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Ganoderma lucidum is commonly known as medicinal fungi used to treat various disease. Its containing 
bioactive compounds are still widely developed and examined for discovery of new medicine. However, 
few studies had conducted on the application of G. lucidum as pesticide, especially as anti-termite 
(Coptotermes curvignathus). This study was conducted to determine secondary metabolites of Lingzhi 
fungi using thin layer chromatography and its potential as anti-termite (Coptotermes curvignathus) 
biopesticide. Methods used on this study including extraction which used methanol for maceration, 
identification of secondary metabolites using thin layer chromatography, toxicity test of Lingzhi methanol 
extract on soil termites at concentration of 5%, 10%, 20%, 30%, and 40% for 3 days duration. Anti-
termite toxicity test was evaluated based on the number of termite mortality and termite repellant test. 
Result showed that methanol extract of Ganoderma lucidum (Lingzhi) contained terpenoid and alkaloid. 
Optimal concentration resulting in the most mortality of termites was found to be 40% (100%termite 
mortality and 82% repellant). This indicated that Lingzhi methanol extract had potential as anti-termite 
(Coptotermes curvignathus) natural biopesticide.  
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INTRODUCTION 

Termite is a ubiquitous social insect (Miller, 
2010). In the nature, termites playrole as 
decomposer of plant or wood remains which 
contains cellulose, thus can fertilize the land 
(Verma and Parshad, 2009). However, in 
residential area, termites become an alarming 
pest due to its rapid attack, causing heavy 
damage to building element composed of woods, 
paper, or other material containing cellulose, 
leading to economical loss (Sukartana et al., 
2009; Verma and Parshad, 2009). Termites 
causing most damage and economical loss for 
human belong to genus Coptotermes, which is 
soil termites (Coptotermes curvignathus) 
(Sukartana et al., 2009; Miller, 2010).  

One of the methods to control termites is by 
using plant biopesticide. This method used plant-
derived pesticide to control various insect pests. 
Plants can be used as biopesticide due to 
secondary metabolites it produced, such as 
terpenoid, flavonoid, saponin, tannin, etc., which 
can affect and control insect (Leiss et al., 2011; 
Verma and Parshad, 2009). This method is easily 
applied, efficient, eco-friendly, and harmless for 
non-target organism such as human (Adeyemi, 
2010). 

A few studies about anti-termite pesticidal 
plants had been previously conducted, such as 
Alpinia galanga (Sukhirun et al., 2000), Jatropha 
curcas, Maesa lanceolate, Chenopodium 
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ambrosoids, Vernonia hymenolepis (Addisu et al., 
2014), Mikania micrantha (Salam et al., 2014), 
and Crescentia cujete (Nurhasanah et al., 2014). 
In the current study, we examined Ganoderma 
lucidum (Lingzhi) fungi activity as biopesticide. 
This fungus belongs to Basidiomycetes family and 
is widely known as medicinal fungi which has 
been used to treat various diseases. Lingzhi fungi 
has potential as natural pesticide due to its 
secondary metabolites content (Wink, 1993, Zhu 
et al., 2011; Kulkarni, 2013). Secondary 
metabolite compounds produced by G. lucidum 
including saponin, tannin, alkaloid, flavonoid, 
phenol, triterpenoid, protein, sterol, steroid, 
lignocellulose-degrading enzyme, nucleoside, and 
more (Rupeshkumar et al., 2016; Adelanwa et al., 
2010, Boh et al., 2007; Zhou et al.,2007). 

Based on literary review, both in Indonesia 
and abroad, no study has been conducted on the 
potential of G. lucidum an anti-termite pesticide. 
Previous study evidenced that G. lucidum fungi 
could be applied effectively as pesticide against 
Culex pipiens mosquito (Olayemi, 2013). Because 
of that, the possibility for G. lucidum fungi to be 
applied as anti-termite pesticide is highly 
prospective. Based on this elaboration, this study 
was conducted to analyze secondary metabolites 
content of methanol extract of G. lucidum 
(Lingzhi) using thin layer chromatography and to 
evaluate its potential as anti-ground termite 
(Coptotermes curvignathus) natural pesticide.  
 
MATERIALS AND METHODS 

Identification of G. lucidum 
G. lucidum was identified and confirmed of its 

species in Department of Biology, Faculty of 
Science and Technology, Airlangga University, 
Surabaya 

Extraction of G. Lucidum using Methanol 
solvent  

Extraction process of G. lucidum followed 
standard procedure (Ahmed et al., 2011). As 
much as 30 g ofG. lucidum smooth powder was 
soaked into 300 ml methanol for 3 days at room 
temperature. Solvent was mixed daily to obtain 
better extraction. Every 3 x 24 hours, extract was 
filtered using Whatman No. 1 filter paper. Extract 
residue was macerated again using the same 
method for three times (3 x 3 days). Filtered 
extract solution was then evaporated using rotary 
evaporator at 60 rpm to obtain condensed extract.  

Identification of Secondary Metabolite 
Compounds of G. Lucidum Methanol Extract 
using Thin Layer Chromatography  

Identification of secondary metabolite 
compounds, such as polyphenol, alkaloid, 
flavonoid, terpenoid, and saponin from methanol 
extract of G. lucidum was performed using thin 
layer chromatography using method as described 
by Harborne (1987).  

Concentration Determination of Ganoderma 
lucidum  
Variation of G. lucidum extract concentrations 
used for anti-termite pesticide test were 5%, 10%, 
20%, 30%, and 40%.  

Maintenance of Soil termites 
(Coptotermescurvignathus) 

Termite (C. curvignathus) colonies was 
obtained from Wonokasian area, Sidoarjo, 
Indonesia. Soil termite was cared in plastic 
polyetilene container filled with woods and soil as 
its food source. The purpose of soil termite caring 
was to ensure only healthy and active termite 
used in the study (Addisu et al., 2014; 
Nurhasanah et al., 2014). Soil was given 
adequate distilled water in the test tube to 
maintain ground humidity, thus avoiding mortality 
due to dehydration during testing period (Ahmed 
et al., 2011). 

Preparation of Test Tube  
Test tube filled with soil was covered with 

black clothes to ensure air circulation and to keep 
termites from escaping the test tube.  

Testing Process 
Filter paper with 9 cm diameter was put into 

oven initially for 1 hour at 60⁰C. Test paper was 
soaked in Lingzhi extract for 15 minutes before 
air-dried for 24 hours. Control filter paper was 
soaked in distilled water. Filter paper was then 
weighed to determine its weight before it was put 
into the tube. As much as 10 g of sand was put 
into glass and each glass was filled with active 
and healthy termites consisted of 20 worker and 5 
warrior termites.  

Testing method of G. lucidum extract 
biopesticide towards C. curvignathus termites was 
based on procedure as described by Addisu et al., 
(2014) and Nurhasanah et al., (2014) which 
modified adequately (Figure 1). 
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Figure 1.Testing tube of anti-termite (C. curvignathus) activity of G. lucidum extract 

 
 

 
1. Plastic box  
2. Muslin clothes 
3. Testing filter paper  
4. Soil 
5. Wet cottons 
6. Worker termites 
7. Warrior termites 
  

 
 
Laboratory Analysis Method  

Termites Mortality  
Evaluation of ground termite mortality was 

performed daily for 3 days on each treatment unit 
(control and treatment unit) then its accumulation 
number was measured. Percentage of termite 
mortality was accounted based on formula of 
Addisu et al., (2014): 
 
 

 

Termites Repellant Testing 
Repellant testing was conducted to determine 

the effectivity of active compounds contained in 
the methanol extract of G. lucidum towards soil 
termites; both in control and treatment unit was 
evaluated 30 minutes after the start of G. lucidum 
methanol extract treatment. Repellant testing was 
quantified based on formula of Addisu et al., 
(2014) as following: 

 
 

 
In which, JK = number of worker termites in the 
control filter paper and JU = number of worker  
ermites in the treatment filter paper 

 
RESULTS 

Phytochemical Screening 
Phytochemical screening was performed to 

determine chemical group of secondary 
metabolite compounds contained in the methanol 
extract of Ganoderma lucidum (Lingzhi) fungi. 
Result of phytochemical screening of G. lucidum 
methanol extract (Table 1) performed using thin 

layer chromatography showed terpenoid/steroid 
and alkaloid content. This was marked by the 
appearance of orange stain after Dragendorff 
reactor addition indicating the presence of alkaloid 
compounds and violet stain after sprayed with 
anisaldehide sulphuric acid staining, indicating 
terpenoid/free steroid content.  

 
Anti-termite (Coptotermes curvignathus) 
Biopesticide Testing of Ganoderma lucidum 
Extract  

This study was conducted using observation 
method to evaluate the ability of Ganoderma 
lucidum (Lingzhi) fungi as plant biopesticide and 
its effectivity to kill Coptotermes curvignathus. 
Observation technique was data collection 
method via direct observation of the study 
conducted, consisted of observing, recording, 
counting, and noting of any events occurred 
during study.  

Parameters used to indicate the toxicity of 
methanol extract of G. lucidum (Lingzhi) as anti-
termite biopesticide were 1) repellant test 
evaluated from the number of dead termites 30 
minutes after paper put into test tube, and 2) 
counting the number of termite mortality every 24 
hours for 3 days based on previously determined 
variation of concentration (0%, 5%, 10%, 30%, 
and 40%). Result of mean mortality and repellant 
test of G. lucidum methanol extract was presented 
in Table 2. 

 
 
 
 
 

 

 

(%) =   Number of dead termites after testing period 

Initial number of termites 

 

x 100 % 

Repellant (%) =   JK - JU  
          JK 

 

x 100 % 
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Mortality Terpenoid/Steroid Flavonoid Polyphenol 

Figure 2. Result of thin layer chromatography from methanol extract of G. lucidum (Lingzhi) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Secondary metabolites content of G. lucidum methanol extract identified using thin layer 
chromatography. 

No Secondary Metabolite Methanol extract of 
G. lucidum 

Observation 

1 Polyphenol - Dark green/blue stain did not appear 

2 Alkaloid + Orange stain appeared 

3 Flavonoid - Intense yellow stain did not appear 

4 Terpenoid/Steroid + Violet and magenta stain appeared 

5 Saponin - Froth did not appear 

 
Table 2. Mean Mortality of Termites C. curvignathus and Repellant Test Result of G. lucidum 

(Lingzhi) Methanol Extract  

Concentration Mean Mortality number of  
C. curvignathus termites 

at observation day- 

Mean 
Percentage  
of Mortality 

(%) 

Mean  
Repellant 
 test (%) 

Anti-termite  
Activity Level 

1 2 3 

0 % (Control) 0,7 3,7 5,0 37 100 Moderate 

5% 2,3 11,3 10,3 96 97 Strong 

10% 4,0 11,3 9,3 99 90 Strong 

20% 6,7 16,7 1,7 100 87 Very strong 

30% 7,3 14,7 2,7 99 83 Strong 

40% 8,3 16,0 0,7 100 82 Very strong 

 
Table 3. Classification of Biopesticide based on Termite Mortality (Lee et al., 2013) 

 

Classification Mortality percentage 
(%) 

Weak 0 – 33 

Moderate 34 – 66 

Strong 67 – 99 

Very strong 100 
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Based on the obtained data on Table 2, the 
higher the concentration of extract given in the 
testing paper, percentage of mortality was found 
to be higher while repellant value was lower. 

DISCUSSION 
Result showed that methanol extract of G. 

lucidum (Lingzhi) could induced termite mortality 
up to 100% during 3 days experiment. This was 
supported by the highest mortality percentage 
(100%) was found from both 20% and 40% 
extract concentration. However, 40% extract 
concentration was the most optimal out of all 
concentration used in this study to kill termites C. 
curvignathus due to its resulting lowest repellant 
value (82%). At 0% concentration (control), 
percentage of termite mortality was found to be 
the lowest among all treatments (37%) and 
highest repellant value at 100%. This was due 
testing paper of control was only soaked in 
distilled water, thus it lacked toxic effect towards 
termite, leading to higher number of living termites 
compared to other treatment.  

Plant biopesticide could be called effective 
when it was able to induce insect mortality at 
above 50%, according to classification presented 
in Table 3 (Lee et al., 2013). At 5% concentration, 
Lingzhi extract induced about 96% of termite 
mortality. This indicated that even at its lowest 
concentration used, methanol extract of G. 
lucidum still retained its toxicity and possessed 
strong anti-termite bioactivity, thus still potentially 
able to be applied as biopesticide.  

The ability of G. lucidum extract in killing 
termites was presumed due to secondary 
metabolite compounds contained in the extract. 
Various secondary metabolites produced by 
plants, such as phenol, terpenoid, alkaloid, 
steroid, and saponin, had protective effect against 
insect attack or anti-termites effect (plant 
biopesticide) (Harborne, 1987; Robinson, 1995; 
Sastrodihardjo, 1999; and Bandarnayake, 2012).  

Low percentage of insect-rebuffing test 
(repellant value) also indicated that G. lucidum 

could be used as anti-termites and sufficiently 
safe for environment. This was also supported by 
study from Ojianwuna et al., (2016), who stated 
that plant with insect repellant value would 
stimulate only the sensory organ of insect which 
would then lead to insect death. Thus, the 
negative effect towards the environment is 
minimal or even none if the plant biopesticide is to 

be applied as pest control. Generally, repellant 
does not kill insect directly, but it tends to work by 
rebuffing nearby insect due to its potent odor 
(Novizan, 2002). 

Inhibition of insect (termites) feeding is 
induced by toxicity of secondary metabolite 
compounds. The secondary metabolites 
functioned as highly potent anti-feeding 
substances (stomach toxin) against various 
insects (Hanson, 2011). These substances enter 
termite intestines and attack symbiont protozoa 
lived inside. The symbiont protozoa produce 
cellulase enzyme which convert cellulose into 
simple sugar and acetic acid as energy source for 
the termites. Lack of symbiont protozoa would 
lead to death of termite because it was unable to 
digest its food properly (Nandika et al., 2003).  

Terpenoid/steroid and alkaloid compounds 
were presumed to cause mortality effect to 
termites. Biological activities of those compounds 
were found to be toxin, anti-feeding, anti-microbe, 
anti-parasite, insecticide (Adeyemi, 2010; 
Harborne, 1987),and high bioactivity in killing 
termites (Sugita et al.,2000). 

 
CONCLUSION 

Result of phytochemical screening from 
methanol extract of G. lucidum (Lingzhi) fungi 
using thin layer chromatography indicated that it 
contained triterpenoid/steroid and alkaloid. The 
highest termite mortality percentage (100%) was 
found from both 20% and 40% extract 
concentrations. However, 40% extract 
concentration was presumed to be optimal 
concentration in killing termite C. curvignathus 
due to lowest repellant value compared to other 
concentration applied, at 82%. From current study 
result, G. lucidum extract was concluded as 
potential biopesticide, with highly potent anti-
termite (Coptotermes curvignathus) activity. 
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