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Abstract 

Studies have been conducted to determine the antibacterial effect of Oxidal® and anolyte against 

Staphylococcus aureus and Escherichia coli. The bacterial strains tested showed high sensitivity to the dietary 

supplement Oxidal® and to anolyte, as well as to the control antibiotic Thiamphenicol.  The mean MPC50 values 

of Oxidal® for Gram-positive bacteria S. aureus (0.21 ± 0.13 mg/ml) were lower than those for Gram-negative 

E. coli (0.55 ± 0.24 mg/ml). The dose that fully suppressed S. aureus growth was 0.86 ± 0.52 mg/ml, while for E. 

coli this dose was significantly higher - 2.40 ± 0.80 mg/ml (P<0.05). For the antibiotic Thiamphenicol, the 

results were opposite - the mean MPC50 values for E. coli (2.40 ± 0.80) were lower than those for S. aureus 

(3.71 ± 2.86). Under the influence of 10% Oxidal® solution, the amount of viable S. aureus and E. coli 

decreased by more than 30% over the untreated control after 20 min. After 45 minutes, only 37% of S. aureus 

cells and 19% of E. coli cells developed upon cultivation, and after 90 minutes of exposure, about 20% of the 

cells of the microorganisms under study of both species remained viable. The fresh anolyte and the one stored 

for 1 year inactivated S. aureus and E. coli for 2 min in a suspension at a density of 106 cells/ml. 

Keywords: Oxidal®, Anolyte, S. Aureus, E. Coli, Antibacterial Activity, Minimum Inhibitory Concentrations 

Introduction 

Since 1990, the World Health Organization has held regular meetings on the increasing spread of antibiotic 

resistance of microorganisms, which has increasingly hampered the treatment of infections. With increasing 

rates of antibiotic resistance, treatment options diminish because the antibiotics available are no longer 

effective. After decades of overuse and abuse of antibiotics, the emergence and spread of resistant bacteria is 

a pervasive fact. At the same time, no success has been reported in the discovery of sufficient number of new 

antibiotics effective against resistant bacteria (WHO, 2019).  

Today, as a result of the efforts to develop new effective antimicrobial agents, the inhibitory action of various 

substances is being tested. One of them is methylene blue, which is being tested by many researchers in 

combination with various materials. Many experiments confirmed its considerable antimicrobial activity, 

especially in combination with various polymers and nanoparticles. Naik et al. (2011) applied methylene blue 

and 2 nm gold nanoparticles to impregnate polyurethane polymer sheets. The dye-impregnated polymers 

show significant bactericidal activity against suspensions of S. aureus upon irradiation with white light. Perni et 

al. (2009) reported testing polysiloxane polymers impregnated with methylene blue and gold nanoparticles. 

These polymers show significant antimicrobial activity against methicillin-resistant S. aureus and E. coli when 

exposed to light from a low-power 660 nm laser for 5 min. This bactericidal activity is due to the light-induced 

production of singlet oxygen and other reactive oxygen species from methylene blue. In addition to light, the 

presence of 2 nm gold nanoparticles significantly increases the ability of methylene blue to kill bacteria. 

Methylene blue is also used for photodynamic therapy - for the inactivation of viral particles, fungal, bacterial 
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and cancer cells using photosensitizers and light of varying wavelengths. There is evidence that important 

pathogenic bacteria such as Helicobacter pylori can be easily inhibited in vitro in this way. The bactericidal 

effect increases in proportion to the concentration of methylene blue and the duration of the irradiation. The 

effect is due to oxidative damage to the DNA of the bacteria (Choi et al., 2010). In the last decade, methylene 

blue has been used in some European countries for photoinactivation of hepatitis viruses in fresh frozen 

plasma, while other phenothiazine derivatives with greater affinity for nucleic acids and the ability to inactivate  

intracellular virus have been tested for photochemical decontamination of suspensions of red cells. The 

toxicity of methylene blue is well characterized and the compound has been used for many years to treat 

methaemoglobinaemia, using higher concentrations than those used for photoinactivation of the virus 

(Wagner et al., 2000; Wagner, 2002). The purpose of this work was to investigate in vitro the extent of the 

inhibitory effect of the dietary supplement Oxidal® on the development of pathogenic strains of 

Staphylococcus aureus and Esherichia coli isolated by clinical veterinary practice from patients treated with 

antibacterials, as well as on reference strains. 

Materials and methods 

Microorganisms. Pure cultures of 11 pathogenic strains were tested: 6 strains of Staphylococcus aureus and 5 

strains of Esherichia coli. The microorganisms were isolated from skin inflammatory secretions of dogs in the 

laboratory of microbiology at the University Clinic of the Faculty of Veterinary Medicine at the University of 

Forestry in Sofia. Two control strains were also included - 1 of S. aureus subsp. aureus ATCC - 6538 (NBIMCC 

3359) and 1 of E. coli ATCC - 8739 (NBIMCC 3397), obtained from the Bulgarian National Bank for Industrial 

Microorganisms and Cell Cultures (NBIMCC). 

Antimicrobial preparations 

Original dietary supplement Oxidal® (IdeaLabs, LLC, Washington, USA; author Georgi Dinkov), containing 

methylene blue, salicylic acid and caffeine. Neutral anolyte, prepared with 0.5% NaCl and activation time 12 

min. We tested both a freshly prepared solution and an anolyte solution stored at room temperature in the 

dark for 1 year. Physical parameters pH and oxidative-reduction potential (ORP) of the investigated 

compounds were determined using Manual multi-parameter analyser Consort C1010 (Consort bvba, Belgium) 

for pH, mV and temperature measurement. Minimum inhibitory concentrations (MIC) were determined by the 

two-fold serial dilution method from 0.016 to 16 mg/ ml for Oxidal® and from 0.016 to 16 μg/ml for the 

control antibiotic Thiamphenicol in Mueller-Hinton agar (BUL BIO NCIPD EOOD - Sofia) with a pH of 7.2-7.4, 

described by Ericsson and Sherris (1971) and NCCLS (1999). Bacterial suspensions were applied at a dose of 

106 cells/ml. After incubation at 35-37° C for 24-48 hours, the number of developing colonies was determined. 

The MIC of the test agents causing a reduction in the number of colonies of the microorganisms by 50% and 

90% compared to the untreated controls were calculated, as well as the range of growth suppression (D) - the 

minimum concentrations at which the growth of the respective microorganism is completely suppressed. At 

MIC <0.5-4 μg/ml, the bacteria tested were evaluated as being susceptible to thiamphenicol. They are 

moderately sensitive at reported MIC values of 8 to 64 μg/ml, and at MIC = 64 μg/ml resistance was 

determined (NCCLS, 1999). 

Experimental settings of studies in the suspension method. 

● Oxidal® antimicrobial activity assay. To the 10% solutions of Oxidal® in sterile distilled water were added 

suspensions of the tested strains of S. aureus at a concentration of 107 cells/ml in an amount of 1 ml, to 

receive a final concentration of 106 cells/ml. E. coli strains at final concentrations of 106 cells/ml in 10% Oxidal® 

solutions in sterile distilled water were similarly examined. Controls were also analyzed – placed either in 

sterile distilled water (without Oxidal®) with the same content of the tested bacterial strain, or placed in 10% 

Oxidal® without microorganisms. 

● Antimicrobial activity assay for anolytes used as a control to compare to the effect of Oxidal®. Fresh and 

aged anolyte were placed in tubes of 9 ml each. To each of these was added a suspension of the studied 
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strains of S. aureus at a concentration of 107 cells/ml in an amount of 1 ml for receiving a final concentration of 

106 cells/ml. E. coli strains at final concentrations of 106 cells/ml in fresh and stored anolyte were similarly 

examined. The following controls were also analyzed - placed either in sterile distilled water (without anolyte) 

with the same content of each of the bacterial strains tested, or placed in  100% anolyte without 

microorganisms. 

After different intervals of exposure to Oxidal® and the anolytes (2 min, 5 min, 10 min, 15 min, 20 min, 30 min, 

45 min, 60 min and 90 min), seedings of each of the samples on Mueller-Hinton agar were made, which were 

incubated at 37° C for 24 - 48 h under aerobic conditions. After cultivation, the growth of the examined 

bacteria treated with the antimicrobials tested as well as the controls applied were recorded.  All experiments 

were performed three times. The statistical processing of the results was performed according to the classical 

Student-Fisher method. 

Results 

The summarized results obtained in regards to the minimum inhibitory concentrations are shown in Tables 1 

and 2 and the cumulative curves of the MIC90 - in Figures 1 and 2. As can be seen from the summarized data, 

the bacterial strains tested showed a higher sensitivity to Oxidal® than to the control antibiotic, but the 

differences were not significant (P> 0.05). All the strains tested showed sensitivity to the antibiotic 

Thiamphenicol. 

Table 1. Mean values of the minimum inhibitory concentrations of Oxidal® 

Microorganisms 
Strains 

No 

Minimum inhibitory concentrations in mg/ml 

MIC50 MIC90 D 

E. coli 5 0,55 ± 0,24 1,20 ± 0,40 2,40 ± 0,80 

S. aureus 7 0,21 ± 0,13 0,43 ± 0,26 0,86 ± 0,52 

Total examined 12 0,38 ± 0,11 0,82 ± 0,048 1,63 ± 0,77 

MIC - Minimum inhibitory concentrations; D – Diapason/range of growth suppression 
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Fig. 1. Cumulative curves of MPC90 of Oxidal® for the bacteria tested. 

https://cirworld.com/index.php/jaa


JOURNAL OF ADVANCES IN AGRICULTURE Vol 11 (2020) ISSN: 2349-0837        https://rajpub.com/index.php/jaa 

74 

0

20

40

60

80

100

2 μg 4 8 16 100

E. coli

S. aureus

 

Fig. 2. Cumulative curves of MPC90 of Thiamphenicol for the bacteria tested. 

Table 2. Mean values of the minimum inhibitory concentrations of Thiamphenicol  

Microorganisms 
Strains 

No 

Minimum inhibitory concentrations in μg/ml 

MIC50 MIC90 D 

E. coli 5 2,40 ± 0,80 4,80 ± 1,60 9,60 ± 3,20 

S. aureus 7 3,71 ± 2,86 4,00 ± 2,62 8,00 ± 5,24 

Total examined 12 3,06 ± 0,66 4,40 ± 0,40 8,80 ± 0,80 

MIC - Minimum inhibitory concentrations; D – Diapason/range of growth suppression 

The mean MIC50 values of Oxidal® for the Gram-positive bacteria S. aureus (0.21 ± 0.13 mg/ml) were lower 

than those for the Gram-negative E. coli (0.55 ± 0.24 mg/ml), with statistically significant differences (P<0.05). 

The dose that fully suppressed S. aureus growth was 0.86 ± 0.52 mg/ml, while for E. coli this dose was 

significantly higher - 2.40 ± 0.80 mg/ml (P<0.05). For the antibiotic Thiamphenicol, the results were opposite - 

the mean MPC50 values for E. coli (2.40 ± 0.80) were lower than those for S. aureus (3.71 ± 2.86), but the 

differences were not statistically significant (P> 0.05). The results of the studies performed to determine the 

susceptibility of S. aureus and E. coli to anolyte by the suspension method are presented in Table 3. The data 

show that not only the fresh anolyte but also the one stored for 1 year inactivated S. aureus and E. coli strains 

after 2 min of exposure.  

Table 3. Study of the effect of anolyte on S. aureus and E. coli in suspensions with concentration 106 

cells/ml 

 

Antimicrobial agent 

Growth of S. aureus and E. coli (number of colonies) after different 

intervals of anolyte exposure 

2 min 5 min 10 min 

S. aureus E. coli S. aureus E. coli S. aureus E. coli 

Anolyte fresh 0 0 0 0 0 0 

Anolyte old 0 0 0 0 0 0 

Control without anolyte many many many many many many 

Control (anolyte without 

bacteria) 

0 0 0 0 0 0 
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The results of the studies performed to determine the susceptibility of S. aureus and E. coli to Oxidal® by the 

suspension method are presented in Fig. 3. Data show that the number of viable micro-organisms decreased 

by more than 30% compared to the untreated control after 20 minutes of exposure to 10% Oxidal® solution. 

After 45 minutes, only 37% of S. aureus cells and 19% of E. coli cells developed upon cultivation, and after 90 

minutes of exposure, about 20% of the cells of the tested microorganisms of both species remained viable. 

However, no complete bactericidal effect of 10% Oxidal® solution on S. aureus and E. coli was reported during 

this period. After longer exposure (20-60 min), E. coli showed a higher sensitivity than S. aureus, but after 90 

minutes the results for both strains converged. 
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Figure 3. Inhibitory effect of Oxidal® at a final concentration of 10% on S. aureus and E. coli in 

suspension with a density of 106 cells/ml. 

Discussion 

Our preliminary studies of the antimicrobial action of Oxidal® in the agar-gel diffusion method (Popova et al., 

2020) showed high inhibitory activity against S. aureus and E. coli. Data from the present studies indicate a 

significant antibacterial effect of Oxidal®. It is probably due mainly to the aniline dye methylene blue 

contained in the preparation. Our results are largely in line with those obtained by Authman and Shatti (2015) 

in examining the effect of methylene blue on bacteria isolated from patients with atopic dermatitis. They 

reported that all isolates (Staphylococcus aureus, Staphylococcus haemolyticus, Pseudomonas fluorescens and 

Enterobacter aerogenes) had lost their ability to grow at a concentration of 10 mg/ml methylene blue. In their 

studies, the MIC of methylene blue against S. haemolyticus and P. fluorescens was 1 mg/ml, while against S. 

warneri and S. aureus were 10 mg/ml. 

Other authors have also reported significant inhibitory activity of methylene blue. In treating a suspension of 

Helicobacter pylori with 0.2 mg/ml methylene blue Sung et al. (2010) achieved a 100-fold reduction in viable 

cell counts after 10 min. However, when exposed to light, ten times lower dose of the dye (0.02 mg/ml) was 

sufficient to achieve the same result in the same period of time. Piccirillo et al. (2009) found significant 

bactericidal activity of methylene blue, covalently bound to an activated silicone polymer by an amide 

condensation reaction. Significant bactericidal activity against E. coli and Staphylococcus epidermidis was 

reported with a 99.999% reduction in viable bacteria after four minutes of low power laser exposure. 
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Obviously, when irradiated with light, the antimicrobial action of methylene blue is increased several -fold. 

Elumalai et al. (2015) demonstrated that the photodegradation of this aniline dye under ultraviolet light for 90 

minutes with a 30 mg ZnO catalyst and plant extract of Vitex trifolia results in a significant increase in its 

antimicrobial activity. Methylene blue turns out to be a promising agent with broad-spectrum antimicrobial 

activity, especially when activated by light. Gao et al. (2016) have successfully implemented methylene blue for 

the photodynamic inactivation of pathogenic fungi. They found that photodynamic in vitro treatment with 

methylene blue and LEDs was effective for inhibiting the growth of Fusaruim spp. and Exophiala spp., both in 

cultures and in biofilms. 

The antimicrobial effect of the anolyte is already known. Antibacterial activity on E. coli and antiviral effect on 

Classical Swine Fever Virus of anolyte have been reported by Atanasov et al. (2014), Gluhchev et al. (2015), 

Ignatov et al. (2018), Karadzhov et al. (2019) and others. Ignatov. (2020) also described the possible antiviral 

effects of Oxidal®, water Ccatholyte and nano colloidal silver over Coronaviruses SARS-CoV, SARS-CoV-2 and 

disease, caused by COVID-19. The results we have obtained are consistent with theirs and those of our 

previous studies (Popova et al., 2016 a, b). Some of the major effects of the electrochemically activated 

aqueous solutions anolyte and catholyte on human health have been studied and described by Ignatov (2019), 

Ignatov and Gluhchev (2019) and Ignatov et al. (2020 a, b). The data show that these solutions are extremely 

promising not only as antimicrobial agents but also as environmentally friendly tools for human health 

restorations with anti-inflammatory and antioxidant effects. Their positive health effects are similar to those of 

the mineral spring waters studied by Valcheva (2019). 

Conclusions 

The tested strains of S. aureus and E. coli showed a higher sensitivity to Oxidal® than to the control antibiotic 

Thiamphenicol, but the differences were not significant. The mean MIC50 values of Oxidal® for the Gram-

positive bacteria S. aureus (0.21 ± 0.13 mg/ml) were significantly lower than those for the Gram-negative E. 

coli (0.55 ± 0.24 mg/ml). The dose that completely suppressed S. aureus growth was 0.86 ± 0.52 mg/ml, and 

for E. coli this dose was significantly higher - 2.40 ± 0.80 mg/ml (P <0.05). For the antibiotic Thiamphenicol, 

the mean MPC50 values for E. coli (2.40 ± 0.80) were lower than for S. aureus (3.71 ± 2.86), but the differences 

were not statistically significant. 

Under the influence of 10% Oxidal® solution, the amount of viable cells of S. aureus and E. coli decreased by 

over 30% compared to the untreated control after 20 minutes. After 45 minutes of exposure to  10% Oxidal® 

solution, only 37% of S. aureus cells and 19% of E. coli cells developed on cultivation, and after 90 minutes  

about 20% of the cells of the bacteria of both species remained viable.  The fresh anolyte and the one stored 

for 1 year inactivated S. aureus and E. coli after 2 min of exposure. 

Conflict of interests 

The authors have declared that no conflict of interests exists. 

References: 

1. Atanasov, A., Karadzhov, S., Ivanova, E., Mosin, O. V., Ignatov, I. (2014) Study of the Effects of 

ElectrochemicalAqueous Sodium Chloride Solution (Anolyte) on the Virus of Classical Swine Fever Virus. 

Mathematical Models of Anolyte and Catolyte as Types of Water, Journal of Medicine, Physiology and 

Biophysics, Vol.4, pp. 1-26.  

2. Authman, S. H., Z. O. Shatti (2015). Effect of Methylene Blue on the Growth of Bacteria Isolated From 

Patients with Atopic Dermatitis, https://www.researchgate.net/publication/316463474. 

https://cirworld.com/index.php/jaa
https://www.researchgate.net/publication/316463474


JOURNAL OF ADVANCES IN AGRICULTURE Vol 11 (2020) ISSN: 2349-0837        https://rajpub.com/index.php/jaa 

77 

3. Choi, S. S., H. K. Lee, H. S. Chae (2010). In vitro Photodynamic Antimicrobial Activity of Methylene Blue and 

Endoscopic White Light Against Helicobacter pylori 26695.  Journal of Photochemistry and Photobiology B: 

Biology 101, 3, 206-209. https://doi.org/10.1016/j.jphotobiol.2010.07.004 

4. Elumalai, K., S. Velmurugan, S. Ravi, V. Kathiravan, G. Adaikala Raj (2015). Bio-approach: Plant Mediated 

Synthesis of ZnO Nanoparticles and Their Catalytic Reduction of Methylene Blue and Antimicrobial 

Activity. Advanced Powder Technology, 26, 6, 1639-1651. https://doi.org/10.1016/j.apt.2015.09.008 

5. Ericsson, H. M., J. S. Sherris (1971). Antibiotic Sensitivity Testing. Acta Path. Microb. Scand. Suppl., 217, 3 – 

86. 

6. Gao, L., S. Jiang, Y. Sun, M. Deng, Q. Wu, M. Li and T. Zeng (2016). Evaluation of the Effects of 

Photodynamic Therapy Alone and Combined with Standard Antifungal Therapy on Planktonic Cells and 

Biofilms of Fusarium spp. and Exophiala spp. Front Microbiol. 7, 617. doi: 10.3389/fmicb.2016.00617. 

PMCID: PMC4847004. PMID: 27199946. https://doi.org/10.3389/fmicb.2016.00617 

7. Gluhchev, G., Ignatov, I., Karadzhov, S., Miloshev, G., Ivanov, N., Mosin, O.V.  (2015), Studying the 

Antimicrobial and Antiviral Effects of Electrochemically Activated Nacl Solutions of Anolyte and Catholyte 

on a Strain of E. coli DH5 and Classical Swine Fever (CSF) Virus, European Journal of Medicine, Vol. 9., No. 

3., pp. 124-138. https://doi.org/10.13187/ejm.2015.9.124 

8. Ignatov, I. (2019). Electrochemically Activated Water Catholyte for Activation of Shape and Recovery in the 

Sport, Int. Conference on Medicine and Football, Sofia , Bulgaria, Journal of Medicine and Sport, 3-4, 30-33. 

9. Ignatov, I. (2020) Antiviral Effects of Nano Colloidal Silver, Water Catholyte, Oxidal with Methylene Blue. 

Possible Effects of Influence over Coronavirus SARS-CoV and SARS-CoV-2 with Disease COVID-19, Global 

Congress on Infectious Disease, SciTech Infectious Diseases 2020.  

10. Ignatov, I., Gencheva, N., Marinov, T., Yaneva, I., Angelcheva, M., Dinkov, G., Angushev, I. (2020 a) 

Electrochemically Activated Water Catholyte for the Activation of Hydrogen Ions and ATP for Sport’s 

Shape and Recovery, Journal of Advances in Medicine and Medical Research, 32 (4): 112-119. 

11. Ignatov, I., Gluhchev, G. (2019) Effects of Electrochemically Activated Water Catholyte and Anolyte on 

Human Health, 8th World Congress on Immunology, Pulsus, London, 3, 12-13.  

12. Ignatov, I., Gluhchev, G., Karadzhov, G., Yaneva, I., Valcheva, N., Dinkov, G., Popova, T., Petrova, T., 

Mehandjiev, D., Akszjonovich, I.  (2020 b). Dynamic Nano Clusters of Water on Waters Catholyte and 

Anolyte: Electrolysis with Nano Membranes, Physical Science International Journal, 24, 1, 46-54. 

https://doi.org/10.9734/psij/2020/v24i130173 

13. Ignatov, I., Karadzhov, S., Gluhchev, G., Yakimov, I. (2018) Electromagnetically Activated Water - Properties 

and Effects, Bulgarian Journal of Public Health, 10, 4, 63-69. 

14. Karadzhov, S., Ignatov, I., Najdenski, H., Popova, T., Luepcke, W., Gluhchev, G., Kolev, N., Balabanov,  S. 

(2019) Distribution Trends of African Swine Fever Virus (ASFV) through Water, European Journal of 

Molecular Biotechnology, Vol. 7, No. 2 

15. Naik, A. J. T., S. Ismail, C. Kay, M. Wilson, I. P.Parkin (2011). Antimicrobial Activity of Polyurethane           

Embedded with Methylene Blue, Toluidene Blue and Gold Nanoparticles Against Staphylococcus aureus; 

Illuminated with White Light. Materials Chemistry and Physics, 129, 1–2, 446-450. 

https://doi.org/10.1016/j.matchemphys.2011.04.040 

https://cirworld.com/index.php/jaa
https://www.sciencedirect.com/science/article/abs/pii/S1011134410001715#%21
https://www.sciencedirect.com/science/article/abs/pii/S1011134410001715#%21
https://www.sciencedirect.com/science/article/abs/pii/S1011134410001715#%21
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344
https://doi.org/10.1016/j.jphotobiol.2010.07.004
https://www.sciencedirect.com/science/article/pii/S0921883115002137#%21
https://www.sciencedirect.com/science/article/pii/S0921883115002137#%21
https://www.sciencedirect.com/science/article/pii/S0921883115002137#%21
https://www.sciencedirect.com/science/journal/09218831/26/6
https://doi.org/10.1016/j.apt.2015.09.008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27199946
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4847004/
https://dx.doi.org/10.3389%2Ffmicb.2016.00617
https://www.ncbi.nlm.nih.gov/pubmed/27199946
https://doi.org/10.3389/fmicb.2016.00617
https://doi.org/10.13187/ejm.2015.9.124
https://doi.org/10.9734/psij/2020/v24i130173
https://www.sciencedirect.com/science/article/abs/pii/S0254058411003415#%21
https://www.sciencedirect.com/science/article/abs/pii/S0254058411003415#%21
https://www.sciencedirect.com/science/article/abs/pii/S0254058411003415#%21
https://www.sciencedirect.com/science/article/abs/pii/S0254058411003415#%21
https://www.sciencedirect.com/science/journal/02540584
https://www.sciencedirect.com/science/journal/02540584/129/1
https://doi.org/10.1016/j.matchemphys.2011.04.040


JOURNAL OF ADVANCES IN AGRICULTURE Vol 11 (2020) ISSN: 2349-0837        https://rajpub.com/index.php/jaa 

78 

16. National Committee for Clinical Laboratory Standards: Performance Standards for Antimicrobial 

Susceptibility Testing: Ninths Informational Supplement. NCCLS Document M100 – S9, Vol. 18, No 1, 1999. 

17. Perni, S., C. Piccirillo, J. Pratten, P. Prokopovich, W. Chrzanowski, I.  P. Parkin, M. Wilson (2009). The 

Antimicrobial Properties of Light-activated Polymers Containing Methylene Blue and Gold Nanoparticles. 

Biomaterials,  30, 1, 89-93. https://doi.org/10.1016/j.biomaterials.2008.09.020 

18. Piccirillo, C., S. Perni,  J. Gil-Thomas,   P. Prokopovich,   M. Wilson,   J. Pratten  and  I. P. Parkin (2009). 

 Antimicrobial Activity of Methylene Blue and Toluidine Blue O Covalently Bound to a Modified Silicone 

Polymer Surface. Journal of Materials Chemistry, 34, 6167-6171. https://doi.org/10.1039/b905495b 

19. Popova, T., Petrova, T., Karadzhov, S. (2016 a). Investigation of the Action of the Anolyte after Different 

Storage Times on the Gram-negative Bacteria, Int. J. Curr. Microbiol. App. Sci., 5, 9, 530-539. ISSN: 2319-

7692. https://doi.org/10.20546/ijcmas.2016.509.059 

20. Popova, T., Petrova, T., Karadzhov, S., Krustanova. G. (2016 b). Investigation of the Biocidal Effect of 

Electrochemically Activated Aqueous Sodium Chloride Solution on Staphylococcus aureus. Traditions and 

Modernity in Veterinary Medicine, Scientific Journal of the Faculty of Veterinary Medicine of University of 

Forestry, Sofia, 1, 1, 67-72. ISSN 2534-9341. 

21. Popova, T. P., T. Petrova, I. Ignatov and S. Karadzhov. (2020). Preliminary in vitro Investigations on the 

Inhibitory Activity of the Original Dietary Supplement Oxidal® on Pathogenic Bacterial Strains. Journal of 

Advances in Agriculture, 11, 37-43, ISSN: 2349-0837, https://rajpub.com/index.php/jaa DOI: 

https://doi.org/10.24297/jaa.v11i.8693, 

22. Sung SookChoi, S. S., H. K. Lee, H. S. Chae (2010). In vitro Photodynamic Antimicrobial Activity of 

Methylene Blue and Endoscopic White Light Against Helicobacter pylori 26695. Journal of Photochemistry 

and Photobiology B: Biology, 101, 3, 206-209. https://doi.org/10.1016/j.jphotobiol.2010.07.004 

23. Valcheva, N., Ignatov, I., Dinkov, G. (2020) Microbiological and Physicochemical Research of Thermal 

Spring and Mountain Spring Waters in the District of Sliven, Bulgaria, Journal of Advances in Microbiology, 

20,  2, 9-17. 

24. Wagner, S. J. (2002). Virus Inactivation in Blood Components by Photoactive Phenothiazine Dyes. 

Transfusion Medicine Reviews, 16, 1, 61-66. https://doi.org/10.1053/tmrv.2002.29405 

25. Wagner S. J., Skripchenko A., Robinette D., Mallory D.A., Hirayama J., Cincotta L., Foley J. (2000). The Use of 

Dimethylmethylene Blue for Virus Photoinactivation of Red Cell Suspensions. Dev. Biol. (Basel). 102: 125–9. 

PMID 10794099. 

26. World Health Organization (2019). Antimicrobial Stewardship Programmes in Health-care Facilities in Low- 

and Middle-income Countries: a WHO Practical Toolkit. World Health Organization. License: CC BY-NC-SA 

3.0 IGO. https://apps.who.int/iris/handle/10665/329404. 

 

https://cirworld.com/index.php/jaa
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/article/pii/S0142961208006807#%21
https://www.sciencedirect.com/science/journal/01429612
https://www.sciencedirect.com/science/journal/01429612/30/1
https://doi.org/10.1016/j.biomaterials.2008.09.020
https://pubs.rsc.org/--/results?searchtext=Author%3AC.%20Piccirillo
https://pubs.rsc.org/--/results?searchtext=Author%3AS.%20Perni
https://pubs.rsc.org/--/results?searchtext=Author%3AJ.%20Gil-Thomas
https://pubs.rsc.org/--/results?searchtext=Author%3AP.%20Prokopovich
https://pubs.rsc.org/--/results?searchtext=Author%3AM.%20Wilson
https://pubs.rsc.org/--/results?searchtext=Author%3AJ.%20Pratten
https://pubs.rsc.org/--/results?searchtext=Author%3AI.%20P.%20Parkin
https://doi.org/10.1039/b905495b
https://doi.org/10.20546/ijcmas.2016.509.059
https://doi.org/10.24297/jaa.v11i.8693
https://www.sciencedirect.com/science/article/abs/pii/S1011134410001715#%21
https://www.sciencedirect.com/science/article/abs/pii/S1011134410001715#%21
https://www.sciencedirect.com/science/article/abs/pii/S1011134410001715#%21
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344/101/3
https://doi.org/10.1016/j.jphotobiol.2010.07.004
https://www.sciencedirect.com/science/article/abs/pii/S0887796302800074?via%3Dihub#%21
https://www.sciencedirect.com/science/journal/08877963
https://www.sciencedirect.com/science/journal/08877963/16/1
https://doi.org/10.1053/tmrv.2002.29405
https://en.wikipedia.org/w/index.php?title=Dev._Biol._%28Basel%29&action=edit&redlink=1
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/10794099
https://apps.who.int/iris/handle/10665/329404

