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Abstract 
 
This study aims to determine the effect of increasing filler volume of ganoderma boninense mushroom on tensile strength, modulus of 
elasticity, and distribution of the reinforcing particles. The composite reinforcement particle volume varies from 5%, 10%, 15%, and 
20%. The mushroom is soaked with NaOH solution for 1 hour to remove dirt and sap that can reduce the bonds between matrix and par-
ticles. After that the mushrooms are made into mesh 50-sized particles using a blender with a rotation of 28,000 rpm. From the test re-
sults it can be seen that the highest tensile strength of 23.21 MPa is in the composite with a filler volume of 5%. The addition of particle 
volume to 10% makes the tensile strength slightly decrease to 21.04 MPa. The addition of filler volume to 15% and 20% causes the ten-
sile strength to decrease to 20.55 MPa and 19.68 MPa. From the test results it can be seen that the lowest modulus of elasticity is in the 
composite with a filler volume of 5%. The addition of particle volume to 10% makes the modulus of elasticity rise to 83.15 MPa. The 
addition of filler volume to 15% and 20% causes the modulus of elasticity to increase to 126.77 MPa and 159.10 MPa. This shows that 
the more presence of ganoderma fungi in the composite causes the composite to become more elastic, thereby increasing the modulus of 
elasticity and decreasing tensile strength. The results of SEM photos showed the spread of mushroom powder at a volume of 5%, 10%, 
and 15% less evenly distributed, while in the filler 20% saw the spread of powder quite evenly. 
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1. Introduction 

In 2017, production of Indonesian crude palm oil (CPO) is 37.8 
million tons with an area of oil palm plantations reaching 14.03 
million hectares. In terms of state revenue, exports generated from 
palm oil products in 2017 reached 21.25 billion US dollars or 
around Rp. 287 trillion. The area of oil palm plantations in Indo-
nesia is expected to continue to grow to 20 million hectares by 
2020, and it is estimated that Indonesia can produce at least 40 
million tons of palm oil per year starting in 2020. 
But the growth of palm oil is often constrained due to ineffective 
management and other problems that can affect palm oil produc-
tion. One of the obstacles to oil palm plantations is stem rot 
caused by Ganoderma boninense. G. boninense is known not only 
to attack oil palm plants at the production stage but can also attack 
during the nursery stage. Typical symptoms before the formation 
of the mushroom fruit body, marked by decay at the base of the 
stem, causing dry rot in the deep tissue. 
Oil palm plantations on peatlands are even more susceptible to 
ganoderma boninense attacks because the oil palm stumps that are 
left in the soil are the strongest source of infection in the rejuvena-
tion garden (former oil palm). 
The results showed that the more often oil palm plantations expe-
rienced rejuvenation or in the oil palm plantation area previously 
planted with coffee, rubber or other crops, would cause a high 
incidence of BPB disease. BPB disease can cause direct loss of 
yield to palm oil and a decrease in the weight of fresh fruit bunch-

es. Damage caused can reach 80% to 100%, it can even cause 
death in attacked plants. 
In this study, ganoderma boninense mushroom will be used as a 
composite filler to determine the tensile strength, modulus of elas-
ticity, and the spread of the filler. 
Other studies that use natural fibers as composite materials include: 
teki grass [1], banana peel [2], wood [3] - [5], leaf Pandan Alas [6], 
pineapple leaves [7], bamboo fiber [8], [9] and rice husk [10] 
showed significant influence on composite generated. 

2. Research Method 
Tensile test specimens are made with ASTM D 638-02a type I 
standard. This type is chosen because it has a middle width of 13 
mm, so it is not easily broken when removed from the mold. Un-
like type IV which only has a middle width of 6 mm, so many 
specimens are broken or cracked when removed from the mold 
(Rafiq, 2017). The matrix used in this research is BQTN 157 EX 
Polyester Resin, while the filler is taken from ganoderma boni-
nense mushroom powder, which is a fungus that can damage and 
even kill the oil palm trees. The method for making composite 
specimens can be seen below: 
a. Ganoderma boninense mushroom is washed thoroughly with 

water, then soaked in 5% NaOH solution for 1 hour to re-
move sap and dirt that can reduce the bond between matrix 
and filler. 
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Fig.1. 5% NaOH immersion 

b. After that the mushrooms are dried by putting them in the 
oven for 12 hours to remove the water content. 

 
Fig. 2.  Oven 

c. After the mushroom is dried, then it is made into particles 
with a blender of 28,000 rpm, sifted with a mesh 50, and the 
volume is measured according to the desired for use in mak-
ing the specimen. While the matrix that acts as an adhesive is 
BQTN 157 EX polyester resin. This composite is made using 
volume variations from the particles and matrix. Volume 
comparisons can be seen as follows: 
1) Filler (mushroom particles) 5% and 95% matrix. 
2) Filler 10% and 90% matrix. 
3) Filler (mushroom particles) 15% and matrix 85%. 
4) Filler 20% and 80% matrix. 

d. Molds made of metal are smeared with wax so that after 
hardening the specimen will be easily removed from the 
mold. While the bottom of the mold is coated with waxed 
wax. 

e. Filler and polyester BQTN 157 EX Resin which has been 
mixed with a hardener with a ratio of 100: 1, stirred evenly 
and then poured into the mold. 

f. After the resin and filler mixture begins to thick, the glass is 
placed on the top of the mold and pressed with a ballast to 
remove trapped void (air bubbles) as well as to level the 
specimen surface. 

g. Let the specimen harden for 12 hours, after which the mold is 
opened and the specimen has formed 

 
Fig.3. Tensile test specimen 

h. In this study tensile testing was carried out with the machine 
servopulser in the laboratory of the USU Mechanical Engi-
neering Department, with a pull force of 5000 kg and a speed 
of 1 mm / min 

 
Fig.4. Tensile Test Machine 

3. Result and Discussion 

Tensile test results can be seen as follows: 

Table 1. Tensile strength 

Composite Volume Parti-
cle    (%) 

  Specimen 
        (n) 

Tensile 
Strength 
(MPa) 

Average 
Tensile 
Strength 
(MPa) 

     5 

Specimen 
1 
Specimen 
2 
Specimen 
3 

22.43 
23.99 
23.27 23.21 

    10 

Specimen 
1 
Specimen 
2 
Specimen 
3 

22.99 
18.8 
21.34 21.04 

    15 

Specimen 
1 
Specimen 
2 
Specimen 
3 

19.8 
21.38 
20.47 20.55 

    20 

Specimen 
1 
Specimen 
2 
Specimen 
3 

18.67 
20.15 
20.22 19.68 

 

 
Fig.5. Tensile strenght graphic 

From the test results it can be seen that the highest tensile strength 
of 23.21 MPa is in the composite with a filler volume of 5%. The 
addition of particle volume to 10% makes the tensile strength 
slightly decrease to 21.04 MPa. The addition of filler volume to 15% 
and 20% causes the tensile strength to decrease to 20.55 MPa and 
19.68 MPa. 
This shows the increasing presence of ganoderma fungi in the 
composite causes an improvement in the stiffness properties of the 
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composite, thereby reducing its tensile strength. When observed 
the percentage decrease in composite tensile strength from the 
filler volume is relatively small. From the filler 5% (23.21 MPa) 
to 10% (21.04MPa) the decrease in tensile strength was 10.31%. 
From 10% (21.04 MPa) to 15% (20.55 MPa) is 2.38%. And from 
15% (20.55 MPa) to 20% (19.68 MPa) is 4.42%. But if we ob-
serve the filler volume from 5% - 20% then the tensile strength is 
down from 23.21 MPa to 19.68 MPa or 17.93%, then this number 
is quite significant. And interesting to be investigated further, how 
much the decrease in tensile strength if the filler volume continues 
to increase, for example up to 50%. 

Table 2. Elasticity Modulus 

Composite Volume 
Particle (%) 

 Specimen 
       (n) 

Elasticity 
Modulus 
(MPa) 

Average Elastici-
ty Modulus 
 (MPa) 

    5 
Specimen 1 
Specimen 2 
Specimen 3 

27.98 
21.77 
25.46 

25.07 

   10 
Specimen 1 
Specimen 2 
Specimen 3 

72.86 
92.07 
84.52 

83.15 

   15 
Specimen 1 
Specimen 2 
Specimen 3 

132.28 
125.94 
122.11 

126.77 

   20 
Specimen 1 
Specimen 2 
Specimen 3 

158.53 
157.82 
160.96 

159.10 

 

 
Fig.6. Modulus elasticity graphic 

From the test results it can be seen that the lowest modulus of 
elasticity is in the composite with a filler volume of 5%. The addi-
tion of particle volume to 10% makes the modulus of elasticity 
rise to 83.15 MPa. The addition of filler volume to 15% and 20% 
causes the modulus of elasticity to increase to 126.77 MPa and 
159.10 MPa. This shows that the more presence of ganoderma 
fungi in the composite causes the composite to become more elas-
tic, thus increasing the modulus of elasticity. 
When considered the percentage increase in composite elastic 
modulus from the filler volume is quite large. From the 5% filler 
(25.07 MPa) to 10% (83.15 MPa) the increase in the modulus of 
elasticity was 231.7%. From filler 10% (83.15 MPa) to 15% 
(126.77 MPa) was 52.45%. And 15% (126.77 MPa) to 20% 
(159.10 MPa) is 25.5%. But if we look at the percentage increase 
in modulus of elasticity, the filler volume from 5% - 20%,  25.07 
MPa to 159.01 MPa is 535.5%, then this figure is very large. And 
interesting to be investigated further, how much the decrease in 
tensile strength if the filler volume continues to increase, for ex-
ample up to 50%. 
The results of the SEM (Scanning Electron Microscope) photo 
show the spread of mushroom powder. 5% filler photo looks too 
much powder. In the 10% filler it can be seen that the spread of 
powder is uneven and there are air bubbles. In the filler 15%, the 
powder is slightly gathered and the distribution is not evenly dis-
tributed. In 20% filler, the powder spread is quite even. 
This is because polyester resin itself is quite thick and thicker after 
being mixed with 1% hardener, so that it can cause fillers not to 

spread well and accumulate at a point, even though it has been 
stirred evenly. 

 
Fig.7. SEM photo of 5% filler 

 
Fig. 8. SEM photo of 10% filler 

 

 
Fig.9. SEM photo of 15% filler 

 
Fig. 10. SEM photo of 20% filler 

4. Conclusion 

The highest tensile strength of 23.21 MPa is in the composite with 
a filler volume of 5%. The addition of particle volume to 10% 
makes the tensile strength slightly decrease to 21.04 MPa. The 
addition of filler volume to 15% and 20% causes the tensile 
strength to decrease to 20.55 MPa and 19.68 MPa. 
The lowest modulus of elasticity is in the composite with a filler 
volume of 5%. The addition of particle volume to 10% makes the 
modulus of elasticity rise to 83.15 MPa. The addition of filler 
volume to 15% and 20% causes the modulus of elasticity to in-
crease to 126.77 MPa and 159.10 MPa. 
This shows the increasing presence of ganoderma fungi in the 
composite causing the composite to become more elastic, thus 
increasing the modulus of elasticity and decreasing tensile strength. 
The results of SEM photos showed the spread of mushroom pow-
der at a volume of 5%, 10%, and 15% less evenly distributed, 
while in the filler 20% saw the spread of powder quite evenly. 
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