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ABSTRACT 
 

Objective: Marine fungi are potential producers of bioactive compounds that may have 
pharmacological and medicinal applications. The present study was aimed to screen for antioxidant 
activity in Sponge and Soft corals associated fungi of the Red Sea coast at Hurghada and evaluate the 
effect of media composition on the production of active secondary active metabolite with antioxidant 
activity. Methods: The free radical scavenging activity was analyzed using 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) free radical. Activity was expressed as AAI (antioxidant activity Index). Results:  
The Mycelial ethyl acetate Crude extract from the shake culture of media A and D and the supernatant 
extract from the static culture of medium D of the fungus   Aspergillus sp-1 isolate showed the highest 
activity (71.26, 71.7 and71 % respectively) at concentration of 200μg , while the supernatant  and 
mycelial ethyl acetate  extract of the shake culture of  medium A and mycelial extract of  shake culture 
of  medium C  of the fungus Aspergillus sp-4 isolate   exhibited low IC50 values (240.3, 19.90.4 and 
23.10.07, respectively) as compared to caffeic acid (16.40.04). Extracts that show strong AAIs (< 2) 
are:  the supernatant and mycelial extract of the shake culture of medium A and mycelial extract of 
shake culture of medium C of the fungus Aspergillus sp-4 isolate (with AAI= 1.16, 1.4 and 1.2, 
respectively) which is close to caffeic acid (AAI= 1.7).  Conclusion: All extracts demonstrated variable 
activity .The results from the current study suggest that sponges and soft corals of the Red Sea 
(Hurghada, Egypt) are potential source for new metabolites with antioxidant activity. Further studies 
should be conducted to isolate, characterize and identify the chemical composition of the secondary 
metabolites also, further understand their mode of action and evaluate the effect of other environmental 
factors on the production of these secondary metabolites. 
 
Key words: Red Sea, Sponge and Soft Corals-associated Fungi, Antioxidant activity Index. 

 
Introduction 
 

Since ancient times, marine environment has been documented to be a valuable source of 
bioactive metabolites. These naturally occurring bioactive substances often have no matches on earth 
(El-Shitany et al., 2015). 

The unique characteristics of the Red Sea make it one of the most promising areas as a source of 
medicinal and nutritional natural products. The Red Sea, as an oligotrophic water body, is characterized 
by an epipelagic zone, that show high temperature (at the surface 24-35°C, and from 200m to the bottom 
22°C), and high salinity (approximately 41psu) (Ngugi, et al, 2012 and Temraz, et al, 2006). The Red 
Sea also is distinguished by seasonal fluctuation of air, water temperature, an eminent diverse marine 
biota and unparalleled splendid coral reef systems. All these conditions were favorable chances for the 
production of distinct primary and secondary active metabolites from the Red Sea macro and 
microorganisms (Nadeem et al., 2015). 

Marine associated-fungi are potential sources of bioactive compounds that may have 
pharmacological and medicinal applications. They are untapped fountain of bioactive metabolites 
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including antioxidants, polyunsaturated fatty acids (PUFAs) and sterols (Hong et al.  , 2015).  
Recent advances in marine fungal research reported that the biogenetic potential of fungi is 

greatly unrevealed and only a small group of fungal biogenetic gene clusters is expressed in basic 
laboratory growth conditions. Many techniques have been successfully applied, such as selective 
variation of abiotic culture conditions, namely OSMAC (One Strain MAny Compounds) approach, In 
which , the novel chemistry of induced “cryptic” metabolites coincides with exceptional bioactivity 
profiles, thus, uncovering the vast potential of marine-derived fungi and shed the light on strategies that 
can stimulate the cryptic secondary metabolism  of marine- associated fungi in  search for  novel and/or 
bioactive natural products (Proksch and Daletos, 2018). 

Oxidative stress occurs when the homeostatic processes fail and free radical generation is much 
beyond the capacity of the body’s defenses, thus promoting cellular injury and tissue damage. This 
damage may involve DNA and protein content of the cells with lipid peroxidation of cellular 
membranes, calcium influx, and mitochondrial swelling and lysis (Reed, 1995 ; Younes, 1999 and 
Marks, et al., 1995). All these events lead to the initiation of aging process and the pathogenesis of 
cancer, cardiovascular and other degenerative diseases (Kim et al., 2012). 

Based on the oxidative stress related free radical theory, the antioxidants are the first line of choice 
to take care of the stress. Endogenous antioxidant defenses include a network of compartmentalized 
antioxidant enzymic and non-enzymic molecules that are usually distributed within the cytoplasm and 
various cell organelles. Primary antioxidant enzymes convert ROS (Reactive Oxygen Species) to more 
stable molecules, such as water and O2, and secondary enzymes act in close association with small 
molecular-weight antioxidants to form redox cycles that provide necessary cofactors for primary 
antioxidant enzyme functions. These enzymatic(1ry) and non-enzymatic (2ry) antioxidant systems are 
necessary for maintaining a delicate intracellular redox balance and minimizing undesirable cellular 
damage caused by ROS (  Rahal et al. , 2014 and ZDuraˇckov´a , 2010). 

To the best of our knowledge, little or scarce data have been reported about the antioxidant 
activity of Red Sea sponge and coral associated-fungi in the two selected sites at Hurghada, Red Sea 
coast, Egypt. So the aim of the present study is to evaluate the effect of changing media on the 
antioxidant potential of secondary metabolite extracted from the sponge and coral associated-fungi. 

 
Materials and Methods 
 
Study Site 
 

Sponge and soft coral samples were collected from two sites at Hurghada region coast, Red Sea, 
Egypt. The 1st site located north Hurghada at El- Gouna , latitude N 27° 24ˊ 7.5˝, E 33° 41ˊ 16.8˝ and 
the 2nd site is Shaa’b Al areq latitude, N 27° 25ˊ 08.9˝ , E 33° 51ˊ 0.5˝.  
             
Sample collection 
 

Two sponge and two soft coral samples presented in Figures. 1 and 2 were collected by (SCUBA) 
diving from the above mentioned sites. Two colonies from each species were sampled, one for the 
purpose of extraction and bioactivity testing and the other for identification. Every sample was 
photographed in situ. The samples were collected at depth of 5m - 8m in January 2013 and kept frozen 
until the work-up. 
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Fig. 1:  Sponge samples collected from Red Sea. 

 
Fig. 2:  Coral samples collected from Red Sea. 

    

 Identification of Sponge and Soft coral samples 

The morphological taxonomy of the sponges and soft coral were identified by Mohamed A. Ghani 
– environmental researcher -Red Sea Marine parks, Hurghada, Red Sea, Egypt. 
 
Preparation of Sponge and Soft coral materials 
  

Small pieces of inner tissue of  Sponge and Soft coral materials were rinsed three times with 
sterile sea water (SW); then aseptically cut into small cubes, approx. (0.5 cm3). A total of 50 - 75 cubes 
of each sample were placed on different isolation media. During the initial investigations, cubes were 
placed in EtOH (70 %) for various times between 5 and 30s and subsequently squeezed three times in 
sterile sea water (SW) before inoculation (Abd El-Hady, et al., 2014a). 
 
Isolation of Fungi from Soft coral and sponge samples 
  

A measured area of Sponge and soft coral tissue (about 1cm3) was excised from the middle 
internal mesohyl area of the Soft coral using a sterile scalpel. These cubes were placed directly on the 
surface of the agar plates (Subramani et al., 2013) or the excised tissue was then homogenized with 
sterile aged sea water, using a sterile mortar and pestle. The resultant homogenization was serially 
diluted until 10-6 and pre-incubated at room temperature for 1hr for the activation of dormant cells. 
From dilution 10-3 to 10-6 0.1ml of each dilution was used to inoculate suitable solid medium containing 
antibacterial antibiotics. The plates were then incubated at 30 oC for 7-14 days (Manilal et al., 2010).The 
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appeared single fungal colonies were picked up and inoculated on (Potato Dextrose Agar) PDA (sea 
water) slants. The medium used in isolation exhibited the following composition (g/L): yeast extract 
(1), glucose (1), Ammonium nitrate (1), peptone (0.25), agar (20) and sea water (1000). The pH was 
adjusted to 7.4. The medium was supplemented with Streptomycin sulphate (0.1g/L) and Penicillin G 
(0.1g/L) to inhibit the bacterial growth (Holler, 1999). 
 
Identification of fungal isolates 
 

Four fungi were isolated from sponge and soft coral samples. Early identification of fungi based 
on both color and physiological tests revealed the resemblance to the features characteristic of   
Aspergillus sp (Zhao et al., 2001). 
 
Selection of Liquid media for cultivation 
 

Four liquid media (Broth) were chosen to represent a broad range of nutrient sources for luxuriant 
growth of most fungi, including both defined and undefined broths. These broths included: Sabouraud 
Dextrose Broth (A), Nutrient Broth (B), Potato Dextrose Broth (C) and Yeast Malt extract Broth (D). 
The composition of these media was presented in Table 1(Kang et al., 2013). 
 
Table 1: The composition of different screening media 

 
Ingredients 

Medium composition (g/l) 
[A] 

Sabouraud broth 
[B] 

Nutrient broth 
[C] 

Potato dextrose broth 
[D] 

Malt extract broth 
Dextrose 20 -- 20 -- 
Peptone  10 5 - -- 
Beaf extract -- 1 - -- 
Yeast extract -- 2 - 3 
Sodium chloride -- 6 - - 
Potato-infusion -- -- 200 - 
Malt extract -- -- -- 17 

 
Influence of culture composition on the production of bioactive metabolites 
 

The four different media were used for cultivation of fungi under both shaking and static 
conditions. 1L volume- Erlenmeyer flasks each containing 200 ml from each broth medium were 
inoculated with the fungi and incubated at 30oC under static and shake (150 rpm) for 12days. 2ry 
metabolites extracts [for media A, B, C and D] under static and shake conditions are expressed as:        
 Sh F = shake filtrate extract,       Sh mycl = shake mycelia extract  
 St F = static filtrate extract,        St mycl   = static mycelia extract 
 
Extraction of secondary metabolites  
 

The fungi were harvested at the end of incubation period, centrifuged at 8,000rpm and subjected 
to extraction. The culture supernatant was extracted with ethyl acetate (3x or till exhaustion) and then 
evaporated under vacuum. On the other hand, the fungal mycelia were first extracted using acetone and 
evaporated till dryness. The residual part was re-extracted using small volume of ethyl acetate (Abd El-
Hady et al., 2014a). 
 
Determination of Antioxidant Activity Using the 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) Radical 
Scavenging Method  
 

DPPH radical scavenging activity of all extracts was analyzed according to the method of   , 
(Matsushige et al 1996) with slight modification. The procedure was applied in 96 well microplate and 
measured in ELISA microplate reader. crude ethyl acetate extracts (filtrate and mycelia) were dissolved 
in Methanol (HPLC grade) at concentration of 200μg/ml. DPPH (70μM) methanol solution was 
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prepared freshly and kept in the dark.100μl of methanol solution for each extract were added to 100μl 
of DPPH solution in each well. The prepared solutions were mixed and left for 30 min at room 
temperature in the dark. The hydrogen atom or electron donation abilities of the corresponding extracts 
were measured from the bleaching of the purple-colored methanol solution of 1,1-diphenly-2-
picrylhydrazyl (DPPH).  At the end of incubation period, the absorbance was read at 520 nm. Mean of 
three measurements for each extract was calculated. 
 Percent Inhibition (I %) of DPPH free radical by different extracts was calculated by the following 
equation: 
I % = [(A control - A sample) / A control] x 100, 
 where: A-control: is the absorbance of  the control reaction (DPPH solution) 
A- sample : absorbance of  the tested extract 
 
Determination of IC50:  
 

Extracts that exhibited high activity (˃ 55 % I) were subjected for further analysis at different 
concentration (200, 100, 50, 25, 12.5, 6.25, 3.125, 1.6 and 0.78). The percent inhibition of each 
concentration was calculated. The extract concentration providing 50 % inhibition (IC50 %) was 
calculated from graphically using a calibration curve in the linear range by plotting the extract 
concentration vs the corresponding scavenging effect (Zhou and Yu 2004). 

 
Determination of Antioxidant activity index (AAI) 
 

The antioxidant activity was expressed as the antioxidant activity index (AAI) and was calculated 
as follows:  
AAI = (final concentration of DPPH in the reaction (μg ml−1)) / IC50 (μg ml−1),  
Where: the final concentration of the reaction was 70μMol=27.601 μg ml−1 
Thus, the AAI was calculated considering the mass of DPPH and the mass of the tested compound in 
the reaction, resulting in a constant for each compound, independent of the concentration of DPPH. and 
sample used (Scherer and Godoy, 2009). The assays were carried out in triplicate. Scherer and Godoy 
(2009) established the following criteria of AAI values for extracts: poor activity < 0.05 < moderate < 
1.0 < strong < 2.0 < very strong. 
 
Statistical analysis 
 

Values are means of three independent analyses of the tested extracts  standard deviation (n=3). 
 
Result and Discussion 
 

Marine–associated fungi are considered a prosperous source of novel and biologically active 
metabolites. Their harsh environmental conditions such as salinity, high temperature and pressure, 
competition with other microorganisms lead the induction of peculiar secondary metabolic pathways 
compared with terrestrial ones( Abd El-Hady et al. , 2014a). 
As a consequence, there is a large proportion of bioactive secondary metabolites with diverse biological 
activities could be obtained specially from sponge and coral associated fungi. The present study was 
conducted to screen the antioxidant activity (AOA) and the antioxidant activity index (AAI) of the crude 
ethyl acetate extracts of four sponge and soft coral-associated fungi collected from two different sites 
at Hurghada coast, Red Sea, Egypt.  
 
Effect of media composition on the production of bioactive metabolites 
 

To evaluate the role of cultivation media on the production of bioactive secondary metabolites 
with antioxidant activity, four different liquid media were applied. The four isolated fungi were cultured 
in each media under shake and static conditions. The composition of each media is illustrated in Table 
1. 
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Table 2 illustrated the antioxidant activity of different extracts. From the obtained data we can 
notice that; for Aspergillus sp.1, medium A, which was mainly composed of 20 g dextrose and 10 g 
peptone, followed by medium D which is composed of 3g of yeast extract and 17g of malt extract were 
the most favorable for the production of bioactive secondary metabolite showed high free radical (70%) 
scavenging activity. In contrast, the absence  of dextrose in medium B and the decrease in peptone 
concentration from 10 to 5g , besides in medium C; the presence of 200g potato and absence of peptone 
may be the cause of weak activity(less than 20%) or complete loss of activity ( negative values). It could 
be noted that dextrose stimulated the growth and production of the first fungus species and the growth 
of that species is highly sensitive to dextrose. 

None of the used media showed any role in the production of bioactive secondary metabolites for 
Aspergillus sp. 2. That means the composition of these media is not appropriate for free radical 
scavenging active metabolite production in this fungal isolate. In table 2(c):  Medium C which is 
composed of 20g of dextrose and 200g of potato infusion is more favorable for bioactive secondary 
metabolite production in Aspergillus sp. 3 fugal isolate, indicating that presence of dextrose and potato 
are favorable for fungal growth (in shake and not in static condition). It was observed that media A,B 
and C participated in the production of active 2ry metabolites for Aspergillus sp. 4; in spite of variability 
in media composition and this was only observed in shake condition for filtrate and cell extracts .The 
obtained data are in agreement with other previous studies (Mohammed et al.,2013 and Abd El-Hady 
et al. , 2016). 

The antioxidant effects of different fungal extracts were evaluated by DPPH in-vitro method. It 
is based on the reduction of methanolic DPPH solution at 520 nm in the presence of a hydrogen donor 
antioxidant with the subsequent formation of non-radical DPPH. The DPPH is stable organic nitrogen 
centered free radical with a dark purple color that becomes colorless when it reacts with antioxidant to 
form non-radicals (Hseu et al , 2008).  The residual amount of DPPH is then measured after fixed time 
and is inversely correlated to the radical scavenging potential of the tested extract. 
From table 2, it could be observed that secondary metabolites produced by the four isolated fungi 
showed variable free radical scavenging activity.  

The metabolites isolated from fungal isolate Aspergillus sp.1 (Fig. 3: A-D), showed highly active 
free radical scavenging activity over DPPH. The scavenging activity was found to be dose dependent 
(data not shown). The Ash mycl , Ast F and D sh mycl extracts showed the highest activity (71.26, 71 
and 71.7% respectively) at concentration of 200μg. Other metabolites showed mild or no activity. The 
secondary metabolite of fungal isolate Aspergillus sp.2 (Fig. 4: A-D) had no activity indicating no effect 
of the different media on the fungal isolate as discussed before. For the fungal isolate Aspergillus 
sp.3(Fig. 5:A-D), only the shake filtrate of media C showed high free radical scavenging activity of 
(70%) and IC50 of (64.10.04μg/ml ).Six different extracts of the fungal isolate Aspergillus sp.4 (Fig. 
6:A-D) showed  moderate scavenging activity over DPPH free radical, Table2.The A sh F and A sh 
myc and C sh myc  extracts exhibited low IC50 values (240.3, 19.90.4 and 23.10.07 respectively) as 
compared to caffeic acid (16.40.04) indicating dose dependent high free radical scavenging activity. 
Our data are in agreement with previous studies (Abdel-Monem et al, 2013, Abd El-Hady et al., 2015). 

Determination of AAI by the DPPH method was used to compare the antioxidant strength of 
different extracts as well as of pure compounds [Ani et al., 2006; Koleva et al., 2002]. As I% or the 
IC50 value change according to the final concentration of the DPPH concentration used , there is no 
difference in AAI values when different solutions of DPPH and concentrations of extracts are used 
(Scherer and Godoy, 2009; Abd El-Hady et al., 2014b).  

According to the criteria established by Scherer and Godoy (2009) and considering a final 
concentration of DPPH in the reaction of 27.601 μg . mL−1, extracts that show strong AAIs (<2) are: A 
shf , Ash mycl and C sh mycl of the fungal isolate Aspergillus.sp4 (with AAI= 1.16,1.4 and 1.2, 
respectively)  which is close to that of caffeic  acid (AI= 1.7). Other extracts showed moderate AAI (< 
1.0) that include: B sh mycl and Bsh F with AAI= 0.67 and 0.22 respectively. The C sh F of the fungal 
isolate SP.3 showed moderate activity (AAI< 1.0) of 0.43. The secondary metabolite of fungal isolate 
sp-1 although they exhibited the highest DPPH radical scavenging activity, they showed a moderate 
AAI values (AAI< 1.0), the values are 0.35, 0.3 and 0.4 for A sh mycl , A st F and D sh mycl , 
respectively, Table 2. 
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Table 2:  The DPPH free radical scavenging activity of 2ry metabolites crude ethyl  acetate extract of the isolated fungi [culture and mycelia (static and after 

shaking)]. 
  Sponge-associated fungi  Coral-associated fungi 

Aspergillus sp.1 Aspergillus sp.2 Aspergillus sp.3 Aspergillus sp.4 
Media Fraction % I IC50 AAI % I IC50 AAI % I IC50 AAI % I IC50 AAI 

Medium 
A 

A Sh F 3.3 -- -- 7.2 -- -- 20.4 -- -- 62.4 240.3 1.16 
A Sh mycl 71.3 79.30.6 0.35 21.4 -- -- 4.9 -- -- 69.5 19.90.4 1.4 
A St F 71 98.40.4 0.3 6.6 -- -- 6.7 -- -- 10.8 -- -- 

A St  mycl 7 -- -- -2.7 -- -- 7.3 -- -- 12.2 -- -- 

Medium 
B 

B Sh F 3.6 -- -- -4.7 -- -- 4.1 -- -- 63.2 126.63 0.22 
B Sh  mycl -11.5 -- -- 0 -- -- -3.9 -- -- 66.8 41.60.4 0.67 
B St F 0.4 -- -- 22.13 -- -- 2.13 -- -- 1.3 -- -- 
B St  mycl 17.5 -- -- -4.02 -- -- -1.2 -- -- 25.4 -- -- 

Medium  
C 

C Sh F -3.7 -- -- 21.7 -- -- 70 64.10.04 0.43 46.9 -- -- 
C Sh  mycl 21.7 -- -- 11 -- -- 17.5 -- -- 55.2 23.10.07 1.2 
C St F -3.9 -- -- 7.6 -- -- 40 -- -- 20.3 -- -- 
C St  mycl -0.3 -- -- 2.7 -- -- 12.6 -- -- 41.7 -- -- 

Medium 
D 

D Sh F 6.5 -- -- 19.7 -- -- 10.6 -- -- 41.5 -- -- 
D Sh  mycl 71.7 70.10.1 0.4 10.9 -- -- 36.3 -- -- 45.3 -- -- 

D St F 26 -- -- -13.5 -- -- -5.2 -- -- 5.3 -- -- 
D St  mycl -0.72 -- -- 19.8 -- -- 12.3 -- -- 41.7 -- -- 

Caffeic Acid 88.0 16.40.04 1.7  
Results are expressed as mean ± SD, n = 3 at a concentration of (200 μg/ml for all tested extracts) at  DPPH concentration 70 μmol. I %: percent inhibition, IC50 : inhibitory 
concentration 50, AAI :Antioxidant activity index. 
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Fig. 3: Free radical scavenging activity of 2ry metabolites extracts of Aspergillus sp.1 from culture and 
mycelia (static and shake) of different media in the DPPH radical assay. Values are expressed as mean 
± SD, n = 3 at a concentration of (200 µg/ml for all tested extracts).  

 

 
Fig. 4: Free radical scavenging activity of 2ry metabolites extracts of Aspergillus sp.2 from culture and mycelia 
(static and shake) of different media in the DPPH radical assay. Values are expressed as mean ± SD, n = 3 at 
a concentration of (200 µg/ml for all tested extracts). 
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Fig. 5: Free radical scavenging activity of 2ry metabolites extracts of Aspergillus sp.3 from culture and 
mycelia (static and shake) of different media in the DPPH radical assay. Values are expressed as mean 
± SD, n = 3 at a concentration of (200 µg/ml for all tested extracts).  
 

 
Fig. 6: Free radical scavenging activity of 2ry metabolites extracts of Aspergillus sp.4 from culture and 
mycelia (static and shake) of different media in the DPPH radical assay. Values are expressed as mean 
± SD, n = 3 at a concentration of (200 µg/ml for all tested extracts).  
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In the present work four fungi were isolated from two sponge and two soft coral samples collected 
from Red Sea area. Four broth media were studied for their effect on the enhancement of production of 
secondary metabolite with antioxidant and free radical scavenging properties. To the best of our 
knowledge, this is the first comparative study on the antioxidant potential of Red Sea sponge and coral 
associated fungi grown on different broth media .Our results contribute valuable knowledge about the 
bioactive properties of native Red sea marine microflora. Further studies should be conducted to 
isolates, characterize and identify the chemical composition of the secondary metabolites and further 
understand their mode of action and evaluate the effect of other environmental factors on the production 
of these secondary metabolites. 
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