation assay and the impact of the disin-

fectant on the preformed biofilm was visualized by 

Scanning Electron Microscope (SEM). The chemi-

cal composition of ANOSAN comprised very low 

amount of Sodium (0.034%), Chloride (0.01%), 

Hypochlorite (0.014%) and Organic matter 

(0.0062%). ANOSAN low concentration showed a 

broad spectrum of antibacterial activities against 

Gram positive, Gram negative bacteria and fungi. 

The MIC (0.781 mg/ml) was observed for Vibrio 

cholerae, Pseudomonas aeruginosa and Staphylo-

coccus aureus. Sub-inhibitory concentrations of 

ANOSAN have successfully inhibited biofilm for-

mation of the above mentioned bacterial patho-

gens. The ANOSAN appeared to be effective as 

bactericidal against Ps. aeruginosa and Staph. 

aureus. The time kill assay was observed between 

(0-6h) and between (0-3h) of exposure for both 

pathogens, respectively, and the viable bacterial 

counts remained undetectable after the previous 

time in a confirmatory experiment. Scanning Elec-

tron Microscopy (SEM) was conducted to confirm 

the antimicrobial activity of ANOSAN against 

Staph. aureus and Ps. aeruginosa. These data 

directly illustrate the destructive effects of the 

ANOSAN on the pathogenic bacteria. This work 

clarified that ANOSAN water had bactericidal and 

fungicidal activity along with inhibiting the ability of 

pathogenic bacteria to form biofilms, thus providing 

a good alternative to the use of traditional antimi-

crobials in food industry, pharmaceutical and med-

ical applications. 

 

INTRODUCTION 

 

 Nosocomial and hospital acquired infections 

are becoming a global threat and increases at reg-

ular fashion. Until the last decade, it was thought 

that contamination of environmental surfaces 

played a negligible role in transmission of infec-

tions and efforts only depended on effective hand 

hygiene of healthcare professionals and workers 

(Ali, et al 2015). However, the transmission of 

clinically important pathogens such as Acinetobac-

ter spp., Norovirus , Staphylococcus aureus, Clos-

tridium difficile and vancomycin-resistant entero-
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cocci was documented to occur through environ-

mental surfaces (Desai, et al 2016). Disinfectants 

such as chlorine and hypochlorus acid were com-

monly used for eradications of such acquired infec-

tions but still an effective and friendly disinfectants 

are in demand. 

 The most common chlorine disinfectant is 

household bleach, it is cheap and readily available. 

It is used in concentrations ranging from 1% (1 part 

bleach mixed with 99 parts tap water) to 10% (1 

part bleach mixed with 9 parts tap water) depend-

ing on the type of organic matter present on the 

surface to be disinfected. Chlorine disinfectants 

are UV and heat sensitive and can corrode metals, 

deteriorate fabrics, and irritate mucous mem-

branes, eyes and skin. Oxidizing Agents are most 

commonly available as stabilized peroxides, some 

of which come blended with iodophors or quater-

nary ammonia. Some of these products are effec-

tive against a broad range of pathogens including 

enveloped and non-enveloped viruses, vegetative 

bacteria, fungi, and bacterial spores. They can be 

used to disinfect equipment surfaces and are safe 

for the environment. Pathogenic bacteria have 

been shown to attach to a wide variety of food-

contact and non-contact surfaces (Lee Wong, 

1998). Such attachment of microorganisms to food 

contact surfaces frequently referred to as biofilms, 

can impact the food industry by complicating sani-

tation and increasing the risk of cross contamina-

tion with spoilage and pathogenic microorganisms 

(Austin et al 1998 and (Lin et al 2011). In this 

study, investigation  the effect of ANOSAN on se-

lected pathogenic bacteria and toxigenic fungi was 

elucidated . 

 

MATERIALS AND METHODS 

 

 References test strains: Bacillus subtilis, 

Escherichia coli ATCC10536, Pseudomonas aeru-

ginosa ATCC 9027, Staphylococcus aureus 

ATCC6538, Salmonella typhi ATCC 14028, Vibrio 

cholera, Aspergillus niger ATCC 16404, Rhizopus 

stoloniforme ATCC 14036 and Candida albicans 

ATCC 10231 were obtained from stock cultures of 

Cairo MIRCEN at Fac. of Agric. Ain-Shams Univ., 

Egypt. 

 Source of ANOSAN: composed of water 

(99%) activated  electrochemically, sodium chlo-

ride < 1%,  sodium   hypochlorite < 0.1%, made in 

Dobi, UAE by Ecabiotec , Meddle East manufactur-

ing LLC 98901 Dubai under license of Ecabiotec 

AG Morfelden wall dorf Germany.  

 

 Chemical analysis of ANOSAN: ANOSAN 

was analyzed chemically at the Center Labs.   Fac. 

of Agric., Ain Shams Univ., Egypt. 

 Media for microbiological analysis: The me-

dia consist  of the following ingredients (g/L): 

Mueller-Hinton agar (Mueller and Hinton, 1941) 

constituted of  Beef extract(2.0) , Acid Hydrolysate 

of Casein (17.5), Starch (1.5), Agar (17.0) and Dis-

tilled water (1.0 L), Final pH (at 25
o
C) 7.3±0.1. Nu-

trient agar constituted of Beef extract (3.0), Pep-

tone (5.0), Sodium chloride, NaCl (5.0), Agar 15.0 

and Distilled water (1.0 L). Final pH (at 25°C) 

7.0±0.2. Sabouraud Dextrose Agar (Carlier–

Gwendoline, 1948) constituted of peptone (10.0), 

Dextrose   (20.0), Agar (20.0) and Distilled water 

(1.0 L). Final pH (at 25
o
C) 7.4±0.2. Trypticase soy 

agar (Difco, UK). 

 

Antimicrobial activity 

 

 Disc diffusion assay: Impregnated well with 

sterilized cork borer with Anosan in concentration 

(100ul/well) in inoculated agar plates with tested 

bacteria for 24h. Sabouraud dextrose Agar (SDA), 

(Difco) was inoculated with tested fungi before the 

agar solidification. Negative controls were done 

using sterile distilled water. Then, plates were in-

cubated at 37°C for 24h for bacteria and 28°C for 

4days of fungi. The susceptibility of the bacteria   

was estimated by measuring the diameter of the 

zones of inhibition and recorded values as the av-

erage of three replicates (NARMS, 2002). 

 Broth micro dilution method: was used to 

determine mean growth inhibition percentage of 

tested bacteria and fungi by ELISA reader accord-

ing to NCCLS/CLSI, (2007).The bacterial suspen-

sion equivalent to the turbidity of 0.5 McFarland 

standard(10
8
cfu/ml) prepared from a fresh subcul-

ture of tested bacteria in  MHB then the suspen-

sion was diluted to (10
6
cfu/ml) using MHB. The 

fungal suspension equivalent to the turbidity of 0.5 

McFarland standard prepared from a fresh subcul-

ture of tested fungi in Sabouraud Dextrose Broth 

(Difco). The suspension was diluted to (10
6
cfu/ml) 

using SDB. The adjusted microbial inoculants 

(100µL) were added to each well of sterile 96-well 

flat-bottomed microtiter plate containing the tested 

of Anosan 100 (µL/well). As a result, last inoculum 

concentration of (5x10
5 

CFU/ml) was obtained in 

each well. Three wells containing microbial sus-

pension without ANOSAN used as (Growth control)  

and two wells containing only media as (back-

ground control) were included in this plate. Optical  



Biological Activity and Disinfection of ANOSAN Solution With Inherent Applicability 

1- Inactivation of pathogenic microorganisms 
 

Arab Univ. J. Agric. Sci., Special Issue, 26(2B), 2018 

1629 

densities were measured at (620nm) after 24h at 

37°C using ELISA microplate reader (Sun Rise–

TECAN, Inc. ®,USA). The percentage of bacterial 

growth reduction (GR %) was estimated using as 

reference the control treatment as: 

 

GR%=  
   

     
 

 

Where: C is the cell concentrations under the con-

trol treatment and T is the cell concentrations un-

der the extract treatment. Three replicates were 

considered. The results were recorded as means ± 

SE of the triplicate experiment (NCCLS/CLSI, 

2007). 

  

 Determination of Minimum Inhibitory Con-

centration (MIC): The MICs were determined by 

the broth micro dilution method as approved by the 

guidelines of Clinical and Laboratory Standards 

Institute (NCCLS/CLSI, 2007). The micro titre 

plates were prepared by adding (100μL) of MHB 

for bacteria, (100μL) of SDB for fungi followed by 

an addition of ANOSAN at a volume of (100μL) .  

Twenty micro liters (20μL) of bacterial suspension 

(0.5 McFarland standards), twenty micro liters 

(20μL) of fungal suspension were added to each of 

the wells except the control wells (control wells 

contained broth only and distilled water only). An 

automatic ELISA micro plate reader (Sun Rise–

TECAN, Inc. ®, USA) adjusted at 620 nm was 

used to measure the absorbance of the plates be-

fore and after incubation at 37 °C after 24h for bac-

teria and after 48h at 28
0
C for fungi. The lowest 

concentration of ANOSAN resulting in inhibition of 

bacterial or fungal growth was recorded as the MIC 

(NCCLS/CLSI, 2007). 

 

Antivirulence activity  

 

 Biofilm formation assay: The bacterial cul-

tures were tested for their ability to form biofilm 

using tissue culture plate assay as described by 

Christensen et al (1995). Briefly, bacteria isolates 

were inoculated in10 (ml) of trypticase soy broth 

with 2% glucose. The inoculated broths were incu-

bated at 37
o
C for 24h. The cultures were then di-

luted 1:100 with fresh medium. Individual wells of 

sterile 96- well flat bottom polystyrene tissue cul-

ture treated plates (Sigma-Aldrich, Costar, USA) 

were filled with (200μL) of the diluted cultures with 

0.5 McFarland standard. Negative control wells 

inoculated with 200μL sterile broth medium. The 

plates were incubated at 37
o
C for 24h. After incu-

bation, contents of each well were removed (free 

floating bacteria) by gentle tapping. The wells were 

washed with 0.2 (ml) of phosphate buffer saline 

(pH=7.2) four times. Biofilm formed by bacteria 

adherent to the wells were fixed by 2% sodium 

acetate and stained by crystal violet (0.1%). Ex-

cess stain was removed by using deionized water 

and plates were kept for drying. Optical density 

(O.D.) of stained adherent biofilm was obtained by 

using micro ELISA microtiter- plate reader (Sun 

Rise–TECAN, Inc. ®, USA) at wavelength (570 

nm). The experiment was performed intriplicate 

and repeated three times. The interpretation of 

biofilm production was done according to the crite-

ria of (Stepanovic et al 2007). 

 Biofilm inhibition assay: The ANOSAN was 

tested for their potential to prevent bacterial biofilm 

formation of strong producing isolates at sub MIC 

concentration against tested bacterial isolates. An 

aliquot of two-fold serial dilutions was prepared in 

the 96-well microtiter plate containing trypticase 

soy broth with 2% glucose to obtain the previous 

concentrations (100μL). Bacterial suspensions 

(50μL; 5 × 10
5
cfu/ml, final concentration) were then 

transferred into the plate. Distilled water was em-

ployed as a (negative control). Inoculated medium 

without the ANOSAN was used as the (positive 

control). Following incubation at 37°Cfor 24h the 

effect of the test agent on the bacterial growth was 

evaluated using the microplate reader at optical 

density of (570nm) according to Lin et al (2011). 

 Scanning Electron Microscope (SEM): 

Treated bacterial cultures with ANOSAN at (MICs) 

concentrations at 0.25 ml / 1.0 ml water for Ps. 

aeruginosa and Staph. aureus were incubated for 

24hat 30
0
C and non-treated one  were investigated 

by SEM (Ultee et al 2002) as follow : The samples 

were fixated by glutheraldhyde 2.5% and dehy-

drated by serial dilution of ethanol using automatic 

tissue processor (Leica EM TP).Then the samples 

drying using CO2 critical point drier (Tousimis Au-

dosamdri-815). The samples coated by gold sput-

ter coater (SPI-Module). The samples were exani-

mated by scanning electron microscopy (JEOL-

JSM-5500LV) by using high vacuum mode at the 

Regional Center of Mycology and Biotechnology, 

Cairo, Egypt.  
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RESULTS 

 

 ANOSAN chemistry: The Chemical composi-

tion of disinfectant ANOSAN included very low 

amount of Sodium (0.034%), Chloride (0.01%), 

Hypochlorite (0.014%) and Organic matter 

(0.0062%). The results clarified the disinfectant 

ANOSAN free chemical substances and organic 

materials. 

 Disinfection characteristics: ANOSAN was 

assessed for antimicrobial activity to inhibit patho-

genic microorganisms.  

 

Table 1. Minimum inhibition concentration and time-kill assay of Bacteria (CFU/ml) using ANOSAN 

 

 

Anosan Con. 

No. of colonies (CFU/ml) at different Exposure period 

0(min) 5(min) 15(min) 30(min) 

ST
*
 BS

**
 ST BS ST BS ST BS 

Undiluted 0.5x10
5
 0.2x10

5
 4x10

4
 0.2x10

5
 1.3x10

4
   0.2x10

5
 0.5x10

4
   0.1x10

5
 

2% 59x10
5
 8x10

5
 - - -  2x10

4
 8x10

5
 

5% 42x10
5
 7x10

5
 4x10

4
 2x10

5
 2x10

5
 1x10

5
 2x10

4
 0.9x10

5
 

10% 40x10
5
 5x10

5
 6x10

4
 1.5x10

5
 3x10

4
 0.9x10

5
 2x10

4
 0.7x10

5
 

15% 25x10
5
 1.5x10

5
 6x10

4
 0.8x10

5
 2x10

4
 0.2x10

5
 2x10

4
 0.3x10

5
 

*Denotes for Staph. aureus   ** denotes for Bacillus Subtilis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

 

 

 Antibacterial activity: The disinfectant ANO-

SAN   showed a promising effect against both of S. 

typhi enterica and B. subtilis (Table 2). It must be 

used for a longer time than 15 min.as an exposure 

/ contact time. Finally it was noticed that B. subtilis 

was not completely influenced using the disinfect-

ant Anosan at the investigated durations and con-

centration. 

    The diameter of clear zone inhibition and mean 

growth inhibition of E. coli; Ps. aeruginosa; K. 

pneumonia; M. tuberculosis; S. typhi; Staph. aure-

us and V. cholerae were exhibited susceptibility 

towards used ANOSAN with diameter zones of 

inhibition 6.7, 5.33, 13, 7.25, 8.33, 12.16; 12.25 

(mm) as well as the mean growth inhibition were  

62.5, 72; 91.2; 80.24; 78.16;  81.6, 75.82 OD re-

spectively (Table, 2). MICs value of ANOSAN 

against the tested bacteria growth at concentra-

tions 10 ml
-1

; while against V.  cholerae was 3ml
-1

.  

 Among seven tested bacterial isolates, the 

strong biofilm producing isolates were Ps. aeru-

ginosa, K. pneumonia, M. tuberculosis, S. Typhi, 

Staph. aureus and V. cholera with optical density 

0.52, 0.59, 0.69; 0.66; 0.74 and 0.85 OD respec-

tively. While, moderate biofilm producing was 0.23 

(O.D.) for E. coli. 

 Biofilm inhibition was investigated for potential 

to prevent biofilm formation against strong biofilm 

producing bacterial isolates (Ps. aeruginosa, 

Staph. aureus and V. cholerae) grown with differ-

ent sub (MICs) concentrations. The results in Ta-

ble (2) showed that biofilm inhibition percentages 

were 75.4, 88.7, 83.37, 75.76, 77.13, 82.2 and 

85.2% at the following sub (MICs) concentrations 

10 mL
-1

of B. cereus, E. coli, K. Pneumonia M. tu-

berculosis, S. typhi and Staph. aureus and 3 mL
-1 

of V.  cholerae, respectively. 
 

Antifungal activity 
 

 The disinfectant ANOSAN was tested against 

toxigenic fungi in terms of exposure time and dilu-

tion factor. It was showed a promising effect 

against A. flavus (Table 3). The disinfectant ANO-

SAN was better to be used in concentrated without 

dilution. Also it must be concentrated and used for 

a longer time (30 min). Finally it was noticed that A. 

flavus was not completely influenced using the 

disinfectant ANOSAN at the recorded durations. 

 In addition, ANOSAN displayed strong antifun-

gal activity as shown in Table (4). In the presence 

of ANOSAN, the inhibition zones diameter against 

A. niger, A. flavus, Rh. stoloniferme and C. albi-

cans were 18.2; 15.4, 16.2; and 12.1 (mm) respec-

tively. On the other hand, the mean growth inhibi-

tion percentage against the same tested fungi and 

yeasts were 92.2, 79.4, 82.7 and 62.5% respec-

tively. MICs value of ANOSAN against the toxigen-

ic A. niger, A. flavus, Rh. stolonifera and yeast 

growth at concentrations 10 ml
-1

 were 12.0, 10, 5.0 

and 10.0 ml
-1

 respectively. 
 

Effect of ANOSAN on bacterial cells via SEM 
 

 SEM images observations confirmed the effect 

of ANOSAN on bacteria morphological structure 

via the physical damage and considerable morpho-

logical alterations. Treated pathogenic bacteria 

with relevant MICs of ANOSAN were incubated for 

24h at 30
°
C. 
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Table 2. The diameter of clear zones inhibition, mean growth inhibition percentages and Minimum Inhibito-

ry Concentrations of ANOSAN against pathogenic bacteria 
 

V. 

Cholera 

Staph. 

aureus 

S. 

Typhi 

M. 

tuberculosis 

K.   

Pneumonia 

Ps. 

aeruginosa 

E. 

coli 

Bacteria 

 

Assessments 

12.25 12.16 8.33 7.25 13 5.33 6.7 (GI) (mm) 

75.82 81.6 78.16 80.24 91.2 72 62.5  MICs 

3 10 10 10 10 10 10 MICs (mlL
-1

)     

0. 85 0.74 0. 66 0. 69 0.59 0.52 0.32 Biofilm (O.D) 

85.2 82.2 77.13 75.76 83.37 88.7 75.4 Biofilm reduction  % 

Each value is mean of 3 replicates 
GI=growth inhibition (inhibition zones diameter mm) 
ANOSAN (2ml/well) 
MGI =Mean growth inhibition (broth micro-dilution method) by ELISA plate reader. 
MICs =Minimum Inhibitory Concentrations  

Biofilm formation assay of bacterial isolates using (Tissue culture plate method by ELISA reader),biofilm formation was 

classified as strong 0.7(O.D.570) to 1.0(O.D.570), moderate 0.3(O.D.570) to 0.4(O.D.570)and weak ≥ 0.3. 

 

 

Table 3. Minimum inhibitory concentration and time killed of ANOSAN inhibited A. flavus 

 

Anosan concentration 
No. of colonies (CFU/ml) at different Exposure time 

0(min) 5(min) 15(min) 30(min) 

Concentrated 37x10
5
 1x10

5
 0.5x10

5
 Zero 

2% - - - 46x10
5
 

5% 42x10
5
 52x10

5
 35x10

5
 36x10

5
 

10% 45x10
5
 46x10

5
 37x10

5
 34x10

5
 

15% 48x10
5
 32x10

5
 31x10

5
 30 x10

5
 

 
 
Table 4. The diameter of clear zones inhibition, mean growth inhibition percentages and Mini-

mum Inhibitory Concentrations of ANOSAN against toxigenic fungi and yeast 
 

Tested fungi 
Clear zones 

diameter (mm) 
Mean growth inhibition 

(%) 
Minimum Inhibitory 

Concentrations MICs (mL
-1

) 

A. niger 18.2 92.2 12.0 

A. flavus 15.4 79.4 10.0 

Rh. stolonifer 16.2 82.7 5.0 

C. albicans 12.1 62.5 10.0 
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  From all the SEM observations, the images 

illustrated in (Fig. 1) directly seemed that normal 

cells (control) were intact and showed a smooth 

surface. ANOSAN caused severe damage to the 

treated bacteria. Gram negative and Gram positive 

cells treated with ANOSAN appeared to be shrunk 

with distorted cell wall, as well as the remains were 

flaccid. The Gram positive bacterium was more 

affected negatively than the Gram negative one as 

shown in Fig. 1. 

 

 

 
 

Fig. 1. Micrograph showing morphological alterations in pathogenic bacteria. 

Staph. aureus and Ps. aeruginosa where A) Indicates untreated (control) 

bacteria as compare to the same bacteria exposed to ANOSAN (B). 

 

 

DISCUSSION 

 

 ANOSAN showed broad spectrum antimicrobial  

activities against Gram positive and Gram negative 

tested bacteria and  toxigenic fungi. The antimicro-

bial activity of ANOSAN could be in part due to the 

presence of hypochlorite. Sodium hypochlorite 

fulfills many requirements as the ideal disinfectant 

and furthermore it has an excellent cleaning action. 

The effectiveness of sodium hypochlorite in the 

cleaning and disinfection processes depends on 

the concentration of available chlorine and the pH 

of the solution. Hypochlorous acid (HOCl) is a 

weak acid and dissociates to the hypochlorite ion  

(-OCl) and proton (H+) depending on the solution 

pH. It is generally believed that HOCl is the active 

species in the germicidal action, whereas the con-

centration of -OCl is a key factor determining the 

cleaning efficiency (Fukuzaki, 2006). ANOSAN 

was developed by preparing 0.85% NaCl solution 

and measuring the concentration of free chlorine 

and hypochlorous acid after giving the solution a 

short electrical impulse of 20 seconds. (Kim et al 

2008). Weak acid hypochlorous solution (WAHS) is 

a chlorine-based disinfectant that is produced by 

mixing NaClO and HCl in water and adjusting it to 

a weak acidity of around pH 6 using purpose-built 

equipment. WAHS has been reported to have an 

excellent microbicidal effect against a broad range 

of microorganisms related to human health, so 

WAHS has practical applicability in hospitals or the 

food industry (Ono et al 2012). 

 Active chemical contents of ANOSAN have 

been shown to cause disruption of the cellular 

membrane, inhibition of ATPase activity, and re-

lease of intracellular ATP and other constituents of 

several microorganisms such as E. coli, E. coli 

O157:H7, L. monocytogenes, Ps. aeruginosa, S. 

enteritidis, and Staph .aureus (Moreno et al 2006 

and  Raybaudi-Massilia et al 2009). In the same 

study, increased membrane permeability is a major 

factor in the mechanism of antimicrobial action, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukuzaki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17190269
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whereas compounds may disrupt membranes and 

cause a loss of cellular integrity and eventual cell 

death. Minimum inhibitory concentrations are im-

portant in diagnostic laboratories to confirm re-

sistance of micro-organisms to an antimicrobial 

agent, to give a definitive answer when a border-

line result is obtained by other methods of testing, 

and also to monitor the activity of new antimicrobial 

agents (Barros et al 2007).  

 Microorganisms form biofilm to protect them-

selves against adverse conditions. These biofilms 

can be comprised of single or mixed species (Ku-

mar et al  2008), although mixed species biofilms 

offer added protection because they are more sta-

ble and create a larger and thicker biofilm mass 

(Donlan, 2002). Once the microorganisms multiply 

and colonize, they attach to the surface and form a 

biofilm (Zottola, 2001 and Donlan, 2002). Attach-

ment of microorganisms to food contact surfaces 

can impact the food industry economically, and 

through associated health, pathogenic and spoil-

age bacteria have been shown to attach to a wide 

variety of food contact and non-contact surfaces 

(Zottola, 2001). So, finding natural novel biofilm 

inhibitor for food safety processing and products is 

very vital.  

 Biofilm inhibition studies carried out using 

ANOSAN sub (MIC) have successfully inhibited 

biofilm formation of tested pathogenic bacteria. 

The results clearly, indicate that, the enhanced 

antibiofilm effect of ANOSAN sub (MIC) in microti-

tre plate assay. These results are in harmony with 

(Motoko et al 2014) who had been reported the 

antibiofilm effect of WAHS against biofilm of hu-

man pathogenic bacteria. The increased antibiofilm 

effect due to the inhibition of exopolysaccharide 

synthesis limiting the formation of biofilm (Giaouris 

et al 1999) or due to diffusion of ANOSAN through 

the channels present in the biofilm may explain 

ANOSAN antibiofilm function. 

 SEM images directly illustrate the destructive 

effects of ANOSAN on the tested bacteria. There 

are many possible explanations for the observa-

tions in harmony with these results. The literature 

suggests that the active components of hypo-

chlorous acid (HOCl) and hypochlorite ion (OCl−)  

might bind to the cell surface and then penetrate to 

the target sites, possibly the phospholipid bilayer of 

the cytoplasmic membrane and membrane-bound 

enzymes (Shan et al 2007). The SEM images 

show that some cells present damage as pores or 

deformity in the cell walls. Also, some authors have 

suggested that the damage to the cell wall and 

cytoplasmic membrane was the loss of structural 

integrity and the ability of the membrane to act as 

a permeability barrier (Packiyasothy and Kyle 

2002 and Filipowicz et al 2003).  Most of the cells 

were observed to get clustered and stick to each 

other. The distortion of the cell physical structure 

would cause the expansion and destabilization of 

the membrane and would increase membrane flu-

idity, which in turn, would increase passive perme-

ability (Ultee et al 2002).  

 This work clarified that ANOSAN water had 

bactericidal and fungicidal activity along with inhib-

iting the ability of pathogenic bacteria to form bio-

films, thus providing a good alternative to the use 

of traditional antimicrobials in food industry, phar-

maceutical and medical applications. 
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