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Abstract 

   
Aspergillus ochraceus, a pathogenic mold frequently found in grains, soil, and dried food products. This mold 

can produce several toxins especially Ochratoxin A and B on infected crops. These toxins are associated with 

food intoxications both in humans and animals. This study aimed to evaluate the antifungal potentiality of a 

pigment produced by Pseudomonas aeruginosa, against A. ochraceus in-vitro. Primarily, the cross streak 

method showed P. aeruginosa (isolate PU8 and PU10) inhibits the growth of A. ochraceus. Then in the 

quantitative assay using crude extract of the isolate showed significant inhibitory (p<0.05) activities which were 

up to 72% inhibition by PU8 and 59% by PU10. Then the pigment was extracted, purified, and characterized. The 

UV spectrophotometry, FT-IR (Fourier Transform Infrared Spectrometry), TLC (Thin-Layer Chromatography) 

and microscopic analysis proved that the crude extract contained pyocyanin as a potent antifungal phenazine 

pigment. The adverse effects of chemical fungicides necessitated the use of eco-friendly biological control agents 

against fungi. Fortunately, from this study, we can infer that P. aeruginosa can produce an antifungal phenazine 

pigment pyocyanin that inhibits the growth of A. ochraceus and be used as a potential bio-control agent. 
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Introduction 

Fungi can produce various detrimental mycotoxins, 

which are potent causes of many diseases of humans, 

plants and cattle (Bouhet and Oswald 2005). Besides, 

spoilage of tons of crops and vegetables due to fungal 

infection is a worldwide alarming issue for agriculture 

rendering huge economic losses. Common fungal 

spoilage agents of fresh vegetables and fruits are 

various species of the genera Alternaria, Aspergillus, 

Cladosporium, Colletotrichum, Fusarium, 

Penicillium, Phytophthora, Pythium and 

Rhizopus spp (Tournas 2005 and Moss 2008). Out of 

these, a few organisms show a substrate preference 

whereas others such as 

Botrytis cinerea, Colletotrichum, Alternaria, 

Cladosporium, Phytophthora, and Rhizopus spp., can 

infect a wide variety of vegetables causing devastating 

losses (Tournas 2005). One of the early interventions 

which prevents mycotic infection is inhibition of 

fungal colonization by chemical fungicides or 

antimycotic agents. However, most of the time these 

fungicides are not eco-friendly and hazardous to 

human and cattle health. To tackle this problem in an 

eco-friendly way biological inhibition of those fungi 

using biocontrol agents opens a safe path to follow 

(Gupta 2016, 2018). One of the best actions of 

microorganisms in our environment is that they can 

kill each other in such a way which will not cause any 

diverse effect on the environment. Fortunately, the 

widely found bacteria named Pseudomonas 

aeruginosa, can kill fungi very incredibly by 

producing several antimicrobial coloring agents 

(Jayaseelan et al., 2014). They can inhibit a wide 

range of plant pathogenic fungi and control the 

spreading of various plant diseases (Morales et al.,   

2013).  Previously it has been studied that phenazine 

pigment of P. aeruginosa named pyocyanin can 

inhibit the growth of aflatoxin producing A. flavus 

and other fungus species such as A. niger, 

Rhizoctonia solani and Candida albicans (Dharni et 

al., 2012; Morales et al., 2013).  

 

To focus on the biological fungicidal activity of the 

bacteria, pathogenic fungi named A. ochraceus will be 

used in this study. A. ochraceus is a clinically 

important pathogen, which can produce several 

mycotoxins, such as ochratoxins, penicillic acid, 

xanthomegnin and viomellin (Pitt et al., 2009). 

Ochratoxin A (OTA) is a carcinogenic mycotoxin, 

generally a secondary metabolite produced by several 

A. ochraceus that contaminate grains, legumes, 

coffee, dried fruits, beer, wine, and meats (Bayman et 

al.,   2002). The mode of action of this toxins are very 

complex but researches revealed that OTA inhibits 

protein synthesis of the infected cell by inhibiting the 

phenylalanine t-RNA synthetase and isocoumarin, 

and also enhances the production of oxygen free-

radicals, apoptosis or necrosis to exert its toxic action 

(Kőszegi and Poór 2016; Dirheimer and Creppy 1991). 

In particular, this study aimed to biologically control 

the growth of A. ochraceus by phenazine pigment-

producing P. aeruginosa.  

 

Materials and Methods  

Isolation and identification 

P. aeruginosa was isolated from various clinical 

samples (blood, urine and pus) using brain-heart 

infusion (BHI) broth (OxoidTM) as enrichment 

medium and cetrimide agar (OxoidTM) as selective 

media for the bacterial growth. Finally, two isolates 

(PU8 and PU10) were selected for further study.  

 

Their identification as P. aeruginosa was confirmed 

based on their microscopic features, physiological and 

biochemical characteristics following Bergey’s manual 

(ninth edition) (Holt et al., 1994).   

 

Determination of antifungal activity with crude 

extract  

To determine the primary antifungal activity of the 

selected pigment-producing isolates, Glycerol-alanine 

solidified media (Glycerol 1ml, MgCl2 0.14g, K2SO4 

1g, Asparagine 0.1%, Peptone 2g, Agar 1.5g  Distilled 

water 100 ml) was used. In cross streak method, at 

first, fresh bacterial culture was streaked on the one 

end of the petriplate, then after overnight incubation 

(which helps diffusion of pyocyanin pigment in the 

media) fresh fungal culture (cut by a cork borer) was 

placed on the center of the same petriplate (Fig.1. 

Treatment).  
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The crude extract of selected isolates was used in pour 

plate technique to observe antifungal activity with 

different concentrations (10-50 μL/ml). The selected 

P. aeruginosa isolates were grown first in the 

Glycerol alanine pseudomonas broth (Glycerol 1ml, 

MgCl2 0.14g, K2SO4 1g, Asparagine 0.1%, Peptone 2g, 

Distilled water 100 ml) at 37oC for 48 hours for better 

pigment production. Pigment rich broth culture was 

then centrifuged at 10,000 rpm for 15 minutes and 

then the supernatant was collected, filtered through a 

membrane filter (0.45 µm pore size) and used as a 

crude extract. A. ochraceus fresh culture was grown 

on Potato Dextrose Agar (PDA) media.  

 

Agar cultures of selected fungus were taken with a 

cork borer and placed in the center of the PDA media 

plates containing different concentrations of 100 of 

μL crude extract. A plate without any concentration of 

crude extract pyocyanin was used as a control. Plates 

were incubated at 27oC for 5 days. Radial growth of 

the fungus was measured and growth inhibition of the 

isolates was calculated by dividing colony diameter in 

amended plates by that in the non-amended control 

plates and expressed in percentage.

  
 

  

 

Extraction and purification of the pigment produced 

by Pseudomonas isolates  

The extraction of pigment from the crude extract was 

done using chloroform and HCl (Essar et al., 1990 

and Devnath et al., 2017). After extraction, the 

amount of pyocyanin in the pink acidified layer was 

quantified by measuring its optical density 

(absorbance) at 520 nm wavelength using a UV-1800 

UV-VIS Spectrophotometer (Shimadzu). Pyocyanin 

concentration (μg/mL) was determined by 

multiplying the optical density value (OD520) with 

17.072 (Essar et al., 1990 and Wu et al., 2014). 

Extracted pyocyanin pigment was purified by column 

chromatography according to Ohfuji et al.,   (2004) 

using the ratio of 1:1 (chloroform: methanol) as a 

mobile phase. The fraction of the eluted sample was 

crystallized following the previous method of Devnath 

et al. (2017). The crystals were kept as dried purified 

pigment.  

 

Characterization of the pigment 

After column chromatography, the eluted sample was 

further characterized by TLC (Thin layer 

chromatography) using a chloroform-methanol 

solvent.  

 

Then microscopic analysis was done to observe fine 

crystals. Extracted pigment from the two efficient 

isolates of P. aeruginosa was subjected to a UV-

visible spectrophotometer (Watson et al., 1986) and a 

maximum absorbance was recorded. Fourier 

Transform-Infrared spectrophotometry (FT-IR) 

analysis of the pyocyanin pigment was also done 

using potassium bromide (KBr) as a window material 

and pyocyanin solution was dried at 60oC to make a 

powder (Stuart 2005).  

 

Statistical analysis 

Data were analyzed statistically by one-way analysis 

of variance (ANOVA) and Tukey's honest significant 

difference (HSD) and Duncan post-hoc test, using 

Statistical Package for Social Sciences (SPSS) 

software trial version (SPSS Inc, Chicago, IL, USA). P 

< 0.05 was considered statistically significant. 

 

Results 

Determination of antifungal activity 

After fungal culture inoculation on glycerol alanine 

medium, we observed the plate up to 4-5 days and 

recorded no spread of fungal mycelia on the plate 

compared to control (Fig.1.Control). The visual 

deposition of pyocyanin on the media plate was clear. 

Control plates without P. aeruginosa streaked line 

showed profuse growth of fungal mycelia (Fig.1. 

Treatment). 

 

Further antifungal activity was confirmed using the 

crude extract. Different concentrations of crude 

extract gave different patterns of inhibition and 

control with no inhibition gave a zone diameter of 

52mm. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAAahUKEwjL5pnc7KjHAhUUC44KHd6ZAdg&url=http%253A%252F%252Fwww.shimadzu.com%252Fan%252Fspectro%252Fuv%252Fuv1800%252Fuv.html&ei=7wPOVYuzA5SWuATes4bADQ&usg=AFQjCNHD7DM5T717fT0KQwY5hayQJ5Lwsw&sig2=PXSwq7hD9I7kf7OEOPw7kQ&bvm=bv.99804247,d.c2E
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAAahUKEwjL5pnc7KjHAhUUC44KHd6ZAdg&url=http%253A%252F%252Fwww.shimadzu.com%252Fan%252Fspectro%252Fuv%252Fuv1800%252Fuv.html&ei=7wPOVYuzA5SWuATes4bADQ&usg=AFQjCNHD7DM5T717fT0KQwY5hayQJ5Lwsw&sig2=PXSwq7hD9I7kf7OEOPw7kQ&bvm=bv.99804247,d.c2E
https://www.google.com/search?q=uv+1800+shimadzu&tbm=isch&tbo=u&source=univ&sa=X&ved=0CDIQsARqFQoTCMvmmdzsqMcCFRQLjgod3pkB2A&biw=1152&bih=711
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Table 1. Percentage inhibition of A. ochraceus by different concentration of crude extract. 

Conc. (µl/ml) Inhibition by PU10
* (%)** Inhibition by PU8* (%)** 

10 43 ±1.0 17% 40.6±1.5 22% 

20 33 ±3.0 37% 31.3±1.5 40% 

30 30 ±3.0 42% 30.33±2.5 41% 

40 26.67±06 49% 26.67±0.6 49% 

50 21±1.0 59% 14.33±0.6 72% 

*Mean ± Standard Deviation (three replicate)  

**Percentage inhibition was calculated using (C) control (mm) =52mm and using mean inhibitory zone diameter 

(T) for all the concentrations. 

It was noticeable that inhibition of fungal mycelial 

spread up to 72% and 59% by 50µl/ml of PU8 and 

PU10 respectively (Table 1). All the concentrations of 

PU10 and PU8 showed decent evidence of antifungal 

activity of crude extract, the inhibitory activities were 

found statistically significant using one way ANOVA 

(P = 0.00). Furthermore, Post-Hoc analysis using 

Tukey HSD exhibited a statistically significant 

difference between the groups except concentrations 

between 20, 30 and 40 µL/mL (Table 2). 

 

However, non-significant (P>0.05) data between all 

concentration was found using Duncan Post-Hoc 

analysis. 

 

Table 2. Multiple Comparisons of Zone of inhibition between different groups. 

Conc. (µL/mL)  PU10 Mean Difference (I-J) sig Conc. (µL/mL) PU8 Mean Difference (I-J) Sig. 

Conc. (I) Compared  Conc. (J) Conc. (I) Compared  Conc. (J) 

10 20 10.000* .001 10 20 9.333* .000 

30 13.000* .000 30 10.333* .000 

40 16.333* .000 40 14.000* .000 

50 22.000* .000 50 26.333* .000 

20 10 -10.000* .001 20 

 

10 -9.333* .000 

30 3.000 .413 30 1.000 .924 

40 6.333* .021 40 4.667* .025 

50 12.000* .000 50 17.000* .000 

30 10 -13.000* .000 30 10 -10.333* .000 

20 -3.000 .413 20 -1.000 .924 

40 3.333 .321 40 3.667 .086 

50 9.000* .002 50 16.000* .000 

40 10 -16.333* .000 40 10 -14.000* .000 

20 -6.333* .021 20 -4.667* .025 

30 -3.333 .321 30 -3.667 .086 

50 5.667* .040 50 12.333* .000 

50 10 -22.000* .000 50 10 -26.333* .000 

20 -12.000* .000 20 -17.000* .000 

30 -9.000* .002 30 -16.000* .000 

40 -5.667* .040 40 -12.333* .000 

*The mean difference is significant at the 0.05 level. 

Characterization of pigment  

For further characterization, the pigment was then 

subjected to UV visible spectrophotometer (T-1800) 

for spectral analysis and an analyte peak was 

observed at a maximum range of 270-271 nm (Fig.2.). 

TLC analysis of all isolates showed a blue spot with Rf 

value around 0.8. Infra-Red spectrum showed 

characteristic absorption bands at 3429 cm-1, 1620 

cm-1, 1604 cm-1
, 1384 cm-1 and 1320 cm-1  (Fig.3).  

 

Discussion 

Fungi from Aspergillus species are among the molds 

considered to be most pathogenic, due to their 

toxicity (Gniadek, 2009). Mycotoxins (e.g., aflatoxin, 
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ochratoxin, etc.,) produced as a metabolite by the 

Aspergillus group, which are carcinogenic, 

teratogenic, mutagenic, hepatotoxic and nephrotoxic 

in action (Fischer and Dott, 2003). To prevent 

mycoses, the use of efficient fungicides is in urgent 

need. Adverse effects of chemical fungicides on the 

environment supported the need for substitute ways 

for curbing fungal growth on crops and grains. For 

this reason, experiments on antimicrobial metabolites 

extracted from microbes and plants, deriving greater 

impulse in the agricultural economy. P. aeruginosa 

has recently been a focus of interest as bio-control 

agents and a source of bioactive metabolites (Someya 

et al., 2006). 

 

Fig. 1. Inhibition of fungal growth by culture of P. aeruginosa in cross streak method after 5 days of incubation. 

[Here in treatment, P. aeruginosa line was streaked on one side of the petriplate, deposition of pyocyanin on the 

media turned the media dark bluish. In control no inoculation was done].  

 

Fig. 2. UV absorption spectra of PU10 and PU8. 
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They can produce different antimicrobial phenazine 

pigments which have been recognized for their 

antibiotic properties for over 150 years (Mavrodi et 

al.,   2006). Hence, in this study, we isolated P. 

aeruginosa from different clinical sources and 

recorded potent antifungal activity to inhibit the 

growth of A. ochraceus. As no previous data was 

available for inhibition of A. ochraceus by P. 

aeruginosa, the cross streak method was initially 

used to determine whether it has inhibiting activity. 

 

Fig. 3. FT-IR spectra of the pyocyanin pigment extracted from the isolate P. aeruginosa PU8. 
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Pyocyanin production was high in glycerol alanine 

medium rather than commonly used PDA medium, so 

we used this medium for our initial purpose. We used 

it for fungal culture at the primary inhibition process 

and found suitable conditions for fungal growth. 

Primary antimicrobial activity against A. ochraceus 

by P. aeruginosa in the cross streak method showed 

hopeful outcome as an antagonistic compound 

secretion. Later on, an antagonistic compound from 

the culture supernatant of P. aeruginosa was also 

proved to be an efficient antifungal agent. Using the 

crude extract of pyocyanin producer can inhibit 59% 

to 72% of the pathogenic fungal growth by isolate 

PU10 and PU8 respectively.  

 

Several studies also reported that purified pyocyanin 

can inhibit mold such as A. niger, A. fumigatus, and 

yeast Cryptococcus neoformans, C. tropicalis and C. 

albicans (Özyürek et al., 2016; Marrez and Mohamad, 

2020). 

 

Sometimes some of the other pigment may remain 

mixed with the chloroform extract of pyocyanin, P. 

aeruginosa can produce different pigments including 

pyocyanin (blue green), pyoverdin (yellow, green and 

fluorescent), pyomelanin (light-brown) and pyorubrin 

(red-brown) (Jayaseelan et al., 2014). Thus, the 

pigment was later on extracted and purified through 

various downstream processes such as column 

chromatography and crystallization. Later on, 

confirmation of pyocyanin was done, where it was 

confirmed that the crude extract of the isolates surely 

has pyocyanin pigment. TLC, UV-Vis spectra suggest 

the characteristics of the pyocyanin compound, which 

similarly matched with previous data (Ohfuji et al., 

2004, Sudhakar and Karpagam 2011; Karpagam et 

al., 2013).  

 

We have further confirmed the structural 

characteristics of the pyocyanin pigment by FT-IR.  

Pyocyanin is a hetero-cyclic nitrogenous compound, 

the FT-IR spectra indicate the presence of –OH group 

(3400-3300 cm-1), C=N bonds (1590-1600 cm-1)  

and C-N (1280- 1250 cm-1) bonds, the presence of –

CH3 group is confirmed with the –C-H stretches of 

the alkyl (methyl) group in the 1380-1400 cm-1 range 

(Stuart  2005). These results mostly agreed with those 

of characteristics of pyocyanin pigment.  

 

Limitations of our study that we did not apply 

purified pyocyanin compound to see its antifungal 

effect and couldn’t confirm ochratoxin production by 

our A. ochraceus isolate. 

 

Conclusion 

This study concluded that Pseudomonas aeruginosa 

could effectively inhibit the growth of Aspergillus 

ochraceus in vitro. Continuation of this study with 

purified product may further evaluate its antifungal 

potentiality. Although the use of Pseudomonas as a 

fungal growth inhibitor was effective in a laboratory, 

its application in agriculture requires further studies 

and adequate implementations.  

 

Acknowledgments 

The authors would like to thanks Dr. Tapashi Ghosh 

Roy, Professor, Department of Chemistry, University 

of Chittagong, for providing FT-IR spectroscopy 

facility.  

 

References 

Bayman P, Baker JL, Doster MA, Michailides 

TJ, Mahoney NE. 2002. Ochratoxin Production by 

the Aspergillus ochraceus Group and Aspergillus 

alliaceus. Applied and environmental microbiology 

68, 2326-2329.   

https://doi.org/10.1128/AEM.68.5.2326 

 

Bouhet S, Oswald IP. 2005. The effects of 

mycotoxins, fungal food contaminants, on the 

intestinal epithelial cell-derived innate immune 

response. Veterinary Immunology and 

Immunopathology 108, 199-209.   

https://doi.org/10.1016/j.vetimm.2005.08.010 

  

Devnath P, Uddin K, Ahamed F. Hossain TM, 

Manchur MA. 2017. Extraction, purification and 

characterization of pyocyanin produced by 

Pseudomonas aeruginosa and evaluation for its 

antimicrobial activity. International Research Journal  

https://doi.org/10.1128/AEM.68.5.2326
https://doi.org/10.1016/j.vetimm.2005.08.010


 

147 Devnath et al. 

 

Int. J. Biosci. 2020 

of Biological Science 6, 1-9. 

 

Dharni S, Alam M, Kalani K. 2012. Production, 

purification, and characterization of antifungal 

metabolite from Pseudomonas aeruginosa SD12, a 

new strain obtained from tannery waste polluted soil. 

Journal of Microbiology and Biotechnology 22, 674-

683.  

https://doi.org/10.4014/jmb.1109.09061 

 

Dirheimer G, Creppy EE. 1991. Mechanism of 

action of ochratoxin A. IARC Scientific Publications 

115, 171–186.  

 

Essar DW, Eberly L, Hadero A, Crawford IP. 

1990. Identification and characterization of genes for 

a second anthranilate synthase in Pseudomonas 

aeruginosa: Interchangeability of the two anthranilate 

synthase and evolutionary implications. Journal of 

Bacteriology 172, 884-900. 

 

Fischer G, Dott W. 2003. Relevance of airborne 

fungi and their secondary metabolites for 

environmental, occupational and indoor hygiene. 

Archives of Microbiology 1799, 75-82.  

https://doi.org/10.1007/s00203-002-0495-2 

 

Gniadek A. 2009. Cytotoxicity of Aspergillus Fungi 

as a Potential Infectious Threat. Insight and Control 

of Infectious Disease in Global Scenario, ed. R. Priti 

12, 231–248. InTech. Croatia.  

https://doi.org/10.5772/2240 

 

Gupta PK. 2018. Toxicity of Fungicides. In: 

Veterinary Toxicology: Basic and Clinical Principles: 

Third Edition. Elsevier, © Academic Press 2018. 

https://doi.org/10.1016/b978-0-12-805426-0.00017-

2 

 

Gupta PK. 2016. In: Toxic effects of pesticides 

(agrochemicals). Fundamentals of Toxicology. 

Elsevier, © Academic Press 2016.  

https://doi.org/10.1016/B978-0-12-811410-0.00045-

3 

 

Holt JH, Krieg NR, Sneath PH, Staley JT, 

Williams ST. 1994. Bergey’s manual of 

determinative bacteriology ninth edition. European 

journal of paediatric neurology 13, 560.  

https://doi.org/10.1016/j.ejpn.2008.10.006 

 

Jayaseelan S, Ramaswamy D, Dharmaraj S. 

2014. Pyocyanin: production, applications, challenges 

and new insights. World Journal of Microbiology and 

Biotechnology 30, 1159-1168.  

https://doi.org/10.1007/s11274-013-1552-5 

 

Karpagam S, Sudhakar T, Lakshmipathy M. 

2013. Microbicidal response of pyocyanin produced 

by Pseudomonas aeruginosa toward clinical isolates 

of fungi. International Journal of Pharmacy and 

Pharmaceutical Science 5, 870-873. 

 

Kőszegi T, Poór M. 2016. Ochratoxin a: Molecular 

interactions, mechanisms of toxicity and prevention 

at the molecular level. Toxins (Basel) 8, 111.  

https://doi.org/10.3390/toxins8040111 

 

Marrez DA, Mohamad HS. 2020. Biological 

activity and applications of pyocyanin produced by 

Pseudomonas aeruginosa. Open Acces Journal of 

Biomedical Science 1, 140-144.    

https://doi.org/10.38125/OAJBS.000133 

 

Mavrodi D V, Blankenfeldt W, Thomashow 

LS. 2006. Phenazine compounds in fluorescent 

Pseudomonas spp. biosynthesis and regulation. 

Annual Review of Phytopathology 44, 417-445.  

https://doi.org/10.1146/annurev.phyto.44.013106.14

5710 

 

Morales DK, Grahl N, Okegbe C, Dietrich LE, 

Jacobs NJ, Hogan DA.  2013. Control of Candida 

albicans metabolism and biofilm formation by 

Pseudomonas aeruginosa phenazines. MBio 4, 

e00526-12.  

https://doi.org/10.1128/mBio.00526-12 

 

Moss MO. 2008. Fungi, quality and safety issues in  

fresh fruits and vegetables. Journal of Applied  

https://doi.org/10.4014/jmb.1109.09061
https://doi.org/10.1007/s00203-002-0495-2
https://doi.org/10.5772/2240
https://doi.org/10.1016/b978-0-12-805426-0.00017-2
https://doi.org/10.1016/b978-0-12-805426-0.00017-2
https://doi.org/10.1016/B978-0-12-811410-0.00045-3
https://doi.org/10.1016/B978-0-12-811410-0.00045-3
https://doi.org/10.1016/j.ejpn.2008.10.006
https://doi.org/10.1007/s11274-013-1552-5
https://doi.org/10.3390/toxins8040111
https://doi.org/10.38125/OAJBS.000133
https://doi.org/10.1146/annurev.phyto.44.013106.145710
https://doi.org/10.1146/annurev.phyto.44.013106.145710
https://doi.org/10.1128/mBio.00526-12


 

148 Devnath et al. 

 

Int. J. Biosci. 2020 

Microbiology 104, 1239-1243.  

https://doi.org/10.1111/j.1365-2672.2007.03705.x 

 

Ohfuji K, Sato N, Hamada-Sato N. 2004. 

Construction of a glucose sensor based on a screen-

printed electrode and a novel mediator pyocyanin 

from Pseudomonas aeruginosa. Biosensors and 

Bioelectronics 19, 1237-1244.  

https://doi.org/10.1016/j.bios.2003.11.010  

 

Özyürek SB, Gür SD, Bilkay IS. 2016. 

Investigation of Antimicrobial Activity of Pyocyanin 

Produced by Pseudomonas aeruginosa Strains 

Isolated from Different Clinical Specimens. Hacettepe 

Journal of Biology Chemistry 44, 1-6.  

https://doi.org/10.15671/HJBC.20164417526 

 

Pitt JI, Hocking AD, Pitt JI, Hocking AD. 1997. 

Aspergillus and Related Teleomorphs. In: Fungi and 

Food Spoilage. Springer, Boston, MA10.  

https://doi.org/10.1007/978-0-387-92207-2_8 

 

Someya N, Tsuchiya K, Yoshida T, Noguchi 

MT, Sawada H. 2006. Combined use of the 

biocontrol bacterium Pseudomonas fluorescens strain 

LRB3W1 with reduced fungicide application for the 

control of tomato fusarium wilt. Biocontrol Science 

11, 75-80.  

https://doi.org/10.4265/bio.11.75 

 

Stuart BH. 2005. Infrared Spectroscopy: 

Fundamentals and Applications. John Wiley and Sons  

 

Sudhakar T, Karpagam S. 2011. Antifungal 

efficacy of pyocyanin produced from bioindicators of 

nosocomial hazards. Proceedings of the International 

Conference on Green Technology and Environmental 

Conservation (GTEC-2011), Chennai 224-229.  

https://doi.org/10.1109/GTEC.2011.6167673 

 

Tournas VH. 2005. Spoilage of vegetable crops by 

bacteria and fungi and related health hazards. Critical 

Review of Microbiology 31, 33-44.  

https://doi.org/10.1080/10408410590886024 

 

Watson D, Macdermot J, Wilson R, Cole PJ, 

Taylor GW. 1986. Purification and structural 

analysis of pyocyanin and 1-hydroxyphenazine. 

European Journal of Biochemistry 159, 309-313.  

https://doi.org/10.1111/j.1432-1033.1986.tb09869.x 

 

Wu D, Huang W, Duan Q, Li F, Cheng H. 2014. 

Sodium houttuyfonate affects production of N-acyl 

homoserine lactone and quorum sensing-regulated 

genes expression in Pseudomonas aeruginosa. 

Frontiers of Microbiology 5, 635.  

https://doi.org/10.3389/fmicb.2014.00635. 

 

 

 

https://doi.org/10.1111/j.1365-2672.2007.03705.x
https://doi.org/10.1016/j.bios.2003.11.010
https://doi.org/10.15671/HJBC.20164417526
https://doi.org/10.1007/978-0-387-92207-2_8
https://doi.org/10.4265/bio.11.75
https://www.wiley.com/
https://doi.org/10.1109/GTEC.2011.6167673
https://doi.org/10.1080/10408410590886024
https://doi.org/10.1111/j.1432-1033.1986.tb09869.x
https://doi.org/10.3389/fmicb.2014.00635

