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ABSTRACT  

An endophytic fungi has been widely known for a source of bioactive compounds 
attributed as antimicrobial and antioxidant.  In this report, we investigated the antimicrobial and 
antioxidant activity of extract of endophytic fungi associated with two indigenous Indonesian 
medicinal plants, i.e., Chloranthus officinalis (CO) and Staurogyne elongata (SE). Ten endophytic 
fungi isolates were collected from barks, roots, and leaves of CO and SE host plants and were 
cultured into potato dextrose broth (PDB) media. After 14 days of incubation, the whole culture 
was extracted by ethyl acetate. The qualitative antimicrobial analysis that was conducted by dot 
blot and TLC-bioautography showed all of the extracts show antimicrobial activity against 
Staphylococcus aureus. At the same time, they were observed less active against Escherichia 
coli. The minimum inhibitory concentration (MIC) analysis showed that endophytic fungi extract 
of CO2 and SE3 are classified as strong antibacterial activity against S. aureus with MIC value <8 
µg/ml.  The TLC bioautography of antioxidant displayed the appearance of radical inhibition area 
from SE4 and SE5 extract. Quantitative antioxidant activity, which was conducted by the radical 
DPPH scavenging, showed that SE5 has the lowest IC50 value, i.e., 56.3679 µg/ml (AAI value 
0.5455) and was classified as moderate antioxidant activity. Meanwhile, the remaining extracts 
are classified as weak antioxidant activity. 
   
Keywords: Antibacterial, antioxidant, Chloranthus officinalis, endophytic fungi, Staurogyne 

elongata. 
 

INTRODUCTION 

The fast development of drug resistance 

microbes and degenerative disease have 

urged for the discovery of novel and effective 

therapeutic agents [1, 2]. There are three ways 

to find the pharmacologically active 

substances: rational drug design [3], 

combinatorial chemistry, and natural product 

discovery [1]. Natural products have been 

widely known to produce a large variety of 

biologically active compounds. They represent 

a vast diversity of fascinating molecule 

configuration [4]. The discovery of new drug by 

isolation of bioactive compound from natural 

resources still get many attentions as 

approximately 64.9% of the new drugs 

introduced for nearly four decades (1981-2019) 

came from natural-product derivatives or 

modified synthetic inspired by occurring natural 

products [5]. 

https://jurnal.uns.ac.id/jkpk
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In decades, plants scientists have 

started to realize that plants may serve as a 

source of several endophytes microorganisms 

[6].  These microbes can live in an intercellular 

space of plant tissue. Some of these 

endophytes can be able to produce bioactive 

substances that have the function of 

contributing to the host-endophytic relationship 

[2]. Endophytes form a symbiotic relationship 

with its plant host. In many cases, the microbes 

have released secondary metabolites 

functioned as a biological defense of host 

plants against phytopathogen [1]. Endophytes 

have previously reported being able to produce 

significant therapeutic active compounds such 

as antimicrobial agents and antioxidants. Other 

research related to this also reports that about 

265 compounds isolated from endophytic fungi 

that have antimicrobial activity [7]. Endophytic 

fungi A. ilanense associated with Cinnamomum 

species was reported to produce a group of 

flavonoids with strong antioxidants activity, 

including kaempferol, quercetin, genkwanin, 

and (+)-catechin [8]. The discovery of bioactive 

compounds from endophytes microbes also 

can be environmentally friendly as it does not 

requires a lot of plant sources to get enough 

amount of extract for investigation. The 

endophytes microbes can be isolated from the 

small part of plants and then be in vitro cultured 

using artificial growth media.  

Endophytes are known to be able to 

produce secondary metabolites that have 

similar or equal hosts. Bioactive compounds 

produced or produced together with plants 

and their endophytes [1]. So thus, in this 

study, we investigated the antimicrobial and 

antioxidant activity of the endophytic fungi 

extract associated with Indonesian traditional 

medicinal plants C. officinalis (Keras tulang) 

and S. elongate ( rendeu). C. officinalis is 

traditionally used for tonic and for healing the 

rheumatic disease. Meanwhile, S. elongate is 

used for the treatment of kidney stone 

disease. The previous report showed that S. 

elongate has antimicrobial activity against E. 

coli and S. aureus [9].  

 

METHODS 

1. Materials 

a. Plant Source 

C. officinalis and S. elongate were 

collected randomly purposive in the Cikaniki 

Research Station area (6°44' S 106°32' E, 

1066 malt). It is surrounding in the area of 

Mount Halimun-Salak National Park, West 

Java, and lowland forest area of Bodogol 

Nature Reserve (6°46' S 106°51' E, 530 

malt). 

b. Chemicals 

Ethanol (70%), NaOCl, glycerol, 

lactophenol blue, ethyl acetate (Merck), TLC 

plates (silica gel GF254, Merck), CH2Cl2 

(Merck), MeOH (Merck) Ce(SO4)2 (Merck),  

Iodonitrotetrazolium H2SO4 (Merck), 

chloramphenicol  (Merck), Mueller-Hinton 

broth (MHB, Merck), 2,2-diphenyl-1-

picrylhydrazyl (DPPH, Sigma), p-violet (INT, 

Sigma), and (+)-catechin (Sigma). 

2. Research Methods 

a. Sample Preparation 

Plant samples used using fresh 

ingredients, and healthy living tissue consists 

of bark, leaves, and roots. Give a mark to all 

https://doi.org/10.1163/_q3_SIM_00374
https://doi.org/10.1016/S1286-4579(03)00073-X
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https://doi.org/10.3390/agriculture5040918
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fresh and packaged samples and do the 

packaging correctly and carefully and then taken 

to the Chemical Bioprospection Research 

Group, Chemical Research Center-LIPI, in less 

than 72 hours.  

b. Fungal Isolation 

The endophytic fungi were isolated 

based on the surface sterilization method 

with slight modification [10]. Collected plants 

were sterilized by sequentially by Ethanol 

(70%), NaOCl, and distilled water. Small 

fragments of sterilized plants were then 

cultured for two weeks at 27 ºC. The growing 

endophytic fungi were isolated solely by 

transferring them into potato dextrose agar 

(PDA) to obtain the pure fungal strain. 

Purified fungal strains were used for 

antimicrobial and antioxidant screening and 

partially restored under inactive metabolism 

condition with the freezing method at T -80 ºC 

by used 10% (v/v) glycerol and 5% (g/v) 

trehalose as a cryoprotectant for the 

collection purpose [11].  

c. Fungal Identification  

Mushroom identification is carried out 

based on a morphological approach. This 

approach is carried out by observing both 

microscopic and macroscopic phenotypic 

characters. Macroscopic characterization is 

done by following the shape of the colony, 

color, texture, drop of exudate, surface, and 

invert the color of fungal culture. Microscopic 

observation, fungal mycelia by dripping one 

drop of 1% blue lactophenol solution. 

Microscopic characterization was carried out 

with a light microscope to observe hyphae, 

hyphae pigmentation, clamp connections, 

spores, septates, and other reproductive 

structures. 

d. Endophytic Fungi Culture Extraction  

The identified pure fungal then were 

cultured in the potato dextrose broth (PDB) 

and incubated at temperature 27 oC. After 14 

days of incubation, fungal mycelia was taken 

out from the medium and then smashed 

mechanically. The slurry fungal mycelia were 

then extracted with ethyl acetate three times. 

The solvent was removed from the mixture 

under reduced pressure. The extracted 

metabolite was stored in -20 oC for further 

investigation. 

e. Chemical Compounds Analysis by Thin 

Layer Chromatography (TLC) 

The dried extract was prepared at the 

concentration of 10 mg/ml in ethyl acetate. 

The endophytic extract solutions at prepared 

concentrations were deposited into TLC 

plates and then were eluted with CH2Cl2: 

MeOH  10:1 (v/v). Eluted chemical 

compounds were visualized under 254 nm 

and 366 nm ultraviolet (UV) light and followed 

by spraying with coloring reagent 1% 

Ce(SO4)2/H2SO4 and 1% vanillin-sulphuric 

acid at the elevated temperature [12]. 

f. The Antibacterial Investigation by TLC-

Bioautography 

TLC-bioautography guided screening 

was conducted to observe the antibacterial 

activity of endophytic fungi extract 

qualitatively. The extract was transferred into 

the TLC plate and immersed into bacterial 

suspensions (S. aureus and E. coli), which 

were counted approximately 1x108 CFU. The 

https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Teknik+Isolasi+Fungi&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Seri+Panduan+Teknik+Preservasi+Fungi&btnG=
https://doi.org/10.1088/1755-1315/308/1/01207
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treated plates were incubated for 18 hrs at 

37oC. INT solution was sprayed to the 

incubated plates to observe the growth of 

bacteria. Chloramphenicol was applied as a 

positive control. Further investigation was 

applied to the active extracts by eluting the 

extract with CH2Cl2: MeOH (10:1 v/v), and the 

rest of the procedure is similar to the was 

written in this section for the bioautography 

process [13]. 

g. Minimum Inhibitory Concentration (MIC). 

The MIC of all extracts and positive 

control, chloramphenicol, were determined 

by the microdilution technique in MHB,  for 

tested bacteria (S. aureus and E. coli) [14]. 

The extracts and chloramphenicol were 

added to MHB plated in the 96-well plate. 

Serial dilutions were performed to get the 

final concentrations in order 256, 128, 64, 

and 32 µg/ml. The tested bacteria (100 µl) 

was added to each well and were incubated 

by 18 hrs at 37oC. The INT was added to each 

well after incubation. The MIC value was 

determined by the lowest concentration 

showing the colorless wells. 

h. Antioxidant Investigation  

 A qualitative antioxidant investigation 

was performed by dot blot technique by 

transferring extracts and positive control (+)-

catechin solution to the TLC plates followed 

by exposing the plates with DPPH solution in 

methanol (0.2%). The antioxidant potency 

was observed 30 minutes after spraying. The 

yellow-white area observed at the particular 

extract indicated the antioxidant [13].  

The sample concentration inhibits 

radical activity by 50% (IC50), which is 

determined by the serial microdilution present 

in the 96-well microplate. After going through 

the dilution process, each well is added 100 

µl DPPH (61.50 μg / ml). Negative controls 

are used as negative controls, while (+) - 

catechins are used as positive controls. The 

microplates were incubated at room 

temperature and in the dark for 90 minutes. 

The absorbance of the sample was carried 

out at 517 nm. The existing linear regression 

equation can be used to determine. The 

antioxidant activity index calculated further 

classification for antioxidant activity (AAI) 

formulated as below [13, 15]. 

𝐀𝐀𝐈 =
𝐓𝐡𝐞 𝐟𝐢𝐧𝐚𝐥 𝐂𝐨𝐧𝐭 𝐨𝐟 𝐃𝐏𝐏𝐇 𝐢𝐧 𝐭𝐡𝐞 𝐫𝐞𝐚𝐜𝐭𝐢𝐨𝐧 (Âµ𝐠/𝐦𝐥)

𝐈𝐂𝟓𝟎 (Âµ𝒈/𝒎𝒍)
  

 

RESULTS AND DISCUSSION 

Isolation and Identification of Endophytic 

Fungi 

Table 1. Endophytic fungi from C. officinalis 

and S. elongata plants collected from 

Cikaniki Research Station, West Java. 

 

A total of ten endophytic fungi were 

isolated from various parts of C. officinalis 

and S. elongata. Based on morphological 

Isola
tes 

Fungal taxa Host plant Plant 
part 

CO1 Coelomycetes C. officinalis Leaf 

CO2 Fusarium sp. C. officinalis Bark 

CO3 Xylaria sp. C. officinalis Leaf 

CO4 Colletotrichum sp. C. officinalis Bark 

CO5 Schizophyllum sp. C. officinalis Root 

SE1 Colletotrichum sp. S. elongata Bark 

SE2 Colletotrichum sp. S. elongata Bark 

SE3 Hyphomycetes S. elongata Bark 

SE4 Colletotrichum sp. S. elongata Leaf 

SE5 Colletotrichum sp. S. elongata Leaf 

https://doi.org/10.7324/JAPS.2018.8811
https://doi.org/10.1590/s0074-02762003000800025
https://doi.org/10.7324/JAPS.2018.8811
https://doi.org/10.7324/JAPS.2018.8811
https://doi.org/10.1016/j.foodchem.2008.06.026
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characteristics, selected endophytic fungi 

from C. officinalis and S. elongata plants 

were identified as Fusarium sp. (1 isolate), 

Xylaria sp. (1 isolate), Colletotrichum sp. (5 

isolates) and Schizophyllum sp. (1 isolate) 

(Table 1). The other two isolates could only 

be identified into the class level, i.e., 

Coelomycetes and Hyphomycetes.  

Fungal taxa Coelomycetes and 

Hyphomycetes are known to have strong 

associations with higher vascular plants [16]. 

Many endophytic fungi Hyphomycetes and 

Coelomycetes are capable of sporulating in 

their natural habitat or host plant but turn to 

be sterile or fail to sporulating during in vitro 

subculturing onto artificial media [17]. The 

macroscopic view of endophytic fungi 

cultures is depicted in Figure 1. 

 
Figure 1. Macroscopic picture of fungal 

isolates. 

 

TLC Analysis of Extracted Isolate 

The TLC chromatogram profile of 

endophytic fungi extracts associated with C. 

officinalis and S. elongate plants are given a 

different chromatogram pattern, as seen in 

Figure 2. After the TLC plate was sprayed 

with coloring reagent 1% Ce(SO4)2/H2SO4 

and 1% vanillin-sulphuric acid, the formation 

of different retention factors on multiple stain 

spots suggest the presence of various 

chemical compounds in each endophytic 

fungi extract [18]. The less polar compounds 

eluted first, while the more polar compounds 

interacted stronger with the silica, due to the 

high polarity of the silica compounds as a 

consequence, the more polar compounds will 

be eluted later. 

 

Figure 2. Chromatograms of endophytic fungi 
extracts developed with an eluent 
system of CH2Cl2:MeOH (10:1), (a) 
viewed under 254 nm, (b) viewed 
under 366 nm, (c) sprayed with 1% 
vanillin-sulphuric acid, and (d) 
sprayed with 1% cerium (IV) 
sulfate). Picture information refers to 
Table 2. 

 

Antibacterial activity 

The TLC-bioautography method was 

carried out for the analysis of the antibacterial 

activity of endophytic fungi  

extracts associated with C. officinalis and S. 

elongata plants against S. aureus and E. coli 

qualitatively. Figure 3 displays the bioauto-

gram of the antibacterial activity of endo-

phytic fungi extracts.  

https://doi.org/10.1264/jsme2.14.237
https://doi.org/10.1017/S0953756203007913
https://doi.org/10.15575/biodjati.v4i2.5440
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The results showed that eight endo-

phytic fungi extracts were able to inhibit the 

growth of S. aureus with different inhibitory 

zone diameters, as shown by the formation of 

a clear white area around the extracts. In con-

trast, no extract showed significant activity for 

E. coli, as indicated by the pink area only 

around the extract. After spraying with the 

INT solution, the purple color on the TLC 

plate was caused by the dehydrogenase en-

zyme reaction in living microorganisms, 

which converts INT to purple formazan [19]. 

The positive control used in the antibacterial 

activity assay was chloramphenicol because 

of its wide-spectrum activity with MIC range 

of 1-90 µg/ml [20]. 

Figure 3. Bioautogram of antibacterial activity 
of endophytic fungi extracts  against 
S.aureus and E.coli. Picture 
information refers to the Table 2. 

 

The extracts were then developed with an 

eluent system of dichloromethane: methanol 

(10:1 v/v) to know the chemical substances that 

are responsible for antibacterial activity in the 

active extract. The bioautogram of the active 

antibacterial compounds of the endophytic 

fungi extracts against S. aureus and E. coli are 

depicted in Figure 4. 

According to this result, the appearance 

of white bands in the eluted plates has sug-

gested the presence of more than one active 

antimicrobial agent. The clear white areas of 

S. aureus were wider than E. coli, and it indi-

cated that the secondary metabolites of the 

endophytic fungi extracts isolated from C. of-

ficinalis and S. elongata plants were more ac-

tive in inhibiting the growth of S. aureus. 

 

Figure 4. Bioautogram of the active 
antibacterial activity of endophytic 
fungi extracts  against S.aureus and 
E.coli. Picture information refers to 
the Table 2. 

 
The antibacterial activity of the 

endophytic fungi extracts was further quanti-

fied by evaluating the MIC value against S. 

aureus and E. coli.  The lowest extract 

concentration that can inhibit bacterial growth 

is described as MIC. The results of the MIC 

of the endophytic fungi extracts were 

presented in Table 2. 

The classification of antibacterial 

activity of the extract as follows: strong 

inhibitors (MIC<100 µg/ml), moderate 

https://doi.org/10.1590/s0074-02762005000700018
https://doi.org/10.1016/j.jep.2010.09.011
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inhibitors (MIC 100-500 µg/ml), weak 

inhibitors (MIC 500-1000 µg/ml), and inactive 

(MIC>1000 µg/ml) [14], it can be concluded 

that all of the extracts presented weak activity 

against E. coli, while two extracts (CO2 and 

SE3) exhibit significant antibacterial activity 

against S. aureus.  

Table 2. The MIC of the endophytic fungi 
extracts. 

 

This indicated that the endophytic fungi 

extracts were more effective against S. 

aureus than E. coli. The disparity in sensitivity 

between two types of Gram bacteria can be 

attributable to differences in the morphology 

and molecular components of membranes.  

Gram-negative bacteria tend to be less 

permeable to antibacterial agents than Gram-

positive bacteria, due to the presence of the 

additional protection provided by the outer 

membrane layer containing lipopolysaccharides 

[21]. 

Antioxidant activity 

TLC-bioautography on DPPH radical 

scavenging activity was carried out for the 

analysis of the antioxidant activity of 

endophytic fungi extracts associated with C. 

officinalis and S. elongata plants. The 

bioautogram of the antioxidant activity of 

endophytic fungi extracts was performed in 

Figure 5. The result of the antioxidant assay 

of endophytic fungi extracts with 

bioautography showed that some extracts 

had the antioxidant activity. It was indicated 

by the formation of the yellow spot on the 

purple background [22]. The DPPH assay is 

a common, rapid, simple, and low-cost 

method to measure the antioxidant activity 

[23]. 

 

Figure 5. Bioautogram of antioxidant activity 
of endophytic fungi extracts. Extracts 
no. 1-10 are the extracts correspond to 
Table 3.  
 

The antioxidant activity of the 

endophytic fungi extracts was further 

quantified by determining IC50 and AAI value. 

The amount of extract concentration required 

to produce a 50% reduction of DPPH free 

radical is defined as IC50 [24]. The results 

Table 3 showed that SE5 exhibited the 

highest antioxidant activity with an IC50 value 

of (56.3679 µg/ml).  

The result on tabulated in Table 3 

showed that only one extract (SE5) displayed 

a moderate antioxidants activity, while the 

remaining nine extracts showed poor 

antioxidant properties. The endophytic fungi 

extracts showed lower antioxidant activity 

than the positive control (+)-catechin. 

No Endophytic 
extracts 

MIC (µg/ml) 

S. aureus E. coli 

1 CO1 128 >256 

2 CO2 <8 >256 

3 SE3 <8 >256 

4 CO4 >256 >256 

5 CO5 256 >256 

6 SE1 >256 >256 

7 SE2 >256 >256 

8 CO3 >256 >256 

9 SE4 >256 >256 

10 SE5 >256 >256 

11 Chloramphe
nicol 

4 4 

https://doi.org/10.1590/s0074-02762003000800025
https://doi.org/10.1016/j.bbamem.2015.10.018
https://doi.org/10.3390/molecules171012297
https://doi.org/10.1002/1099-1573(200008)14:5
https://jurnal.uns.ac.id/jkpk/editor/submission/The%20use%20of%20the%20stable%20free%20radical%20diphenylpicryl-hydrazine%20(DPPH)%20for%20estimating%20antioxidant%20activity,
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This can be explained that (+)-catechin 

used is in the pure form. At the same time, 

the endophytic fungi extracts are the various 

mixtures chemical compounds, which not all 

the compounds have the antioxidant activity. 

The combination of chemical compounds in 

the extracts can neutralize, inhibit, or produce 

additive or synergistic effects by helping to 

increase the potential of the active 

compounds [25]TABLETA. 

Table 3. Antioxidant Activity Index (AAI) and 
the IC50 value of the endophytic fungi 
extracts. 

 
No Extra

cts 
IC50 

(µg/ml) 
AAI Classifi-

cation* 

1 CO1 595.1189 0.0517 Poor  
2 CO2 155.2049 0.1981 Poor 

3  SE3 130.8974  0.2349  Poor 
4 CO4 204.6893 0.1502 Poor 

5 CO5 317.3946 0.0969 Poor 
6 SE1 187.7699 0.1638 Poor 

7 SE2 106.9311 0.2876 Poor 
8 CO3 214.4872 0.1434 Poor 
9 SE4 82.8305 0.3712 Poor 

10 SE5 56.3679 0.5455 Moderate 
11 Cate

chin 
3.8700 7.9400 Strong 

*classified as described by Scherer and 

Godoy, 2009 [15]. 
 

Therefore, it is necessary to isolate the 

chemical compounds responsible for 

bioactivity. The investigation of secondary 

metabolites contained in each extract needs 

to explore more to understand the diversity of 

secondary metabolites from isolated 

endophytic fungi with different host plants. 

Also, the understanding of secondary 

metabolites responsible for biological activity 

will trigger the discovery of effective antibiotic 

and antioxidant lead compounds.  
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