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Abstract 

 
This is the continuation study of obligate halophilic fungi isolated from a man-made solar saltern located in 

Phetchaburi province, Thailand. The isolation site was hypersaline extreme habitat. Six halophilic fungi which were 
screened for applications belonged to 4 species and 5 strains of Aspergillus genus namely A. flavus, A. gracilis, A. 
penicillioides (2 strains) and A. restrictus. A yeast namely, Sterigmatomyces halophilus was also one of the isolate screened 
for biotechnological potentials. Antibacterial, antioxidant and enzymatic activity were determined for each of the strains. All 
of the isolates in this study were found to have at least one of the applications screened. A. flavus, A. gracilis and A. 
penicillioides (1) were found to have high antibacterial potential. A. flavus and A. penicillioides (2) showed the most 
antioxidant activity while A. gracilis and A. restrictus were found to be most promising candidates for enzymes (of the five 
enzymes tested) having activity under saline conditions. 

 
Introduction 
 

Extreme environments were long considered to be 
free of life. However with intensive research recently a 
wide diversity of extremophilic microorganisms have 
been discovered (Turk et al., 2011). Halophilic fungi are 
defined as those fungi which can grow In vitro at salt 
concentration of 3 M and can be isolated from global 
environments at salinities above 1.7 M (Gunde-
Cimerman et al., 2005). 

Solar salterns are systems where salt is produced by 
the evaporation of sea water (Oren, 2002). Sodium 
chloride (NaCl) is the most abundant ion and the pH is 
from neutral to slightly alkaline in such systems 
(Gostinčar et al., 2011; Zehra et al., 2013). Salinity 
affects the physiology of plants (Muhammad & Hussain, 
2012). Fungi were not considered to be the part of 
hypersaline environments until they were first reported 
to be the active inhabitants of solar salterns a decade ago 
(Gunde-Cimerman et al., 2000). Many species including 
Aspergillus, Cladosporium, Pencillium and some yeasts 
including those which were previously reported only to 
be the food contaminants have been isolated from 
hypersaline habitats (Butinar et al., 2005; Zalar et al., 
2005; Cantrell & Baez-Félix, 2010).  The function of 
fungi in hypersaline environments is still not fully 
understood (Gunde-Cimerman et al., 2004).  

The potential biotechnological applications of 
extremophiles and their metabolites, capable of activity 
under extreme conditions, are one of the main reasons 
for studying them (Antranikian, 2005; Amils et al., 
2007). Hypersaline habitats are tremendous sources of 
microorganisms that can provide industrially important 
enzymes (CAREX, 2011). Halophiles have been used 
in several common fermentation processes (Gostinčar 
et al., 2011).  They have also been utilized in some 
new industrial processes like the production of 

bioactive compounds such as beta-carotene and ectoine 
(Lentzen & Schwarz, 2006; Oren, 2010). Similarly they 
have been reported for the production of biorhodopsin 
for optical computing, biosurfactants for enhanced 
biodegradability, exopolysaccharides for efficient oil 
recovery, food additives and compatible solutes 
working as stress protectants (Margesin & Schinner, 
2001b; DasSarma & DasSarma, 2002). The problem of 
water scarcity and increasing salinity in soil makes 
halophilic fungi as excellent candidates to acquire the 
genes for increasing the halophilic and xerophilic 
tolerant characteristics in food producing crops 
(Gostinčar et al., 2011). Increasing demand of 
bioremediation of hypersaline environments together 
with the unavoidable need to treat saline oil marshes 
and wastewater from industries is stimulating the 
search for industrial halophilic organisms (Margesin & 
Schinner, 2001a; DasSarma & DasSarma, 2002; Chung 
et al., 2009). 

However, the research on halostable/halophilic 
metabolites has mostly focused on prokaryotic sources. 
This is specially monopolized by the extensive study on 
halophilic bacteria, although the halophilic fungi can be a 
better source of extracellular metabolites (Dalboge, 1997). 
The aim of the present study was to determine the 
antimicrobial, antioxidant and enzyme production (five 
different enzymes) potential of the obligate halophilic 
fungi, isolated from a man-made solar saltern located at 
Phetchaburi province of Thailand. To the best of our 
knowledge, this is the first study of such a wide range of 
applications from obligate halophilic fungi.  
 
Methodology: All screening studies were carried out 
using aseptic techniques and NaCl concentration of 10% 
(w/v) was supplemented in all medium used for the 
growth of obligate halophilic fungi. Three replicates were 
made in all experiments along with sterile distilled water 
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media which served as negative controls in plate 
screening methods. Appropriate blanks were used in 
spectrophotometric analysis. 
 
Site description and sampling: Necessary summarized 
information is provided here. For further details of area, 
identification and characteristics of obligate halophilic 
fungi in this study please consult our recent report (Ali et 
al., 2013). The man-made solar saltern from which the 
sample was collected is located in Ban Laem district, 
Phetchaburi province, Thailand. The area is near the sea, 
is surrounded by mangrove forests and has a large number 
of man-made solar salterns used for the production of salt. 
Temperature throughout the year is not much variable 
with an average of minimum about 24o C and maximum 
of about 32oC (Ali et al., 2013). Salt concentration (NaCl) 
in the soil sample obtained from a depth of 10-15 cm in 
the saltern was found to be 13.11% (w/v), pH was 
recorded to be 7.4 and moisture content was 27.16%. 
Very low levels of nitrogen, organic carbon and total 
organic carbon were found in the soil samples. All fungi 
were isolated using a serial dilution method on potato 
dextrose agar (PDA) supplemented with 15% NaCl (w/v). 
Obligate halophilic fungi were selected on the basis of 
being unable to grow on NaCl free medium. Obligate 
halophilic fungi were molecularly and morphologically 
identified (Ali et al., 2013). 
 
Screening for potential antibacterial activity: Fungal 
filtrates were prepared as suggested by Elaasser et al., 
(2011). Isolates were grown in malt extract agar (MEA) 
for seven days. Spores were scrapped in saline distilled 
water and 2 ml of spore suspension was added in 100 ml 
of malt extract broth (MEB). The broth flasks were 
incubated at 30o C for 14 days and mycelium was then 
harvested by filtration. Crude filtrate was used further. 
Activity was checked against gram positive Bacillis 
subtilis TISTR 008 and gram negative Escherichia coli 
TISTR 780 by following two methods.  
 
Plate screening method: Plate screening method for 
antibacterial activities was carried out using the method 
suggested by National Committee for Clinical 
Laboratory Standards (NCCLS, 2003). Bacteria were 
applied on nutrient agar (NA) by cotton swab. Holes of 
1cm diameter were made in the NA using a cock borer. 
Holes were filled by 100 µl of crude filtrate obtained 
from fungal isolates. Plates were incubated at 4° C for 
one hour for proper diffusion and then incubated for 37° 
C for 24 hour. Diameter of inhibition zones were 
recorded in millimeter (mm). 
 
Spectrophotometric analysis: Antibacterial screening by 
spectrophotometric analysis at 600 nm was carried out 
using the method described by Mahmood et al., (2011) 
with some modifications. Activated bacteria of 100 µl 
with optical density value of 1.0-1.5 was inoculated in 10 
ml of nutrient broth (NB) into which was added  100 µl of 
fungal filtrates. After 24 hour of incubation at 37o C, the 
optical density of the NB was determined and compared 
with control having no fungal filtrate. 

Screening for potential antioxidant activity: 
Methodology for the preparation of fungal extracts used 
for determining antioxidant activity was adapted from the 
method followed by Arora & Chandra, (2010). Fungal 
isolates were grown on yeast extract glucose agar (YGA) 
for seven days followed by incubation in 100 ml Czapek 
dox’s broth having a composition (w/v) of 3% sucrose, 
0.2% sodium nitrate, 0.1% di-potassium hydrogen 
phosphate, 0.05% magnesium sulphate, 0.05% potassium 
chloride and 0.001% of ferrous sulphate. After 10 days of 
incubation at 30o C the filtrates obtained were used for 
determining antioxidant activity following two methods 
given below:  
 
Thin layer chromatography (TLC): The radical 
scavenging method described by Cavin et al., (1998) was 
one of the methods followed. TLC plates were spotted 
with fungal filtrates and developed. Dried TLC plates 
were sprayed with 0.2% (w/v) 2,2-diphenyl-1-
picrylhydrazyl (DPPH) methanolic solution. Plates were 
immediately stored in dark and observed after 30 min.  
 
Total phenolic content (TPC): Methodology adopted by 
Arora & Chandra, (2010) for finding TPC was used as a 
second measure of antioxidant activity. All test tubes 
during this study were covered by aluminum foil to 
prevent light penetration. Test samples of 0.5 ml were 
treated with 0.2 ml of Folin–Ciocalteu (FC) reagent. After 
10 min, 0.6 ml of 20% (w/v) sodium carbonate was 
added. The reaction mixture was incubated at 40o C for 30 
min. Absorbance for activity was determined at 765 nm. 
Gallic acid was taken as the standard. 
 
Screening for potential extracellular enzymes: Five 
enzymes: amylase, cellulase, lipase, protease and 
xylanase were screened. Screening for enzymatic 
potential was carried systematically using the following 
two methods. 
 
Plate screening method: Plate screening method was 
used for checking the presence of enzymes. The 
methodology described by Sohail et al., (2009) was 
followed with modifications. Isolates were inoculated at 
30o C for 7 days in potato dextrose broth (PDB) 100 ml 
supplemented with 1% (w/v) of soluble starch for 
amylase, cellulose for cellulase, Tween 80 for lipase, 
casein for protease and xylan for xylanase screening. 
Similarly PDA plates supplemented with 1% (w/v) of 
specific substrates were prepared and wells with diameter 
of 1 cm were made using a cock borer. The holes were 
filled with 100 µl of fungal filtrates. Plates were 
incubated at 4oC for 1 hour and then at 30oC for 24 hour. 
Diameters of resultant clear zones indicating activity of 
enzymes were recorded in millimeters (mm). Iodine 
solution was used for aiding amylase and xylanase 
screening, while congo red reagent helped in measuring 
the halos made by cellulase enzymes. 
 
Crude enzyme assay: Spectrophotometric assay for 
crude enzymes was carried out based on the results of the 
plate screening method described above. Only those 
enzymes which showed clear zones in plate screening 



SCREENING OF POTENTIAL BIOTECHNOLOGICAL APPLICATIONS FROM OBLIGATE HALOPHILIC FUNGI  985

were assayed. Preparation of liquid media and assay were 
carried out as per standard procedure for different 
enzymes in literatures consulted (Ghose, 1984; Abe et al., 
1988; Gwande & Kamat, 1998; Mahadik et al., 2002; 
Khucharoenphaisan et al., 2008; Siala et al., 2009). One 
unit of enzyme activity (U) is defined as the amount of 
enzyme that produces 1 μmol of product in 1 min.  
 

Results 
 

Screening for potential antibacterial activity  
 

Plate screening method: The results of the plate 
screening method for antibacterial activity are shown in 
table (Table 1). Positive (+) activity in the table indicates 
clear zones ranging from 1-10 mm, moderate activity (++) 
means clear zones ranging from 10-15 mm and high 
(+++) activity means clear zone above 15 mm.  All the 
fungal isolates have been found to express some extent of 
antibacterial activity. Their extracts were more active 
against E. coli than B. subtilis, showing more potential 
against gram negative bacteria. The supernatant from A. 
flavus was the only one showing high activity against B. 

subtilis. Supernatants from A. gracilis and A. 
penicillioides (1) have shown high activity against E. coli. 
Moderate activity was exhibited by the supernatant from 
S. halophilus against E. coli. 
 
Spectrophotometric analysis: The results obtained on 
spectrophotometric analysis of the culture broth with 
fungal filtrates are shown in Table 1. Positive (+) 
activity in the table means inhibition of bacterial growth 
ranging from 0-0.1 nm, moderate activity (++) means 
inhibition of bacterial growth ranging from 0.1-0.2 nm 
and high (+++) activity means inhibition of bacterial 
growth above 0.2 nm. All fungal isolates were found to 
have active antibacterial potential in this study. 
Spectrophotometric analysis confirmed the results of 
plate screening method and provided some more detailed 
analysis of bacterial growth inhibition in liquid media. 
A. penicillioides (1 and 2) and A.restrictus have shown a 
moderate activity against B. subtilis. Other than that all 
the results of plate screening method remains unchanged 
in spectrophotometric analysis. 

 
Table 1. Determination of antibacterial potential of the screened obligate halophilic fungi with + indicating 

positive activity, ++ indicating moderate activity and +++ indicating high activity. 

Plate screening method Spectrophotometric method 
Isolates 

B. subtilis E. coli B. subtilis E. coli 

A. flavus +++ + +++ + 

A. gracilis + +++ + +++ 

A. penicillioides (1) + +++ ++ +++ 

A. penicillioides (2) + + ++ + 

A.  restrictus + + ++ + 

S. halophilus + ++ + ++ 

 
Screening for potential antioxidant activity 
 
Thin layer chromatography (TLC): The results of the 
antioxidant potential of the filtrates from screened cultures 
of obligate halophilic fungi using TLC are shown in Table 
2. Positive results were inferred for those having yellow 
spots on a purple background. A. flavus and A. 
penicillioides (2) were found to have antioxidant potential 
in this method. There was some difficulty ascertaining if 
some of the strains were really negative or some had some 
antioxidant activity.  Hence a second method of testing for 
this activity was carried out.   
 
Total phenolic content (TPC): The results of 
antioxidant activity using the TPC tests are shown in 
Table 2. The positive (+) activity in the table means 
TPC ranging from 0-5 mg/ml, moderate activity (++) 
means TPC ranging from 5-10 mg/ml and high (+++) 
activity means TPC above 10 mg/ml. The results 
confirmed the TLC method and analyzed the strength 

of antioxidant potential by fungal filtrates. A. flavus 
was found to have moderate while A. penicillioides (2) 
was found to have high antioxidant potential. 
 
Screening for potential extracellular enzymes  
 
Plate screening method: The results of the tests to 
determine the extracellular enzyme production activity 
of the screened fungi are shown in Table 3. Positive (+) 
activity in the table means clear zones ranging from 1-10 
mm, moderate activity (++) means clear zones ranging 
from 10-15 mm and high (+++) activity means clear 
zone above 15 mm. Low protease and lipase presence 
were observed in plate screening method. A. gracilis and 
A. restrictus were found to be the most promising 
species showing the presence of maximum number of 
extracellular enzymes screened in this study, followed 
by A. penicillioides (1). Xylanase found in this study 
from A. gracilis and A. penicillioides (1) holds the 
potential of being cellulase free xylanase.  
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Table 2. Determination of antioxidant potential of the screened obligate halophilic fungi with + indicating 
positive activity, ++ indicating moderate activity and +++ indicating high activity 

Isolates TLC method TPC method 

A. flavus + ++ 

A. gracilis - + 

A. penicillioides (1) - + 

A. penicillioides (2) + +++ 

A.  restrictus - + 

S. halophilus - + 

 
Table 3. Determination of enzymatic potential of the screened obligate halophilic fungi with + indicating positive activity, ++ 

indicating moderate activity and +++ indicating high activity. 

Plate screening method Crude enzyme assay 
Isolates 

Amylase Cellulase Lipase Protease Xylanase Amylase Cellulase Lipase Protease Xylanase

A. flavus - +++ - - - - + - - - 

A. gracilis +++ - + - ++ + - + - + 

A. penicillioides (1) +++ - - - +++ + - - - + 

A. penicillioides (2) - - - - - - - - - - 

A.  restrictus - ++ + + - - + + + - 

S. halophilus - - + - - - - + - - 

 
Crude enzyme assay: The results of enzyme assay are 
shown in Table 3. Positive (+) symbol in the table express 
the positive enzyme activity. Enzyme assay results 
confirmed the presence of enzymes found in plate 
screening method.  
 
Discussion 
 

Living organisms produce wide range of bioactive 
molecules, making them rich source of different types 
of medicines (Fazal et al., 2011). Constant need of new 
antibiotics due to antibiotic resistance make our 
isolates as good choice of natural sources due to their 
active antibacterial activity. Sepcic et al., (2011) 
reported that antibiotic activity from the 
halophilic/halotolerant fungi has been more effective in 
low water activity or increase in salt concentration. 
Their isolates were more active against B. subtilis than 
E. coli. In our study all of our isolates have grown at 
10% NaCl (w/v).  Most of our isolates have shown 
high activity against E. coli and moderate activity 
against B. subtilis. A. flavus has been found most 
effective against B. subtilis but A. penicillioides (1) 
stands out as most impressive strain amongst our 
isolates in antibacterial activity because it has shown 
highest activity against E. coli and has also exhibited 
moderate activity against B. subtilis, proving a wide 
range of antibacterial potential. It has been reported 
that halophilic/halotolerant bacteria are resistant to 

most antibiotics (Ghosh et al., 2010), in this case our 
antibacterial results provide an opportunity for proper 
antibiotic extraction from halophilic fungi which may 
act best against halophilic/halotolerant bacteria at high 
salt concentrations. 

Antioxidants delay the process of oxidation by 
blocking the oxidizing chain reactions. Restriction on 
the use of synthetic antioxidants due to their 
carcinogenicity (Ito et al., 1983) increased the demand 
of natural antioxidants (Jayaprakasha & Rao, 2000). 
Filamentous fungi are considered as a source of food 
preservation. Many Aspergillus have been reported to 
produce antioxidants (Mikaye et al., 2009). Recently 
Ravindran et al., (2012) have reported an increased in 
antioxidant capacity of fungi exposed to high salt 
conditions and more extracellular antioxidant 
productivity than intracellular production. Our findings 
are similar to these results as our isolates were grown 
in saline conditions and high extracellular antioxidants 
were released than intracellular antioxidants (results of 
intracellular antioxidants not shown). Crude filtrates of 
A. flavus and A. penicillioides (2) have shown high 
TPC near 10 mg/ml which certainly can be increased 
by concentrating the filtrates. Phenolic compounds are 
found to be related with the life span of fungi by their 
antioxidant defense against the stress of environmental 
factors (Cook & Samman, 1996). Therefore, isolates 
from our study can be good candidates for antioxidant 
production processes, requiring high salt concentration.  
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For different industrial applications, enzymes must 
be stable under extreme process conditions (Asad et al., 
2011). Enzymes obtained from halophilic organisms 
display polyextremophilic properties. Generally they are 
haloalkalophilic and thermotolerant which makes them 
applicable in wide range of industrial processes carried 
out at extreme pH and temperature (Setati, 2010). 
Halophilic fungal enzymes have been neglected unlike 
the extensive study on halophilic bacterial enzymes 
(Mukhtar & Haq, 2012). Except A. penicillioides (2), all 
isolates in our study have shown the presence of at least 
one enzyme screened. In plate screening method the 
isolates were provided only PDA supplemented with 1% 
(w/v) of specific substrates which can be a cheap raw 
material for enzyme production. As all enzymes were 
produced in 10% NaCl (w/v) so they are expected to be 
halotolerant. They can work at low water activity and 
high saline conditions and can be applicable for 
industrial processes requiring high salt concentrations 
such as: amylase for saline waste water treatment 
(Margesin & Schinner, 2001a), cellulase and xylanase 
for biofuel production in ionic solutions (Zhang et al., 
2011), lipase for bioremediation of saline oil spills 
(Margesin & Schinner, 2001a) and protease for fish 
sauce production (Gostinčar et al., 2011).  Any other 
extreme behavior of our enzymes under study will be an 
additional value. 
 
Conclusion 
 

This study was conducted with an aim to reveal the 
potential of biotechnological applications of obligate 
halophilic fungi. All of the obligate halophilic fungi in 
this study were found to have at least one of the 
applications screened. High levels of screened potentials 
can be excellent candidates for the application in 
appropriate industries. Further characterization of these 
applications is under study to explore their 
extremophilic behavior and relationship with salt 
concentrations.  The possibility of using these natural 
substances in food, pharmaceutical and detergent 
industry will help to reduce the use of harmful chemicals 
which are commonly used in many products. We believe 
that this research will pioneer and open a new era of 
using halophilic fungi for their applications rather than 
just their diversity and characteristic studies. 
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