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 High drug prices and increasing antibiotic resistance have prompted 
exploration of natural resources as a source of new antibiotics. The 
Imperata cylindrica (L.) Beauv. plant is one of the plants used in 
traditional medicine. Secondary metabolites as bioactive compounds in 
plants can be obtained through endophytic fungi without having to 
extract them from plants. Secondary metabolites produced by 
endophytic fungi can function as raw materials for medicines. This 
research aims to isolate endophytic fungi and test phytochemicals from 
Imperata plants to determine the type of secondary metabolites 
produced. The methods used in this research include isolation and 
purification of endophytic fungi, identification of endophytic fungi, 
production of secondary metabolites of endophytic fungi, and screening 
of phytochemicals resulting from endophytic fungi fermentation. The 
isolation results showed that there were 7 isolates of endophytic fungi, 
consisting of 1 isolate from the flower, 3 isolates from the stem, and 3 
isolates from the roots. Identification of endophytic fungus using 
macroscopic and microscopic observations including the genera 
Fusarium sp., Mucor sp., Penicillium sp., Trichoderma sp., Aspergillus sp., 
Phytophthora sp. The results of the phytochemical test for endophytic 
fungi showed that the secondary metabolites produced were flavonoid 
and saponin compounds. Based on this research, it can be concluded 
that the endophytic fungi of the Imperata cylindrica (L.) Beauv. plant 
produces secondary metabolites which have the potential to be 
developed as medicinal raw material compounds. 
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1. INTRODUCTION  
High drug prices are still a health problem in Indonesia [1]. The high price of medicines is caused by 
the raw materials for medicines having to be imported from abroad [2]. Apart from price, drug 
resistance is also a problem, along with the increasing use of antibiotics [3]. Such a large role in 
medicine demands alternative sources of medicinal raw materials that are affordable and safe to use. 
Medicinal raw materials can be obtained from nature, such as plants or marine life [4]. But each has a 
weakness. The use of raw materials from plants requires large amounts of plant biomass and a long 
waiting time to harvest it. Taking plants from the forest can lead to plant extinction. Meanwhile, 
marine biota such as algae and soft corals are difficult to obtain in large enough quantities [4].  
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This situation has triggered the exploration of natural resources as a source of raw materials 
for medicines [5], which are more effective and have lower toxicity [6]. Natural medicinal raw materials 
can be obtained from bioactive compounds from nature [4], such as microbes. One of the 
microorganisms that produce bioactive compounds is endophytic microbes, microbes that reside in 
living plant tissue without harming the host plant [4]. Endophytic microbes have economic 
significance because microorganisms are organisms that are easy to grow, have a short life cycle, and 
can produce bioactive compounds quickly [7].  

Microorganisms, in this case, endophytic microbes, need to be explored and developed, 
considering that the need for medicinal raw materials is increasing both in number and type [8]. 
Attention to endophytic microbes has increased in recent years because they have several functions, 
including being able to produce secondary metabolites in the form of compounds that have the 
potential to be anticancer, antiviral, antibacterial, anti-fungus, anti-diabetic, and so on [9]. Endophytic 
microbes can be found in plant tissues such as seeds, leaves, flowers, fruits, twigs, stems, and roots [10]. 
The relationship between endophytic microbes and host plants is a form of symbiotic mutualism, 
which is a form of mutually beneficial relationship. Endophytic microbes obtain nutrients from the 
host plant's body, whereas host plants obtain protection against pathogens from compounds produced 
by endophytic microbes [11].  

Endophytic microbes can produce the same bioactive compounds as their host plants. This 
occurs because of the possibility of genetic transfer between host plants and endophytic microbes so 
that beneficial substances in plants can also be produced by their endophytic microbes [12]. If 
endophytic microbes are isolated from medicinal plants, the resulting secondary metabolites are the 
same as those contained in their host plants. This is an opportunity to obtain natural, cheap, and 
environmentally friendly sources of medicinal ingredients [13]. By utilizing endophytic microbes, there 
is no need to use large amounts of plant parts or marine biota. The development of endophytic 
microbes not only enables the discovery and production of natural medicinal ingredients in a 
sustainable and environmentally friendly manner but also opens opportunities for the discovery of 
other bioactive secondary metabolites which so far have often been neglected to one day be produced 
on a commercial scale [4]. 

Endophytic microbes in plant parts can consist of several types of microbes, one of which is 
most frequently isolated, namely endophytic fungi [4]. Endophytic fungus are the most common group 
of endophytic microbes found and occur in large numbers in nature [8]. The magnitude of this estimate 
is because one plant species can be colonized by one or several endophytic fungi [14]. Endophytic fungi 
are reported to produce various bioactive metabolites, both known compounds and new compounds 
[15]. Several studies have reported success in isolating endophytic fungus from various plants, 
including Syzygium cumini Linn [16], Vitex trifolia L. [17], Begonia medicinalis [18]. 

To obtain secondary metabolite bioactive compounds from endophytic funguss, one approach 
that can be used is to select host plants that are known to have the bioactivity in question. Several 
types of plants, especially medicinal plants, can be used as sources of endophytic fungi isolates. One 
type of plant that has the potential as a medicinal plant is Imperata cylindrica (L.) Beauv. Previous 
research has investigated the benefits of Imperata cylindrica (L.) Beauv. [19], including as antibacterial 
[20] and antioxidants [21].  

In previous research, endophytic fungi was isolated from Imperata cylindrica (L.) Beauv. plants  
[22] and its potential as an antibacterial was known [6]. Isolation of the endophytic fungi was carried 
out in dry environmental conditions. Many research results show that different environmental 
conditions can exhibit different types of endophytic microbes and chemical compounds. Therefore, 
this research was carried out to isolate endophytic fungus from Imperata cylindrica (L.) Beauv. plants  
which grow in high rainfall conditions as well as testing the phytochemicals of endophytic fungus to 
determine the type of secondary metabolites produced. With this research, it is hoped that we will be 
able to identify the types of secondary metabolites produced by endophytic fungi from Imperata plants, 
which will enable them to be developed into medicines, thus providing an opportunity for the 
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pharmaceutical industry to develop medicinal raw materials that utilize the natural riches of 
Indonesia's land. 

2. RESEARCH METHOD 
Materials. The materials used include Imperata cylindrica (L.) Beauv. plants, PDA media (Potato 
Dextrose Agar), PDB media (Potato Dextrose Broth), detergent, 1% hypochlorite solution, 96% alcohol, 
chloramphenicol, lactophenol cotton blue (LPCB), spirits, alcohol 70%, distilled water, tissue, glycerol, 
glacial acetic acid, Mayer's reagent, Dragendorff's reagent, FeCl3 solution, Mg ribbon, concentrated 
HCl, H2SO4, chloroform, gelatin 10%, concentrated hydrochloric acid magnesium powder, Lieberman-
Burchard reagent, anhydrous acetic acid, sulfuric acid. Equipment used includes autoclave, laminar air 
flow, incubator, water bath shaker, hot plate, magnetic stirrer, vortex, set of glassware, object glass and 
cover glass, tweezers, alcohol bottle, knife, plastic wrap, aluminum foil, sterile cotton, a paper wrapper, 
test tube, micropipette, and tip, label paper, marker, scissors and ruler, bunsen, volume pipette, drop 
pipette, petri dish, test tube rack, beaker, measuring cup, glass funnel, measuring flask, measuring cup. 

The research procedure was carried out through several stages, namely sampling, isolation, 
and purification of endophytic fungus, identification of endophytic fungus, production of secondary 
metabolites of endophytic fungi, and screening of fermented phytochemicals of endophytic fungi. 
Sampling. Sampling was carried out by taking all parts of the plant from the Imperata fields. Imperata 
cylindrica (L.) Beauv. plants are selected that are healthy, not wilted, and have no signs of plant disease 
attack, then stored in an ice box and brought to the laboratory to isolate the endophytic fungi. 

Endophytic Fungi Isolation. Isolation of endophytic fungus from Imperata cylindrica (L.) 
Beauv. plants begins with washing the roots, stalks, leaves, and flowers of the plants with running 
water and soaking them in detergent water, which is continued in 5.25% hypochlorite solution for 1 
minute, in 96% alcohol for 30 seconds, rinsed with sterile distilled water three times. Isolation of 
endophytic fungi was carried out using the direct planting method. Parts of the Imperata cylindrica 
(L.) Beauv. plants were cut measuring 1 cm × 2 cm using a sterile knife. The Imperata cylindrica (L.) 
Beauv. plant cuttings were inoculated into PDA media in a petri dish. Then incubate for 3-7 days at 
room temperature [23]. 

Purification of Endophytic Fungi Isolates. Endophytic fungus that have grown on PDA 
isolation media are then gradually purified one by one. Each pure isolate of endophytic fungi obtained 
was then transferred to PDA media. This purification aims to separate endophyte colonies with 
different morphologies to become separate isolates. Morphological observations were carried out again 
after incubation for 3-7 days, and if macroscopically different colony growth was still found, they were 
separated again until pure isolates were obtained [22], [23]. Identification of Endophytic Fungus. 
Isolates were identified based on their macroscopic and microscopic characteristics. Macroscopic 
observations based on fungi morphology include color and colony surface. Microscopic observations 
based on observations of preparations include the shape of the hyphae and the shape of the 
reproductive cells. All observations were then compared with the literature to find out the identity of 
the fungi [22]. 

Secondary Metabolite Production of Endophytic Fungi. Purified endophytic fungi isolates 
were grown in PDA media for 5 days until they were sporulated. Using the pure isolate, take 5 pieces 
with a size of 1 × 1 cm and put them in an Erlenmeyer containing 40 ml of PDB. The Erlenmeyer was 
incubated in a shaker incubator at room temperature (27 – 30°C), shaking at 120 rpm for 14 days, then 
20 ml of starter medium was taken and put into an Erlenmeyer containing 200 ml of PDB media. After 
that, fermentation was carried out, shaking at a speed of 120 rpm at room temperature (27 – 30°C). On 
the 9th day, the fermentation results were taken and centrifuged at 3000 rpm for 10 minutes at room 
temperature. The supernatant is separated from the biomass [6], [24], [23].  

Phytochemical Screening of Endophytic Fungi Fermentation Results. 1). Alkaloid Test. 
The sample is added with dilute ammonia, chloroform is added and filtered. The filtrate was added 
with H2SO4 and homogenized. Separate the acid (top) and chloroform (bottom) layers. The acid layer 
was divided into two parts, each given Mayer's reagent and Dragendorff's reagent. A positive result 
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forms a white precipitate with Mayer's reagent and a positive result for Dragendorff if an orange-brown 
precipitate forms [25]  2). Saponin Test. The sample was added with 10 mL of hot water and then 
cooled. The test solution was shaken vertically for 10 seconds and then allowed to stand for 10 minutes. 
1 to 10 cm high froth is formed. On the addition of 1 drop of HCl 2 N, the foam did not disappear [26] 
3). Tannin Test. Sample added with water. Then heat until boiling for 5 minutes. The filtrate is filtered 
add 10% gelatin. If a white precipitate forms then the extract contains tannin [25]  4). Phenolic Test. 
The sample was dissolved in distilled water and heated. The solution is cooled and filtered. The filtrate 
was reacted with 1% FeCl3. A positive result is indicated by a dark blue or blackish-green solution [25] 
5). Flavonoid Test. The sample is dissolved in alcohol and then heated over a water bath. After that 
add magnesium powder and concentrated hydrochloric acid. The presence of flavonoids is indicated 
by the formation of red, yellow, or orange colors [26]. 6). Terpenoid and Steroid Test. The sample 
was dissolved in chloroform and then dried in a water bath. The residue obtained was added with 
Lieberman-Burchard reagent. A positive result of the terpenoid solution will be red, and the green-
blue color is steroids [25]. 7). Glycoside Test. Testing using the Liebermann-Burchard reaction is 
carried out by adding 5 mL of anhydrous acetic acid P to the sample. 10 drops of sulfuric acid P are 
added, and a blue or green color appears indicating the presence of glycosides [23]. The data resulting 
from this research were analyzed descriptively and presented in the form of tables or images. 

3. RESULTS AND DISCUSSIONS  
This research was conducted to isolate endophytic fungi and test phytochemicals from Imperata 
cylindrica (L.) Beauv.). Phytochemical tests were carried out to determine the type of secondary 
metabolites produced. Imperata plant samples were obtained from the Neglasari area, Tangerang City, 
which grows under conditions of high rainfall. The parts of the Imperata plant used are roots, stalks, 
leaves, and flowers. The Imperata plants were determined to determine the correctness of the sample 
used. The determination was carried out at the Herbarium Bogoriense Botany, Center for Research 
and Development for Biology-LIPI Bogor. 

 The research procedure began with the isolation of endophytic fungi from parts of the 
Imperata plant by sterilizing it first. Sterilization before incubation is effective in killing epiphytic 
microbes or microbes that stick to the surface of the leaves so that the colonies that grow on the surface 
of the PDA agar medium are colonies of endophytic fungi from plant cuttings. Sterilization consists of 
several stages, namely washing with running water, soaking in 5.25% hypochlorite, soaking in 96% 
alcohol, and rinsing with sterile distilled water. 

 After sterilization, parts of the Imperata cylindrica (L.) Beauv.) plants were planted in PDA 
media that had antibiotics added to it and incubated for 7 days at room temperature. Endophytic 
fungus that had been incubated for 7 days were then sub-cultured to obtain pure endophytic fungi 
isolates. The isolated endophytic fungi isolates were then purified by inoculating them into a new PDA 
medium. All pure isolates of endophytic fungi obtained were identified macroscopically, which 
included the color and surface of the fungi colonies. Meanwhile, to confirm the differences between 
fungus, microscopic observations were made based on the shape of the hyphae, conidia, and 
conidiophores. The results of these observations were compared with the literature. From the results 
of this research, 7 isolates were obtained, and each isolate produced secondary metabolites as listed in 
Table 1. 

Table 1. Isolates and Types of Secondary Metabolites of Endophytic Fungi from Imperata cylindrica (L.) Beauv. 

Isolate 
Code 

Origin of Imperata cylindrica 
(L.) Beauv. Parts 

Types of Fungi Types of Secondary Metabolites 

Isolate A flower Fusarium sp Flavonoids 
Isolate B stalk Mucor sp. Flavonoids 
Isolate C stalk Penicillium sp. Flavonoids 
Isolate D stalk Trichoderma sp. Flavonoids 
Isolate E root Aspergillus sp. Flavonoids 
Isolate F root Mucor sp. Flavonoids, Saponin 
Isolate G root Phytophthora sp. Flavonoids 
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Based on the results in Table 1., it is known that from the Imperata plant, 1 isolate was obtained from 
the flower part, 3 isolates from the stalk part, and 3 isolates from the root part. The number of 
endophytic fungus in each section is different, this is thought to be influenced by adaptation between 
the endophytic fungus and their hosts. The adaptability of endophytic fungi varies, this is due to the 
physiological factors of the host plant, which makes the number of endophytic fungus found from each 
part of the plant vary. The interactions that occur between endophytic fungus and their hosts affect 
the variety of types of endophytic fungus obtained [27]. Each isolate has macroscopic and microscopic 
characters as follows. 
 

  
Figure 1. Macroscopic (left) and microscopic (right) of Isolate A 

Isolate A in Figure 1. was obtained from the flower parts of the Imperata plant. Isolate A has 
macroscopic characteristics which include white surface color, cottony texture, uneven edges, raised 
wavy surface, and scattered colony growth pattern. Microscopic features include hyphae having walls 
and septa, hyalin, conidiophores having branches, and bent microconidia. Based on these 
characteristics and compared with the literature [3], the endophytic fungus isolates A belongs to the 
genus Genus Fusarium. 

  

Figure 2. Macroscopic (left) and microscopic (right) of Isolate B 

Isolate B in Figure 2. was obtained from the stalks of the Imperata plant. Isolate B has macroscopic 
characteristics which include a white surface color and greenish inside, cottony-powdery texture, flat 
edges, raised surface, and round colony growth pattern. Microscopic features include the presence of 
stolons but no rhizoids, and short sporangiophores. Based on these characteristics and compared with 
the literature [3], the endophytic fungus isolate B belongs to the Genus Mucor. 

  

Figure 3. Macroscopic (left) and microscopic (right) of Isolate C 

Isolate C in Figure 3. was obtained from the stalk of the Imperata plant. Isolate C has macroscopic 
characteristics which include green surface color, elliptical-shaped colonies, mostly consisting of dense 
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conidiophores, and velvety colonial surfaces. Microscopic characteristics include conidia in the form 
of long chains, divergent, globular, elliptical or fusiform, greenish, wavy walls. Based on these 
characteristics and compared with the literature [3], the endophytic fungus isolate C belongs to the 
Genus Penicillium. 

  

Figure 4. Macroscopic (left) and microscopic (right) of Isolate D 

Isolate D in Figure 4. was obtained from the stalk of the Imperata plant. Isolate D has macroscopic 
characteristics which include the initial form of white colonies and with increasing age, they turn dark 
green, granular, and scattered colonies. Microscopic features include conidiophores that branch 
regularly and do not form bundles, conidia are oblong, single-celled, in small terminal groups, and 
conidium groups are blue-green. Based on these characteristics and compared with the literature [3], 
the endophytic fungus isolate D belongs to the Genus Trichoderma. 
 

  

Figure 5. Macroscopic (left) and microscopic (right) of Isolate E 

Isolate E in Figure 5. was obtained from the roots of the Imperata plant. Isolate E has macroscopic 
characteristics which include green colonies, greenish conidia with greenish spots on the surface, and 
concentric arrangement. Microscopic features include hyphae that are not insulated, clustered, and 
attached to vesicles, conidia that are abundant and round, and conidiophores are unbranched and 
have rough walls. Based on these characteristics and compared with the literature [3], the endophytic 
fungus isolate E belongs to the Genus Aspergillus. 

  

Figure 6. Macroscopic (left) and microscopic (right) of Isolate F 

Isolate F in Figure 6. was obtained from the roots of the Imperata plant. Isolate F has macroscopic 
characteristics which include the top part of the mycelium is green-gray, the middle and the edges are 
white. The lower mycelium is dark green. Microscopic features include round conidia, abundant in the 
conidiophores, and black, and conidiophores that are unbranched and have thin walls. Based on these 
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characteristics and compared with the literature [3], the endophytic fungus isolate F belongs to the 
Genus Mucor. 
 

  

Figure 7. Macroscopic (left) and microscopic (right) of Isolate G 

Isolate G in Figure 7. was obtained from the roots of the Imperata plant. Isolate G has macroscopic 
characteristics which include a round colony shape, white color, uneven colony edges, zoning, and 
radial lines on the fungi colony. Microscopic features include hyphae without septa, sporangia are 
ovoid, like a lemon, and have papillae. Based on these characteristics and compared with the literature 
[3], the endophytic fungus isolate F belongs to the Genus Phytophthora.  
 The endophytic fungi that have been isolated and identified are then fermented, and a 
phytochemical test is carried out to determine the type of secondary metabolite compounds produced 
by these endophytic fungi [28], [29]. Phytochemical tests were carried out on all endophytic fungus 
isolates that were isolated from Imperata plants (Table 1). Before the phytochemical tests were carried 
out, the endophytic fungus isolates were fermented in PDB media, to produce large amounts of 
endophytic fungal cells so as to optimize the resulting metabolite compounds. The fermentation 
process was carried out for 14 days, which is the most suitable fermentation time to produce maximum 
growth of fungi and metabolite production [6]. Based on the results of phytochemical tests on 
endophytic fungus (Table 1), it is known that all endophytic fungi isolates produce secondary 
metabolites. Fusarium sp. in Figure 1. was obtained from the flower parts of the Imperata plant, 
produces flavonoids. Mucor sp. in Figure 2. was obtained from the stalk of the Imperata plant, produces 
flavonoids. Penicillium sp. in Figure 3. was obtained from the stalk of the Imperata plant, produces 
flavonoids. Trichoderma sp. in Figure 4. was obtained from the stalk of the Imperata plant, produces 
flavonoids. Aspergillus sp. in Figure 5. was obtained from the roots of the Imperata plant, produces 
flavonoids. Mucor sp. in Figure 6. was which is obtained from the roots of the Imperata plant, produces 
flavonoids and saponins. Phytophthora sp. in Figure 7. was obtained from the roots of the Imperata 
plant, produces flavonoids.  

 The results of flavonoid secondary metabolites produced by endophytic fungi in this study are 
from previous research which succeeded in finding flavonoids in endophytic fungi from Gingko biloba 
plants [30], endophytic fungi from Conyza blinii plants  [31], endophytic fungi from the Loranthus 
tanakae plant [32]. Meanwhile, positive results for the saponin group were shown after the sample was 
added with 10 mL of hot water and then cooled, the test solution was shaken vertically for 10 seconds, 
then allowed to stand for 10 minutes, and foam 1 to 10 cm high was formed. Positive saponin is indicated 
by, after adding 1 drop of 2 N HCl the foam that forms does not disappear [26]. The results of saponin-
type secondary metabolites produced by endophytic fungi in this study are by previous research which 
succeeded in finding saponin in endophytic fungi from Uncaria cordata leaves [33]; endophytic fungi 
from mahogany trees [34], endophytic fungi from Asparagus racemosus [35].  

 The types of secondary metabolites produced by endophytic fungi isolated from Imperata 
plants in this study are the secondary metabolites produced by Imperata plants. Several studies state 
that Imperata plants contain secondary metabolites such as flavonoids, tannins, alkaloids, and 
saponins [36]. Added by Kusuma et.al. [6], the flavonoid content in Imperata plants is 4.8%. So the 
results of this study are by the statement [37], that the ability of endophytic microbes to produce 
secondary metabolite compounds is the same as that of their host plants. 
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 Flavonoids are known to have antimicrobial, antiallergic, antioxidant, antitumor cytotoxic, 
anti-inflammatory, hypoallergenic, hepatoprotective antithrombotic, and antiviral activities [38], [38] 
[39]. Flavonoids also act as metal chelators and scavengers of free radicals, as well as strong 
antioxidants [40]. While saponins act as antimicrobial compounds. More than 90%, of the bacterial 
cell wall on the outer membrane is protected by lipopolysaccharide (LPS) [41]. Saponins will react with 
lipopolysaccharides thereby reducing the surface tension of the membrane, which will eventually cause 
cell destruction [42].  

 The ability of endophytic fungi to produce secondary metabolites similar to those of their host 
plants is an advantage in itself. These advantages can be seen in terms of time and cost, considering 
that it takes a long time and quite a lot of plant biomass to produce one type of secondary metabolite. 
Research conducted Jamilatun et.al. [6], shows that the endophytic fungi isolate of Imperata cylindrica 
(L.) Beauv isolates has antibacterial activity and the results of this study show that the endophytic 
fungi isolate of Imperata plat produces secondary metabolites such as flavonoids and saponins. With 
the presence of this potential endophytic fungi, it is hoped that both types of secondary metabolites 
can be produced optimally, and can be developed through further research to determine other 
bioactivities of secondary metabolite compounds produced by endophytic fungi isolates from the 
Imperata cylindrica (L.) Beauv. 

4. CONCLUSION  
There were seven isolates of endophytic fungus found in the Imperata cylindrica (L.) Beauv. The types 
of endophytic fungus consist of Fusarium sp. isolated from floral parts, Mucor sp. isolated from the 
stem and roots, Penicillium sp. and Trichoderma isolated from the stem, as well as Aspergillus sp. and 
Phytophthora sp. which was isolated from the roots of the Imperata cylindrica (L.) Beauv. Each 
endophytic fungi produces secondary metabolites such as flavonoids and saponins which are also 
produced by Mucor sp isolates. which is obtained from the roots of the Imperata plant. Based on the 
type of secondary metabolites produced by endophytic fungus from Imperata plants, it has the 
potential to be developed into medicine so that it becomes an opportunity to develop medicinal raw 
materials that utilize endophytic fungi isolates from Imperata cylindrica (L.) Beauv. In its development 
as a drug, the results of this research still have limitations because the secondary metabolite activity 
produced by each endophytic fungi isolate has not been tested. So it is necessary to carry out further 
research, to determine the potential of secondary metabolites of Imperata cylindrica (L.) Beauv plant 
endophytic fungi as antimicrobial, antioxidant, anticancer, antidiabetic agents, and other biological 
activities that play a role in drug development. 
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