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Abstract. Fathoni A, Hudiyono S, Cahyana AH, Ilyas M, Purnaningsih I, Agusta A. 2023. Anticandidal and antioxidant potencies of 
endophytic fungi associated with Tinospora crispa. Biodiversitas 24: 2547-2555. Natural products including endophytic fungi, have 
opportunities for medicinal uses as anticandidal and antioxidant agents. This study aimed to investigate the anticandidal and antioxidant 
activities of endophytic fungi isolated from Brotowali (Tinospora crispa (L.) Miers ex Hook.fil. & Thomson) using disc diffusion, thin 

layer chromatography (TLC) dot-blot, and microdilution methods. Eighty extracts were screened for anticandidal activity against 
Candida albicans (C.P.Robin) Berkhout and antioxidants against 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals. Disc diffusion 
results showed that 38 endophytic fungi had an anticandidal activity with an inhibition zone diameter (IZD) of 7.00±00 to 18.1± 0.29 
mm and 4 extracts with minimum inhibitory concentration (MIC) values of 32-64 µg/mL (strong, MIC<100). The TLC dot-blot results 
showed that 23 extracts had antioxidant activity and 8 extracts were very strong with an inhibitory concentration of 50% (IC50) values of 
7.76±0.77 to 25.54±1.37 µg/mL, while the antioxidant activity index (AAI) values ranged from 2.01±0.10 to 6.64±0.63 (very strong, 
AAI>2). Results of the Pearson correlations coefficient between the total phenolic content (TPC) value and AAI value, revealed that 
there was a low correlation, while the correlation of IZD and MIC as anticandidal has a moderate negative (the r value 0.332, and -

0.673, respectively (P<0.01). Purification of bioactive compounds is necessary, and endophytic fungi associated with T. crispa can serve 
as a potential source of natural antioxidants and anticandidal agents. 
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INTRODUCTION 

Endophytes are commonly found in most plant species. 

They live within plant tissues both throughout their life and 

during certain periods of their life cycle without causing 
visible damage or morphological changes to their host 

plants, thus providing benefits for the host plant while also 

benefiting from this interaction (Alam et al. 2021). These 

microorganisms of endophytic, include bacteria and fungi 

(Kandel et al. 2017; Alam et al. 2021) and usually coexist 

with pathogens. Endogenous microbiota can be divided 

into obligate and facultative categories according to their 

colonization behavior. Obligate strains inhabit plants 

throughout their life cycle. They typically use or modify 

metabolites and plant products for survival and propagate 

across plant generations by vertical transmission (Gouda et 

al. 2016). Whereas facultative endophytes colonize plants 
at certain stages of the life cycle but live outside the plant 

at other stages to form direct rhizosphere soil associations 

of the host plant (Lorena et al. 2021).  

One of the medicinal plants as a host of endophytic is 

Brotowali (Tinospora crispa (L.) Miers ex Hook.fil. & 

Thomson. This plant is found in many rainforests in Asia 

and Africa. The plant has been used traditionally in the 

treatment of various diseases and to maintain health. Its 

pharmacological activities include anti-inflammatory, 
antioxidant, immunomodulatory, cytotoxic, antimalarial, 

cardioprotective, and anti-diabetic activities (Ahmad et al. 

2016). In previous studies, endophytic fungi could be used 

as antibacterial against Staphylococcus aureus Rosenbach 

1884 and Escherichia coli E with moderate to strong 

activity (Fathoni et al. 2021). 

On the other hand, natural products derived from 

endophytic fungi have various benefits in medicinal use, 

including anticandidal and antioxidants agents (Agusta  et 

al. 2013; Praptiwi 2018; Wulansari et al. 2016; Fathoni et 

al. 2022a). In addition, endophytic fungi are also widely 

known as a storehouse of bioactive compounds useful in 
various fields including medicinal, pharmaceutical, 

agricultural, and industrial purposes (Gouda et al. 2016; 

Chutulo and Chalannavar 2018; Rana et al. 2020; Wen et 

al. 2022; Fathoni et al. 2022a). 

Currently, Candida albicans (C.P.Robin) Berkhout is 

the most common fungal pathogen in humans. Due to the 
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development of drug resistance, there is an urgent need for 

new antifungal agents to effectively fight C. albicans (Zida 

et al. 2017). In a previous study, a secondary metabolite 

from fungal endophyte Diaporthe sp. GNBP-10 associated 

with Uncaria gambir (W.Hunter) Roxb that produced (+)-

2,2'-epicytoskyrin have moderate antifungal activity 

against 22 yeast strains and three filamentous fungi 

including against C. albicans (Wulansari et al. 2016). 

Besides, it is important to find effective anticandidal, 

currently, research is also developing to obtain natural 
antioxidants to treat degenerative diseases. Endogenous 

and exogenous sources cause oxidative stress processes 

originating from free radicals of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS). Environmental 

pollution, radiation, polluted water, pesticides, heavy 

metals, stress, and oxygen metabolism in living cells can 

cause the formation of free radicals in the human body. 

Free radicals are highly reactive forms of oxygen that 

destroy the cells of organisms. This can lead to 

cardiovascular disease, cancer, cataracts, diabetes, and 

many other diseases (Atasoy and Yücel 2021). In this case, 
antioxidants from dietary sources are needed to prevent 

excessive free radical damage (Li et al. 2014). 

Endophytic fungi promote host plant growth by directly 

producing secondary metabolites, which increase the 

resistance of plants to biotic and abiotic stress including 

oxidative stress (Wen et al. 2022). In a previous study, 

nigerloxin, a fungal metabolite produced by Aspergillus 

niger Tiegh has effective antioxidant in-vitro assays 

including against free radical of 2,2-diphenyl-1-

picrylhydrazyl (DPPH) (Suresha and Srinivasan 2013). 

Another fungal metabolite, pestacin from Pestalotiopsis 
microspora (Speg.) G.C.Zhao & Nan Li, has moderate 

antifungal and strong antioxidants (Harper et al. 2003). 

Previous studies reported the bioactivity of endophytic 

fungus isolated from T. crispa that could be used as a 

source of antibacterial (Fathoni et al. 2021, 2022c). Still, 

they have never been investigated for anticandidal and 

antioxidant potencies. Therefore, this research aimed to 

investigate the anticandidal and antioxidant activities of 

endophytic fungi isolated from T. crispa. 

MATERIALS AND METHODS  

Endophytic fungal extracts 

Eighty endophytic fungi were isolated from the stems, 
leaves, and petioles of T. crispa. These fungi were 

identified based on morphological characteristics (Ilyas et 

al. 2019). The isolated fungi were cultured on PDB for 21 

days under static conditions in a dark room at a temperature 

of 25°C. Fungal cultures were extracted using ethyl acetate 

(EtOAc), and the resulting extracts were concentrated using 

rotatory evaporator (Fathoni et al. 2021).  

Identification of selected endophytic fungi 

The representative potential strains were then selected 

for further identification using molecular approach. 

Molecular identification was conducted by analyzing the 
DNA sequence of an internal transcribed spacer (ITS) 

region (Fathoni et al. 2022b). The total fungal genomic 

DNA was isolated using Nucleon PhytoPure, plant, and 

fungal DNA extraction kits (GE Healthcare) according to 

the manufacturer`s instructions. DNA amplification of the 

ITS rDNA region was performed by polymerase chain 

reaction (PCR). PCR amplification was performed in 25-

µL reaction mixtures containing 10 µL distilled water, 12,5 

µL GoTaq Green Master Mix (Promega), 0.5 µL DMSO, 

0,5 µL each primer (10 pmol), and 1 µL (5 to 10 ng) 

extracted genomic DNA as a template. The primer set of 
ITS4 (5`-TCCTCCGCTTATTGATATGC-3`) and ITS5 

c(5`-GGAAGTAAAAGTCGTAACAAGG-3`) was used to 

amplify approximately 550 nucleotides from ITS1 and ITS 

2 including 5.8S rDNA (White et al. 1990). Amplification 

was performed using a TaKaRa PCR and followed the 

program of amplification according to Napitupulu et al. 

(2019). The PCR products were then subjected to sequence 

analysis. Initial phylogenetic tree construction of selected 

strains was conducted by editing the raw sequence data 

usingChromasPro(http://www.technelysium.com.au/Chrom

asPro.html). The assembled sequences were aligned with 
those downloaded from National Center for Biotechnology 

Information (NCBI) (http://www.ncbi.nlm.nlh.gov/) using 

the Muscle (http://www.ebi.ac.uk/Tools/msa/muscle). The 

phylogenetic analysis of sequence data were done based on 

the neighbor-joining (NJ) method (Saitou and Nei 1987) 

using Molecular Evolutionary Genetics Analysis (MEGA) 

version 7 program (Kumar et al. 2016). The reliability of 

each branch was evaluated by bootstrapping with 1000 

resampling. 

Anticandidal activity using disc diffusion assay  

For an anticandidal test, a filter paper disc containing 
the extracts was placed on an agar surface (Balouiri et al. 

2016). The 6 mm sterile disc paper was soaked in 10 μL of 

extract (10 mg/mL in acetone), then dried in laminar 

airflow. A total of 10 µL acetone and methanol were used 

as negative controls and 10 µL nystatin (1 mg/mL in 

methanol) as a positive control. Then evenly spread 100 µL 

of C. albicans grown previously (in SDB medium, room 

temperature, cultivated in 48 hours) on PDA agar in a Petri 

dish. The paper disc containing the sample was then 

transferred to the surface of a PDA medium containing C. 

albicans and incubated at room temperature for 48 hours, 

in dark conditions. The activity of extract as anticandidal 
with the formation of clear zones or the diameter of 

inhibition of C. albicans growth was measured in mm. 

Anticandidal activity for determining MIC value  

The minimum inhibitory concentration (MIC) value for 

anticandidal activity, used the broth dilution method with 

serial concentration Balouiri et al. (2016). Active extracts 

were dissolved in 2.5% dimethyl sulfoxide (DMSO) and 

tested against C. albicans. One hundred microliters of the 

extract were transferred into the first tube and then serially 

diluted to make concentrations of 32, 64, 128, and 256 

μg/mL in triplicate. These samples were then placed in a 
96-well microplate and 100 μL of candidal suspension, 

containing approximately 106 CFU/mL, was added to each 

well. The microplate was incubated at 25°C for 48 hours 
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and the anticandidal test was conducted in triplicate. After 

incubation, ten microliters of 4 mg/mL sterile MTT was 

added to each well resulting in a purple color if candidal 

growth occurred. The lowest concentration that prevented 

visible growth of the microorganism, or the absence of 

color change, was considered as the MIC value of the 

sample that inhibited microorganism growth. 

Antioxidant activity using TLC Dot-Blot assay 

The extracts were dissolved in acetone to make a final 

concentration of 10 mg/mL. Ten microliters of extracts 
were transferred on a TLC plate and developed using 

dichloromethane-methanol (10:1). Separated chemical 

compounds were monitored under UV light of 254 and 366 

nm and phenolic chemical were detected by spraying with 

Folin reagent (Fathoni et al. 2021).  

Ten microliters of 10 mg/ml extracts were transferred to 

TLC plates and evaluated for antioxidants by using TLC-

DB dot blot assay according to Fathoni et al. (2022a). After 

drying, the TLC plate was sprayed with 0.2 mg/mL DPPH 

in methanol and then incubated at room temperature for 5-

10 minutes in dark conditions. A white-yellow zone around 
the extracts against a purple background on the TLC plate 

indicated the antioxidant activity of the samples. 

Antioxidant activity for determining IC50 values of 

DPPH 

Antioxidant activity for determining IC50 values of 

DPPH was carried out according to Fathoni et al. (2022b). 

The extracts were dissolved in Methanol with 1.25% 

dimethyl sulfoxide (DMSO) and were tested for 

antioxidant activity as DPPH free radical scavenging. One 

hundred microliters of the extract were transferred into the 

first tube and then serially diluted to make the 
concentrations of 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, and 

128 μg/mL in triplicate at 96-well microplate were added to 

100 μL of 61.5 μl/mL DPPH in methanol then incubated 

for 90 minutes at room temperature, in dark condition. The 

antioxidant activity of the extract was conducted in 

triplicate. The blank was methanol, while the positive 

control was catechin. The absorbance was observed at 517 

nm using Varioskan Flash (Thermo Scientific). Percent 

inhibition concentration (IC) was calculated as follows: 

 

 
 

Where: Acontrol = the absorbance of DPPH without 

samples; Asample = the absorbance of DPPH along with 

different concentrations of extracts. The IC50 values of 
DPPH were obtained from linear calibration between the 

percentage of inhibition and sample concentration. The 

antioxidant activity index (AAI) was obtained by the 

following formula:  

 

 

Correlation test between TPC, anticandidal and 

antioxidant activities 

The correlation test of TPC, anticandidal and antioxidant 

activities was performed by Pearson’s correlation (P<0.01). 

Statistical analysis  

The statistical analysis of variance of both IC50 values 

toward DPPH radical free scavenging, IDZ against C. 

albicans was performed by multiple ranges of Duncan tests 

using SPSS 16.0. The experiment was performed in 

triplicate. Data were expressed as mean ± standard deviation.  

RESULTS AND DISCUSSION 

Morphological identification of selected fungi 

The results of morphological analysis showed that 

selected fungi number 18, 45, 57, 38, 43, and 52 were 

identified as Phomopsis sp. (TcTd1Bd-1), Phomopsis sp. 

(TcBt1Bo-4), Epicoccum sp. (TcDn1Bo-2), Nigrospora sp. 

(TcBt1Be-2), Phomopsis sp. (TcBt1Bo-2), and 

Neofusicoccum sp. (TcBt2Bo-1), respectively (Figure 1).  

 

 

 

 
 
Figure 1. Pure cultures of selected endophytic fungi on PDA: A. 
No. 18 (Phomopsis sp.), 45 (Phomopsis sp.), 57 (Epicoccum sp.) 
at front view; B. No. 18, 45; 57 at back view; C. No. 38 
(Nigrospora sp.), 43 (Phomopsis sp.), 52 (Neofusicoccum sp.) at 
front view; D. No.38, 43 and 52 at back view 

 
 



 BIODIVERSITAS 24 (5): 2547-2555, May 2023 

 

2550 

 
 
Figure 2. Disc diffusion assay of some endophytic fungi extracts against C. albicans. Note: C(5): 5 µL of 1 mg/mL nystatin; C(10): 10 
µL of 1 mg/mL nystatin; C(20): 20 µL of 1 mg/mL nystatin; A: 10 µL acetone; M: 10 µL MeOH; 77: sample extract No.77; 78: sample 
extract No.78; 79: sample extract No.79; 80: sample extract No.80; 53: sample extract No.53; 18: sample extract No.18; 57: sample 
extract No.57; 59: sample extract No.59 
 

 

Anticandidal activity of extracts of endophytic fungi 
A total of 37 endophytic fungi out of 80 extracts were 

found active as anticandidal using a disc diffusion assay 

(Figure 2). Table 1 shows that some extracts had a weak 

anticandidal activity based on MIC value: >256 µg/mL (26 

extracts), moderate: 100 µg/mL <MIC<256 µg/mL (7 

extracts), and strong: MIC<100 µg/mL (4 extracts) with 

inhibition zone values varying from 7.00 ±0.00 to 18.17 ± 

0.29 mm. The strong extracts with a MIC value of 32.00 

µg/mL were Phomopsis sp. TcTd1Bd-1 (No. 18), Epicoccum 

sp. TcDn1Bo-2 (No. 57), and Phomopsis sp. TcBt1Bo-4 (No. 45). 

 

Antioxidant activity of extracts of endophytic fungi 
A total of 23 of the 80 endophytic fungi extracts were 

found to be active as antioxidants using the TLC Dot-Blot 

assay (Figure 3). In addition, the active extracts were 

further tested by TLC bioautography as well as a 

microdilution test for determining IC50 and AAI values. 

The active antioxidant compounds have shown a yellow 

spot with a purple background after spraying with the DPPH 

reagent as well as shown as phenolic compounds (dark color) 

after spraying with the Folin reagent (Figures 4 and 5).  

Table 2 shows that several extract samples had weak 

antioxidants based on AAI values: AAI< 0.5 (2 extracts), 
moderate: 0.5<AAI < 1.0 (3 extracts), strong: 1.0<AAI<2.0 

(10 extracts), and very strong: > 2.0 (8 extracts). The active 

extracts had IC50 values ranging from 7.76±0.77 to 

393.51±21.28 µg/m. Only three extracts had a very strong 

antioxidant activity with AAI values of 6.04±0.61 to 

6.64±0.63 µg/mL, namely Phomopsis sp. TcBt1Bo-2 

(No.43), Nigrospora guilinensis Mei Wang & L.Cai 

TcBt1Be-2 (No.38), and Neofusicoccum grevilleae Crous 

& R.G.Shivas TcBt2Bo-1 (No.52). 

Correlation test between TPC, anticandidal and 

antioxidant activities 

Table 3 shows Pearson correlation value that the TPC 
variable had a weak positive correlation in proportion to 

the increase in the AAI value (r-value 0.332, P <0.01) and a 

weak negative correlation or inversely proportional to the 

MIC value in the very weak category (r value -0.029). 

Meanwhile, the value of the inhibition zone diameter of 

anticandidal had a moderate negative correlation with the 

MIC value of C. albicans (r-value -0.673, P<0.01). The 
higher the inhibition zone diameter, the more moderate the 

negative correlation of the MIC value, or the better the 

anticandidal activity of the extract. 
 
Table 1. IDZ and MIC value of active extracts as anticandidal 

against C. albicans. 
 

Samples no. IDZ (mm) 
MIC value against 

C.albicans (µg/mL) 

Category of 

MIC Value 
18 17.00 ± 1.00b 32.00 Strong 
57 9.50 ± 0.00e 32.00 Strong 
45 9.17 ± 0.29ef 32.00(P) Strong 
53 18.17 ± 0.29a 64.00 Strong 
77 11.50 ± 0.50d 128.00 Moderate 
7 7.00 ± 0.00i 128.00(P) Moderate 
43 7.00 ± 0.00i 128.00(P) Moderate 
78 9.83 ± 0.29e 256.00 Moderate 
79 8.17 ± 0.29fghi 256.00 Moderate 
80 14.00 ± 0.00c 256.00 Moderate 
77 11.50 ± 0.50d 128.00 Moderate 
6 6.83 ± 0.29i >256 Weak 
9 7.00 ± 0.00i >256 Weak 
11 7.00 ± 0.00i >256 Weak 
12 8.50 ± 0.50fg >256 Weak 
21 11.67 ± 1.53d >256 Weak 
22 7.17 ± 0.29ij >256 Weak 
23 7.17 ± 0.29ij >256 Weak 
27 7.33 ± 0.29hij >256 Weak 
28 7.00 ± 0.00i >256 Weak 
30 8.33 ± 0.29fgh >256 Weak 
32 9.67 ± 0.29e >256 Weak 
33 7.67 ± 0.29ghij >256 Weak 
34 7.83 ± 0.29ghij >256 Weak 
35 8.17 ± 0.29fghi >256 Weak 
36 9.00 ± 0.00ef >256 Weak 
38 7.00 ± 0.00i >256 Weak 
39 7.00 ± 0.00i >256 Weak 
40 7.00 ± 0.00i >256 Weak 
41 7.00 ± 0.00i >256 Weak 
42 7.00 ± 0.00i >256 Weak 
44 9.00 ± 0.00ef >256 Weak 
46 9.17 ± 0.29ef >256 Weak 
48 7.00 ± 0.00i >256 Weak 
51 7.83 ± 0.29ghij >256 Weak 
54 9.67 ± 2.08e >256 Weak 
67 11.00 ± 1.00d >256 Weak 

Note: IZD: Inhibition Zone Diameter. Analysis of variance was 
performed using Duncan’s multiple ranges for IDZ values. Values 

in each column with distinctive letters are significantly different 
(P<0.05) 
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Table 2. IC50 and AAI values of active extract as an antioxidant agent 
 

Samples 

no. 

IC50 Value 

(µg/mL) 

AAI Value Category of 

AAI Value 

43 7.76±0.77a 6.64±0.63a Very strong 
38 7.95±0.73a 6.48±0.63a Very strong 
52 8.53±0.83a 6.04±0.61a Very strong 
28 9.71±0.56a 5.28±0.30b Very strong 

48 12.81±2.29a 4.08±0.69c Very strong 
5 16.34±1.85a 3.16±0.34d Very strong 
24 16.57±1.68a 3.11±0.31d Very strong 
3 25.54±1.37a 2.01±0.10e Very strong 
2 27.60±0.93a 1.86±0.06ef Strong 
47 31.11±4.70a 1.67±0.24efg Strong 
27 31.17±4.14a 1.66±0.21efg Strong 
8 39.41±18.14a 1.61±1.01efg Strong 
63 33.52±4.30a 1.55±0.20efg Strong 

16 37.56±2.68a 1.37±0.10efgh Strong 
80 43.80±10.58a 1.22±030fgh Strong 
42 44.83±4.90a 1.15±0.12fgh Strong 
59 47.49±9.24a 1.10±0.20fgh Strong 
4 50.32±3.65a 1.02±0.08gh Strong 
39 56.02±3.50a 0.92±0.06ghi Moderate 
53 73.41±11.50a 0.71±0.12hij Moderate 
17 202.20±151.35b 0.61±0.74hij Moderate 

58 245.29±46.14b 0.21±0.04ij Weak 
35 393.51±21.28c 0.13±0.01i Weak 

Note: Analysis of variance was performed using Duncan’s 
multiple ranges for IC50 and AAI values. Values in each column 
with distinctive letters differ significantly (P<0.05) 

Molecular identification of endophytic fungi 

Molecular identification results revealed that several 

active extracts had anticandidal activity against C. 

albicans, such as extract No. 18 (Phomopsis sp. TcTd1Bd-

1); No.45 (Phomopsis sp. TcBt1Bo-4); No.57 (Epicoccum 

sp. TcDn1Bo-2); Meanwhile, extracts showed very strong 

active as antioxidants by DPPH radical free scavenging 

were identified as Nigrospora sp. TcBt1Be-2 (extract No. 

38); Phomopsis sp. TcBt1Bo-2 (extract No. 43) and 

Neofusicoccum sp. TcBt2Bo-1 (extract No.52). Further 
identification based on molecular approach and neighbor-

joining (NJ) phylogenetic analysis method showed that the 

ITS sequence of Nigrospora sp. TcBt1Be-2 has the highest 

similarity and is nested in the same clade with N. 

guilinensis CGMCC 3.18124 (NR153472). Meanwhile, the 

ITS sequence of Neofusicoccum sp.TcBt2Bo-1 has the 

highest similarity and is nested in the same clade with N. 

grevilleae CPC 16999 (NR168143) (Table 4, Figure 6). 

 
Table 3. The correlation between TPC, anticandidal and 
antioxidant activities 
 

Variables 
Pearson correlations coefficient (r) 
Anticandidal Antioxidant 

MIC against C. albicans AAI value 
TPC values -0.029 0.332* 
DZH against 
C. albicans 

-0.673* NT 

Note: *= P<0.01 

 
 

Table 4. Identification of selected active endophytic fungi 

 

Samples no. Morphological Identification Molecular Identification *) 

18 Phomopsis sp. TcTd1Bd-1 ND 
45 Phomopsis sp. TcBt1Bo-4 ND 
57 Epicoccum sp. TcDn1Bo-2 ND 
38 Nigrospora sp. TcBt1Be-2 Nigrospora guilinensis CGMCC 3.18124 (Accession no: NR153472) [Similarity: 

100.00%; Max score: 953; Total score: 953; Query coverage: 100%; E-value: 0.0; 
Max identities: 516/516 (100%); Gaps: 0/516 (0%)] 

43 Phomopsis sp. TcBt1Bo-2 ND 
52 Neofusicoccum sp.TcBt2Bo-1 Neofusicoccum grevilleae CPC 16999 (Accession no: NR168143) [Similarity: 

99.14%; Max score: 998; Total score: 998; Query coverage: 100%; E-value: 0.0; 
Max identities: 581/586 (99%); Gaps: 2/586 (0%)] 

Note: *) Closest taxa based on NCBI BLAST (https://blast.ncbi.nlm.nih.gov/). ND: No Data 
 
 

 
 

Figure 3. TLC dot-blot assay for antioxidant activity of endophytic fungal extracts. Note: 1-80: 10 µL of 10 mg/mL extract in Acetone; 
C+: 10 µL of 1 mg/mL quercetin in MeOH; A: 10 µL acetone; M: 10 µL MeOH; after sprayed 0.2 mg/mL DPPH in MeOH 
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Figure 4. Chromatograms of selected active extracts as an antioxidant agent. Note: Eluent: CH2Cl2-methanol (10:1 v/v), viewed under 
visible light (A-B); under UV light of 254 nm (C-D); under UV light of 366 nm (E-F) 
 
 

 
 
Figure 5. Chromatograms of TLC bioautography toward selected active extracts as an antioxidant agent. Remark: Eluent: CH2Cl2-
methanol (10:1 v/v), after sprayed 0.2 mg/mL DPPH in MeOH(G-H); after sprayed Folin reagent (I-J) 
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Figure 6. Neighbor-joining tree of selected T. crispa endophytes strain TcBt1Be-2 and TcBt2Bo-1 based on ITS rDNA sequence. Only 
bootstrap values above 50 are shown 

 
 

 

Discussion 
The results of the present study revealed that several 

endophytic fungi possess strong anticandidal activity such 

as Phomopsis sp. TcTd1Bd-1, Phomopsis sp. TcBt1Bo-4 

and Epicoccum sp. TcDn1Bo-2, while N. guilinensis 

TcBt1Be-2., Phomopsis sp. TcBt1Bo-2 and N. grevilleae 

TcBt2Bo-1 extracts showed very strong antioxidant 

activity. Several endophytic fungi showed both 

anticandidal and antioxidant activities. From previous 

research, terpenoids from the endophytic fungus 

Phomopsis sp. ED2, isolated from Orthosiphon stamineus 

Benth has anticandidal activity (Yenn et al. 2012). In 

another study, Phomopsis asparagi (Sacc.) Grove from 
Calotropis gigantea (L.) W.T.Aiton also showed 

anticandidal activity (Nath and Joshi 2017). Epicoccum sp. 

have the capability of producing a wide range of 

biologically active secondary metabolites. These 

metabolites have been studied extensively and have 

demonstrated promising properties such as anticancer, 

antimicrobial, anti-diabetic, and cytotoxic activities 

(Fatima et al. 2016). In addition, Phomopsis sp. GJJM07 

from the medicinal plant Mesua ferrea L has antioxidant 

and anticandidal activities (Jayanthi et al. 2011), 

Nigrospora oryzae (Berk. & Broome) Petch isolated from 
Euphorbia hirta L. has good antioxidant activity in DPPH 

free radical scavenging (Gautam et al. 2022), and N. 

guilinensis TSU-EFHA009 has strong antifungal activity 
against Cryptococcus neoformans (San Felice) Vuill. as 

well as good antioxidant activity with an IC50 value of 30 

µg/mL (Supaphon and Preedanon 2019). On the other 

hand, Neofusicoccum ribis (Slippers, Crous & M.J.Wingf.) 

Crous, Slippers & A.J.L.Phillips from Bouea macrophylla 

Griff. has activity as an inhibitor of AChE and β-

glucosidase enzymes, antibacterial and antioxidant 

(Anindyawati and Praptiwi 2019), however, there is no 

information regarding antioxidants from N. grevilleae. 

The results of the anticandidal activity assay showed 

that several extracts have strong anticandidal (MIC<100 

µg/mL) against C. albicans, as well as antioxidant activity 
assay, also showed that several extracts have very strong 

antioxidants (AAI>2) as scavenging of DPPH-free radicals. 

Total phenolic content (TPC) is known to contribute to the 

antioxidant activity of natural extracts (Muflihah et al. 

2021). An isolated compound from Phomopsis sp. 

TcBt1Bo-6 (sample No.47) is (+)-epoxydone with Rf 

0.250-0.375 and a dark spot under UV of 256 nm. It has 

strong antibacterial activities against E. coli (Fathoni et al. 

2022c). This compound also has anticandidal activity 

against C. albicans with a MIC value of 50 partial 

(moderate), and antioxidant activity with IC50 >25 µg/mL 
or AAI value of <1.23 (weak antioxidant activity) 

(unpublished data). In addition, a phenolic compound from 
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the fungus Xylaria sp. DAP KRI-5 such as phloroglucinol 

has antibacterial activity (Fathoni et al. 2013). It also has 

strong antioxidant activity against DPPH free radicals with 

IC50 of 4.70±0.38 µg/mL and AAI value of 6.57±0.51 

(unpublished data). 

In this study, the TPC variable had a weak positive 

correlation with AAI value (r-value 0.332, P <0.01) and a 

weak negative with MIC value (r-value -0.029). 

Meanwhile, the value of the inhibition zone diameter 

(anticandidal) had a moderate negative correlation with the 
MIC value of C. albicans (r-value -0.673, P<0.01). The 

previous study indicated a strong correlation between total 

phenolic with antioxidant capacity (Shrestha and Dhillion 

2006). The bioactive compounds within the extract may 

have a synergistic action that causes vigorous activity for 

free radical scavenging as antioxidant agents (Praptiwi et 

al. 2018).  

This study concluded that the extract of fungal 

endophytes from T. crispa showed anticandidal and 

antioxidant activity. This report indicates that endophytic 

fungi isolated from T. crispa may have potential in the 
future as drug discovery as natural anticandidal and 

antioxidant.  
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