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Indonesia has the largest and most biodiverse coral reef in the world. Colt coral 
has not been studied and explored especially endophytic fungi associated with the 
coral. Endophytic fungi are highly potential for the production of antioxidant and 
anticancer compounds. This research aimed to study the antioxidant and cytotoxic 
activities of fermentation extract from endophytic fungi from colt coral. Filtrate and 
mycelium extracts were obtained from static and shake fermentations of isolate 
SKF 15. Antioxidant and cytotoxic assays were conducted by free radical 
scavenger 1,1-diphenyl-2-picrylhydrazyl (DPPH) and AlamarBlue methods, 
respectively. The result showed that FD extract provided the highest antioxidant 
activity with inhibition of 49.36% at 200 ppm of DPPH. Variation of fermentation 
time (3-21 days) demonstrated the highest activity with inhibition of 66.97% for 
antioxidant assay (7 days) and 81.13% for cytotoxic assay (3 days). FTIR analysis 
presented the existence of hydroxyl groups O-H (3452.58 cm-1), C=C groups 
(1668.43 cm-1); C-O hydroxyl group (1230.58 cm -1), and C-H sp3 groups (2941.44 
cm-1). Based on LC-MS analysis, FD extract has a mass of m/z 305.63, [M+H]+, 
predicted as dihydroquercetin (C15H24O7). 
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1. Introduction 

Antioxidants are compounds capable of capturing free radicals. Free radicals impact the pathogenesis of some 
diseases in humans, such as arteriosclerosis, cancer, diabetes mellitus, liver damage, inflammation, skin tissue damage, 
coronary heart, and arthritis [1]. The use of synthetic antioxidants to prevent free radical damage has been reported to 
result in toxic side effects that require a search for new sources of antioxidants from the wild [2]. One of the many natural 
ingredients that have high antioxidant activity is the polyphenolic group compounds found as secondary metabolite 
compounds from plants and fungi [3]. 

Fungi is one of the promising biotechnology objects in the fermentation process that can produce secondary 
metabolite compounds [4]. The fermentation process of fungi can be done by the shake and static methods. Differences in 
the fermentation method are due to the ability of fungi to produce different secondary metabolites [5]. Fungi filament has 
secondary metabolite compounds that can be utilized as antibiotics and other pharmacological activities such as anticancer, 
antitumor, and antioxidants [6]. 
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The endophytic caps of the marine biota of colt coral were determined the antioxidant and anticancer activities. One 
example of endophytic utilization was conducted by Putrie et al. [5] that identified Aspergillus sp. isolated from colt coral 
marine biota with shake fermentation method had the highest antioxidant activity of 71.98%. Artanti et al. [7] examined 
endophytic shell from Taxus sumatrana, which has antioxidant activity using a mold with static fermentation method with 
the highest antioxidant activity of 79.5% for mycelium and 18.2% for filtrate. The above research concluded that the 
fermentation treatment affects their bioactivity. Fungi are selected as a source of bioactive compounds because it is easier 
to handle [8]. 
 
2. Materials and Methods 

2.1. Materials 

The materials used for this research included Potato Dextrose Agar (Difco TM), Potato Dextrose Broth (Difco MP03-
500G), Dulbecco’s Modified Eagle Media (DMEM), FBS, PBS, trypsin-EDTA solution, MCF-7 culture cells (cell culture 
preparation of the LIPI Biology Research Center). Other chemicals used were ethyl acetate (Merck), DPPH methanol (1,1 
-diphenyl-2-picrylhydrazil) (Sigma), sulfuric acid (H2SO4) (Merck), TLC silica gel 60 F254, and distilled water. SKF 15  isolated 
from colt coral was obtained from Pameungpeuk sea, Garut, West Java. 

2.2. Preparation of Regeneration Media  

Dextrose Agar (PDA) was used for the fungi regeneration medium. PDA of 3.9 g was added 100 mL of distilled water 
in 250 mL erlenmeyer. The medium material was mixed using a stirrer until the color of the medium was clear, then sterilized 
using an autoclave (Yamato SM-310) at 121°C with 1 atm. After the temperature and pressure drop, the media was removed 
and placed into the laminar (ESCO, Singapore). The medium was poured into a sterile petri dish, then the medium was 
cold and hardened in 10 minutes [9]. 

2.3. Preparation of a Stock Culture and Working Culture (Starter) 

A stock culture was prepared by inoculating endophytic fungal colonies into ten petri dishes. The colonies were 
separated from the starting isolates and planted on a PDA medium. The media was incubated at 37°C. The stock culture 
was stored in a refrigerator. Working culture (starter) was done by inoculating the colony with ose method. Each autoclaved 
medium was inoculated with 3 endophytic fungi and grown in a 50 mL Potato Dextrose Broth (PDB) medium, then fermented 
using the static and shake fermentation methods at 37°C for 10 days [9]. 

2.4. Fermentation of Endophytic Fungi 

Three endophytic fungi were inoculated in a 50 mL PDB medium, and then the culture was fermented by a static and 
shake treatment at 37°C for 10 days [10].  

2.5. Extraction of Fungal Metabolite 

After fermentation, the culture was separated between the filtrate and mycelium. Each filtrate and mycelium from static 
and shake fermentations were stirred at 20 rpm for 30 minutes using ethyl acetate solvent. The mixture was separated with 
a separation funnel, and the fungal extract was evaporated at 40°C to obtain a concentrated extract [10]. Four extracts 
were obtained from this step, namely, FK extract (from filtrate with shake fermentation), MK extract (from mycelium with 
shake fermentation), FD extract (from filtrate with static fermentation), and MD extract (from mycelium with static 
fermentation). 

2.6. Antioxidant Assay of Fungal Extract 

DPPH free radical activity was performed following Chen and Yeng [11] with a slight modification. Two hundred 
micrograms per milliliter sample (fungal extract) were mixed with 1 mL of a methanol solution containing free radical of 
DPPH with 1 mM concentration. Then, the mixture was shaken and incubated for 30 minutes in dark condition at room 
temperature. Absorbance was measured at 517 nm wavelength using UV-Vis Shimadzu UV mini 1240 with two replications. 
Quercetin was used as a positive control. The percentage of inhibition was calculated following Equation 1. 

Inhibition (%) = 
Absorbance of blank − Absorbance of sample

Absorbance of blank
 x 100 

 
2.7. Autographic Assay using Thin Layer Chromatography (TLC) 

The extract obtained from the filtrate with static fermentation (FD extract) of 1 mg was dissolved with 10 mL of methanol 
96%. The sample and quercetin (positive control) were spotted on the TLC plate. The plate was placed in a chamber 
containing a set up mobile phase (chloroform : methanol with 10:1 ratio). The elusion process was finished and the plate 

(1) 
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was dried. The chromatogram was sprayed using 0.02%(w/v) DPPH solution (fresh solution). Spots on TLC were observed 
under UV light (UV mini spectrum 1240) at 254 and 366 nm wavelength. The appearance spot on the plate was calculated 
retardation factor (Rf) with Equation 2 [12]. 

Retardation Factor (Rf) = 
Distance traveled by solute

Distance traveled by solvent
 

 
2.8. Effect of Fermentation Time on Antioxidant Activity 

The antioxidant activity of FD extract was determined by various fermentation times (3, 5, 7, 10, 14, and 21 days). FD 
extract was dissolved in methanol and then the extract (2 mL) was added 2 mL DPPH 0.02% (in methanol). The positive 
control for this assay was quercetin. The samples were incubated for 30 minutes in a dark condition at room temperature 
and the absorbance was measured using UV-Vis Shimadzu UV mini 1240 at 517 nm. The measurement of the absorbance 
was conducted two times of repetition [12]. Antioxidant activity was measured following Equation 1. 

2.9. Cytotoxic Assay of Fungal Extract 

Anticancer activity on breast cancer cells MCF-7 was evaluated by AlamarBlue method. MCF-7 cell lines were cultured 

in DMEM with 10% FBS. Cells were grown at 37C with 95% humidity and 5% CO2 for 3 days until the cell culture reached 
a density of 60-70% in a 96-well plate. The initial media was discarded and then replaced with a new medium and re-
incubated for 24 hours. The cell cultures were then washed with PBS 1-2 times and suspended using a trypsin-EDTA 
solution and added with a new media. The cell line of 100 µL in the plate was added with 10 µL of samples (FD extract) 

with various concentrations (0.1; 0.3; 1; 3; 10; 30 g/mL), and then incubated for 24 hours at 37C. The staining process 
was carried out by adding a solution of AlamarBlue and incubating it for 4 hours. The color intensity of the resulting cells 
was measured using an Elisa plate reader at a wavelength of 560 nm (excitation) and 590 nm (emission). Percent inhibition 
is calculated as follows Equation 3 [13]. 

 

% Inhibition = 100 - % Viability = 100 -  (
fluorescence of sample -fluorescence of media 

fluorescence of control cell-fluororescnce of control media
 x 100) 

 

2.10 Fourier-Transform Infra-Red (FTIR) Spectroscopy Analysis 

One milligram of the fungal extract was crushed with potassium bromide until homogeneous and then compressed to 
form a transparent pellet with a thickness of 1 mm using a hydraulic pressing. The pellet was analyzed using an IR 
instrument (Shimadzu, Japan) at 400-4.000 cm-1 wavenumbers [14]. 

2.11. Liquid Chromatography-Mass Spectroscopy (LC-MS) Analysis 

As much as 1 mg of fungal extract was dissolved in a methanol solvent. The sample (20 μL) was injected into LCMS 
(Acquity UPLC, Waters, USA) with ESI (Electrospray Ionisation) system of positive ion model, superco C8 column (50 mm 
in length, 15 mm in inner diameter), 1.8 μm particle size with flow rate adjusted 0.2 mL/minutes, and column temperature 
at 40°C. The result was presented in the form of LC and MS charts [15]. 

 
3. Result and Discussion 

3.1. Fermentation of Isolate SKF 15  

The morphology of SKF 15 endophytic fungus can be observed based on mycelium formation and filtrate color. The 
fungus was grown on a PDB medium showed the appearance of mycelium and changing of filtrate color after 10 days of 
fermentation (Table 1). The formation of mycelium signified the growth of fungi [16]. PDB medium is a common medium for 
the cultivation of fungi, mold, and yeast [9]. According to Merlin et al. [17], an incubation period under 10 days produced a 
minimum quantity of secondary metabolites.  

3.2. Antioxidant Activity of Filtrate and Mycelium Extracts 

The result of antioxidant activity of filtrate and mycelium extracts of endophytic fungus SKF15 using DPPH free radical 
can be seen in Figure 1. Filtrate and mycelium extracts from static and shake fermentations produced different antioxidant 
activities. At 200 ppm of DPPH, the highest antioxidant activity was FD extract with 49.36% inhibition, while the lowest 
activity was MK extract with 4.31% inhibition. The fungus secreted secondary metabolites into the medium [18]. In this 
study, the highest antioxidant activity in the filtrate might correlate to the majority of the existence of secondary metabolites 
in the filtrate. 

(2) 

(3) 
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Table 1. Morphology of SKF 15 Fungus after 10 Days of Fermentation 

Fermentation 
Treatment (Day) 

Mycelium Appearance Medium Color Changing 

FD FK FD FK 

0 No growth No growth Clear yellow  Clear yellow 

3 White fibers No growth Clear yellow Clear yellow 

5 Thin mycelium 
formation 

Thin fiber 
formation 

Slightly cloudy Cloudy yellow 

7 Thin mycelium 
covers the 

medium surface 

White fiber 
spreading 

Cloudy yellow Cloudy yellow 

10  
 

Thin mycelium  Mycelium 
formation 

Turbid yellow Turbid yellow 

 “FD” referred to static fermentation and “FK” referred to shake fermentation 

 
The antioxidant activity of filtrate extract was greater than that of mycelium extract indicating that the antioxidant 

compound was more abundant in the filtrate (extracellular) than in the mycelium (intracellular). The antioxidant compound 
in the filtrate extract was produced during the fermentation process by SKF 15 fungus. The metabolites in the filtrate were 
extracellular metabolites composed of metabolic products such as polysaccharides, proteins, and secondary metabolites 
[18]. 

 

 
Figure 1. Antioxidant activity of SKF 15 fungus extract-treated by static and shake fermentation. FK: Filtrate from shake 

fermentation; MK: Mycelium from shake fermentation; FD: Filtrate from static fermentation, and MD: Mycelium 
from static fermentation. 

 
Types of fermentation affected the antioxidant activity of sample extracts. In this study, the static fermentation was 

better than the shake fermentation treatment to produce antioxidant compounds. Isolate SKF 15 might be an anaerobic 
fungus, where oxygen is transferred only through the surface of the medium, so the oxygen transfer is not excessive in the 
static fermentation. Meanwhile, the shaking process in the shake fermentation causes the size of the air bubbles to become 
smaller so that the transfer of oxygen becomes greater into the surface area. Fungi have the ability to produce secondary 
metabolites in different ways [18]. 

The fermentation treatment of fungi samples gave different results on antioxidant activity. Types and characteristics 
of bioactive compounds produced by fungi are influenced by types of fermentation treatment. Srikandace et al. [19] 
researched that Aspergillus sp. endophytic isolates from Seroja Kol marine biota contained the highest antioxidant activity 
resulting from shake fermentation (71.98% inhibition). Artanti et al. [7] studied the antioxidant activity of endophytic fungus 
Taxus sumatrana resulting in 79.5% inhibition from the static fermentation. Hence, the SKF 15 isolate may have the same 
properties as a fungus from Artanti’s research. 
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3.3. Autographic Assay of Antioxidant Activity 

Antioxidant activities of SKF 15 filtrate extract and quercetin on TLC were marked by a color change on the TLC plate.  
Quercetin was used as a standard because the compound was known to have antioxidant activity [20]. The mobile phase 
used is chloroform:methanol (10:1) because the mixture of both solvents provided the best elution based on several 
experiments with varying ratios. Based on Figure 2., a yellow spot after spraying with DPPH indicated the existence of 
antioxidant compounds. This is in line with research conducted by Azizah [21] stated fading of purple color and formation 
of a yellow spot after reaction to DPPH indicates the presence of antioxidant compounds from the sample extract. According 
to Molyneux [12], an antioxidant compound can donate its hydrogen atom to bind to DPPH characterized by the increasing 
loss of purple to pale yellow. 

 

 
Figure 2. TLC-DPPH free radical scavenging activity of (a) FD extract and (b) quercetin (standard). 

 
The value of the Retardation factor (Rf) was used to find out the component in the extract to be compared with 

quercetin. The Rf value of FD extract and quercetin was 0.26 and 0.18, respectively (Figure 2). The Rf value indicated the 
presence of a compound in the sample. According to Gandjar and Rohman [22], the mobile phase must be arranged to 
form a spot with an Rf value between 0.2-0.8 to maximize the elution process. Other compounds in the extract resulted in 
different Rf values [23]. Several factors caused changing of the Rf value such as temperature, eluent, and the amount of 
spotted sample [24]. Therefore, the Rf value was unreliable for the identification of the compound so further testing was 
necessary. 

3.4. Effect of Fermentation Time on Antioxidant Activity of Fungal Extract 

Static fermentation was performed to measure the effect of fermentation time on the antioxidant activity of SKF 15 
filtrate (FD) extract. Variation of fermentation time was 3, 5, 7, 10, 14, and 21 days. The results showed that fermentation 
time influenced the antioxidant activity of FD extract.  

 

 
Figure 3. Effect of variation of fermentation time of SKF 15 filtrate (FD) extract. 



Sukandar et al. / ALCHEMY: JOURNAL OF CHEMISTRY, 9 : 2 (2021) 63-72 
 

68 

 

As can be seen in Figure 3 that antioxidant activity increased gradually from 3-5 days of fermentation in which at the 
periods, the fungus was in the adaptation phase. The fungus entered the logarithmic phase with the highest antioxidant 
activity (66.97% inhibition) after 7 days. Afterward, the antioxidant activity decreased slowly up to 21 days of fermentation 
with inhibition of 24.50%. Fungi need adaptation time until day 6 and the growth increases up to day 10 for the logarithmic 
phase [25]. Factors supporting various antioxidant activities for fungal growth are medium (substrate), temperature, light, 
pH, and humidity [26]. 

3.5. Cytotoxic Assay of Fungal Extract 

In vitro cytotoxic assay is a method to predict the presence of toxic compounds from a sample. In this study, a cytotoxic 
assay was carried out on breast cancer cells MCF-7. This result was coupled with antioxidant activity to determine whether 
FD extract has both activities against breast cancer cells. Percentage of inhibition of cytotoxic activities of FD extract from 
SKF 15 fungus displayed in Figure 4. The FD extract inhibited strongly on breast cancer cells MCF-7 after 3 days of 
fermentation with the highest cytotoxic activity 81.13%. The cytotoxic activity of FD extract was not in line with SKF 15 
fungal growth based on the variation of fermentation time. 

 

 
Figure 4. Effect of fermentation time variation on cytotoxic activities. 

 
Based on antioxidant and cytotoxic properties, FD extract has the highest inhibition in 7 days after fermentation for 

antioxidant activity (Figure 3) and 3 days after fermentation for cytotoxic activity (Figure 4). It can be assumed that FD 
extract contained antioxidant and cytotoxic compounds in which they were generated at different times of fungal growth. 
Synergistic and antagonistic effects could happen in the FD extract as a crude extract that consisted of various compounds. 
According to Srikandance et al. [19], endophytic caps have the ability to produce different metabolite compounds. 

Scott et al. [27] studied marine natural products such as rigidin, an aromatic compound with pyrrole core, isolated from 
tunicate with promising selective anti-proliferative activity against cancer and lamellarin, pyrrole alkaloids potential as an 
anticancer and cytotoxic compound to various tumors. In another research from Wong et al. [28], one of the endophytic 
fungi isolated from brown seaweed has correlated to Botrydiplodia sp. After 60 days of static fermentation, the fungus 
secreted an anticancer compound, dihydromyricetin, which was also an antioxidant agent. This showed that each 
endophytic fungi produced different compounds responsible for different activities. 

3.6. FTIR analysis 

FTIR analysis of FD extracts showed several peaks in certain wavenumbers (Figure 5). The peak at 3452.58 cm-1 
indicated the presence of a primary hydroxy group (O-H). The peak at 1716.65 cm-1 revealed the presence of a carbonyl 
group C=O (aldehydes, ketones, carboxylic acids, esters), while the peak at 1230.58 cm-1 referred to the hydroxyl group C-
OH (alcohol). Based on the FTIR analysis, FD extract of SKF 15 fungus was confirmed as a phenolic compound containing 
aromatic group, hydroxy group, and carbonyl. 

3.7. LC-MS analysis 

LC-MS was used to identify the peak area, molecular weight, and compound structure of a sample. Data processing 
on LC-MS used online databases such as MassBank (https://massbank.eu/MassBank/) and ChemSpider 
(http://www.chemspider.com/). The LC-MS analysis of FD extract of SKF 15 fungus detected one peak with a retention time 
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of 2.15 min with a candidate mass (m/z) 305 (Figure 6) Based on the online database, it was predicted as dihydroquercetin 
which has a value of [M+H]+ of 305, and it meant that the compound could have a molecular weight of m/z 304.  

 

 
Figure 5. FTIR spectra of filtrate extract (FD extract) of SKF 15 fungus. 

 
Table 2. Characteristics of Absorption Peaks of FD Extract using FTIR Analysis 

Wavenumber (cm-1) Estimation of 
Functional Group FD Extract Catauro et al. [29] Skoog et. al. [30] 

3452.58 3448 3500-3200 O-H 

2941.44 - 2970-2850 C-H 

1716.65 1720 1760-1690 C=O 

1668.43 1610 1680-1610 C=C 

970.17 - 650-995 C-H aromatic  

1230.58 - 1300-1050 C-O 

 

 

 
Figure 6. Analysis results of LC-MS of FD extract from SKF 15 fungus (a) LC chromatogram, and (b) MS spectrum. 

 
MS fragmentation of extract was compared to the MassBank database shown in Table 3. The spectrum of 

fragmentation mass of FD extract was similar to the fragmentation pattern of dihydroquercetin from MassBank Database 
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and Abad-Garcia research [31]. It can be predicted that FD extract contained dihydroquercetin compound. The pattern of 
fragmentation of dihydroquercetin can be seen in Figure 7.   
 

Table 3. Comparison of Fragmentation of FD Extract and MassBank Database 

Number of Ion 
Product 

Mass of Product Ion of Dihydroquercetin,[M+H], (m/z) 

FD Extract MassBank Database Abad-Garcia et al. [31] 

1 305.63 305.05 304,30 

2 253.48 255.05 255,80 

3 211.44 212.06 212,80 

4 168.31 167.01 166,70 

5 146.29 149.02 149,00 

6 124.19 - 123,10 

 
 

 
Figure 7. Fragmentation pattern of dihydroquercetin. 

 
Ghareeb et al. [32] examined the potential for free radical capture and cytotoxic activity of phenolic compounds from 

Tectona grandis Linn. The plant has biological activities as antioxidants and anticancer, and one compound was responsible 
for the activities was dihydroquercetin. The dihydroquercetin captured free radicals by hydrogen transfer. The ortho-
dihydroxy ring of benzene is an activation group that enhances the ability of dihydroquercetion to transfer hydrogen atoms 
and then improves the antioxidant properties [33, 34]. Dihydroquercetin can prevent the formation of free radicals and is 
widely used in the food and medicine industries [35, 36]. 

 
4. Conclusion 

Extracts of SKF 15 endophytic fungus after 10 days of fermentation by static and shake treatments gave varied 
antioxidant activity. At 200 ppm of DPPH, FD extract showed the highest antioxidant activity with 49.36% inhibition, while 
MK extract presented the lowest antioxidant activity with 4.31% inhibition. Cytotoxic activity against MCF-7 cell lines 
revealed 63.36% inhibition from FD extract after 3 days fermentation as the highest activity. Based on FTIR and LCMS 
analyses, FD extract of SKF 15 fungus might consist of hydroquercetin responsible for antioxidant activity. 
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