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Abstract
This study aims to identify the extractives from Pinus merkusii Jungh. & de Vriese cone to-

gether with their evaluation for antifungal agent. The pine cone was obtained from Temanggung, 
central Java, Indonesia. The pine cone was grinded to size of 40 mesh and was extracted with 
n-hexane, ethyl acetate, and methanol in a Soxhlet apparatus. The antifungal test was performed 
through growth inhibition of cone extracts against Phanerochaete chrysosporium Burds. (white-
rot) and the extractive responsible for antifungal was elucidated by GC-MS. The antifungal activity 
measurement showed that n-hexane extract as the highest inhibition with IC50 of 637.74 µg∙ml-1. 
The analysis of n-hexane extract through GC-MS exhibited diterpenoid as dominant compound 
and they were characterized as pimaric acid and abietic acid TMS. Therefore, the presence of 
terpenoids in P. merkusii cone extracts are potential for natural preservative. 
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the application of wood preservative to pro-
tect from the organisms. In another hand, 
the uses of synthetic preservative triggers 
side effect on human and environment. 
Therefore, the alternative way includes 
researching natural preservatives from 
plants. The potential of natural preserva-
tives from plants has been reported from 
previous studies; phenolics (Zabka and 
Pavela 2013, Pizzolitto et al. 2015) and li-
pophilic such as essential oils (Srivastava 
et al. 2008) as antifungal against genus 

Introduction

White-rot (Phanerochaete chrysospori-
um Burds.) is one of the organisms that 
caused detrimental effect on wood indus-
try. This type of fungal disease caused de-
polymerisation of hemicellulose and lignin 
components, leaving undegraded crystal-
line cellulose hence its white colouration 
at the advance stages of decay (Goodell 
et al. 2020). The utilisation of wood as ma-
terial for furniture and other uses proposed 
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Aspergillus. In the case of white-rot, plant 
extracts also were applicated as preserva-
tive agent (Da Silveira et al. 2017, Xie et 
al. 2017). Due to the white-rot attacks af-
fects in decreasing the mechanical, phys-
ical, and chemical properties of wood, the 
use of white-rot such as Ph. chrysospori-
um for model laboratory test also has been 
recorded (Oliveira et al. 2010).

Pine cone is a reproductive organ 
produced by Pinus merkusii Jungh. & de  
Vriese and other species from Pinophyta  
division. It is composed by lignin, cellu 
lose, resins, and other organic com-
pounds. The woody female cone is a com-
mon biomass waste in pine plantations. In 
previous works, pine cone was reported to 
contain hydrophilics and lipophilics extrac-
tives such as tannins, flavonoids, mono-
terpenes, as well as diterpenes (Kilic et al. 
2011, Xu et al. 2012, Zhao et al. 2019). 
Several bioactivities such as antibacterial, 
antitumor, immunoregulatory, and antifun-
gal have been reported in pine cone from 
various species (Ulukanli et al. 2014, Yi et 
al. 2017).

In Indonesia, especially in Java Is-
land, pine forest (Pinus merkusii) sited 
of 476,126  ha and thus the material of 
pine cone presence is in huge amounts 
(Masendra et al. 2018). However, infor-
mation on the fungal inhibition effect of 
P. merkusii cone extract is still limited. 
Therefore, the purpose of this study is to 
identify P. merkusii cone extractives re-
sponsible to inhibit the growth of white-rot 
for future development as natural preserv-
ative against fungi.

Material and Methods
Cone collection and extraction

Air dried of P. merkusii cone (tree 
age: 30-year-old) was collected from 

Temanggung, Central Java, Indonesia 
(7°14ʹ  S, 110°2ʹ  E). The site elevation 
is 500  m a.s.l., precipitation of 3000–
3500  mm and annual temperature of 
24–30 °C. The pine cones were sieved in 
size of 40 mesh and 53.5 g of dry sample 
was successively extracted with n-hex-
ane, ethyl acetate, and methanol for 6 h 
using Soxhlet equipment. To obtain dried 
extract the solution sample was evaporat-
ed by evaporator machine and then was 
weighed as extractive content (percent-
age of initial sample).

Fungal inhibition test

Ph. chrysosporium was chosen for anti-
fungal activity. Its strain IPBCC 930259 
was collected and purchased from Insti-
tute Pertanian Bogor Centre Collection, 
West Java, Indonesia. The fungus was 
pre-cultured on PDA (potato dextrose 
agar; Aldrich, Germany) in Petri dish of 
90 mm diameter for 7 days at 25 °C. In this 
experiment the medium was autoclaved 
at 120 °C for 20 min. The performance of 
antifungal extracts against Ph. chrysospo-
rium referred to method described by Luk-
mandaru (2013). 300  µL extract sample 
was spread on the surface of 20 mL PDA 
medium in Petri dish. After the solvent 
drying, Ph. chrysosporium from pre-cul-
tured PDA was inoculated. The fungus 
was incubated at 25 °C and 70 % relative 
humidity for 5–7 days. The blank sample 
was conducted in the same method with 
replacing the extract by solvent only. The 
incubation was stopped when the growth 
of fungus in blank sample was 100 %. In 
this experiment, a standard of biocide/
fungicide (Bioindustries, Yogyakarta) was 
compared for control positive. It consists 
of methylene bis thiocyanate and 2-thy-
ocyanomethyl thiobenzothiazole. The 
growth inhibition (GI) of sample was cal-
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culated through equation (1) as follows:
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The fungal inhibition was performed 
in three replications and three concentra-
tions to calculate IC50 (the concentration 
that inhibit 50% activity). The concen-
tration of 500, 1000, and 2000  µg∙mL-1 
were used to performed IC50. In addition, 
the performance of IC50 calibration from 
n-hexane, ethyl acetate, and methanol ex-
tract, were y = 0.037x + 25.8, y = 0.0191x 
– 5, and y = 0.0449x + 12, respectively. All 
equations have R2 > 0.9, where x is IC50 in 
µg∙mL-1 and y is 50 µg∙mL-1.

Gas chromatography mass spectra 
(GC-MS study)

The highest value of Ph. chrysosporium 
inhibition from the pine cone extracts 
was analysed with GC-MS. The n-hex-
ane extract was injected for identification 
of extractive. It was silylated according 
to method described by Preciado et al. 
(2016). Briefly, 1  mg n-hexane extract 
was dissolved in 50  µL pyridine. Into 
solution sample, 100 µL solution consist-
ed of N,O-bis (trimethylsilyl) acetamide 
99 µL and trimethylchlorosilane 1 µL were 
added. The sample was put in oven with 
100 oC for 30 min. After cooling process, 
1 mL n-hexane was added to the sample 
solution. For analysis, 1  µL sample was 
injected to the GC-MS machine using 
a GCMS-QP 2010 (Shimadzu, Japan). 
Gas chromatography condition was Rtx-
5MS capillary column (30  m × 0.25  mm 

I.D. and 0.25  μm; GL Sciences, Tokyo, 
Japan). The sample detection tempera-
ture was 280 °C and column temperature 
was set from 170 °C (1 min) to 280 °C at 
5 °C∙min-1. Injection temperature of 200 °C 
was set and acquisition mass range was 
made 50–500 atomic mass units with he-
lium as gas carrier. In addition, the split 
ratio of GC-MS machine was made of 20. 
MS of n-hexane extractives was com-
pared with NIST11 (2011) library and lit-
erature (Azemard et al. 2016, Masendra 
et al. 2018). Furthermore, the calculation 
of each compound was done using peak 
relative method (Masendra et al. 2021b).

Statistical analysis

One-way ANOVA was used to observe the 
significancy value of solvent. ANOVA was 
performed using SPSS software (IBM, 
USA) with 95% confidence level. Tukey-
HSD was applicated to analyse the data 
with significant difference.

Results and Discussion

Extractive content

Figure 1 shows cone of P. merkusii abun-
dance in hydrophilic extracts and lipophil-
ic extract. The methanol extractive gave 
the highest value of 6.35  %, while ethyl 
acetate gave the lowest percentage of 
1.95 %. The lipophilic extraction or n-hex-
ane extraction yielded 3.11 % extract. The 
extractive content of P. merkusii cone was 
reported in a previous work (Masendra et 
al. 2021a). In comparison, the methanol 
extractive of P. merkusii cone was higher 
than acetone, toluene-ethanol, and water 
of wood (Wijayanto et al. 2015). Further, 
n-hexane extractive content of P. merksii 
cone was higher than n-hexane extract of 
bark (Masendra et al. 2018), but was low-
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er than P. merkusii wood dichloromethane 
extract (Wijayanto et al. 2015).

Antifungal assay and elucidation  
of extractive compounds

IC50 of pine cone extracts is displayed in 
Figure 2. The n-hexane extract exhibited 
highest inhibition 637.74 µg∙mL-1, followed 
by methanol (851.22  µg∙mL-1) and ethyl 
acetate (3446.01  µg∙mL-1). Further com-

parison with positive control of biocide 
(IC50 of 260 µg∙mL-1), the n-hexane extract 
was two times lower. The higher value of 
inhibition in n-hexane and methanol ex-
tracts than ethyl acetate extract indicates 
the lipophilic and hydrophilic compound 
involve in stopping the white-rot growth.

Due to higher inhibition of fungal in 
n-hexane extractive, thus, this lipophilic 
extractive was further discussed. The 
detection of n-hexane extract constituent 
found out four compounds (Fig. 3). The 
compound 1 was detected as sesquiter-
pene and compound 2–4 were identified 
as diterpenes through NIST11 library 
comparison (Table 1).

In Table 1 the compound with higher 
proportion in n-hexane extract was diter-
pene rather than sesquiterpene. There-
fore, the characterisation of diterpene 
(compound 2–4) was further elucidated. 
The compound 2 showed fragment of 
mass-to-charge ratio (m/z) 374, 359, 309, 
257, 241, 121, 73. The compound 3 pro-
posed fragment of m/z 374, 359, 256, 241, 
213, 185, 121, 73, and the last compound 
(4) had fragment of m/z 372, 359, 257, 
239, 141, 105, 91, 73. The other fragmen-

tations of compound 2–4 
are displayed in Figure 4, 
while their comparation 
of mass spectra with pre-
vious works (Azemard 
et al. 2016, Masendra et 
al. 2018) is shown in Ta-
ble 2.

Mass spectra inter-
pretation of compound 
2–4 were further dis-
cussed in this section. 
The appearance of m/z 
73 in compound 2–4 sug-
gests these compounds 
have TMS (-C3H9Si) in 
their structures (Fig. 5 for 

Fig. 1. Yield extractive of P. merkusii cone.
Note: EtOAc is ethyl acetate, MeOH is 

methanol (Masendra et al. 2021b).
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Fig. 2. Fungal inhibition from P. merkusii cone extracts.
Note: Different letters are statistically different at p < 0.05.
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chemical structure of terpenoid detected 
in P. merkusii cone extract). Compound 
2–4 showed total molecular peak (M+) 
at m/z 374 (compound 2 and 3) and m/z 
372 (compound 4). The presence mass 
spectra of m/z 359 [M+ - m/z 15] in com-
pound 2 and 3 indicated the loss of m/z 15 
molecules and thus the compound 2 and 
3 contain methyl (-CH3) in their structure. 
While in compound 4, the m/z 372 to m/z 
359 is indicated to the loss of m/z 13 mol-
ecules or methine (=CH-) in its structure. 
The next mass spectrum that appears in 
compound 2–4 is m/z 257 (C19H29) and 
m/z 256 (C19H28). Both m/z 257 and m/z 

256 appear due to the loss of m/z 117 or 
115 molecules (C4H9O2Si) from m/z 374 
or m/z 372. Moreover, the spectra in com-
pound 2 and 3 have m/z 241 that estimat-
ed from the reduction of m/z 256 by m/z 
15, while m/z 239 is made from the reduc-
tion of m/z 257 by m/z 18. The m/z 15 and 
m/z 18 is associated to the loss of methyl 
in compound 2 and 3, and water in com-
pound 4. The other detected fragment in 
compound 2 and 3 is m/z 213. This frag-
ment is made from reduction of m/z 241 
by m/z 28, while m/z 211 in compound 4 
is made from reduction of m/z 239 by m/z 
28. The m/z 28 is associated to the loss 

Fig. 3. GC-MS chromatogram of P. merkusii cone.
Note: compound 1 sesquiterpene, compound 2–4 diterpenes.
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Table 1. Cone extract of P. merkusii constituents.

Compound Constituents Concentration, 
% Group Similarity index, %

1 Trans-longipinocarveol 12.91 Sesquiterpene 80
2 Pimaric acid TMS 49.12 Diterpene 80
3 Abietic acid TMS 34.43 Diterpene 80

4 Dehydroabietic acid 
TMS 3.54 Diterpene 88

Note: TMS is trimethylsilyl.
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Fig. 4. Mass spectrum of compound 2–4.

 

Table. 2. Mass spectra comparison of compound 2–4 with literature.

Constituent Mass spectra fragmentations

Pimaric acid TMSa 374 [M]+ (10), 359 (27), 309 (3), 257 (19), 241 (19), 121 (100), 105 (14), 91 
(15.1), 73 (95), 55 (22), 41 (5)

Compound 2 374 [M]+ (8), 359 (13.7), 309 (3.3), 257 (13.8), 241 (16.9), 121 (55.5), 105 
(22.3), 91 (33.3), 73 (100), 55 (24.2), 41 (21.1)

Abietic acid TMSb 374 [M]+ (9), 359 (8), 256 (100), 241 (86), 213 (35), 185 (64), 157 (9), 143 
(15), 129 (9), 105 (9), 91 (9), 73 (5)

Compound 3 374 [M]+ (2.9), 359 (9.6), 256 (47.6), 241 (69.3), 213 (6.3), 185 (10.5), 157 
(8.6), 143 (18.4), 129 (9.8), 105 (29.3), 91 (32), 73 (100)

Dehydroab ie t i c 
acid TMSa

372 [M]+ (15), 359 (11), 314 (2), 299 (2), 257 (11), 239 (100), 141 (10), 105 
(3), 91 (4), 73 (27), 55 (5)

Compound 4 372 [M]+ (2), 359 (6), 314 (7.5), 299 (9.6), 257 (11), 239 (100), 141 (15), 105 
(20), 91 (25), 73 (65), 55 (25.3)

Note: a – Masendra et al. (2018), b – Azemard et al. (2016).
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of C2H4 (ethene). Hence, m/z 374 is pre-
dicted to be C23H38O2Si while m/z 372 is 
C23H36O2Si. Therefore, these compounds 
were categorised as diterpenic com-
pounds that contain four isoprenes (C5H8). 
Furthermore, the fragments of compound 
2–4 were compared to previous work 
(Azemard et al. 2016, Masendra et al. 
2018) and they were identified as diterp-
enic TMS derivative compounds, namely, 
pimaric acid for compound 2, abietic acid 
for compound 3 and dehydroabietic acid 
for compound 4 (Table 2). In addition, the 
comparison compound 2–4 with another 
genus Pinus was made. It was shown that 
the terpenic compound dominant in the P. 
merkusii cone is pimaric acid and abietic 
acid. The presence of those diterpenoids 
also was detected in the cone of P. arman-
dii (Yang et al. 2010), P. halepensis, P. 
pinea, P. sylvestris, P. nigra, and P. brutia 
(Kilic et al. 2011).

The detection of the extractive in P. 
merkusii cone such as lipophilic and hydro-
philic compound could be responsible as 
plant protector against microorganisms. In 
addition, in correlation with constituent of 
n-hexane and methanol extracts, the high 
fungal inhibition may due to the presence 

of diterpenoids and phenolics. The ter-
penoid especially diterpenic acids from P. 
merkusii cone such as pimaric acid TMS 
and abietic acid TMS were amounted in 
high concentration. Previously, it was re-
ported that terpenic compounds from es-
sential oil inhibited white-rot fungus (Xie et 
al. 2017). Related to the hydrophilic com-
pounds, a previous work (Masendra et al. 
2021a) reported that methanol extract of 
P. merkusii cone contained total phenols 
(54.5  %) and total flavonoid (3.4  %) as 
well as the detection of phloroglucinol and 
catechin. The phenolics in the P. merku-
sii cone might also act as fungal inhibitor 
(Ph. chrysosporium).

The mechanism of extractives in in-
hibiting of fungus growth could be defined 
by their lipophilicity and hydrophilicity. 
A previous work reported that lipophilic 
compound of eugenol, thymol, isoeuge-
nol, and hydrophilic compound of vanillin 
act as inhibitor for Fusarium verticillioides 
(Sacc.) Nirenberg mycelia (Dambolena 
et al. 2012). The appearance of the men-
tioned properties is known by the pres-
ence of hydroxyl (-OH) for hydrophilicity 
and methyl for hydrophobicity in the com-
pounds. In the phenolics and terpenes, it 

Fig. 5. Chemical structure of sesquiterpene and diterpenes.
Note: longipinocarveol (a), pimaric acid (b), abietic acid (c), and dehydroabietic acid (d) in 

TMS derivative.
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was described that the presence of -OH 
and methyl group effected the fungal and 
bacterial activity (Sekine et al. 2009, Ze-
ngin and Baysal 2014, Pizzolitto et al. 
2015, Masendra et al. 2021c). Therefore, 
in the current study, the presence of me-
thyl group in the compound 2–4 as well 
as the presence of -OH group in trans-lon-
gipinocarveol, phloroglucinol, and cate-
chin attribute in inhibiting the growth of 
mycelia from Ph. crysosporium. The pres-
ence of those compounds in n-hexane 
and methanol extracts suggests the pine 
cone of P. merkusii is potent for natural 
preservatives compound.

Conclusions

The fungal test of P. merkusii cone extracts 
against Ph. chrysosporium exhibited inhi-
bition activity especially in n-hexane and 
methanol extracts. The investigation of 
n-hexane extractive detected terpenic 
compounds in the cone of P. merkusii and 
they were identified as trans-longipinocar-
veol, pimaric acid, abietic acid, and dehy-
droabietic acid. The higher presence of 
pimaric acid and abietic acid in P. merkusii 
cone indicated their role were dominant 
in inhibiting the growth of Ph. crysospori-
um. The presence of methyl group in both 
pimaric and abietic acid together with their 
lipophilicity suggested to have responsi-
bility in stopping the fungus growth. The 
research concludes that P. merkusii cone 
is potential for future natural preservative 
development against white-rot, especially 
to Ph. crysosporium.
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