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Abstract. Novianti D, Elfita, Widjajanti H, Salni, Eliza, Oktiansyah R. 2025. Biodiversity, bioactivity, and chemical profile of endophytic 

fungi isolated from cashew (Anacardium occidentale). Biodiversitas 26: 2959-2969. Anacardium occidentale, called cashew, is used 

extensively in agriculture and medicine. Traditional medicine has extensively used the plant’s root barks, leaves, fruits, and seeds to cure 

various illnesses, including gastrointestinal issues, infections, and inflammation. Numerous reports have identified secondary 

metabolites that contribute to the biological activity of A. occidentale plants. The symbiotic endophytic fungi that inhabit the plant parts 

of A. occidentale may also generate bioactive substances that could be used as a source of medicine. This study examines the endophytic 

fungi associated with A. occidentale root barks, fruits, and seeds and their chemical profiles and bioactivity. Fresh tissue from root 

barks, fruits, and seeds was used to isolate endophytic fungi and identify them morphologically. The disk diffusion method was used to 

evaluate endophytic fungal extracts for antibacterial activity, while the DPPH method was used to test for antioxidant activity. Each 

endophytic fungal isolate's antibacterial and antioxidant activity was compared to the activity of the host plant. Endophytic fungal 

extracts with the same morphological characteristics in each plant part were subjected to GC-MS analysis to determine their chemical 

profiles. Sixteen endophytic fungal isolates were successfully isolated, including 8 isolates from root barks (RM1-RM8), 2 isolates from 

fruits (FM1-FM2), and 4 isolates from seeds (SM1-SM4). It shows that the highest number of endophytic fungi was found in the root 

bark, followed by the seed and fruit. The bioactivity of endophytic fungi in each organ is the same as that of its plant part. The results of 

morphological identification show that Aspergillus niger was found in all plant parts, namely in the root bark (RM7), fruit (FM1), and 

seeds (SM4). The antibacterial and antioxidant activities of A. niger isolates from the three different plant parts were varied. The results 

of the GC-MS analysis show that the endophytic fungal extract of A. niger in each plant part also has varying chemical profiles. The 

findings of this study can be used as information for drug development. 
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INTRODUCTION 

Endophytic fungi, living within plant tissues without 

harming the host, are of great interest for their potential to 

produce bioactive compounds with medicinal properties, 

including antimicrobial, anticancer, antioxidant, and anti-

inflammatory effects (Renteria et al. 2022; Tripathi et al. 

2022). As plants are natural sources of beneficial compounds, 

studying their endophytic fungi provides valuable insights 

for drug discovery and sustainable product development. 

This paper explores the role of endophytic fungi from 

Anacardium occidentale L., focusing on their biodiversity, 

bioactivity, and chemical profile. 

Infectious diseases are caused by microorganisms, such 

as bacteria, viruses, fungi, or parasites, that infect the body. 

Symptoms can vary from fever and fatigue to specific 

symptoms, depending on the type of pathogen and the part 

of the body infected (Ristori et al. 2024; Shukla et al. 2024; 

Soni et al. 2024). Preventing infectious diseases involves 

vaccination, maintaining good hygiene, and using antibiotics 

or antivirals. Advances in medical technology play a 

significant role in diagnosing and treating infections, 

allowing for faster identification of pathogens and more 

effective therapy (Laupèze et al. 2021). In the treatment of 

infections, antibiotic resistance remains a major issue, so it 

is important to use drugs carefully, and research is needed 

for the development of new remedies (Nwobodo et al. 

2022; Muteeb et al. 2023; Oliveira et al. 2024). Therefore, 

searching for natural ingredients with antioxidant and 

antibacterial properties is necessary. 

Antioxidants and antibacterials protect cells from 

oxidative stress, preventing aging and chronic illnesses 

(Makarewicz et al. 2021; Mucha et al. 2021; Komariah et 

al. 2023; Tapias et al. 2023; Wijesekara and Xu 2023; 

Asiminicesei et al. 2024). Fruits, vegetables, and whole 

grains are natural sources of antioxidants containing 

flavonoids, vitamin C, and vitamin E (Zdrojewicz et al. 

2018; Al-Ishaq et al. 2019; Pasini et al. 2021; Rudiana et al. 
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2021; Petrucci et al. 2022; Platzer et al. 2022; Pruteanu et 

al. 2023). Conversely, antibacterials are compounds that 

eradicate germs and infections and hasten the healing of 

wounds (Cock and Cheesman 2019; Almanaa et al. 2022; 

Nguyen and Bhattacharya 2022; Kaczmarek-Szczepańska 

et al. 2023). Antibacterials could be antibiotics, as well as 

natural ingredients, such as honey, garlic, and essential oils 

(Saini and Keum 2018; Dougoud et al. 2019; Kurek‐Górecka 

et al. 2020; Khalil et al. 2021; Tomas et al. 2022; 

Elbestawy et al. 2023). The presence of antioxidants and 

antibacterials provides double protection, improves the 

immune system, and maintains overall health (Girirajan et 

al. 2011; Ebrahimi et al. 2023; Falakdin et al. 2023; Song et 

al. 2023). One plant with antioxidant and antibacterial 

activity is cashew (A. occidentale). 

Traditional uses of A. occidentale are very diverse, 

particularly in native and cultivated areas. Its root barks 

treat hypertension and malaria, while its leaves heal 

wounds and infections (de Sousa Leite et al. 2016; Salehi et 

al. 2019; Gutiérrez-Paz et al. 2024). Cashew apple has anti-

inflammatory, antimicrobial properties; cashew nuts 

contain antioxidants, polyphenols, and beneficial 

compounds (Schultz et al. 2018; dos Santos et al. 2020; da 

Silva et al. 2024). However, excessive harvesting disrupts 

ecosystems. Sustainable production and conservation, 

including endophytic fungi, are essential to maintaining 

ecological balance while utilizing their medicinal 

properties (Chaachouay and Zidane 2024; Ekor 2014). 

Endophytic fungi reside in plant tissues without harming 

their hosts, benefiting plants by enhancing growth, stress 

resilience, and disease resistance (García-Latorre et al. 2023; 

Shen et al. 2024; Vimal et al. 2024; Elfita et al. 2024). The 

most significant potential of endophytic fungi lies in 

producing bioactive compounds with antimicrobial, 

anticancer, antioxidant, and anti-inflammatory properties, 

making them valuable for drug discovery (Adeleke and 

Babalola 2021; Singh et al. 2021; Renteria et al. 2022; 

Tripathi et al. 2022; Singh and Kumar 2023; Vimal et al. 

2024). In addition to its bioactivity, most studies also found 

that in one plant part, there are many types of endophytic 

fungi. It indicates that the biodiversity of endophytic fungi 

in one part of the plant, such as leaves, stems, or roots, is 

very high (Oktiansyah et al. 2018; Elfita et al. 2023; 

Oktiansyah et al. 2024; Shen et al. 2024). This diversity 

aids ecosystem health and enables unique therapeutic 

discoveries. Additionally, utilizing endophytic fungi for 

drug development supports plant conservation by reducing 

the direct exploitation of rare species, promoting 

sustainability and ecosystem balance. 

MATERIALS AND METHODS 

Sample preparation and isolation of endophytic fungi 

Fresh A. occidentale samples were collected from the 

Ilir Barat I area, South Sumatra, Indonesia (Lat -2.991734° 

Long 104.706552°). The samples were then identified at 

Generasi Biologi Indonesia (08.115/Genbinesia/IX/2023). 

The parts used were the root barks, fruits, and seeds of A. 

occidentale. The samples were washed under running water 

until clean. The samples were surface sterilized in Laminar 

Air Flow by soaking them in 70% alcohol and then rinsing 

for about a minute in sterile distilled water. After soaking 

in sodium hypochlorite (NaOCl) for approximately 30 

seconds, the samples were washed once more with 70% 

alcohol and sterile distilled water. The sterile samples were 

cut aseptically. The samples were cultured on PDA in a 

petri dish at room temperature for three to seven days. 

Observations were made every day until the fungus 

appeared to grow. The colony was purified by re-culturing 

on a fresh PDA medium and incubating at room 

temperature for 48 hours. Purified fungal colonies were 

transferred to culture media to observe macroscopic and 

microscopic characters (Oktiansyah et al. 2023). 

Cultivation and extraction of endophytic fungi 

Pure colonies of endophytic fungi isolated from root 

barks, fruits, and seeds grown on Potato Dextrose Agar 

(PDA) were cut into plugs measuring 5 mm in diameter. 

The agar plugs were aseptically inoculated into fifteen 

culture bottles containing 300 mL of Potato Dextrose Broth 

(PDB). The culture was kept in a static environment at 

room temperature for 30 days. After incubation, the filter 

paper separated the mycelia from the media. The medium 

(1:1) was macerated with ethyl acetate. The ethyl acetate 

extract was evaporated using a rotary evaporator and 

concentrated using an oven at 45°C. The concentrated 

extract was then weighed (Hapida et al. 2021). 

Characterization and identification of endophytic fungi 

Endophytic fungal colonies were characterized at 3-7 

days, including color, texture (floury, cotton, granular, 

slimy), radial lines, concentric circles, and exudate droplets. 

Microscopic characteristics were carried out by making 

microscope preparations using Henrici's slide culture 

method. The spores' form and the existence or absence of 

septa in the hyphae were among the microscopic 

observations (Walsh et al. 2018). Identification was done 

by comparing the macroscopic and microscopic features 

with the literature (Watanabe 2010; Walsh et al. 2018). 

Antioxidant activity test  

Antioxidant activity is measured using the DPPH 

technique. Methanol was used as a solvent to dissolve 

endophytic fungal extract at 1000, 500, 250, 125, 62.5, 

31.25, and 15.625 µg/mL. The analysis was carried out in 

triplicate. 0.2 mL of extract in each concentration was 

added to 3.8 mL of 0.5 mM DPPH solution. After 

homogenizing, it was placed in a dark tube and left for half 

an hour. The absorbance was measured using a UV Vis 

spectrophotometer at λmax 517 nm (Oktiansyah et al. 

2023). Ascorbic acid was employed as an antioxidant 

standard in this test. Antioxidant activity was determined 

using the IC50 value and the percentage of inhibition of 

DPPH absorption (Abbas et al. 2021). 

 

Where: 

Ak : Absorbance of control  

As : Absorbance of samples  
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Antibacterial activity test 

The antibacterial activity test was conducted using the 
Kirby-Bauer disk diffusion method. The test bacteria 

included Salmonella typhi (IPCCCB.11.669), Staphylococcus 

aureus (ATCC 25923), Bacillus subtilis (ATCC 6633), and 
Escherichia coli (ATCC 25922). Endophytic fungal extracts 

were applied at a concentration of 400 µg/disk. Negative 
control disks contained 10 µL of DMSO, while positive 

control disks were treated with 30 µg of tetracycline. Paper 

disks were placed on Petri dishes inoculated with the test 
bacteria, followed by incubation at 37°C for 24 h. The 

inhibition zones were measured in diameter using a caliper. 

The inhibition zone diameter was evaluated based on 
established criteria (Hapida et al. 2021): 

Weak : ×100%<50%; Medium: 50%< ×100%<70%; 

Strong : ×100%>70% 

Where : 

A : Sample inhibition zone (mm) 

B : Antibiotic inhibition zone (mm) 

Chemical profile analysis of identical endophytic fungal 

extracts in different organs 

Using GC-MS, morphologically identical endophytic 

fungi isolated from root bark organs, fruits, and seeds were 
analyzed for their chemical profiles. Chemical profile 

identification techniques for the three identical endophytic 

fungal extracts by comparing retention time, % area, 
tentative identification of compounds based on the library's 

database, and similarity index. 

RESULTS AND DISCUSSION 

Isolation and identification of endophytic fungi associated 

with the root bark of cashew (Anacardium occidentale) 

Eight isolates (RM1 to RM8) of endophytic fungi were 

successfully isolated from the root barks of cashews. The 

colony of eight endophytic fungal isolates displayed a 
variety of macroscopic traits (such as color and shape) and 

unique microscopic traits (Figure 1). Endophytic fungal 

colonies associated with cashew root bark samples were 
primarily white, gray, black, and yellow. Tables 1 and 2 

show the macroscopic and microscopic characteristics of 
fungal endophytes from root bark. 

The colony of each endophytic fungus from cashew 

root barks is described morphologically in Tables 1 and 2. 
There are 8 genera of endophytic fungus, including 

Aspergillus (3 isolates: RM1, RM6, RM8), Trichoderma (1 
isolate: RM5), Fusarium (1 isolate: RM4), Sirococcus (1 

isolate: RM3), Phomopsis (1 isolate: RM2), and Lasiodiplodia 

(1 isolate: RM7). Eight isolates of endophytic fungi from 
cashew root barks were identified based on their 

macroscopic and microscopic morphological characters. 

Isolation and identification of endophytic fungi from 

cashew (Anacardium occidentale) fruit 

There were 2 isolates were isolated from cashew fruit 

(FM1 to FM2). The colonies of the 2 endophytic fungal 

isolates displayed a variety of macroscopic traits (color and 

shape) and unique microscopic traits (Figure 2). The endophytic 

fungi from cashew fruit were primarily green and black. 

Tables 3 and 4 present the macroscopic and microscopic 

characters of endophytic fungal isolates from cashew fruit. 

The physical features of the endophytic fungal colonies 

on cashew fruit in each isolate are presented in Tables 3 

and 4. There are 2 genera of endophytic fungi isolated from 

cashew fruit, namely Aspergillus (1 isolate: FM1) and 

Trichoderma (1 isolate: FM2). Two endophytic fungal 

isolates from cashew fruit were identified based on their 

macroscopic and microscopic morphological characters. 

Isolation and identification of endophytic fungi from 

cashew (Anacardium occidentale) seeds 

Four isolates (SM1 through SM4) were isolated from 

cashew seeds. The four endophytic fungal isolates have 

unique microscopic and various macroscopic characteristics 

(color and form) (Figure 3). Black, gray, and white were 

the colors of the colonies that were isolated from the 

cashew seed samples. The macroscopic and microscopic 

characteristics of fungal endophytes from cashew seeds are 

presented in Tables 5 and 6. 

The morphological characters of the endophytic fungal 

colonies from cashew seeds are in Tables 5 and 6. 

Aspergillus (1 isolate: SM4), Collectrotrichum (1 isolate: 

SM1), Penicillium (1 isolate: SM2), and Nigrospora (1 

isolate: SM3) are the four genera of endophytic fungi that 

are present in cashew seeds. Four endophytic fungal 

isolates from cashew seed were identified based on their 

macroscopic and microscopic morphological characteristics. 

Biodiversity of endophytic fungi isolated from Anacardium 

occidentale 

The plant parts used for endophytic fungal isolation 

were the root barks, fruits, and seeds of A. occidentale. 

Nine genera were obtained from 16 fungal isolates. Table 7 

displays the endophytic fungal genera. 

Analysis of fungal diversity in different parts of A. 

occidentale showed distinct fungal colonization patterns 

(Table 7). A total of 16. isolates from 9 genera were 

identified, with Aspergillus as the most dominant genus, 

present in all parts (root barks, fruits, and seeds), while 

other genera only appeared in specific tissues. The 

differences highlight the tissue-specific association of 

endophytes, suggesting that different plant tissues influence 

the colonization of fungal species. Further diversity indices 

support this observation, with the Simpson Index of 

diversity (1-D) showing that root barks (0.7813) had the 

highest fungal diversity, followed by seeds (0.75) and fruits 

(0.5). Shannon Diversity Index (H') showed the highest 

diversity in root barks (1.667) and the lowest in fruits 

(0.6931), confirming that root barks provide a more complex 

habitat for fungal colonization. 
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Table 1. Macroscopic characteristics of endophytic fungi.colonies from the cashew (Anacardium occidentale) root bark 

 

Code Surface colony Reverse colony Structure Elevation Pattern 
Exudate 

drops 

Radial 

line 

Concentric 

circle 

RM1 Black White Powder Umbonate  Spread - - - 

RM2 White White Velvety Umbonate  Plat - √ √ 

RM3 White White Cottony Verrucose Plat - - √ 

RM4 Grey  Grey to dark Cottony Umbonate  Zonate  - - √ 

RM5 White  White to brown Cottony Rugose Flowery - √ √ 

RM6 Black White Powder Umbonate  Spread - - - 

RM7 White White Cottony Rugose Zonate - √ - 

RM8 White to yellow White Powder Umbonate  Spread - - - 

 

 

Table 2. Microscopic characteristics of endophytic fungi colonies from the cashew (Anacardium occidentale) root bark 

 

Isolate Spore Shape Hyphae Characteristic Species of identification 

RM1 Conidia Subglobose Septate Phialides are biseriate, radiating around the entire vesicle, and have 

metulae twice as long as phialides. 

Aspergillus niger 

RM2 Conidia Globose Septate. These hyphae form pycnidia structures. Phomopsis sp. 

RM3 Conidia Fusiform Septate These conidiophores are usually unbranched or sparsely branched, 

short to medium-sized, and hyaline 

Sirococcus piceicola 

 

RM4 RM3 Conidia Septate Phialides are usually bottle-shaped with a wide base and narrow tip. Fusarium sp. 

RM5 Sporangia Subglobose Septate In the early stages of growth, the hyphae are white and fluffy. Trichoderma sp. 

RM6 Conidia Subglobose Septate Phialides, which are biseriate, radiate around the entire vesicle. Aspergillus sp. 

RM7 Conidia Subglubose Septate Hyaline, simple, globosely inflated conidiophores. Lasiodiplodia theobromae 

RM8 Conidia Subglubose Septate Phialides radiate around the entire vesicle. Aspergillus sp. 

 

 

  
A B C  A B C 

  
A B C  A B C 

  
A B C  A B C 

  
A B C  A B C 

 

Figure 1. Characteristics of endophytic fungi colonies from cashew root barks. A. Front view, B. Reverse view, C. Microscopic 
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Table 3. Characteristics of endophytic fungi colonies from cashew fruit 

 

Code Surface colony Reverse colony Structure Elevation Pattern Exudate drops Radial line Concentric circle 

FM1 Black White Powder Umbonate  Spread - - - 

FM2 Green Green  Powder Umbonate  Spread - - - 

 

 

 

Table 4. Microscopic characteristics of endophytic fungi from cashew fruit 

 

Isolate Spore Shape Hyphae Characteristic Species of identification 

FM1 Conidia Subglobose. Septate With metulae. twice as long as phialides, phialides are biseriate and 

radiate around the entire vesicle 

Aspergillus niger 

FM2 Sporangia Subglobose Septate The hyphae are only beginning to grow Trichoderma sp. 

 

 

 

Table 5. Characteristics of endophytic fungi colonies isolated from cashew seeds 

 

Code Surface colony Reverse colony Structure Elevation Pattern Exudate drops Radial line Concentric circle 

SM1 White to grey White to grey Cottony Umbonate  Zonate - - - 

SM2 Grey  Grey Cottony Umbonate Spread - - - 

SM3 Grey  White Cottony Umbonate  Zonate - - √ 

SM4 Black Black Velvety Umbonate  Spread - - - 

 

 

 

Table 6. Microscopic characteristics of endophytic fungi from cashew seed 

 

Isolate Spore Shape Hyphae Characteristic Species of identification 

SM1 Conidia Subglubose Septate Conidiophores hyaline, branched, phialides short Colletotrichum sp. 

SM2 Conidia Subglubose Septate  Erect Conidiophores, slightly rough Penicillium sp. 

SM3 Conidia Glubose Septate Simple Conidiospores, hyaline, bearing single conidia apically Nigrospora sp. 

SM4 Conidia Subglobose Septate With metulae twice as long as phialides, phialides are biseriate and 

radiate around the entire vesicle 

Aspergillus niger  

 

 

 

Table 7. Diversity of endophytic fungi isolated from root bark, 

fruit, and seed of Anacardium occidentale 

 

Genera 
Part of A. occidentale 

Total 
Root bark Fruit Seed 

Aspergillus 3 1 1 5 

Colletotrichum 0 0 1 1 

Fusarium 1 0 0 1 

Lasiodiplodia 1 0 0 1 

Nigrospora 0 0 1 2 

Penicillium 0 0 1 1 

Phomopsis 1 0 0 1 

Sirococcus 1 0 0 2 

Trichoderma 1 1 0 2 

Simpson Index (D) 0.2188 0.5 0.25 - 

Simpson Index of diversity (1-D) 0.7813 0.5 0.75 - 

Shannon Index of diversity (H’) 1.667 0.6931 1.386 - 

 

Antibacterial and antioxidant activities of endophytic 

fungal extracts 

Endophytic fungal extracts isolated from the root barks, 

fruits, and seeds of A. occidentale were analyzed for their 

antibacterial and antioxidant properties (Table 8). The 

extracts showed different antibacterial and antioxidant 

activities. 

The antibacterial and antioxidant properties of the 

methanol extract of cashew plant parts and its endophytic 

fungal extracts are shown in Table 8. The extracts of RM2, 

RM3, RM4, RM5, RM7, FM2, SM1, SM2, and SM4 

showed potent antibacterial activity. RM3, RM4, RM7, 

RM8, SM1, SM2, and SM4 extracts were included in the 

strong category of antioxidant activity (<100 𝜇g/mL). 

Based on these data, the extract of RM7 showed the most 

potential antibacterial and antioxidant activities compared 

to other endophytic fungal isolate extracts. However, 

compared to the methanol extract of the host plant, the 

extract of isolate RM7 had better antibacterial activity 

because it could inhibit the growth of the four test bacteria. 

The antioxidant activity of the host plant extract was better, 

and it was categorized as a very strong antioxidant. 

Therefore, the RM7 isolate extract is a promising source of 

new drug ingredients. 



 B IO DIVERSITAS  26 (6): 2959-2969, June 2025 

 

2964 

Table 8. Antibacterial and antioxidant activity of endophytic fungal extract from cashew (Anacardium occidentale) 

 

Sample 
Methanol 

extract 

Weight 

(g) 

% Antibacterial activity Antioxidant activity. 

IC50 (µg/mL) E. coli S. aureus S. thypi B. subtilis 

Host plant Root bark 1.2 65,9±0,49** 68,3±0,64** 66,7±0,36** 65,2±1,89** 15,619**** 

Fruit 1.2 60,4±0,54** 60,9± 0,37** 59,6±0,14** 60,1±0,16** 18,074**** 

Seed 0.9 61,9±0,52** 63,2±0,64** 62,6±0,73** 61,6±0,89** 19,024**** 

Endophytic 

fungi 

RM1 3.8 51,9±1,16** 51,7±0,36** 52,4± 0,60** 52,1±0,49** 106,168** 

RM2 1.2 83,4±0,60*** 82,8±0,16*** 80,3±0,37*** 80,1±1,26*** 117,545** 

RM3 1.4 80,3±0,18*** 80,6±0,36*** 82,2±0,60*** 82,6±0,37*** 55,017*** 

RM4 1.0 71,6±0,37*** 70,4±0,54*** 70,8±0,16*** 71,2±0,28*** 62,862*** 

RM5 0.8 82,8±0,90*** 81,3±0,37*** 78,9±0,54*** 78,2±1,64*** 509,806* 

RM6 3.6 65,3±1,18** 62,6± 0,51** 65,1± 1,79** 65,9±0,37** 517,693* 

RM7 1.2 82,9±0,60*** 73,1±0,39*** 75,7±0,37*** 76,4±0,89*** 35,446*** 

RM8 1.1 67,4±0,79** 66,1±1,19** 63,8± 0,4** 69,1±0,16** 76,531*** 

FM1 5.6 61,1±0,14** 61,7±0,60** 61,4± 0,37** 60,8±0,76** 506,183* 

FM2 0.9 70,5±0,54*** 70,3±0,31*** 71,1±0,54*** 71,5±0,16*** 487,275** 

SM1 1.9 74,1±0,16*** 73,8±0,36*** 76,3±0,48*** 70,9±0,16*** 65,166*** 

SM2 1.5 70,6±0,18*** 70,2±0,31*** 71,6±0,60*** 70,9±0,54*** 70,089*** 

SM3 3.6 68,4±0,44** 67,7±0,56** 75,4± 0,16** 751,1±0,48** 356,962** 

SM4 1.1 73,9±0,60*** 72,8±0,37*** 76,2±0,65*** 76,1±0,89*** 41,507*** 

Positive control Tetracyclin 

100*** 

Tetracyclin 

100*** 

Tetracyclin 

100*** 

Tetracyclin 

100*** 

Ascorbic acid 

10,083**** 

Note: endophytic fungi from root bark (RM1-RM8), endophytic fungi from fruit (FM1-FM2), endophytic fungi from seed (SM1-SM4). 

The percentage of antibacterial activity is: ***>70% (strong), **50-70% (moderate), and *<50% (weak); for The antioxidant's IC50 

(mg/mL): ****strong<100 𝜇g/mL; **moderate 100-500 𝜇g/mL; * mild>500 𝜇g/mL; ****very strong<20 𝜇g/mL (Elfita et al. 2023) 
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Figure 2. Characteristics of endophytic fungal colonies from cashew fruit. A. Front view, B. Reverse view, C. Microscopic 

 

 

Chemical profile of endophytic fungus Aspergillus niger 

in root bark, fruit, and seed 

The analysis and identification of the chemical content 

of endophytic fungal extract can be used as a guide for its 

use as a source of medicinal ingredients and industrial 

goods, including food, drink, and cosmetics. Moreover, 

investigating the chemical composition of endophytic fungi 

might facilitate the development of novel techniques for 

extracting and purifying compounds and enhance scientific 

comprehension of these fungi's molecular biology and 

chemistry. 

Gas Chromatography-Mass Spectrometry, or GC-MS, 

is an analytical technique that detects and identifies 

chemical compounds in samples. This technique effectively 

separates compounds based on their volatility and 

molecular mass, providing a detailed chemical profile. GC-

MS is capable of detecting major and minor compounds in 

complex samples. Three extracts of A. niger isolated from 

various parts of the cashew plant using GC-MS identified 

several bioactive compounds with potential antibacterial 

and antioxidant properties and their chemical composition. 

Morphological analysis showed that A. niger was present in 

three plant parts of cashew, namely root barks (RM1), 

fruits (FM1), and seeds (SM4). 

Figure 4 shows variations in chemical composition. The 

major compounds of A. niger extract from root bark (RM1) 

were ethoxymethoxyacetic acid, ethyl ester (13.35%), 5-

acetoxymethyl-2-furaldehyde (11.92%), and 2,3-butanediol, 

diacetate (11.62%), as well as trace amounts of methylene 

diamine, 1-(hydroxymethyl)-1,2-ethanediyl ester (2.54%), 

and hexadecanoic acid, N, N'-diacetyl- (2.71%). Fruit 

extract (FM1) was dominated by 5-hydroxymethylfurfural 

(12.18%) and 5-acetoxymethyl-2-furaldehyde (10.43%), with 

minor compounds such as ethyl palmitate (2.29%), 4H-Pyran-

4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- (2.25%), Ethyl 

2-butoxyacetate (2.23%), and 4-Nitrophenyl laurate (2.21%). 

Seed extract (SM4) contained major compounds such as 

phthalic acid, di(2-propylpentyl) ester (14.60%), β-sitosterol 

(11.60%), and n-hexadecanoic acid (8.61%). Minor 

compounds detected included campesterol (2.27%), tris(1-

chloropropan-2-yl) phosphate (2.16%), and Octadecanoic 

acid (stearic acid) (2.07%). The analysis revealed that the 

extract of endophytic fungi, i.e., A. niger, contained a 

variety of bioactive compounds with different antioxidant 

and antibacterial properties. 
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Figure 3. Characteristics of endophytic fungi colonies from cashew seeds. A. Front view, B. Reverse view, C. Microscopic 

 

 

Discussion 

The study's findings showed the biodiversity of 

endophytic fungi associated with different plant parts of 

cashew (Anacardium occidentale). Aspergillus is the most 

dominant genus in all parts (root barks, fruits, and seeds), 

while other genera only appear in specific tissues. Diversity 

Indices showed that the root barks had the highest fungal 

diversity (H'), and the fruits had the lowest. These values 

suggest that root barks offer a more supportive environment 

for diverse fungal communities, possibly due to their closer 

interaction with the soil and its nutrient-rich nature, compared 

to the relatively exposed and nutrient-poor root bark and 

fruit. The stems and fruits of the plant contain lower levels 

of nutrients relative to the roots, reflecting their reduced 

ability to assimilate nutrients compared to root tissues 

(Hashem et al. 2023; Vimal et al. 2024). Stems support and 

connect plant parts, while fruits focus on reproduction. 

Both have high air content and little organic matter that can 

be utilized by microorganisms. Roots have direct access to 

nutrient sources from the soil, supporting endophytic fungi 

growth. Endophytic fungal communities are well known to 

be strongly influenced by the type of plant tissue, with root 

barks often supporting higher diversity due to their direct 

exposure to various soil microbes (Hashem et al. 2023; 

Vimal et al. 2024). The high diversity of endophytic fungi 

from the root barks also aligns with the findings from the 

root bark of mangroves, in which root barks function as 

hotspots for microbial interactions (Sui et al. 2023). 

Nonetheless, the widespread distribution of Aspergillus 

throughout the plant may suggest that it is a fundamental 

component of the A. occidentale microbiome that can adapt 

to various plant tissues, which aligns with earlier findings. 

The low diversity in the fruit may be due to the seasonal 

nature of the fruit and the limited time for endophytic fungal 

colonization (Wang et al. 2022; Liu et al. 2024; Öncel and 

Özkılınç 2025). 

The findings of this study demonstrated the potential of 

endophytic fungal extracts from cashew seeds, fruits, and 

root barks as a natural source of potent antioxidant and 

antibacterial chemicals. Aspergillus niger (Isolates RM7, 

FM1, and SM4), an endophytic fungus, is colonized all 

parts of the plant. The fungus Aspergillus niger is an 

opportunistic pathogen that grows in a variety of 

environments. Its spores are easily dispersed through the 

air (aerosol) and might enter the human respiratory system 

by inhalation, leading to the development of allergies 

(Mousavi et al. 2016; Latgé and Chamilos 2020; Yu et al. 

2021). However, despite being a disease, research shows 

that A. niger may spread quickly and associate with plants; 

its host specificity is unknown (de Souza Marques Mundim 

et al. 2022; Garrigues et al. 2022; Lahlali et al. 2022; Silva 

et al. 2022). It is well known that fungi isolated from 

medicinal plants exhibit strong bioactivity (Brazkova et al. 

2022; Chugh et al. 2022; Rehman et al. 2022; Vaou et al. 

2022). It suggests that the fungus A. niger, which is present 

in root barks, fruits, and seeds of A. occidentale, can 

produce secondary metabolites that are also present in its 

host plant. A. niger isolated from medicinal plants has been 

shown in numerous investigations and possessing antibacterial 

and antioxidant properties due to the compounds' structural 

resemblance to those of their host plants (Stan et al. 2021; 

Rahimi et al. 2022; Wei et al. 2022).  

The methanol extract of A. occidentale (Table 3) 
demonstrated substantial antioxidant activity comparable to 

ascorbic acid and moderate antibacterial activity against the 
four test pathogens. The presence of this bioactivity is 

closely related to its chemical content. The root barks, 

fruits, and seeds of A. occidentale predominantly contain 
secondary metabolites from the polyphenol, tannin, and 

flavonoid classes. Several studies have also revealed that A. 
occidentale extract contains anacardic acid, cardanol, 

cardol, and 2-methyl cardol compounds (de Sousa Leite et 

al. 2016; Salehi et al. 2019; Gutiérrez-Paz et al. 2024). The 
content of polyphenols, flavonoids, and anacardic acid has 

been known to have antibacterial and antioxidant activity 
(Bouarab-Chibane et al. 2019; Makarewicz et al. 2021; 

Brazkova et al. 2022; Roy et al. 2024).  
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Figure 4. GC-MS chromatogram and identified chemical compounds of endophytic fungal extracts of Aspergillus niger from root bark 

(RM1), fruit (FM1), and seeds (SM4) 
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The antibacterial activity of endophytic fungal extract 

ranged in the moderate to strong categories, but its 

antioxidant activity was categorized into four categories, 

i.e., weak, moderate, strong, and very strong (Table 7). 

Isolates RM7, FM1, and SM4 had different antibacterial 

and antioxidant activities, although the three isolates were 

identified as A. niger. Isolate RM7 has better antibacterial 

activity (>70%) against the four tested bacteria and 

antioxidant activity (an IC50 value of 35.446 µg/mL) than 

FM1 and SM4 isolates. 

GC-MS analysis revealed that there are similarities and 

differences in compound content. Several metabolites were 

present in more than one extract, such as 5-

Hydroxymethylfurfural and 5-Acetoxymethyl-2-furaldehyde 

in root bark (RM1) and fruit (FM1) extracts. These compounds 

are carbohydrate degradation products often found in plant 

tissues (Jilani and Oslon 2023). In addition, Diisooctyl 

phthalate and Ammonium acetate were also found in both 

organs, which may have come from environmental sources 

or plant metabolic processes (Prasad et al. 2022). Meanwhile, 

palmitic acid (n-Hexadecanoic acid) was present in seed 

extract (SM4) and fruit extract (FM1). Palmitic acid is a 

common fatty acid in plants and plays a role in cell 

membrane formation and lipid metabolism (Carta et al. 2017). 

The differences in compound composition were present in 

each extract. Seed extract (SM4) contains phytosterols such 

as β-Sitosterol, α-Sitosterol, stigmasterol, and Campesterol, 

which are commonly found in plant storage tissues. Fruit 

extract (FM1) contains Astaxanthin and several furan 

derivative compounds, often appearing during fruit ripening. 

Root bark extract (RM1) contains Ethoxymethoxyacetic 

acid, ethyl ester, 2,3-butanediol, and diacetate, which play a 

role in interactions with the environment or microorganisms in 

the soil. Differences in chemical content occur due to the 

physiological function of plant parts. Seeds function to 

store food reserves and embryos for germination and plant 

development. Root barks absorb water and nutrients from 

the soil and store food reserves and growth hormones. 

Physiologically, fruit develops from the ovary after 

pollination and fertilization occur. Fruit is energy storage 

through sugars, organic acids, and other bioactive compounds 

essential for seed growth. Differences in the type of 

endophytic fungi from each part of the plant give each part 

a unique compound (Lopez and Barclay 2017). 

The findings showed that endophytic fungal species in 

various plant parts may not always exhibit the same level 

of bioactivity. GC-MS analysis revealed that the extract of 

A. niger isolated from different plant parts have differences 

and similarities in compound content. Differences in chemical 

compounds in the A. niger extract resulted in differences in 

antibacterial and antioxidant activities. 

ACKNOWLEDGEMENTS 

The authors thank Universitas Sriwijaya, Palembang, 

Indonesia, for financially supporting this study through the 

Skema Penelitian Unggulan Profesi program under the 

Rector's Decree No. 0125.026/UN9/SB3.LP2M.PT/2024. 

REFERENCES 

Abbas S, Shanbhag T, Kothare A. 2021. Applications of bromelain from 

pineapple waste towards acne. Saudi J Biol Sci 28 (1): 1001-1009. 

DOI: 10.1016/j.sjbs.2020.11.032. 
Adeleke BS, Babalola OO. 2021. Pharmacological potential of fungal 

endophytes associated with medicinal plants: A review. J Fungi 7 (2): 

147. DOI: 10.3390/jof7020147. 

Al-Ishaq RK, Abotaleb M, Kubatka P, Kajo K, Büsselberg D. 2019. 

Flavonoids and their anti-diabetic effects: Cellular mechanisms and 
effects to improve blood sugar levels. Biomolecules 9 (9): 430. DOI: 

10.3390/biom9090430. 

Almanaa TN, Rabie G, El-Mekkawy RM, Yassin MA, Saleh N, El-Gazzar 

N. 2022. Antioxidant, antimicrobial and antiproliferative activities of 

fungal metabolite produced by Aspergillus flavus on in vitro study. 
Food Sci Technol 42: 1-10. DOI: 10.1590/fst.01421. 

Asiminicesei D-M, Fertu DI, Gavrilescu M. 2024. Impact of heavy metal 

pollution in the environment on the metabolic profile of medicinal 

plants and their therapeutic potential. Plants 13 (6): 913. DOI: 

10.3390/plants13060913. 
Bouarab-Chibane L, Forquet V, Lantéri P, Clément Y, Léonard-Akkari L, 

Oulahal N, Degraeve P, Bordes C. 2019. Antibacterial properties of 

polyphenols: Characterization and QSAR (Quantitative Structure-

Activity Relationship) models. Front Microbiol 10: 829. DOI: 

10.3389/fmicb.2019.00829. 
Brazkova M, Angelova G, Mihaylova D, Stefanova P, Pencheva M, 

Gledacheva V, Stefanova I, Krastanov A. 2022. Bioactive metabolites 

from the fruiting body and mycelia of newly-isolated oyster mushroom 

and their effect on smooth muscle contractile activity. Foods 11 (24): 

3983. DOI: 10.3390/foods11243983. 
Carta G, Murru E, Banni S, Manca C. 2017. Palmitic acid: Physiological 

role, metabolism and nutritional implications. Front Physiol 8: 902. 

DOI: 10.3389/fphys.2017.00902. 

Chaachouay N, Zidane L. 2024. Plant-derived natural products: A source 
for drug discovery and development. Drugs Drug Candidates 3 (1): 

184-207. DOI: 10.3390/ddc3010011. 

Chugh RM, Mittal P, Mp N, Arora T, Bhattacharya T, Chopra H, Cavalu 

S, Gautam RK. 2022. Fungal mushrooms: A natural compound with 

therapeutic applications. Front Pharmacol 13: 925387. DOI: 
10.3389/fphar.2022.925387. 

Cock IE, Cheesman M. 2019. The potential of plants of the genus Syzygium 

(Myrtaceae) for the prevention and treatment of arthritic and autoimmune 

diseases. In: Watson RR, Preedy VR (eds). Bioactive Food as Dietary 

Interventions for Arthritis and Related Inflammatory Diseases (2nd 
eds). Academic Press, Cambridge, Massachusetts, USA. DOI: 

10.1016/b978-0-12-813820-5.00023-4. 

da Silva APM, da Silva GS, Filho FO, Silva MFS, Zocolo GJ, de Brito 

ES. 2024. Structural characterization and in vitro and in silico studies 

on the anti-α-glucosidase activity of anacardic acids from Anacardium 
occidentale. Foods 13 (24): 4107. DOI: 10.3390/foods13244107. 

de Sousa Leite A, Islam MT, Gomes Júnior AL, de Castro e Sousa JM, de 

Alencar MVOB, Paz MFCJ, Rolim HML, de Medeiros MdGF, de 

Carvalho Melo-Cavalcante A, Lopes JAD. 2016. Pharmacological 

properties of cashew (Anacardium occidentale). Afr J Biotechnol 15 
(35): 1855-1863. DOI: 10.5897/ajb2015.15051. 

de Souza Marques Mundim G, Maciel GM, de Oliveira Mendes G. 2022. 

Aspergillus niger as a biological input for improving vegetable 

seedling production. Microorganisms 10 (4): 674. DOI: 

10.3390/microorganisms10040674. 
dos Santos AT, Guerra GCB, Marques JI, Torres-Rêgo M, Alves JSF, 

Vasconcelos RC, de Souza Araújo DF, Abreu LS, de Carvalho TG, de 

Araújo DRC, Tavares JF, de Araújo AA, de Araújo Júnior RF, de 

Freitas Fernandes-Pedrosa M, de Santis Ferreira L, Zucolotto SM. 

2020. Potentialities of cashew nut (Anacardium occidentale) by-product 
for pharmaceutical applications: Extraction and purification technologies, 

safety, and anti-inflammatory and anti-arthritis activities. Rev Bras 

Farmacogn 30: 652-666. DOI: 10.1007/s43450-020-00090-w. 

Dougoud J, Toepfer S, Bateman M, Jenner WH. 2019. Efficacy of 

homemade botanical insecticides based on traditional knowledge. A 
review. Agron Sustain Dev 39: 37. DOI: 10.1007/s13593-019-0583-1. 

Ebrahimi B, Baroutian S, Li J, Zhang B, Ying T, Lu J. 2023. Combination 

of marine bioactive compounds and extracts for the prevention and 

treatment of chronic diseases. Front Nutr 9: 1047026. DOI: 

10.3389/fnut.2022.1047026. 



 B IO DIVERSITAS  26 (6): 2959-2969, June 2025 

 

2968 

Ekor M. 2014. The growing use of herbal medicines: Issues relating to 

adverse reactions and challenges in monitoring safety. Front Neurol 4: 

177. DOI: 10.3389/fphar.2013.00177. 
Elbestawy MKM, El-Sherbiny GM, Moghannem SA. 2023. Antibacterial, 

antibiofilm and anti-inflammatory activities of eugenol clove essential 

oil against resistant Helicobacter pylori. Molecules 28 (6): 2448. 

DOI: 10.3390/molecules28062448. 

Elfita, Oktiansyah R, Mardiyanto, Setiawan A, Widjajanti H. 2024. 
Combination effect of extracts and pure compounds of endophytic 

fungi isolated from sungkai (Peronema canescens) leaves on 

antioxidant activity. Sci Technol Indonesia 9: 69-76. DOI: 

10.26554/sti.2024.9.1.69-76. 

Elfita, Oktiansyah R, Mardiyanto, Widjajanti H, Setiawan A, Nasution 
SSA. 2023. Bioactive compounds of endophytic fungi Lasiodiplodia 

theobromae isolated from the leaves of sungkai (Peronema canescens). 

Biointerface Res Appl Chem 13: 1-15. DOI: 10.33263/briac136.530. 

Falakdin P, Dastan D, Pourmoslemi S. 2023. Combined antimicrobial 

activity of extracts from Quercus infectoria galls and Scrophularia 
striata aerial parts for an anticariogenic herbal mouthwash. J 

Pharmacopuncture 26 (1): 44-52. DOI: 10.3831/KPI.2023.26.1.44. 

García-Latorre C, Rodrigo S, Santamar O. 2023. Potential of fungal 

endophytes isolated from pasture species in Spanish Dehesas to 

produce enzymes under salt conditions. Microorganisms 11 (4): 908. 
DOI: 10.3390/microorganisms11040908. 

Garrigues S, Kun RS, Peng M, Bauer D, Keymanesh K, Lipzen A, Ng V, 

Grigoriev IV, de Vries RP. 2022. Unraveling the regulation of sugar 

beet pulp utilization in the industrially relevant fungus Aspergillus 

niger. iScience 25 (4): 104065. DOI: 10.1016/j.isci.2022.104065. 
Girirajan S, Campbell C, Eichler E. 2011. Synergy and antagonism in 

natural products. Physiol Behav 176 (5): 139-148. 

Gutiérrez-Paz C, Rodríguez-Moreno M-C, Hernández-Gómez M-S, 

Fernández-Trujillo JP. 2024. The cashew pseudofruit (Anacardium 
occidentale): Composition, processing effects on bioactive compounds 

and potential benefits for human health. Foods 13 (15): 2357. DOI: 

10.3390/foods13152357. 

Hapida Y, Elfita, Widjajanti H, Salni. 2021. Biodiversity and antibacterial 

activity of endophytic fungi isolated from jambu bol (Syzygium 
malaccense). Biodiversitas 22 (12): 5668-5677. DOI: 

10.13057/biodiv/d221253. 

Hashem AH, Attia MS, Kandil EK, Fawzi MM, Abdelrahman AS, Khader 

MS, Khodaira MA, Emam AE, Goma MA, Abdelaziz AM. 2023. 

Bioactive compounds and biomedical applications of endophytic 
fungi: A recent review. Microbial Cell Factories 22 (1): 1-23. DOI: 

10.1186/s12934-023-02118-x. 

Jilani SB, Olson DG. 2023. Mechanism of furfural toxicity and metabolic 

strategies to engineer tolerance in microbial strains. Microb Cell Fact 

22 (1): 221. DOI: 10.1186/s12934-023-02223-x. 
Kaczmarek-Szczepańska B, Grabska-Zielińska S, Michalska-Sionkowska 

M. 2023. The application of phenolic acids in the obtainment of 

packaging materials based on polymers-A review. Foods 12 (6): 

1343. DOI: 10.3390/foods12061343. 

Khalil A, Elesawy BH, Ali TM, Ahmed OM. 2021. Bee venom: From 
venom to drug. Molecules 26: 4941. DOI: 10.3390/molecules26164941. 

Komariah M, Amirah S, Maulana S, Abdurrahman MF, Ibrahim K, Platini 

H, Lele JAJMN, Kohar K, Rahayuwati L, Firdaus MKZH. 2023. The 

efficacy of herbs as complementary and alternative therapy in recovery 

and clinical outcome among people with COVID-19: A systematic 
review, meta-analysis, and meta-regression. Ther Clin Risk Manag 

19: 611-627. DOI: 10.2147/tcrm.s405507. 

Kurek-Górecka A, Górecki M, Rzepecka-Stojko A, Balwierz R, Stojko J. 

2020. Bee products in dermatology and skin care. Molecules 25 (3): 

556. DOI: 10.3390/molecules25030556. 
Lahlali R, Ezrari S, Radouane N, Kenfaoui J, Esmaeel Q, El Hamss H, 

Belabess Z, Barka EA. 2022. Biological control of plant pathogens: A 

global perspective. Microorganisms 10 (3): 596. DOI: 

10.3390/microorganisms10030596. 

Latgé J-P, Chamilos G. 2020. Aspergillus fumigatus and Aspergillosis in 
2019. Clin Microbiol Rev 33 (1): 1-75. DOI: 10.1128/cmr.00140-18. 

Laupèze B, Del Giudice G, Doherty MT, Van der Most R. 2021. Vaccination 

as a preventative measure contributing to immune fitness. NPJ 

Vaccines 6 (1): 93. DOI: 10.1038/s41541-021-00354-z. 

Liu Y, Lu W, Li Y, Zhai B, Zhang B, Qin H, Xu P, Yang Y, Fan S, Wang 
Y, Li C, Zhao J, Ai J. 2024. Diversity of endophytes of Actinidia 

arguta in different seasons. Life 14: 149. DOI: 10.3390/life14010149. 

Lopez FB, Barclay GF. 2017. Plant anatomy and physiology. In: Badal S 

Delgoda R (eds). Pharmacognosy: Fundamentals, Applications and 

Strategies. Academic Press, Cambridge, Massachusetts, USA. DOI: 

10.1016/B978-0-12-802104-0.00004-4. 

Makarewicz M, Drożdż I, Tarko T, Duda-Chodak A. 2021. The 
interactions between polyphenols and microorganisms, especially gut 

microbiota. Antioxidants 10 (2): 188. DOI: 10.3390/antiox10020188. 

Mousavi B, Hedayati MT, Hedayati N, Ilkit M, Syedmousavi S. 2016. 

Aspergillus species in indoor environments and their possible 

occupational and public health hazards. Curr Med Mycol 2 (1): 36-42. 
DOI: 10.18869/acadpub.cmm.2.1.36. 

Mucha P, Skoczyńska A, Małecka M, Hikisz P, Budzisz E. 2021. Overview 

of the antioxidant and anti-inflammatory activities of selected plant 

compounds and their metal ions complexes. Molecules 26 (16): 4886. 

DOI: 10.3390/molecules26164886. 
Muteeb G, Rehman MT, Shahwan M, Aatif M. 2023. Origin of antibiotics 

and antibiotic resistance, and their impacts on drug development: A 

narrative review. Pharmaceuticals 16: 1615. DOI: 10.3390/ph16111615. 

Nguyen TLA, Bhattacharya D. 2022. Antimicrobial activity of quercetin: 

An approach to its mechanistic principle. Molecules 27 (8): 2494. 
DOI: 10.3390/molecules27082494. 

Nwobodo DC, Ugwu MC, Anie CO, Al-Ouqaili MTS, Ikem JC, Chigozie 

UV, Saki M. 2022. Antibiotic resistance: The challenges and some 

emerging strategies for tackling a global menace. J Clin Lab Anal 36 

(9): e24655. DOI: 10.1002/jcla.24655. 
Oktiansyah R, Juliandi B, Widayati KA, Juniantito V. 2018. Neuronal cell 

death and mouse (Mus musculus) behaviour induced by bee venom. 

Trop Life Sci Res 29 (2): 1-11. DOI: 10.21315/tlsr2018.29.2.1. 

Oktiansyah R, Widjajanti H, Setiawan A, Elfita. 2024. Antioxidant and 

antibacterial activity of endophytic fungi isolated from fruit of 
sungkai (Peronema canescens). Sci Technol Indones 9 (1): 17-27. 

DOI: 10.26554/sti.2024.9.1.17-27. 

Oktiansyah R, Widjajanti H, Setiawan A, Nasution SSA, Mardiyanto M, 

Elfita E. 2023. Antibacterial and antioxidant activity of endophytic 
fungi extract isolated from leaves of Sungkai (Peronema canescens). 

Sci Technol Indonesia 8: 170-177. DOI: 10.26554/sti.2023.8.2.170-

177. 

Oliveira M, Antunes W, Mota S, Madureira-Carvalho Á, Dinis-Oliveira 

RJ, da Silva DD. 2024. An overview of the recent advances in 
antimicrobial resistance. Microorganisms 12 (9): 1920. DOI: 

10.3390/microorganisms12091920. 

Öncel S, Özkılınç H. 2025. Discovering the dynamics of peach fruit 

mycobiome throughout fruit development season by high-throughput 

sequencing. Sci Rep 15 (1): 8969. DOI: 10.1038/s41598-025-93090-6. 
Pasini AMF, Stranieri C, Cominacini L, Mozzini C. 2021. Potential role 

of antioxidant and anti-inflammatory therapies to prevent severe 

SARS-CoV-2 complications. Antioxidants 10 (2): 272. DOI: 

10.3390/antiox10020272. 

Petrucci G, Rizzi A, Hatem D, Tosti G, Rocca B, Pitocco D. 2022. Role of 
oxidative stress in the pathogenesis of atherothrombotic diseases. 

Antioxidants 11 (7): 1408. DOI: 10.3390/antiox11071408. 

Platzer M, Kiese S, Tybussek T, Herfellner T, Schneider F, Schweiggert-

Weisz U, Eisner P. 2022. Radical scavenging mechanisms of phenolic 

compounds: A Quantitative Structure-Property Relationship (QSPR) 
study. Front Nutr 9: 882458. DOI: 10.3389/fnut.2022.882458. 

Prasad B, Prasad KS, Dave H, Das A, Asodariya G, Talati N, Swain S, 

Kapse S. 2022. Cumulative human exposure and environmental 

occurrence of phthalate esters: A global perspective. Environ Res 

210: 112987. DOI: 10.1016/j.envres.2022.112987. 
Pruteanu LL, Bailey DS, Grădinaru AC, Jäntschi L. 2023. The biochemistry 

and effectiveness of antioxidants in food, fruits, and marine algae. 

Antioxidants 12 (4): 860. DOI: 10.3390/antiox12040860. 

Rahimi NNMN, Natrah I, Loh J-Y, Ranzil FKE, Gina M, Lim S-HE, Lai 

K-S, Chong C-M. 2022. Phytocompounds as an alternative 
antimicrobial approach in aquaculture. Antibiotics 11 (4): 469. DOI: 

10.3390/antibiotics11040469. 

Rehman B, Khan SA, Hamayun M, Iqbal A, Lee I-J. 2022. Potent 

bioactivity of endophytic fungi isolated from Moringa oleifera leaves. 

Biomed Res Intl 2022: 2461021. DOI: 10.1155/2022/2461021. 
Renteria JCB, Mauricio-Sandoval EA, Espinoza-Espinoza LA, Cornelio-

Santiago HP, Moreno-Quispe LA, Portalatino EJV. 2022. Antimicrobial 

potential of camu camu (Myrciaria dubia) against bacteria, yeasts, 

and parasitic protozoa: A review. Rev Fac Nac Agron Medellin 75 

(2): 9989-9998. DOI: 10.15446/rfnam.v75n2.98010. 
Ristori MV, Guarrasi V, Soda P, Petrosillo N, Gurrieri F, Longo UG, 

Ciccozzi M, Riva E, Angeletti S. 2024. Emerging microorganisms 

and infectious diseases: One health approach for health shared vision. 

Genes 15 (7): 908. DOI: 10.3390/genes15070908. 



NOVIANTI et al. – Biodiversity of endophytic fungi from Anacardium occidentale 

 

2969 

Roy S, Sarkar T, Chakraborty R. 2024. Enhancing nutritional profile, 

antioxidant capacity, sensory characteristics, and shelf life of coconut 

snowball (Naru) through Borassus flabellifer endosperm substitution. 
Discov Food 4: 28. DOI: 10.1007/s44187-024-00098-4. 

Rudiana T, Jayanti DD, Solehah S. 2021. Profile secondary metabolite 

compounds and antioxidant activities of stem bark jambu mete 

(Anacardium occidentale L.) extract. Jurnal Akademika Kimia 10 (3): 

133-138. DOI: 10.22487/j24775185.2021.v10.i3.pp133-138. 
Saini RK, Keum Y-S. 2018. Omega-3 and omega-6 polyunsaturated fatty 

acids: Dietary sources, metabolism, and significance-A review. Life 

Sci 203: 255-267. DOI: 10.1016/j.lfs.2018.04.049. 

Salehi B, Gültekin-Özgüven M, Kırkın C et al. 2019. Anacardium plants: 

Chemical, nutritional composition and biotechnological applications. 
Biomolecules 9 (9): 465. DOI: 10.3390/biom9090465. 

Schultz DJ, Krishna A, Vittitow SL, Alizadeh-Rad N, Muluhngwi P, 

Rouchka EC, Klinge CM. 2018. Transcriptomic response of breast 

cancer cells to anacardic acid. Sci Rep 8 (1): 8063. DOI: 

10.1038/s41598-018-26429-x. 
Shen K, Xiong Y, Liu Y, Fan X, Zhu R, Hu Z, Li C, Hua Y. 2024. 

Community structure and diversity of endophytic fungi in cultivated 

Polygala crotalarioides at two different growth stages based on 

culture-independent and culture-based methods. J Fungi 10 (3): 195. 

DOI: 10.3390/jof10030195. 
Shukla R, Soni J, Kumar A, Pandey R. 2024. Uncovering the diversity of 

pathogenic invaders: Insights into protozoa, fungi, and worm infections. 

Front Microbiol 15: 1374438. DOI: 10.3389/fmicb.2024.1374438. 

Silva PV, Pereira LM, de Souza Marques Mundim G, Maciel GM, de 

Araújo Gallis RB, de Oliveira Mendes G. 2022. Field evaluation of 
the effect of Aspergillus niger on lettuce growth using conventional 

measurements and a high-throughput phenotyping method based on 

aerial images. PLoS One 17 (9): e0274731. DOI: 

10.1371/journal.pone.0274731. 
Singh AK, Singh DK, Kharwar RN, White JF, Gond SK. 2021. Fungal 

endophytes as efficient sources of plant-derived bioactive compounds 

and their prospective applications in natural product drug discovery: 

Insights, avenues, and challenges. Microorganisms 9 (1): 197. DOI: 

10.3390/microorganisms9010197. 
Singh VK, Kumar A. 2023. Secondary metabolites from endophytic fungi: 

Production, methods of analysis, and diverse pharmaceutical 

potential. Symbiosis 8: 1-15. DOI: 10.1007/s13199-023-00925-9. 

Song J, Lei T, Hao X, Yuan H, Sun W, Chen S. 2023. Synergistic effects 

of Clonostachys rosea isolates and succinate dehydrogenase inhibitors 
fungicides against gray mold on tomato. Microorganisms 11 (1): 20. 

DOI: 10.3390/microorganisms11010020. 

Soni J, Sinha S, Pandey R. 2024. Understanding bacterial pathogenicity: 

A closer look at the journey of harmful microbes. Front Microbiol 15: 

1370818. DOI: 10.3389/fmicb.2024.1370818. 
Stan D, Enciu A-M, Mateescu AL, Ion AC, Brezeanu AC, Stan D, Tanase 

C. 2021. Natural compounds with antimicrobial and antiviral effect 

and nanocarriers used for their transportation. Front Pharmacol 12: 

723233. DOI: 10.3389/fphar.2021.723233. 

Sui J, He X, Yi G, Zhou L, Liu S, Chen Q, Xiao X, Wu J. 2023. Diversity 
and structure of the root-associated bacterial microbiomes of four 

mangrove tree species, revealed by high-throughput sequencing. 

PeerJ 11: e16156. DOI: 10.7717/peerj.16156. 

Tapias V, González-Andrés P, Peña LF, Barbero A, Núñez L, Villalobos 

C. 2023. Therapeutic potential of heterocyclic compounds targeting 
mitochondrial calcium homeostasis and signaling in Alzheimer’s 

disease and Parkinson’s disease. Antioxidants 12 (6): 1282. DOI: 

10.3390/antiox12061282. 

Tomas M, Capanoglu E, Bahrami A, Hosseini H, Akbari-Alavijeh S, Shaddel 

R, Rehman A, Rezaei A, Rashidinejad A, Garavand F, Goudarzi M, 
Jafari SM. 2022. The direct and indirect effects of bioactive compounds 

against coronavirus. Food Front 3 (1): 96-123. DOI: 10.1002/fft2.119. 

Tripathi A, Pandey P, Tripathi SN, Kalra A. 2022. Perspectives and 

potential applications of endophytic microorganisms in cultivation of 

medicinal and aromatic plants. Front Plant Sci 13: 985429. DOI: 
10.3389/fpls.2022.985429. 

Vaou N, Stavropoulou E, Voidarou CC, Tsakris Z, Rozos G, Tsigalou C, 

Bezirtzoglou E. 2022. Interactions between medical plant-derived 

bioactive compounds: Focus on antimicrobial combination effects. 

Antibiotics 11 (8): 1014. DOI: 10.3390/antibiotics11081014. 
Vimal SR, Singh JS, Kumar A, Prasad SM. 2024. The plant endomicrobiome: 

Structure and strategies to produce stress resilient future crop. Curr 

Res Microb Sci 6: 100236. DOI: 10.1016/j.crmicr.2024.100236. 

Walsh TJ, Hayden RT, Larone DH. 2018. Larone’s Medically Important 

Fungi: A Guide to Identification. ASM Press, Ohio, USA. DOI: 
10.1128/9781555819880. 

Wang R, Zhang Q, Ju M, Yan S, Zhang Q, Gu P. 2022. The endophytic 

fungi diversity, community structure, and ecological function prediction 

of Sophora alopecuroides in Ningxia, China. Microorganisms 10 
(11): 2099. DOI: 10.3390/microorganisms10112099. 

Watanabe T. 2010. Pictorial Atlas of Soil and Seed Fungi: Morphologies 

of Cultured Fungi and Key to Species (Third Edition). CRC Press, 

Boca Raton. DOI: 10.1201/ebk1439804193. 

Wei L, Zhang Q, Xie A, Xiao Y, Guo K, Mu S, Xie Y, Li Z, He T. 2022. 
Isolation of bioactive compounds, antibacterial activity, and action 

mechanism of spore powder from Aspergillus niger xj. Front 

Microbiol 13: 934857. DOI: 10.3389/fmicb.2022.934857. 

Wijesekara T, Xu B. 2023. Health-promoting effects of bioactive 

compounds from plant endophytic fungi. J Fungi 9 (10): 997. DOI: 
10.3390/jof9100997. 

Yu R, Liu J, Wang Y, Wang H, Zhang H. 2021. Aspergillus niger as a 

secondary metabolite factory. Front Chem 9: 701022. DOI: 

10.3389/fchem.2021.701022. 

Zdrojewicz Z, Chorbińska J, Biezyński B, Krajewski P. 2018. Health-
promoting properties of pineapple. Pediatr Med Rodz 14 (2): 133-

142. DOI: 10.15557/pimr.2018.0013. 

 


