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Abstract 

   
Penicllium Eu-0013 is seldom been studied in KPK-Pakistan against both agriculturally and medically important 

bacteria under different growth media treatments. As bacterial infection is a severe threat to agricultural 

products and individual healthiness hence the study was conducted to estimate the antibacterial potential of 

Penicillium Eu0013 under diverse developmental culture circumstances. Various soil born and endophytic fungi 

were isolated and preliminary screened for conventional antagonistic bactericidal effect against phytopathogenic 

bacteria Xanthomonas campestris and Clavibacter michiganensis followed by optimizing media constituents of 

the bioactive fungus for maximum antibacterial compounds production. Antibacterial tests using disc diffusion 

method and microdilution assays were carried out on the ethyl acetate and acetonitrile fraction of potent fungus 

against the two phytopathogenic bacteria and human pathogenic bacteria Staphylococcus aureus, Escherichia 

coli and Pseudomonas aeruginosa. Penicillium Eu0013 was selected based on its antagonistic property. The 

Ethyl acetate extract of Penicillium Eu0013 obtained on Growth Nutrient Broth medium showed maximum zone 

of inhibition (23.3±0.264mm) against Clavibacter michiganensis followed by (19.366±0.351mm) against 

Xanthomonas campestris as compared to the zone of inhibition shown by extracts of other culture media 

(Glucose Peptone Yeast Broth, Potato Dextrose Broth and Yeast Extract Broth). Also the EtOAc extract and 

acetonitrile fraction stated the minimal value of MIC (5.208±2.255µg/ml and 10.416±4.510µg/ml) respectively 

against gram positive Staphylococcus aureus. It is revealed from the results that Penicillium Eu0013 is a 

potential source of novel antibiotic drugs as it showed a wide range of bioactivity against both phyto and human 

pathogenic bacteria. Different cultural conditions can yield different bioactive compounds.  
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Introduction 

Most of the bacterial infections are getting worse in 

eradication because of the fact that most of the 

bacteria are developing constant resistance against 

the existing antibiotics, even though antibiotics are 

the most significant bioactive compounds against 

bacterial infections. Scientists around the globe now 

days therefore are mostly interested to find out novel 

and successful antibiotics to fight the high load 

occurrence of multi drug resistant bacteria (Rajasekar 

et al., 2012). In short novel antibacterial compounds 

should be discovered to treat the developing resistant 

pathogens. 

 

In past variety of the diseases were treated with 

plants only because of the bioactive ingredients found 

in them and they were the only source but now days 

great attention has turned towards fungi because of 

their vast potential in new bioactive metabolites 

production against recent antimicrobial infections 

(Strobel, 2003). Mostly fungi produce compounds 

belong to flavonoids, alkaloids and terpenoids such 

compounds has antibacterial, antiviral, anti-

inflammatory, antitumor, and antifungal properties 

(Guo et al., 2007; Yu et al., 2010; Aly et al., 2011). 

These properties obviously proved fungi as a rich 

cause of biologically effective and chemically 

exceptional substances (Fenical, 1993; Kerr, 1999). 

But in practical application as an antimicrobial 

compounds to be utilized as agrochemical or 

pharmaceutical agents from fungi still are 

comparatively less explored organisms (Petrini et al., 

1992; Ramasamy et al., 2010). Fungi have a variety of 

huge habitation, they are eukaryotes and can be found 

everywhere in nature. 

 

The genus Penicillium is possibly the most 

distinguished filamentous fungi. Most of their species 

possess antibiotic properties, they have high 

frequency of bread colonization.  

 

They can be mostly observed on spoiled foods but due 

to its vast habitat it can be also found in plants, 

animals and in some cases other fungi. They can be 

best considered as saprophytes as they grow on 

organic substrates that include dead plant material 

(Giguère, 2006). This study was investigated to 

examine the chemistry of Penicillium Eu0013, 

isolated from soil of Khyber Pakhtunkhwa, Pakistan, 

to study its antibacterial potential against both 

phytopathogenic and human pathogenic bacteria 

under various media culture treatments for maximum 

production of bioactive antibacterial compounds. Also 

to test the minimal inhibitory concentration of ethyl 

acetate extract and its acetonitrile fraction. 

 

Materials and methods 

Isolation of endophytic and soil borne fungi 

Soil Samples were collected form rhizosphere soil up 

to a depth of 6 cm and plant samples (fresh plant 

parts i-e leaves) were collected randomly from 

different regions of Khyber Pakhtunkhwa, Pakistan. 

Samples were transferred into sterile labeled plastic 

bags to the laboratory of Agricultural Chemistry, 

University of Agriculture Peshawar. Serial dilution 

method was used for the isolation of soil born fungi 

according to the procedure of (Gaddeyya et al., 2012) 

while for the isolation of endophytic fungi the method 

of (Dobranic et al., 1995) was followed.  

 

Plant samples were cleaned with running tap water 

for an hour and then cut into small segments about 1 

cm, segments were then surface sterilized by 

immersing in 70% ethanol for 1 minute, followed by 

dipping in 4% sodium hypochlorite for 2 minutes and 

finally rinsed with sterile water followed by drying. 

Isolates were transferred into PDA plates incubated at 

27 °C for 7 days. The isolate so obtained were purified 

by relocating on PDA media and stored at 4 °C for 

further analysis. 

 

Morphological characterization 

Fungi were identified according to their 

morphological characterization using the method of 

(Domsch et al., 1980). According to this method a 

total of twelve fungal species were examined and 

identified based on their macroscopic features i-e 

shape, growth and color of the cultured colonies as 

well as microscopic features like structure of conidia, 

hyphae and spore size.  
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Dual culture assay 

Isolated fungal species were tested antagonistically 

against the phytopathogenic bacterial species 

(Xanthamonas campestris and Clavibacter 

michiganensis) using dual culture technique of 

(Siameto et al., 2010; Sonawane et al., 2015). 

According to this method bacterial species adjusted at 

(1 x 108cfu) were streaked on 20 ml sterilized Potato 

Dextrose Agar (PDA) plate with the help of sterilized 

wire loop inside Laminar Flow Unit and were put at 

37°C for overnight in incubator. Next day 5mm fungal 

plug was inserted in centre of the petri plate and 

incubated at 28 °C for 3 days. Plates without fungal 

inoculums used were as reference plate. 

 

Media optimization for Penicillium Eu-0013 

Four different types of cultural media: Glucose 

Peptone Yeast Broth (GPYB), Potato Dextrose Broth 

(PDB), Yeast Extract Broth (YEB) and Growth 

Nutrient Broth (GNB) were prepared for the 

cultivation and fermentation of Penicillium Eu-0013 

(Jain and Pundir, 2011). The main purpose behind 

was to identify the best medium that result in 

maximum production of bioactive antibacterial 

compounds.  

 

Culturing and extraction of secondary metabolites 

Extraction of secondary metabolites from Penicillium 

Eu 0013 was carried out using the procedure of (Zain 

et al., 2008).  

 

The prepared sterilized media (1L) was distributed 

among 5 different sterilized conical flasks of 500 ml 

capacity (200 ml in each) under aseptic conditions. 

5mm pure active inoculum plugs from 8 days fresh 

culture of Penicillium Eu 0013 grown on PDA were 

introduced into these flasks and were put in incubator 

at 28°C for two weeks, preceding to separation of 

mycelia through vacuum filtration. The dried mycelia 

were homogenized in ethyl acetate for 24 hours in 

order to extract secondary metabolites. Ethyl acetate 

was then removed with the help of rotary evaporator 

at 46 ˚C. 

 

Disc diffusion susceptibility test 

This test was performed according to (Tong et al., 

2011) with minor amendments. Suspensions of 

Xanthomonas campestris and Clavibacter 

michiganensis in sterile nutrient broth was adjusted 

to approximately 1 × 108 cfu/ml, 50µl of the 

suspension was streaked on Nutrient agar medium 

plate with the help of sterile cotton swab. 20 µl of test 

sample (1mg crude extract/1ml 1% dimethyl sulfoxide 

(DMSO) was added to 6mm sterile whatman filter 

paper disc, and were positioned on the surface of 

nutrient agar medium plate comprised test bacteria. 

Negative control used in this test was 1% dimethyl 

sulfoxide (DMSO) whereas for positive control 

Streptomycin was used. Petri plates were incubated at 

37 °C for 24 hrs and inhibition zones were measured 

in millimeters. 

 

Determination of minimal inhibitory concentration 

(MIC) 

The organic crude extract and acetonitrile fraction of 

Penicillium Eu0013 was evaluated for determining 

the MIC against human pathogenic bacterial strain 

(two gram negative bacteria (Escherichia coli and 

Pseudomonas aeuroginosa) and one gram positive 

bacteria (Staphylococcus aureus) concerning the 

procedure described by (Reller, 2009). Suspension of 

bacterial strains were made in 3% Tryptic Soy Broth 

(TSB) medium at 37°C for 12 hours followed by two 

times washing with 10mM Tris buffer (pH 7.4) 

quantified by OD600. 96-well plates (U-shaped, 

untreated polystyrene) were used in this test for 

sample preparation using serial dilution with tris 

buffer and bacterial cells were added to a final volume 

of 100µl. Plates were incubated in aerobic incubator 

at 37°C, for 6, 8 and 10 hours according to the growth 

period of particular bacteria.  

 

Statistical analysis 

The experiments were carried out in three replicates 

and the results of the data are presented as mean ± 

SD (standard deviation) using statistical software 

Statistix 8.1. 

 

Results  

Morphological characterization 

The isolated and purified fungi were identified by 

their sporulating structures and colony 

characteristics. 
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Based on their natural habitation they were divided 

into two major groups: soil born and endophytes.  

Most of the fungal species were of soil origin while 

some were endophytes. Classes of these fungal species 

are also determined (Table 1). 

Table 1. Classes and habitats of the Isolated Fungi.  

Natural habitat Fungal isolates Classes 

 

 

 

 

 

Rhizosphere soil  

Penicillium EU0013 Eurotiomycetes 

Aspergillus flavus Eurotiomycetes 

Paecilomyces sp Eurotiomycetes 

Aspergillus niger Eurotiomycetes 

Fusarium oxysporum Sordariomycetes 

Acremonium sp Sordariomycetes 

Trichoderma harzianum Sordariomycetes 

Rhizopus stolonifer Zygomycetes 

Verticillium sp Incertaesedis 

 

Endophyte 

Pythium sp Oomycota 

Alternaria alternate Dothideomycetes 

Alternaria brasiscicola Dothideomycetes 

 

Table 2. Zone of inhibition of different media extracts of Penicillium Eu0013 against Xanthomonas campestris 

and Clavibacter michiganensis using disc diffusion method.      

Fungus and Standard Culture Media Zone of Inhibition (mm)±SD 

 

 

Penicillium Eu0013 

Xanthomonas campestris Clavibacter michiganensis 

GNB 19.366±0.351 23.3±0.264 

GPYB 13.633±0.404 13.533±0.05 

PDB 8.1±0.2 9.4±0.624 

YEB 0±0.00 0±0.00 

Streptomycine  25.266±0.305 28.20±0.360 

 

Dual culture assays/antagonistic assay 

Based on conventional antagonistic technique, 

Penicillium Eu0013 showed prominent results and 

was found to be most efficient among other tested 

fungi. Penicillium Eu0013 inhibited the growth of 

tested phytopathogenic bacterial species: 

Xanthomonas campestris and Clavibacter 

michiganensis using dual culture technique and was 

selected for media optimization (Fig. 1). 

 

Disc diffusion susceptibility test 

Zone of inhibitions formed by organic crude extracts 

of Penicillium Eu0013 obtained on four different 

growth media (GNB, GPYB, YEB and PDB) against 

the two tested microbes (X. campestris and C. 

michiganensis) is presented in (Fig. 2). 

The maximum zone of inhibition was observed by the 

organic crude extract obtained on GNB medium 

which showed diameter of (23.3±0.264mm) against 

C. michiganensis followed by (19.366±0.351mm) 

against X. campestris.  

 

The EtOAc extract of GPYB medium showed 

(13.633±0.404mm) zone of inhibition against X. 

campestris and (13.533±0.05mm) against   C. 

michiganensis. Similarly zone of inhibition shown by 

PDB medium against these two phytopathogens: X. 

campestris and C. michiganensis were (8.1±0.2mm 

and 9.4±0.624mm) respectively, while no activity was 

observed from YEB extract.  
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Streptomycine used as positive control showed 

(28.20±0.360mm) zone of inhibition against C. 

michiganensis and (25.266±0.305mm) against X. 

campestris as shown in (Table 2). 

 

Microdilution assay 

The minimum inhibitory concentration values shown 

by the organic crude extract and acetonitrile fraction 

of Penicillium Eu0013 obtained on GNB medium is 

presented in (Table 3). The minimal value of MIC 

(5.208±2.255 µg/ml) was observed by organic crude 

extract against gram positive 

Staphylococcus aureus followed by (6.510±2.255 µg/ml) 

against Pseudomonas aeruginosa and (10.416±4.510 

µg/ml) against Escherichia coli. Similarly the 

acetonitrile fraction of GNB extract showed similar value 

of MIC (20.833±9.021µg/ml) for E. coli and P. 

eruginosa, and (10.416±4.510µg/ml) for S. aureus. The 

MIC value recorded for positive control streptomycine 

against Escherichia coli and Pseudomonas aeruginosa 

was similar (6.510±2.255 µg/ml) while it exhibited the 

minimal value for the gram positive Staphylococcus 

aureus (3.906±0.00 µg/ml). 

 

Table 3. Minimal Inhibitory Concentration of ethyl acetate and acetonitrile fraction of GNB medium of 

Penicillium Eu0013 against human pathogenic bacterial strains using dilution method ELISA plate method.  

Fungus and Standard Fractions MIC (µg/ml) 

 

Penicillium Eu0013 

 

 

 

Crude 

Extract 

Escherichia coli Pseudomonas 

aeruginosa 

Staphylococcus 

aureus 

10.416±4.510 6.510±2.255 5.208±2.255 

Acetonitrile 20.833±9.021 20.833±9.021 10.416±4.510 

Streptomycine  6.510±2.255 6.510±2.255 3.906±0.00 

 

Discussion 

Penicillium Eu0013 possess antibacterial properties 

and hence produced bioactive antibacterial 

compounds that inhibited the growth of 

phytopathogenic bacterial species and therefore 

showed efficient antagonistic effect in dual culture 

technique based on which this fungus was selected for 

further studies among other isolated fungal species. 

(Georgakopoulos et al., 2002) reported that with 

antagonism one can easily control the pathogenicity 

from phytopathogens. 

 

 

Fig. 1. Penicillium Eu0013 antagonistically inhibited the growth of Clavibacter michiganensis (1) and 

Xanthomonas campestris (2).  
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My results accomplished the selection of suitable 

potent media for bioactivity and antibacterial 

compounds production, my findings also revealed 

that the organic extract obtained from growth 

nutrient broth (GNB) medium exhibited maximum 

inhibition zone against the phytopathogenic bacteria 

X. Campestris and C. Michiganensis as compared to 

the organic extracts obtained on other culture media: 

glucose peptone yeast broth (GPYB), yeast extract 

broth (YEB) and potato dextrose broth (PDB) media 

which suggested that this medium (GNB) can 

improve the antibacterial compounds production. The 

effect of media on antibacterial compounds 

production was confirmed from the results of 

(Slininger and Shea-Wilbur, 1995) who described that 

changing the composition of growth media, changes 

in pH and variation in temperature has greater 

influence on the secondary metabolite production in 

broth media. While Ramos and Said, 2011 reported 

that antibacterial activity of the fungus can be 

improved by changing the constituents of culture 

broth media. (Vijaykumar et al., 2013) described that 

maximum activity of the culture medium may be due 

to the production of bioactive compound in high 

concentration in that specific growth media. Also 

surrounding environment can improve yield and 

bioassay.

 

 

Fig. 2. Zone of inhibition shown by ethyl acetate crude extract of Penicillium Eu0013 grown on four different 

media (GPYB, GNB,YEB and PDB) against Clavibacter michiganensis (1,2) and Xanthomonas campestris (3,4). 

Both ethyl acetate extract and acetonitrile fraction of 

P. Eu0013 demonstrated the growth inhibition of 

gram positive and gram negative human pathogenic 

bacterial strains in 96 well microtitre plate and 

proved to be a medically important fungus.  

 

The minimum inhibitory concentration values shown 

by P. Eu0013 in 96 well microtitre plate drop within 

the range of strong potency by comparing with the cut 

off values mentioned by (Kuete, 2010): (“the cut-off 

value for MIC is as follows: significant (MIC ≤ 100 

µg/ml), moderate (100 µg/ml - 625 µg/ml) and weak 

(MIC ≥ 625 µg/ ml)”).  

 

The MIC values of P. Eu0013 in my findings were 

quite promising when compared with the MIC values 

of Penicillium species against soil borne bacteria 

described by (Ali et al., 2011). 
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Conclusion 

Penicillium Eu0013 is possibly the most distinguished 

filamentous fungi having antibiotic properties. This 

fungus inhibited both human and plant pathogenic 

bacteria and therefore is a potential source of 

antibacterial compounds and could be an effective 

cause against medically and agriculturally important 

pathogens. The fungus produced improved bioactive 

antibacterial compounds by changing the 

composition of its growth media which suggest that 

novel antibiotics of interest can be discovered which 

are of pharmaceutical importance. As there is a great 

need for new antibiotics of natural origin which are 

less toxic and environment friendly, it is therefore 

concluded that this fungus can be used as a rich 

source for novel antibiotics.  

 

Acknowledgement 

Jawad Anwar is the principal author who is grateful 

to Dr. Mudassar Iqbal Assistant Professor, 

Department of Agricultural Chemistry, University of 

Agriculture, Peshawar for help and useful suggestions 

regarding isolation techniques and providing office 

and laboratory facilities. Zulqarnain assisted in 

preparing the draft of this paper. The author is also 

obliged to the Higher Education Commission 

Pakistan (HEC) for financing the present research.  

 

References 

Ali A, Haider MS, Khokhar I, Bashir U, Mushtaq 

S, Mukhtar I. 2011. Antibacterial activity of culture 

extracts of penicillium species against soil-borne 

bacteria. Journal of Mycophytopathology 9, 17-20. 

 

Aly AH, Debbab A, Proksch P. 2011. Fungal 

endophytes, unique plant inhabitants with great 

promises. Applied Microbiology and Biotechnology 

90, 1829-1845.  

https://dx.doi.org/10.1007/s00253-011-3270-y. 

 

Dobranic JK, Johnson JA, Alikhan QR. 1995. 

Isolation of endophytic fungi from eastern larch 

(Larix lancina) leaves from New Brunswick, Canada. 

Canadian Journal of Microbiology 41, 194-198.  

https://dx.doi.org/10.1139/m95-026 

 

Domsch KH, Gams W, Anderson TH. 1980. 

Compendium of Soil Fungi. Academic press, London 

UK 1, 1-860.  

https://www.cabdirect.org/cabdirect/abstract/198119

62574 

 

Fenical W. 1993. Chemical studies of marine 

bacteria, developing a new resource. Chemical 

Reviews 93, 1673–1683. 

 

Frisvad JC, Andersen B, Thrane U. 2008. The 

use of secondary metabolite profiling in 

chemotaxonomy of filamentous fungi. Mycological 

Research 112, 231–240.  

http://dx.doi.org/10.1016/j.mycres.2007.08.018 

 

Gaddeyya G, Niharika PS, Bharathi P, Kumar 

PKR. 2012. Isolation and identification of soil 

mycoflora in different crop fields at Salur Mandal. 

Advances in Applied Science Research 3, 2020-2026. 

 

Georgakopoulos DG, Fiddaman P, Leifert C, 

Malathrakis NE. 2002. Biological control of 

cucumber and sugar beet damping-off caused by 

Pythium ultimum with bacterial and fungal 

antagonists. Journal of Applied Microbiology 92, 

1078–1086.  

https://dx.doi.org/10.1046/j.13652672.2002.01658.x 

 

Giguère S. 2006. Antimicrobial Drug Action and 

Interaction.  Ames Iowa, USA. 

 

Guo B, Wang Y, Sun X, Tang K. 2007. Bioactive 

Natural Products from Endophytes: A Review. 

Applied Biochemistry and Microbiology 44, 136-142. 

https://dx.doi.org/10.1134/S0003683808020026 

 

Jain P, Pundir RK. 2011. Effect of fermentation 

medium, pH and temperature variations on 

antibacterial soil fungal metabolite production. 

Journal of Agricultural Technology 7, 247-269. 

https://www.cabdirect.org/cabdirect/abstract/20113

327135 

https://dx.doi.org/10.1007/s00253-011-3270-y
https://dx.doi.org/10.1139/m95-026
https://www.cabdirect.org/cabdirect/abstract/19811962574
https://www.cabdirect.org/cabdirect/abstract/19811962574
http://dx.doi.org/10.1016/j.mycres.2007.08.018
https://dx.doi.org/10.1046/j.13652672.2002.01658.x
https://dx.doi.org/10.1134/S0003683808020026
https://www.cabdirect.org/cabdirect/abstract/20113327135
https://www.cabdirect.org/cabdirect/abstract/20113327135


 

131 Anwar et al. 

 

Int. J. Biosci. 2017 

Reller LB, Melvin W, Jorgensen JH, Ferraro 

MJ. 2009. Antimicrobial susceptibility testing, a 

review of general principles and contemporary 

practices. Medical Microbiology 49, 1749-1755.  

https://dx.doi.org/10.1086/647952 

 

Kerr RG, Kerr SS. 1999. Marine natural products 

as therapeutic agents.  Expert Opinion on Therapeutic 

patents 9, 1207-1222.  

https://dx.doi.org/10.1517/13543776.9.9.1207 

 

Kloos D, Derks RJE, Wijtmans M, Lingeman 

H, Mayboroda OA, Deelder AM, Niessen 

WMA, Giera M. 2012. Derivatization of the 

tricarboxylic acid cycle intermediates and analysis by 

online solid-phase extraction-liquid 

chromatography–mass spectrometry with positive-

ion electrospray ionization. Journal of 

Chromatography 3, 19–26.  

https://dx.doi.org/10.1016/j.chroma.2011.07.095 

 

Kuete V. 2010. Potential of Cameroonian plants 

and derived products against microbial infections: A 

review. Plant medica 76, 1479-1491.  

https://dx.doi.org/10.1055/s-0030-1250027 

 

Lindhagen E, Nygren P, Larsson R. 2008. The 

fluorometric microculture cytotoxicity assay. Nature 

protocols 3, 1364-1369.  

https://dx.doi.org/10.1038/nprot.2008.114 

 

Petrini O, Sieber T, Toti L, Viret O. 1992. Ecology 

metabolite production and substrate utilization in 

endophytic fungi. Natural Toxins 1, 185-196.  

https://dx.doi.org/10.1002/nt.2620010306 
 

Rajasekar T, Balaji S, Kumaran S. 2012. 

Isolation and characterization of marine fungi 

metabolites against clinical pathogens. Asian Pacific 

Journal of Tropical Disease 4, 387-392. 

http://dx.doi.org/10.1016/S2222-1808(12)60187-X 

 

Ramasamy K, Lim SM, Bakar AB, Ismail N, 

Ismail MS, Ali MF, Weber JFF, Cole ALJ. 2010. 

Antimicrobial and cytotoxic activities of Malaysian 

endophytes. Phytotherapy Research 24, 640-643. 

https://dx.doi.org/10.1002/ptr.2891 

 

Ramos HP, Said S. 2011. Modulation of biological 

activities produced by an endophytic fungus under 

different culture conditions. Advances in Bioscience 

and Biotechnology 2, 443-449.  

https://dx.doi.org/10.4236/abb.2011.26065 

 

Roger MJR, Reigosa MJ, Pedrol N, González 

L. 2006. Allelopathy, a physiological process with 

ecological implications. Springer 637. 

 

Slininger PJ, Shea-Wilbur MA. 1995. Liquid 

culture pH, temperature carbon and nitrogen source 

regulate phenazine productivity of the take all 

biocontrol agent pseudomonas fluorescence. Applied 

Microbiology and Biotechnology 37, 388-392. 

https://dx.doi.org/10.1007/BF02431910 

 

Strobel GA. 2003. Endophytes as sources of bioactive 

products. Microbes and Infectection 5, 535-544.  

http://dx.doi.org/10.1016/S1286-4579(03)00073-X 

 

Sundstrom C, Nilsson K. 1976. Establishment and 

characterization of a human histiocytic lymphoma cell 

line (U-937). International Journal of Cancer 17, 565-

577.  

https://dx.doi.org/10.1002/ijc.2910170504 

 

Tong WY, Darah I, Latifah Z. 2011. Antimicrobial 

activities of endophytic fungal isolates from medicinal 

herb Orthosiphonstamineus Benth. Journal of 

Medicinal Plants Research 5, 831-836.  

https://dx.doi.org/10.5897/JMPR 

 

Vijaykumar SJ, Sasidharannair NK, 

Nambision B, Mohandas C. 2013. Optimization of 

media and temperature for enhanced antimicrobial 

production by bacteria associated with Rhabitis sp. 

Iranian Journal of microbiology 5, 136-141. 

 

Yu H, Zhang L, Li LZ, Guo C, Li L, Sun W, Qin 

L. 2010. Recent developments and future prospects 

of antimicrobial metabolites produced by endophytes. 

Microbiological Research 165, 437-449.  

http://dx.doi.org/10.1016/j.micres.2009.11.009 

 

Zain ME, Awaad AS, Al-Jaber NA, Maitland 

DJ. 2008. New phenolic compounds with antifungal 

activity from Aspergillus terreus isolated from desert 

soil. Journal of Saudi Chemical Society 12, 107-114.  

https://dx.doi.org/10.1086/647952
https://dx.doi.org/10.1517/13543776.9.9.1207
http://www.sciencedirect.com/science/article/pii/S0021967311011344
https://dx.doi.org/10.1016/j.chroma.2011.07.095
https://dx.doi.org/10.1055/s-0030-1250027
https://dx.doi.org/10.1038/nprot.2008.114
https://dx.doi.org/10.1002/nt.2620010306
http://dx.doi.org/10.1016/S2222-1808(12)60187-X
https://dx.doi.org/10.1002/ptr.2891
https://dx.doi.org/10.4236/abb.2011.26065
https://dx.doi.org/10.1007/BF02431910
http://dx.doi.org/10.1016/S1286-4579(03)00073-X
https://dx.doi.org/10.1002/ijc.2910170504
https://dx.doi.org/10.5897/JMPR
http://dx.doi.org/10.1016/j.micres.2009.11.009

