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Abstract. Widiana A, Ukit, Thahirah A, Paijiah E. 2019. Diversity of endophytic fungi in cajuput leaf waste (Melaleuca cajuputi). 

Biodiversitas 20: 562-569. Cajuput Oil Factory at Jatimunggul, Indramayu of Forest Management Unit of Perum Perhutani (State 

Forest Enterprises) produces cajuput leaf waste during distillation process. This waste is difficult to decompose due to the presence of 

lignin in the secondary cell wall. Therefore, fungi are needed to produce some enzymes for speeding up the degrading process. This 

research was aimed at finding out the diversity of fungi growing in the cajuput (Melaleuca cajuputi Powell) leaf waste of zero, two and 

four months old. The result indicated that a total of 14 species of fungi belonging to four genera namely Aspergillus, Arthrinium, 

Rhizopus, and one unidentified genus are produced by cajuput leaf waste. Ten different types of endophytic fungi were isolated from 

two-month-old waste, seven Rhizopus and types of fungi were found in the zero-month-old waste, and only five types of isolates are 

found in the four-month-old waste. Three species of isolated fungi were also tested for their cellulase enzyme activity. 

Keywords: Endophytic fungi, fungal identification, fungal isolates, cajuput leaf waste 

INTRODUCTION 

In Java Island, Indonesia, cajuput has a very high 

potential for development. It can be perceived from the 

presence of large number of cajuput leaf processing plants 

managed by Perum Perhutani (State Forest Enterprises) in 

West, Central, and East Java Provinces. The main product 

of cajuput plant is the cajuput oil which is produced by 

distillation of cajuput leaf. However, this industry does not 

produce only oil, but also waste. Waste is the final result of 

a process, in the form of solid, liquid, or gas which has no 

more use value. Waste treatment is therefore essential to 

keep the environment clean and healthy. 

Cajuput is a species of the Myrtaceae family which 

produces cajuput oil, a commodity with a high economic 

value and that can be used as a medicine with more than 

50% of 1.8-cineol (eucalyptol) content (Widiana et al. 

2015). The average yield of cajuput processing is 0.76%, 

the waste produced is 27,981.16 tonnes per year. One of 

the cajuput processing plants is Jatimunggul Cajuput Oil 

Factory of Indramayu Forest Management Unit of Perum 

Perhutani Unit III of West Java and Banten. This factory 

uses only 30% of the dry waste produced as briquettes to 

fuel boilers. The rest is used by local people as firewood. 

However, it does not have significant effect in reducing the 

amount of waste (Kartikasari 2007). An economically 

effective way of utilization of cajuput leaf waste is to use it 

as animal feed. An in vitro study by Widiana et al. (2014) 

has shown that the composition of cajuput leaf waste and 

grass has good potential to be used as cattle feed. 

The waste generated during cajuput leaf distillation is 

difficult to decompose. Cajuput plants take years to be able 

to decompose properly (Belguin and Aubert 1992). It 

means that some specific microbes are needed to speed up 

the process of decomposition. Fungus has higher ability 

than bacteria to degrade cellulose and lignocellulose 

(Dashtban et al. 2009). Spermatophytes or seed plants 

might contain several microbes and one of them is 

endophytic fungus which is also the most isolated (Maroof 

et al. 2012). Endophytic microbe is a microorganism 

growing in plant tissues. It has a high potential to produce 

bioactive compounds by using fermentation method 

(Dompeipen et al. 2011). Research on isolation and 

exploitation of endophytic fungi can indicate the potential 

benefits of fungi to organism. This research focuses on 

finding out the diversity of endophytic fungi in cajuput leaf 

waste, in relation to different storage periods. 

MATERIALS AND METHODS 

Sampling 

The sample used is cajuput leaf waste collected from 

Jatimunggul Cajuput Oil Factory of Indramayu Forest 

Management Unit, West Java, Indonesia. It is divided into 

three groups based on the storage duration: zero-month-old, 

two-months-old and four-months-old cajuput leaf wastes. 

The leaf wastes separated according to the storage period 

are collected in different plastic clip bags. The humidity 

and temperatures of the sample in collection location are 

also measured and recorded. 

Isolation of fungi 

Fungi are isolated from the waste by Direct Plating 

(Bills and Polishook 1994). The sample of leaves is cut into 

pieces septically and is washed under running water for 10 
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minutes to remove dirt. After drying, the pieces of leaves 

are soaked in 70% ethanol for three minutes and dried 

again. The dried leaves are washed in 1% sodium 

hypochlorite solution for two minutes and dried. They are 

then washed with sterile aquadest to remove traces of 

sodium hypochlorite and dried. The sterilized samples are 

placed in petri dishes containing MEA and PDA media. 

Petri dishes are then incubated at room temperature for one 

to two weeks. The appearing fungal colonies are then 

separated according to their morphologies and colors in 

new Petri dishes with MEA and PDA media. Another 

round of incubation for three to seven days is followed, 

while being monitored to avoid contaminations.  

Identification of fungi 

The isolated fungi are then purified and their features 

such as presence or absence of bulkheads on the hyphae, 

growth nature of the hyphae (branched or not branched), 

and the occurrence and shapes of conidia or spores are 

microscopically observed. Macroscopic observation is also 

conducted to study the surface and reverse colors of the 

colonies, their textures, topography, exudate discharge, 

radial lines, and concentric circles. Identification is done by 

matching the characteristics of fungi from the current study 

with the ones mentioned in fungal identification manuals of 

Gandjar et al. (2000), Samson et al. (2011), Watanabe 

(2002), Samson et al. (2014) and Pitt and Hocking (2009). 

 

Activity test for enzyme cellulase  
DNS method is used for testing the activity of enzyme 

cellulase. To 1 ml of fungal extract, 1 ml CMC and 2 ml of 

DNS reagents are added. The solution is homogenized using a 

vortex followed by incubation at 1000C for about 25 minutes 

in a water bath. After cooling, absorbation value was read 

using a spectrophotometer at 540 nm (Miller 1959).  

RESULTS AND DISCUSSION 

The growth of endophyte fungi started between 5 to 14 

days of incubation which might be due to their slow-

growing character. The complex content of the media 

needed longer time to be broken down into simple 

components which can be absorbed by the cells and used to 

synthesize energy (Ganjar 2006). Purwantini et al (2015) 

opined that only those endophytic fungi growing after five 

days are included in the identification process. Endophytic 

fungi grow around leaves planted in the media. Carrol 

(1988) stated that endophyte fungi are found in plant tissue 

systems such as leaves, twigs, trunks, and even roots. Gary 

(2018) mentioned that endophytic microbes are microbes 

that live inside plant tissue in a specific period of time and 

are able to live by making colonies in the plant tissue 

without endangering their host. The incubated samples 

were observed from day 3 until day 14, the result of which 

is shown in Table 1.  

Mycelium is formed by non-metal elements such as 

carbon, nitrogen, hydrogen, and oxygen which is used to 

build cellular walls of the fungi, and all of these elements 

have essential functions in the metabolic sustainability in 

the protoplasm (Barnett and Hunter 1998). The growth of 

mycelium happens because of anastomosis of the meeting 

points on the branches of hyphae. The anastomosis also 

extends the hyphae into a network called mycelium. 

Mycelium makes the nutrient absorption from subtracts 

more effective (Garraway and Evans 1984). From day 8 to 

day 14, the colonies kept expanding in the media and 

several of them started sporulation and are further 

expanded faster. Conidia or spore formation by fungi is 

determined by the presence of protein in the media.  

As shown in Figure 2, 14 types of endophytic fungi 

were isolated from cajuput leaf waste. Result in Ten different 

types of endophytic fungi were isolated from two-month-

old waste. Seven types of fungi were found on zero-month-

old waste and only five types in the four-month-old waste 

(Table 1). The colonies of fungal isolates exhibited various 

physical appearances. According to Cui et al. 2011, the 

adaptation mechanism of endophytic microbes to the 

micro-ecology and specific physiological conditions of the 

host plants make it possible to isolate more than one type 

of endophyte fungi even from only one living tissue of a 

plant. Meanwhile, according to Petrini et al (1992), the 

existence of an endophytic microbe is related to the 

microhabitat condition of the host plant and the genotypic 

compatibility between the host and the microbe. The source 

of endophyte microbes in the host tissues are the endophytic 

fungal inoculums which are usually flying spores, but may 

also be transmitted through seeds or insect vectors 

(Ghimire and Hyde 2004; Aly et al. 2011). The physical 

factors of the environment surrounding the host plant 

significantly influence the development and growth of the 

endophytic fungi. Mostly, such factors affecting the growth 

of fungi are substrate, humidity, temperature, pH, and 

chemical substances in the environment (Gandjar 2006). 
 

 
Table 1. Endophytic fungal growth in cajuput leaf waste 
 

 Isolate  
Age of cajuput leaf waste 

0 month 2 month 4 month 
PDA MEA PDA MEA PDA MEA 

K 1 √ - - - √ - 
K 2 √ √ √ - - - 
K 3 - - √ - - - 
K 4 - - √ - - - 
K 5 - - √ - - - 
K 6 - - - - √ - 
K 7 √ - - - √ - 
K 8 - - √ - - - 
K 9 - - √ - - - 

K 10 - √ - √ - - 
K 11 - √ - - - - 
K 12 - √ - √ - √ 
K 13 - - - √ - - 
K 14 - - - √ - √ 

No.of 
isolates 

3 4 6 4 3 2 

Note: (√) Fungal growth (-) no growth 
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Figure 1. Endophytic fungi isolated from cajuput leaf waste on: A. MEA medium, B. PDA medium 

 

 

 

Furthermore, Purwantini et al (2015) stated that 

endophytic fungi are more successfully isolated from 

yellowish green leaves. It is because endophytic microbes 

grow in vascular tissue, and in yellowish green leaves, the 

vascular tissues are perfectly present giving more chance to 

the growth of endophyte fungi since there are enough 

nutrients there. As seen in Table 1, more types of fungi 

appear in the zero-month-old and two-month-old wastes 

since the cajuput leaves in these stages are still fresh and 

have yellowish green color, compared to the four-month-

old cajuput leaf waste.  

The interaction between endophyte microbes and a 

plant is a kind of symbiosis which is neutral and 

mutualistic (Simarmata et al. 2007). In this case, the 

endophytic microbes gain nutrition from the plant's 

metabolism, and in turn protect the plant from pathogenic 

onset; meanwhile, the plant gains nutritional derivatives 

and active compounds which are important for its life 

(Simarmata et al. 2007). 

Identifying the endophytic fungi of cajuput leaf waste 

The identification of 14 endophytic fungi isolated from 

cajuput leaf waste was conducted both macroscopically and 

microscopically. The macroscopic observation consisted of 

surface and reverse colors of the colonies, textures, 

topographies, exudate discharge, presence of radial lines 

and concentric circles (Hallmann 2006). Meanwhile, the 

microscopic observation is to see whether or not there are 

bulkheads on the hyphae, the growth nature of the hyphae 

(branched or not branched) and the shapes of conidia or 

spore, if present (Hallmann 2006). The observed 

macroscopic features of endophytic fungi isolated from 

cajuput leaf waste are listed in Table 2.  

The isolation studies from cajuput (Melaleuca cajuputi 

Powell) leaf waste resulted in fourteen types of endophytic 

fungi. Microscopic identification indicated that they 

belonged to four genera, three identified, namely Rhizopus, 

Aspergillus and Arthrinium, and one unidentified, as shown 

in Table 3.  
 

 

 

 

Table 2. Macroscopic characteristics of endophytic fungal isolates 

 

Isolate 
Macroscopic characteristics 

Colony color Reverse colony color Texture Topography Exudate drops Radial line Concentric circle 

        

K1 Brown Brown Velvety Rugose - - - 

K2 Brown Gray Velvety Rugose - - - 

K3 Army green Gray Powdery Umbonate - √ √ 

K4 Green Yellowish green Powdery Rugose - - - 

K5 Yellow  Brown Granular Umbonate √ √ - 

K6 Moss green Yellow Powdery Verrugose - √ √ 

K7 Green Yellowish green Powdery Rugose - - - 

K8 Black Gray Velvety Rugose - - - 

K9 Brown Brown Velvety Rugose √ - √ 

K10 Green dark Gray Wolly Umbonate - √ √ 

K11 White Pink Cottony Umbonate √ - - 

K12 Brown Gray Velvety Rugose - - √ 

K13 Black Yellowish green Velvety Rugose - - - 

K14 Black Gray Velvety Rugose - - - 
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Table 3. Microscopic characteristics and species list of endophytic fungi isolated from eucalyptus leaf waste  

 

Isolate Type of spore /conidia Shape of spore/ conidia Septate/ coenocytic Genus/ species 

K1 Conidia Round Coenocytic Aspergillus sp. 1 

K2 Sporangia Round Coenocytic Rhizopus stolonifer 

K3 Sporangia Round Coenocytic Unidentified 1 

K4 Conidia Semi-round  Coenocytic Aspergillus fumigatus 

K5 Conidia Round Coenocytic Aspergillus tamari 

K6 Conidia Ellipse Coenocytic Aspergillus sp. 2 

K7 Conidia Round Coenocytic Aspergillus sect. clavati 

K8 Conidia Round Coenocytic Aspergillus niger 

K9 Conidia Round Coenocytic Aspergillus sp. 3 

K10 Sporangia Semi-round  Coenocytic Aspergillus chevalieri 

K11 Conidia Oblong Septate Arthrinium phaeospermum 

K12 Sporangia Round Coenocytic Rhizopus sp. 

K13 Sporangia Round Coenocytic Aspergillus sp. 4 

K14 Conidia Round Coenocytic Aspergillus fijiensis 

 

 

 

 

Three species of Rhizopus were identified from the 

isolates based on macroscopic and microscopic 

observations. They are Rhizopus stolonifer (K2), Rhizopus 

oryzae (K8) and Rhizopus sp. (K12). R. oryzae is an 

important fungal species as the producer of many kinds of 

enzymes such as amylase, protease, and lipase (Hsiao et al. 

2014). Protease is also called peptidase or proteinase, 

which is a hydrolytic enzyme catalyzing the conversion of 

peptides into short oligopeptides and free amino acid 

(Lopez-Otin dan Bond 2008). 

Total 14 species identified in samples. Three species of 

Rhizopus, one species of Arthrinium, nine species of 

Aspergillus and there was one unidentified species from 

isolate K3. Aspergillus fumigatus (K4) which has green 

colonies on day 5 to 14 in the incubation temperature of 

30ºC. They have a yellowish green reverse and round-

shaped conidiophore. The dark green color is caused by the 

thick conidiophore formed by the mycelia on the agar and 

the aerial mycelia. The conidial heads are typically 

columnar-shaped. Conidiophores are short, smooth-walled, 

and green. The vesicles are mace-shaped. The phialides are 

formed directly on the vesicles, often green. The conidia 

are round or semi-round, green, and rough-walled. The 

growth of the colonies is faster and thicker in the media of 

MEA (Gandjar et al. 2000). Aspergillus fumigatus is 

thermo-tolerant fungus and is very common in any parts of 

the world. It can be isolated from the air, plants, food, soil, 

animal waste, and silages in tropical areas (Piit and 

Hocking 2009). 

Meanwhile, based on the macroscopic and microscopic 

morphological observation, the colonies of Aspergillus 

tamarii (K5) are yellow with green part in the middle on 

day 3. It then quickly changes to brown with green part in 

the middle as the colonies get more mature until day 14 in 

the incubation temperature of 30ºC. Their reverse color is 

brown, and they have round-shaped conidiophores. The 

conidiophores’ stems are hyaline and generally rough-

walled. The conidial heads are round which then break into 

separated columns. The vesicles are round and semi-round. 

The phialides are directly formed on the vesicles or metula 

(on the big conidial heads). The conidia are round and 

semi-round and brownish yellow. This species is a very 

common tropical fungus, and found in spices, corns, 

cereals, soil, air, and litter (Gandjar et al. 2000). 

Then, the colonies of Aspergillus sp. 2 (K6) are white 

on day 4 of incubation which then sporulates to green with 

white edge until day 14 in the temperature of 30ºC. They 

have yellow reverse, round-shaped vesicles, semi-round 

and elliptical conidiophores with hyaline color and rough 

walls. This species is a warehouse fungus for it is often 

found in dried cereals stored in large quantities (Gandjar et 

al. 2000). 

Next, Aspergillus fischeri (K7) colonies are green after 

four days of incubation in the temperature of 30ºC. They 

have a yellowish green reverse, and round-shaped 

conidiophores. The conidia are borne from air mycelia, 

thin-walled, colorless, and small with larger tip on the 

pyriform vesicles. The phialides have short necks; the 

conidia are round to elliptical, delicate, have walls, and 

spout to the columnar heads (Samson et al. 2014). 

On the other hand, the Aspergillus niger (K8) colonies 

are white on day 3 in the incubation temperature of 30ºC, 

which then sporulate to blackish brown after five days of 

incubation with a grey reverse. They have hyphae with no 

bulkhead, round-shaped sporangiospores. This species is 

cosmopolitan in tropical and subtropical areas and is easy 

to isolate from soil, air, water, spices, and leaf litters 

(Gandjar et al. 2000). 

Next is Aspergillus chevalieri (K10) which grows 

slowly, resulting in greyish colonies after fourteen days of 

being incubated in the temperature of 25ºC with abundant 

and longer conidiophores. The vesicles are widened into 

subglobose; the ascomata is abundant, wrapped in round 

orange hyphae to the subglobose; the lenticular ascospores 

are thin-walled. This species can be isolated from the air, 

soil, peat, grass litters, wheat, corns, copra, and cacao seeds 

(Piit and Hocking 2009). 
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Figure 2. (a) A. Rhizopus stolonifer (K2) B. Aspergillus niger (K8) C. Rhizopus sp. (K12) D. Aspergillus fumigatus , (K4) E. Arthrinium phaeospermum (K11). (b) F. Aspergillus sp. 1 (K1) G. 

Aspergillus sp. 2 (K6) H. Aspergillus sp. 3 (K9) I. Aspergillus sp. 4 (K13). (c) J. Aspergillus tamari (K5) K. Aspergillus sect. Clavati (K7) L. Aspergillus chevalieri (K10), M. Aspergillus 

fijiensis (K14); (a) colony, (b) reverse colony, (c) conidial and (d) spore.  
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Figure 3. Screening results of fungi in media. A. Rhizopus 

stolonifer K2, B. Aspergillus chevalieri K10, C. Arthrinium 

phaeospermum K11 

 

 

Table 4. Values for fungal cellulase enzyme activity 

 

Day Activity value of cellulase enzyme 

Rhizopus 

stolonifer 

Aspergillus 

chevalieri 

Arthrinium 

phaeospermum 

H0 2.53 U/mL 2.59 U/mL 7.25 U/mL 

H1 3.80 U/mL 2.61 U/mL 8.50 U/mL 

H2 2.79 U/mL 3.40 U/mL 9.39 U/mL 

H3 2.59 U/mL 2.75 U/mL 7.63 U/mL 

H4 4.03 U/mL 0.86 U/mL 2.54 U/mL 

H5 2.79 U/mL 3.67 U/mL 2.20 U/mL 

H6 2.96 U/mL 4.22 U/mL 3.72 U/mL 

H7 2.73 U/mL 2.13 U/mL 2.91 U/mL 

 

 

 

Aspergillus sp. 4 (K13) colonies are green with 

yellowish green reverse. They grow on day 5 in the 

incubation temperature of 30ºC, and have hyphae with 

bulkheads as well as round-shaped conidiophores. 

Aspergillus nidulans can be isolated from the air, soil, 

desert soil, peat, compost, cotton, and animals (Piit and 

Hocking 2009). Then, Aspergillus terreus (K9) colonies are 

brown and have a brown reverse. They grow on day 5 and 

have round-shaped conidiophores. After seven days, the 

colonies consist of solid layers formed by yellowish brown 

conidiophores which get darker as they get older. The 

conidial heads are yellowish brown, look compact, semi-

round-shaped, and the phialides are formed on the metula. 

These species inhabit the soil, usually in tropical areas 

(Gandjar et al. 2000). 

Aspergillus sp. (K1) colonies are brown with a brown 

reverse. The colonies start growing on the fifth day of 

incubation in the temperature of 30ºC. They have round 

shape conidiophores. The vesicles on genus Aspergillus 

become the distinguishing feature from other genera 

(Watanabe 2002). 

The last type of fungi identified in the cajuput leaf 

waste is from genus Arthrinium, which is Arthrinium 

phaeospermum. The colonies are found in the zero-month-

old sample on the media of MEA. Based on the 

macroscopic and microscopic morphological observation, 

A. phaeospermum colonies are white and have a white 

reverse with pink media. The aerial mycelia are white and 

cotton-like, and often yield red pigment in the agar. 

Sporulation commonly happens on black dots seen on the 

aerial mycelia. The conidiophores are hyaline or brown, 

1.0-1.3 µm wide, and have septa. The conidia are dark 

brown, lenticular, and have equatorial growth lines. This 

species is cosmopolite and exist mainly in Gramineae. It 

has been isolated from forest soil, farm soil, garden compost, 

waste-polluted soil, water, onion rhizosphere, sugar beet, 

wheat, rotting wood, and bamboo (Gandjar et al. 2000). 

Pansanit and Pattcharee (2018) stated that the extract of 

the Arthrinium sp. isolated from Zingiber cassununar 

contains various antibacterial and antioxidant compounds.  

 

Activity test for fungal cellulase enzyme 

Activity of fungal cellulase enzyme was tested for three 

species of fungi that produced high activity index value, i.e. 

Rhizopus stolonifer K2 (1.25 mm), Aspergillus chevalieri 

K10 (1.25 mm) and Arthrinium phaeospermum K11 (1.19 

mm) (Fig.3) The highest activity index value is an 

indication that cellulase enzyme production by fungi was 

also high. The activity values for fungal cellulase enzyme 

are listed in Table 4. 

Arthrinium phaeospermum K11 showed highest 

cellulase activity of 9,39 U/mL and similar result was 

shown by Li et al. (2014), which reported that the mold 

Arthrinium phaeospermum produced large amount of 

cellulase enzyme so that it can remodel cellulase into in 

simpler component and within two days hyphal isolates of 

Arthrinium phaeospermum can fill part of the place on the 

pentagram containing CMC media. Aspergillus chevalieri. 

K.10 showed the next highest. According to Selvakumar et 

al. (1996), Aspergillus chevalieri produced cellulase and β-

glucosidase which can break down and remodel the 

cellulose structure into simpler components. While the 

lowest value of cellulase enzyme activity is in the fungus 

Rhizopus stolonifer (K2) with a value of 4.03 U/mL. 

According to Dos et al. (2016), the cellulose production 

ability of Rhizopus stolonifer is lower than Aspergillus 

chevalieri, so that the process of overhauling cellulase as a 

carbon source is not optimal.  

The results of cellulase enzyme activity obtained in this 

study still appear to be low when compared with a study 

conducted by Dos et al. (2016) in which the values of 

cellulase enzyme activity for Rhizopus stolonifer was 

12.721 U/mL and for Aspergillus chevalieri was 29.377 

U/mL. However, these results are high when compared 

with the study of Fitrah and Muzakhar (2018) where the 

value of cellulase enzyme activity in Aspergillus chevalieri 

was only 0.7 U/mL. 
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