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ABSTRACT  

Mistletoe (Dendrophthoe pentandra (L.) Miq.) is a parasitic plant that has traditional medicinal 

properties. This study examines the endophytic fungi found in mistletoe roots and their bioactivity. Endophytic 

fungal species are identified using their morphological traits. The potato dextrose broth (PDB) medium is 

utilized for both culture and extraction, with ethyl acetate as a solvent. The antioxidant test employed the 

DPPH method, whereas the antibacterial test used the paper disc diffusion method. Mistletoe haustoria yielded 

four endophytic fungal isolates (BR1–BR4). The findings of the morphological study revealed that BR1 

(Pythium sp.), BR2 (Trichoderma sp.), BR3 (Fusarium sp.), and BR4 (Mortierella sp.). The endophytic fungus 

BR4 (Mortierella sp.) had the highest potential antioxidant and antibacterial activities. This endophytic fungal 

extract has the potential to be a source of novel medications through additional investigation by isolating the 

pure component and in vivo studies. 
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ABSTRAK  

Benalu (Dendrophthoe pentandra (L.) Miq.) merupakan tanaman parasit yang memiliki khasiat obat 

tradisional. Penelitian ini meneliti jamur endofit yang ditemukan pada haustorium benalu dan 

bioaktivitasnya. Spesies jamur endofit diidentifikasi menggunakan ciri morfologinya. Media potato dextrose 

broth (PDB) digunakan untuk kultur dan ekstraksi, dengan etil asetat sebagai pelarut. Uji antioksidan 

menggunakan metode DPPH, sedangkan uji antibakteri menggunakan metode difusi cakram kertas. 

Haustorium benalu menghasilkan empat isolat jamur endofit (BR1–BR4). Hasil studi morfologi menunjukkan 

bahwa BR1 (Pythium sp.), BR2 (Trichoderma sp.), BR3 (Fusarium sp.), dan BR4 (Mortierella sp.) 

teridentifikasi. Jamur endofit BR4 (Mortierella sp.) memiliki potensi aktivitas antioksidan dan antibakteri 

tertinggi. Ekstrak jamur endofit ini berpotensi menjadi sumber pengobatan baru melalui penyelidikan 

tambahan dengan mengisolasi komponen murni dan penelitian in vivo. 

 

Kata kunci : Bioactivitas; Dendrophtoe pentandra; Jamur Endofit; Haustorium Benalu 

 

INTRODUCTION 

Medicinal plants are very popular as raw materials for traditional medicine and herbal 

medicine (Asase, 2023; Courric et al., 2023; Rojas et al., 2022). People believe that consuming plants 

with medicinal properties will improve the immune system because these plants have specific 

properties as medicinal plants that are preventive and promotive through their secondary metabolite 

content (Li et al., 2024; Mitropoulou et al., 2023; Sukhikh et al., 2023). Mistletoe is a plant that has 

medicinal properties but information about it has not been explored globally. 

Mistletoe is a plant that is parasitic to the plant hosts. Mistletoe can be found easily on large 

trees in tropical areas. However, despite its detrimental nature, based on observation mistletoe is used 

by the community as a traditional medicine, especially the leaves and the haustoria as a medicine for 

fever, diarrhea, hemorrhoids, hypertension and cancer, especially mistletoe which lives on lime hosts 

(Gao et al., 2024; Paller et al., 2023; Pelzer et al., 2022; Staupe et al., 2023; Szurpnicka et al., 2020; 

Yousefvand et al., 2022). The ability of mistletoe as a traditional medicine cannot be separated from 

its secondary metabolite content, such as polyphenols, flavonoids, alkaloids and tannins (Itam et al., 

2021; Mudgal et al., 2022; Nicoletti, 2023). Studies reveal that extracts from mistletoe parts, 

including the roots, stems and leaves of mistletoe are used as antibacterials for Staphylococcus 

aureus, Salmonella typhi, Pseudomonas and Eschericia coli because they contain flavonoids and 

quercetin (Bacińska et al., 2023; Sakyiamah et al., 2023; Szurpnicka et al., 2020). Apart from that, 

mistletoe extract can also be used as a source of antioxidants because it contains flavonoids and 

phenols (Kleszken et al., 2022; Olas, 2024; Pietrzak & Nowak, 2021). Based on these studies, 

mistletoe has good potential as a source of new medicinal ingredients. However, the insufficient 

number of mistletoe, especially mistletoe roots, is an obstacle to being used as a source of medicine 

even though mistletoe haustoria have great potential to be developed as medicinal raw materials. 

Therefore, another alternative is needed to meet the need for natural medicinal ingredients that do 

not disturb biodiversity, namely endophytic fungi. 

Endophytic fungi live symbiotically in host plant tissue, creating no problems or symptoms 

(Hashem et al., 2023; Wijesekara & Xu, 2023). Endophytic fungi may duplicate and change 

molecules from their host plants, allowing them to create bioactive substances that are either the same 

or different from them (Alam et al., 2021; Ebadi et al., 2024; Toppo et al., 2024). Many findings 

reveal that endophytic fungi extracts derived from plants, notably species with therapeutic qualities, 

exhibit outstanding bioactivity comparable to or even better than their hostplants (Elfita et al., 2023; 

Galindo-Solís & Fernández, 2022; Oktiansyah et al., 2024; Santra & Banerjee, 2022; Shen et al., 

2023). As a result, the extraction and isolation of compounds from endophyticfungi is successful and 

efficient due to the short culture time, allowing the bioactive compounds to be employed when 

needed. The endophytic fungus from mistletoe haustoria is hypothesized to create bioactive 

chemicals with antioxidant activity, preventing free radicals from causing illness. This endophytic 

fungal technique uses extremely little plant biomass, so it does not harm nature conservation, and the 

bioactive chemicals are generated in a short period. This study examines the endophytic fungi found 

in mistletoe roots and their bioactivity. 
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MATERIALS AND METHODS 

Plant Sample 

The mistletoe (D. pentandra) used was a parasite that lives on lime. People believe that the 

mistletoe that lives in lime (Citrus aurantifolia) has medicinal properties. Mistletoe haustoria were 

obtained from Ogan Ilir Regency, South Sumatra. The plant has rootbeen identified in the Generasi 

Biologi Indonesia with number 302/UN9.1.7/4/EP/2021. Samples were taken fresh. Isolation of 

endophytic fungi was performed using haustoria tissue. Based on information from the local 

community, they usually used the leaves and haustoria as traditional medicine. However, the leaves 

part has been studied related to the host and its endophytic fungi. Therefore, this study used the 

haustoria to isolate its endophytic fungi and explore its bioactivity. 

 

Table 1. Information about sample (Informasi tentang sampel). 

 
Name of 

Sample 

(Nama 

Sampel) 

Latitude 

(Lintang) 
Longitude 

(Bujur) 

Altitude 

(Ketinggian) 

 (m) 

Soil 

pH 

(pH 

Tanah) 

Temperature 

(Suhu) 

 (℃) 

Humidity  

(Kelembaban) 

(%) 

Sample 

Colector 

(Kolektor 

Sampel) 

Date 

(Tanggal) 
Time 

(Waktu) 

Dendrophtoe 

pentandra 
-3.207183 104.645507o 52 6,2 29 79 

Ummi 
Hiras 

Habisukan 

13 
January 

2023 

09.00 

WIB 

 

Isolationnof EndophyticFFungi  

Endophytic fungal isolation begins with disinfection of D. pentandra's haustoria surface. The 

haustoria were thoroughly cleansed with running water for around 5 minutes. Then, soak in 70% 

alcohol for around two minutes. Rinse briefly with sterile distilled water, then soak for one minute 

in 3% (w/v) sodium hypochlorite (NaOCl). The sterilized haustoria surface was aseptically cut. 

Samples were inoculated on potato dextrose agar plates and cultivated for one to two weeks at room 

temperature. The observation were made every day until the mold was visible. The fungal colonies 

that form around the haustoria on plates containing PDA medium with varying morphological 

properties (color, size, and texture) are purified. The mycellia was extracted from the colony, 

transferred to a plate with new PDA media, and cultured at room temperature for 48 hours. Purified 

fungal colonies are then put into the culture media (Gakuubi et al., 2021; Hapida et al., 2022). 

 

MorphologicallIdentification of Endophytic Fungi 

Morphological characteristics of endophytic fungi were identified using both microscopic and 

macroscopic methods. Colony traits to look for include the colour of the colonies, the texture of the 

colony, the presence of exudate drop, radial lines, and concentricccircles. Microscopic 

characterization analysis uses the slide culture technique, which involves investigating hyphae, spore, 

colour, and other specific features under a microscope at up to 1000X magnification. The 

macroscopic and microscopic characterizations were then matched to the several literatures (Walsh 

et al., 2018; Watanabe, 2010) and other relevant identification journals. 

 

Extraction and Cultivation 

To develop endophytic fungal isolates, 6 pure culture agar blocks (diameter ± 6 mm) were 

placed in 300 cc potato dextrose broth medium. Eachhisolate was grown in 15 culture bottles with a 

maximum capacity of 300 mL. The cultureewas then kept at room temperature in static conditions 

for four weeks. Filter paper was used to separate medium from biomass. The growing medium was 

then partitioned and extracted three times using ethyl acetate solvent (1:1). A rotary evaporator was 

used to extract the ethyl acetate. An oven set at 45°C was used to concentrate the extract (Habisukan 

et al., 2021; Simamora et al., 2021). 
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AntioxidantaActivity Test 

The DPPH technique was used to determine the antioxidant activity. Endophytic fungal ethyl 

acetate extracts were diluted in methanol to concentrationssof 1000, 500, 250, 125, 62.5, 31.25, and 

15.625 µg/mL. 0.2 mL of extract was mixed with 3.8 mL of 0.5 mM of DPPH. The liquid was 

homogenized before being stored in a dark tube for 30 minutes. A UVVis spectrophotometer was 

used to detect the absorption at λmax 517nm. The antioxidant standard in this test was ascorbic acid. 

Percent inhibition of DPPH and the IC50 value were used to determine the antioxidant activity (Abbas 

et al., 2021; Molyneux P, 2003): 

% Inhibition =  
Ak −  As

As
 

Ak = Absorbanceeof control  

As = Absorbanceeof samples  

 

Antibacterial Activity Test.  

The Kirby-Bauer technique was used to determine antibacterial activity on MHA (Muller 

Hinton Agar) medium. The bacterial was E. coli, S. typhi, S. aureus, and B. subtilis. A 400 µg dose 

of endophytic fungal extract was dripped onto blank paper discs. DMSO was used to dilute the 

mushroom extract. Tetracycline (at 30 µg/disc) was employed as the positive control. The test disc 

paper was put on MHA medium infected with bacteria. The plate was then placed in 37°C for 1x24 

hours, after which the inhibitory zone was seen. A caliper was used to measure the diameter of the 

resulting inhibitory zone. The criteria for assessing the antibacterial activityiof the sample and the 

width of the inhibition zone are obtained using the following formula (Aini et al., 2022; Syarifah et 

al., 2021): 

strong: 
A

B
x 100% ˃ 70 %; medium: 50 % <

A

B
x 100% ≤ 70 %; weak: 

A

B
x 100% <50 % 

 

A: Inhibitionnzone of sample 

B: Inhibitionnzone of antibiotic as standard 

 

 

RESULTS 

Isolationaand Identification of EndophyticFFungi  

Isolation of endophytic fungi in haustoria of D. pentandra found four isolates (codes BR1- 

BR4). The colonies of the Four endophytic fungal isolates had different macroscopic features (shapes 

and colour) and unique microscopic properties (Figure 1). The colonies that formed were cream-

colored, brownish-white, and black. Tables 2 and 3 show the findings of macroscopic 

andmmicroscopic observations of the properties of endophytic fungal isolates, respectively. 
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Table 2. Characteristicsoof Endophytic Fungi Colonies Isolated from Haustoria of Mistletoe  (Karakteristik 

Jamur endofit yang diisolasi dari haustorium benalu) 

 

Code 

(Kode) 

Surface 

Colony 

(Warna 

Permukaan 

koloni) 

Reversee 

Colony 

(Warna 

Sebalik 

Koloni) 

Structure 

(Struktur) 

Elevation 

(Bentuk 

Puncak) 

Pattern 

(Pola) 

Exudate 

Drops 

(Tetes 

Eksudat) 

Radiall

line 

(Garis 

Radial) 

Concentric 

circle 

(Lingkaran 

Konsentris) 

BR1 White 

(Putih) 

White 

(Putih) 

Cottony 

(Berbulu) 

Rugose 

(Berkerut) 

Zonate 

(Membentuk 

Zonasi) 

- - √ 

BR2 Brown to 

yellow 

(Coklat 

Kekuningan) 

Brown to 

yellow 

(Coklat 

Kekuningan) 

Cottony 

(Berbulu) 

Umbonate 

(Memuncak 

pada bagian 

tengah) 

Zonate 

(Membentuk 

Zonasi) 

- √ √ 

BR3 White 

(Putih) 

White 

(Putih) 

Cottonyi 

(Berbulu) 

Umbonate 

(Memuncak 

pada bagian 

tengah) 

Zonate 

(Membentuk 

Zonasi) 

- - - 

BR4 Black 

(Hitam) 

Black 

(Hitam) 

Cottony 

(Berbulu) 

Umbonate 

(Memuncak 

pada bagian 

tengah) 

Zonate 

(Membentuk 

Zonasi) 

- - - 

  

Table 3. Microscopic Characteristicsoof Endophytic Fungi Colonies Isolated from Haustoria of Mistletoe 

(Karakteristik Mikroskopis kolobi Jamur endofit yang diisolasi dari haustorium benalu) 

 

Isolate 

(Isolat) 

Spore 

(Spora) 

Shape 

(Bentuk) 

Hyphae 

(Hifa) 

Characteristic 

(Karakteristik) 

Speciessof Identification 

(Spesies Identifikasi) 

BR1 Conidia 

(Konidia) 

Subglobose Septate 

(Bersekat) 

Hyaline chlamydospores. 

(Klamidospora hialin) 

Pythium sp. 

BR2 Conidia 

(Konidia) 

Subglobose Septate 

(Bersekat) 
Conidia are formed in small 

groups, septate hyphae, hyaline 

hyphae. 

(Konidia terbentuk dalam 

kelompok kecil, hifa bersepta, 

hifa hialin) 

Trichoderma sp. 

BR3 Conidia 

(Konidia) 

Cylinder Septate 

(Bersekat) 
Hyaline septate hyphae, 

monophialid conidiophores. 

(Hifa bersepta hialin, 

konidiofor monofialid) 

Fusarium sp. 

BR4 Spore 

(Spora) 

Subglobose Septate 

(Bersekat) 

Sporangiofor tegak bercabang, 

Septated hyphae are dark 

colored. 

(Sporangiofor tegak bercabang, 

hifa bersepta berwarna gelap) 

Mortierella sp. 

 

Tabless2 and 3 summarize the morphological properties of endophytic fungal colonies 

collected from the haustoria of mistletoe (D. pentandra) for each isolate. There were four genera of 

endophytic fungus detected, namely Pythium (BR1), Trichoderma (BR2), Fusarium (BR3), and 

Mortierella (BR4). Four isolates of endophytic fungus were identified based on the morphological 

traits that showed (both macroscopic and microscopic). 
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Figure 1. Morphology of EndophyticcFungi from Mistletoe Haustoria, Notes: a. Front view of the colony; b. 

Reverse appearance of the colony; c. Microscopic characteristics (100x/0.65); Video Digital Microscope 

Hyrox. (Morfologi Jamur Endofit dari Haustorium Benalu, Catatan: a. Tampak depan koloni; b. Tampak 

belakang koloni; c. Karakteristik mikroskopis (100x/0,65); Mikroskop Digital Video Hyrox.). 

 

Antioxidantsand Antibacterial Activity of EndophyticeFungi Extract  

Endophytic fungi isolated from mistletoe haustoria using ethyl acetate solvent have 

antibacterial and antioxidant activities (Table 4). The studied extract shown antibacteriallactivity 

against S. typhi, E. coli, B. subtilis, and S. aureus, as well as significant antioxidant activity. One 

endophytic fungal extract revealed excellent antibacterial activity against the four tested pathogens, 

as well as highly strong antioxidant activity (IC50 < 20 µg/mL), namely isolate BR4 (Mortierella sp.). 

 
Table 4. Antibacterial activity of mistletoe haustoria endophytic fungus extract compared with 

tetracyclineeand antioxidant activity compared with ascorbic acid as a standard antioxidant (Aktivitas 

antibakteri ekstrak jamur endofit haustorium benalu dibandingkan dengan tetrasiklin dan aktivitas 

antioksidan dibandingkan dengan asam askorbat sebagai antioksidan standar) 

 

Code 

Isolate 

(Kode 

Isolat) 

Genus/Identified 

Species 

(Genus/Spesies yang 

teridentifikasi) 

Weight of 

extract 

(Berat Ekstrak) 

(gr) 

% Antibacterial Activity 

(% Aktivitas Antibakteri) IC50 

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

Methanol extract of host plant 2.8 
71.6 ± 0.22 

*** 

71.40 ±0.35 

*** 

74.45 ±0.05 

*** 

75.53 ±0.31 

*** 
16.68**** 

BR1 Pythium sp. 1.2 
65.16± 0.35 

** 
64.35 ±1.68 

** 
75.9 ± 0.35 

*** 
76.4±1.68 

*** 
44.56 *** 

BR2 Trichoderma Sp. 1.2 
66.8±0.18 

** 
65.2 ±0.05 

** 
74.7 ± 0.62 

*** 
72.4 ±1.68 

*** 
24.34 *** 

BR3 Fusarium sp. 1.4 
61.3 ±1.11 

** 

62.6±0.11 

** 

68.1 ± 0.72 

** 

65.3 ±0.39 

** 
82.19 *** 

BR4 Mortierella sp. 1.2 
78.1 ± 0.72 

*** 

72.6 ± 0.84 

*** 

80.6 ± 0.75 

*** 

79.6±0.11 

*** 
19.09 **** 

Positive Control 

(Kontrol Positif) 

Tetracyclin 

100 

*** 

Tetracyclin 

100 

*** 

Tetracyclin 

100 

*** 

Tetracyclin 

100 

*** 

Ascorbic 

Acid 

10,08**** 

Note: Antibacteriallactivity percentage: *** strong (≥ 70%), **moderate (50-70%), and *weak (< 50%). 

Antioxidanttactivity IC50 (µg/mL): ****very strong < 20 μg/mL ***strongg< 100 μg/mL; **moderat 100-500 

μg/mL; * weak > 500 μg/mL. (Catatan: Persentase aktivitas antibakteri: *** kuat (≥ 70%), **sedang (50-

70%), dan *lemah (< 50%). IC50 aktivitas antioksidan (µg/mL): ****sangat kuat < 20 μg/mL ***kuat< 100 

μg/mL; **sedang 100-500 μg/mL; *lemah > 500 μg/mL). 
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Table 4 shows the bioactivity of endophytic fungal extracts obtained from haustoria of D. 

pentandra and their host plants. The methanol extract of the hosttplant showed stronger antibacterial 

andiantioxidant activity when compared with the endophytic fungal extract. Endophytic fungal 

extracts provided antibacterial effects in various categories ranging from moderate to strong against 

the four tested bacteria. BR4 exhibited the most potential bioactivity. However, when compared with 

standards, the antibacterial percentage and IC50 of endophyticcfungal extracts are still lower. The 

percentage of antibacterial activity and IC50 value of the endophytic fungal isolate BR4 are closest to 

the values of tetracycline and ascorbic acid as standards. 

 

DISCUSSION 

Based on morphological identification, the BR4 isolate was Mortierella sp. The Mortierella 

genus is a fungus that is often found in soil habitats, including the alpine and subalpine zones 

(Huymann et al., 2024; Probst et al., 2024; Zuo et al., 2022). The characteristic of spores that spread 

easily through the air (aerosol) has the potential to be a means of spreading the fungus of the genus 

Mortierella (Hough et al., 2023; Wang et al., 2022). This fungus has been reported to be non-

pathogenic to humans and animals, but several species of this fungus are pathogenic to plants. Even 

though it is pathogenic to plants, research has revealed that the ability of the fungus of the Mortierella 

genus spreads quickly and can be associated with medicinal plants (Corbu et al., 2023; Nicola et al., 

2021; Probst et al., 2024). Endophytic fungi can develop secondary metabolite molecules due to their 

fungal invasion capacity. Fungi isolated from medicinal plants have been shown in investigations to 

exhibit high bioactivity (Hashem et al., 2023; Jamal et al., 2022; Manganyi & Ateba, 2020; 

Muthukrishnan et al., 2022; Toppo et al., 2024). This demonstrates that the Mortierella genus present 

in mistletoe haustoria may produce secondary metabolites found in the host plant. Several 

investigations have indicated that the Mortierella genus isolated from medicinal plants has great 

bioactivity because the chemicals they contain have comparable structures to their hosts. 

Table 4 demonstrates the bioactivity of endophytic fungal extracts derived from the haustoria 

of D. pentandra and their host plants. The extract from the host plant outperforms the endophytic 

fungal extract in terms of antibacterial and antioxidant activity. This is largely due to the more 

complex and diverse secondary metabolite content in the host plant. These secondary metabolites, 

including polyphenols, flavonoids, alkaloids and tannins, play a crucial role in protecting the plant 

against pathogens and environmental stress (Itam et al., 2021; Mudgal et al., 2022; Nicoletti, 2023). 

These compounds also have strong antibacterial and antioxidant properties, which contribute to the 

plant's effectiveness in combating microorganisms and neutralizing free radicals. This is because 

plants have developed more sophisticated chemical defense systems over time. These compounds 

often have broader modes of action, enabling plants to combat a wide range of bacteria and withstand 

oxidative stress.  Some plants produce antimicrobial compounds that target bacterial cell walls or 

interfere with bacterial metabolic processes, offering effective protection against infections 

(Bouslamti et al., 2022; Fitri et al., 2023; Jamal et al., 2022; Roy et al., 2024; Singh et al., 2024; 

Witoyo & Utoro, 2023). 

In contrast, while endophytic fungi can also produce bioactive compounds, they typically 

have a simpler secondary metabolite composition than the host plant. Endophytic fungi primarily 

focus on their symbiotic relationship with the host plant, generating compounds that support the 

growth or defense of the plant, but with more limited antibacterial and antioxidant capacity (Kumari 

et al., 2023; Ozyigit et al., 2023; Qiu et al., 2023). Moreover, the ability of endophytic fungi to 

produce bioactive compounds depends greatly on the species and environmental conditions, so their 

activity is not always consistent or as potent as that of the host plant (Peng et al., 2021; Santra & 

Banerjee, 2022). Overall, while the extracts from endophytic fungi show promise in terms of 

bioactivity, the host plant extracts tend to be more effective due to their more complex and varied 

secondary metabolites. This makes the host plant a superior source for producing stronger and more 

effective antibacterial and antioxidant compounds capable of fighting pathogens and preventing 

oxidative damage. 
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Research shows that the extract produced by Mortierella has very strong antioxidant activity 

and strong antibacterial activity against the testing bacteria (Table 3). Various studies show that the 

endophytic fungi of the genus Mortierella contain secondary metabolite compounds including 

carotenoids, flavonoids and phenolics as their dominant secondary metabolites (Ozimek & Hanaka, 

2021; Samadlouie et al., 2014; Wani et al., 2017; Zhu et al., 2002). Phenolic compounds exhibit 

structural variety, including the presence, quantity, and location of hydroxyl group substitution, as 

well as the length of saturated side chains, which provide these compounds the capacity to operate 

as antioxidants and antibacterials (Arnold et al., 2023; Kauffmann & Castro, 2023; Kruk et al., 2022; 

Lobiuc et al., 2023). According to this biological mechanism, the endophytic fungi of the genus 

Mortierella isolated from the haustoria of mistletoe D. pentandra, can be exploited as a prospective 

source of natural compounds for medical reasons, with necessary additional investigation. 

 

CONCLUSION 

This study identified four endophytic fungi, namely Pythium sp., Trichoderma sp., Fusarium 

sp., and Mortierella sp.. The fungus Mortierella sp. has very strong antioxidant and strong 

antibacterial activity. In future studies, isolation of antioxidant and antibacterial compounds will be 

carried out which have not been reported yet for use in advanced research, such as in vivo tests. 
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