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ABSTRACT

Agarwood is a hard-textured resin, has a scent of fragrant with blackish-brown color, and accumulated on the wood of
the agarwood-producing tree. Gyrinops versteegii (Gilg.) Domke is one of the agarwood-producing trees, endemic in
Lombok Island, West Nusa Tenggara. The resins were formed as a plant response to microbial infection. The research
aimed to investigate the activity of bacterial isolates able to induce resin-formation. The bacteria were isolated from the
stem of G. versteegii using mineral medium containing wood extracts as a carbon source. The selection of bacterial
isolates was carried out based on their capability to grow on selective media containing different carbon sources (i.e.
CMC, xylan) to determine their enzyme properties. Bacterial isolates were able to grow with high activities and form a
zone of degradation that was chosen as potential bacterial isolates to in planta assay. Five bacterial isolates (strain
BPSA2a, BPSA2b, BPSBI1, BPSB10, and BGG2) have potential as lignocellulolytic bacteria. In planta assay showed
that after 30 days of injection, infection occurred with the decay of the surface of the bark, blackish-brown discoloration
on the inside, and widen with varying color intensities, fragrant scent occurred after the wood was burned. Inoculated
of potential bacterial isolates caused resins production with the number of extract yield of agarwood, respectively, were
6,78 %; 6,67 %; 5,30 %; 4,57 %, and 4,50 %. Dihydroagarofuran and B-agarofuran are the most compounds in these
resins.

Keywords: Agarwood, Bacteria, Gyrinops versteegii, Resin

1. INTRODUCTION metabolite. Resin as secondary metabolites synthesized
and accumulated by the plant as a response toward

Gyrinops versteegii (Gilg.) Domke was an endemic infection by microbial, physiology stimulation, or stress

plant in Lombok Island, West Nusa Tenggara that
producing agarwood. Agarwood (A4loeswood, Gaharu,
Jinkoh, Oudh) is one of the non-timber forest products
(NTFPs) commodity with high economic value with a
nominal of 300.000 US dollars. In principle, agarwood
can be used for medicine (as an analgesic, anti-diarrheal,
anti-inflammatory agent, malaria, and cancer drug);
incense as religious ceremonies and accessories; and
fragrance [1].

Agarwood produced in nature has the quality and
quantity that varied. Agarwood produced in forest varies
from 0,3-14 kg per tree [2]. The production of agarwood
is very limited as not all trees are capable to produce
agarwood. The healthy agarwood-producing trees will
never produce sesquiterpenoid as a fragrant secondary

condition [3]. The resin then accumulated in included
phloem, hardened, blackish-colored, and scent fragrant
called as agarwood, identified as a sesquiterpenoid
compound, defense compound of phytoalexin type [2].

Agarwood-forming is initiated by biotic or abiotic
factors. To synthesize agarwood artificially can use
mechanical wounding on the stem or chemical inducing
method (i.e. methyl jasmonic, salicylic acid, gas
ethylene, etc). Abiotic agarwood forming as mentioned
above did not distribute its mechanism to other regions in
the tree which was not directly affected by the abiotic
factor. Fungi or other microbes are biotic-factor for
inducing agarwood. Agarwood products would be more
satisfying (both quality and quality) with biotic factors
because the microbes let the agarwood-forming
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mechanism spread to other tissues on the tree [4].
Fusarium sp. mold is often used as a potential inducer to
induce agarwood-forming [5]. Fusarium sp. isolates from
West Nusa Tenggara were able to stimulate agarwood-
forming on the branch Gyrinops versteegii after 1,5 years
of induction [6]. However, the mechanisms of agarwood
formation are still being researched. Induction artificially
by using bacteria isolates has not been researched
intensively, but bacteria can replicate their cell faster than
mold. This research aims to obtain lignocellulolytic
bacteria inducing resin agarwood-formation inside the
stem of G. versteegii.

2. MATERIALS AND METHODS

2.1. Collection of samples

A treebark of G. versteegii was collected from the
Pusuk region, West Lombok, and Genggelang region,
North Lombok. G. versteegii tree was chosen randomly
by selecting trees that showed wounds, brownish color in
trunks, and never inoculated microbes artificially (the
tree containing agarwood naturally). Tree trunks slashed
use machete, samples stored in plastic and taken to the
laboratory. The environment conditions are measured i.e.
temperature, altitude, and humidity percentage.

2.2. Isolation of Bacteria

Samples were washed thoroughly with tap water and
surface sterilized with sterile distilled water soaked for
30 seconds, followed by ethanol 70% for 60 seconds,
washed three times with sterile distilled water, and blot
dried on a sterile filter paper. The samples were destroyed
using a blender to small pieces of sawdust. Samples (5 g)
put in 45 mL Mineral Salt Medium (MSM) that has been
enriched with extract wood. The culture incubated in an
incubator shaker with constant agitation (150 rpm, 30
°C) for 5-7 days [7]. After 7 days of incubation, cultures
diluted with serial dilution method, each suspension (0,1
mL) was then transferred to MSM-agar with spread plate
technique, incubated for 24-48 hours at 30 °C. Individual
colonies were purified by a single-cell colony technique
streaked on nutrient agar medium.

2.3. Screening of lignocellulolytic bacteria

All the isolates were screened for their
hemicellulolytic, cellulolytic, and ligninolytic abilities
based on the qualitative test.

2.3.1. Hemicellulolytic assay

The hemicellulolytic ability of the cultures tested
with the paper disk diffusion method (Wattman no.2, d-5
mm) on mineral medium containing xylan (0,2% w/v) as
the sole carbon source. The isolates producing
hemicellulases showed clear zones around growth as
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zones of xylan hydrolysis after washed with iodine
solution [8]. The hemicellulolytic index value is
determined based on the ratio between the wide clear
zones with an area of the colony [9].

2.3.2. Cellulolytic assay

The bacterial isolates were cultured on
Carboxymethyl cellulose (CMC) liquid medium,
incubated for 24 hours at 30 °C with constant agitation
(150 rpm). After 24 hours, the isolates transferred on
CMC agar with the paper disk diffusion method
(Wattman no.2, d-5 mm). After 5 days of incubation, the
plates were flooded with Congo-red solution (0,1 % w/v).
The dye was drained off after 15 minutes and the plates
were washed with 1M sodium chloride solution [10]. The
isolates producing CMCase showed yellow zones around
growth as zones of hydrolysis on CMC. The cellulolytic
index value is determined based on the ratio between the
wide clear zones with an area of the colony [9].

2.3.3. Ligninolytic assay

The ligninolytic ability of the cultures was tested by
lignin peroxidase and laccase assays. For the detection of
lignin peroxidase (LiP) enzyme, the bacterial isolates
were grown on nutrient agar plates for 24 hours at 30 °C.
Wells of 10 mm diameter were cut in the plates with the
help of a disposable pipette. An aqueous solution (25 pL)
of pyrogallol (1 % w/v, prepared by dissolving 1 g of
pyrogallol in 100 mL of distilled water) and 25 pL of
freshly prepared hydrogen peroxide (0,4% v/v, prepared
by mixing 0,4 mL of hydrogen peroxide in 100 mL of
distilled water) were added to the wells. The plates were
incubated for 10-24 hours in the darkroom at room
temperature. The development of golden yellow to brown
color around wells indicated the presence of lignin
peroxidase activity. The wide of the zones was measured
[11]. For the detection of laccase, the bacterial isolates
were grown on tannic acid agar medium, incubated for
48 hours at 28 °C. The appearance of reddish-brown to
blackish brown color around the bacterial colony
indicated the presence of laccase [12][13].

2.4. Inoculation of bacteria used in planta
assay

In planta-assay was referred to [14] research with
modification. The twigs of G. versteegii (about 10 cm
length), excised from healthy G. versteegii, were washed
thoroughly with tap water and surface sterilized with
sodium hypochlorite 0,1% (w/v) solution for 10 minutes.
The twigs were washed five times with sterile distilled
water and blot dried on a sterile filter paper. After dried,
the twigs were then inoculated by completely dipping in
bacterial suspension (108 CFU/mL) for 1-2 hours after
making a pinprick on the surface of the twigs and then
spread on a sterile filter paper for drying excess moisture.
The inoculated twigs of G. versteegii were kept in a
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plastic tray with moist blotting paper and incubated at
25°C for 30 days. Positive controls of twigs were soaked
in Fusarium sp. strain GTO suspension (strains a
collection of Research Center for Non-wood Forestry
Technology). The physical changes such as wood color
and scent were noted and compared with control. Resins
compounds were detected using GCMS.

2.5. Characterization of lignocellulolytic
bacteria

Characterization and identification of selected
bacterial isolates were determined by observation of
macroscopic  character, microscopic morphology,
biochemical and physiological test. Further identification
of Genus was done by analyzing and comparing the
results of characterization with Bergey’s Manual of
Determinative Bacteriology 9%Medition.

3. RESULTS AND DISCUSSION

3.1. The samples collection

The trees of G. versteegii used as a sample were at an
altitude of 102-136 m/BSL, age 14-15 years, and
wounded that indicated agarwood formation (Figure 1).
The timber of G. versteegii was white but could be
brownish discolored as an indicator formed agarwood
besides as a result of the oxidizing process.

Figure 1. The materials as source of bacterial isolates
from several locations.(a and b) G. versteegii tree in
Pusuk — West Lombok; (c) G. versteegii tree in Gangga-
North Lombok; (d-f) a sliced of G. versteegii tree trunk.

The discoloration of wood in the agarwood-
producing tree from white into blackish brown was the
early symptom of agarwood compound formation [15].
The discoloration can be caused by pathogen attack
(fungus) and physical destruction. The pathogenic attack
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as Acremonium sp. and Fusarium sp. were associated
with wood color change symptom and decline on
Quercus sp. in New Zealand, while the wounding will
result in loss of starch in the tissue cells formed blackish
brown color [16]. The existence of wounds on G.
versteegii makes the microbes easily infected and
stimulated the formation of agarwood producing
compounds.

3.2. The bacterial isolates

Thirty-eight strains of bacteria were isolated from
three samples of G. versteegii wood. The bacteria
colonies that were purified in basal medium containing
wood extract suggest various macroscopic colonies).
Most of the colonies have a milky white color of the
colony, was able to change the color of the media to
greenish nor others do not change the color of media, the
form of the colony was circular, amoeboids, and
irregular with low convex elevation.

3.3. The bacteria screening assay results

The isolates of bacteria were selected for the
production of hemicelluloses, cellulose, and lignin-
degrading enzyme qualitatively, on media containing
specific substrates (Figure 2). The isolates were
adjudged for their hemicellulolytic abilities based on the
zone clearance on Xxylan containing medium, which is
indicative of hemicellulolytic capability (Figure 2b).
Cellulolytic abilities of the isolates based on the zone of
hydrolysis on CMC agar, which is indicative of
endoglucanase activity, showed yellow zones around
growth (Figure 2a). Lignin degrading capability of
isolates was evident from the production of the brownish
gold-colored zone on agar with pyrogallol and reddish-
brown colored zone on tannic acid medium agar (Figure
2c¢ and 2d).

Twelve bacterial isolates capable of degrades xylan
with indicators the establishment of a clear zone around
the colony of bacteria in medium xylan-agar after washed
with iodine solution. The isolates, BGG11 produced the
largest zones and highest index value of hemicellulolytic
(2,44), followed by the six isolates others that have an
index value between 1-1,7 i.e. bacterial isolates strain
BPSA2b, BPSA1, BPSB1, BPSB10, BPSB11, BPSA1S5.
Five other bacterial isolates have a hemicellulolytic index
value less than 1 i.e. BPSA2a, BPSB3, BGG2, BGGS5,
and BGG10. Xylan is the major constituent of the
hemicelluloses present in plant biomass and hence
utilization of xylan by an organism is indicative of its
hemicellulolytic capability. Xylan is a polymer of
pentose (xylose) with the amount of monomer ranged
from 150-200 units [17][18]. Endo- p-1,4-xylanase and
[-xylosidase were the enzymes that are involved in
hemicelluloses break down. The enzymes that produced
by hemicellulolytic bacteria will break down the bonds
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of B-1,4-glycosidic linkage that connects the main chain
(homopolymer of D-xylopiranosa) on chains branch
(i.e.O-acetyl, a-L-arabinofuranosyl, D-glucoronyl, and
o-methyl-D-glucoronyl) involved a-L-

arabinofuranosidase, acetyl xylan esterase, -

glucuronidase, and others types of enzymes [8].

Figure 2. Screening of selected bacterial isolates on specific
media. Cellulolytic (a), hemicellulolytic (b), and
ligninolytic (c)(d).

The cellulolytic abilities indicated by 13 bacterial
isolates of 38 isolates which showed yellow zones around
the culture at the CMC-agar medium. The highest
cellulolytic index values are 3,18 that showed by
BPSA2a isolates, followed by bacterial isolates strain
BGG7, BPSA2a, BPSA12 have an index value 2,93;
2,81; 2,46 respectively, while other isolates have index
value less than 2. The larger of cellulolytic zone indicate
the higher cellulolytic activities [19]. CMC (Carboxy
Methyl Cellulose) is a pure cellulose substrate that will
be broken down into oligo-saccharide which is the result
of endo-1,4-p-glucanase enzyme activity. This enzyme
breaks down the bond of B-1,4-glycosidic in cellulose
polymer [9]. The yellow zone as a result of the reaction
between congo red as indicator reagent with [-1,4-
glycosidic linkage in cellulose polymer whiles the
sodium chloride solution to reduce the color of the congo
red (discolored) so that the hydrolysis zone formed more
visible [20].

Lignin peroxidase (LiP), laccase (Lac) and
manganese peroxidase (MnP) were three main enzymes
that play a role in the process of lignin depolymerization.
However not all microorganisms have all the types of that
enzymes at once, Bacillus sp. and Pseudomonas sp. were
known as types of bacteria that capable of degraded
lignin substrate. The result of the ligninolytic activity
showed that 38 bacterial isolates have a lignin peroxidase
(LiP) that indicated by the formation of brownish golden
color around the wells after added with pyrogallol
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reagent. The laccase activity indicated by color
development around cultures on tannic acid medium, 31
bacterial isolates capable to produce that enzyme (i.e.
BGGl, BGG2, BGG3, BGG4, BGGS, BGG8, BGGY,
BGG10, BGG11, BGG12, BPSAI, BPSA4a, BPSa5,
BPSA7, BPSA14, BPSA15, BPSA16 and all isolates
strain BPSB 1 until BPSB12 (data not shown). Lignin is
a hydrophobic compound that is a polymer of conipheryl,
sinaphyl, and p-coumaryl alcohol. The mechanism of
lignin decomposition involved several enzymes that one
of them is the main lignin peroxidase (LiP) that capable
to oxidize non-phenolic units of lignin-formed aryl cation
radical with the cutting C,-Cpg bond in lignin molecule
and forming of intermediate compounds [21].

Based on the screening assay result, five isolates of
bacteria have lignocelluloses enzyme (BPSA2a,
BPSA2b, BPSB1, BPSB10, and BGG2). The potential
lignocellulolytic bacteria also compared with the ability
of lignocellulolytic fungus isolates (Fusariumsp. strain
GTO) culture collection of Research Center for Non-
wood Forestry Technology which have the capability to
induced agarwood formation in G.versteegii (Figure 3).
Bacterial isolates have a higher cellulolytic capability
(index cellulolytic value an average of 2,02) than isolates
Fusarium sp. strain GTO (index cellulolytic value 1,10).
Based on the capabilities of hemicellulolytic activity,
only PSA2b isolates that have a higher index value than
isolates Fusarium sp. strain GTO. Based on the results of
potential lignocellulolytic bacterial isolates was allegedly
able to induce the agarwood resins formation in G.
versteegii although more research needed to be done.
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Figure 3. The potential lignocellulolytic activity of
bacterial isolates and Fusarium sp.

3.4. The physical and chemical changes after
in-planta assay

The results of the induction of five isolates of
lignocellulolytic bacteria on a G. versteegii twigs for 1
month showed that the presence of decay on the twig
surface, blackish-brown discoloration on the inside and
widen with varying color intensities (Figure 4). The

Beellulolytic index value
Bhemicellulolyticindex value

Bration of lignin zone formation
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fragrant scent occurred after the wood was burned. The
lowest color intensity was showed in wood without
treatment (negative control), The intensity of the color
was dark and almost spread in all area was induced by
BPSA2b, BPSB1, BPSB10, and BGG2, while on positive
control that inoculated with Fusarium sp. strain GTO
showed the discoloration, the color changed into darker,
occurred in the central of the wood. Discoloration of
wood in the agarwood-producing tree from white into
blackish brown was the early symptom of agarwood
compound formation. These studies were only
preliminary, and further research is required to identify
the bacterial isolates' role during agarwood formation.

Figure 4. G. Versteegii wood color change after induced
by bacterial inoculant induced by (a) BPSA2a, (b)
BPSA2b, (¢) BPSBI, (d) BPSBI10, (e) BGG2, (f)
Fusarium strain GTO (g) without inoculated as a
negative control

The yield of resin showed that G. versteegii resin was
blackish-brown and smelled good (Figure 5). The
varying color intensity of resin (brown, dark brown)
indicates that the darker the resin color is formed, the
more fragrant the aroma will be. This fragrant aroma is
caused by several compounds. Gas chromatography-
mass spectrometer analysis showed that
Dihydroagarofuran and [ Agarofuran is the most
compounds in these resins.

Figure 5. The resin of G. versteegii (Gilg.) Domke

Inoculated of potential bacterial isolates caused resins
production with the number of extract yield of agarwood,
respectively, were 6,78 %; 6,67 %; 5,30 %; 4,57 %, and
4,50 %. These results are close to the percentage of resin
yield in Kemedangan III class or Kemedangan C class
which has a resin yield value of 7.33% from aloes from
South Sulawesi using the same extraction solvent,
namely methanol.
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The main compounds in agarwood are the derivative
groups of sesquiterpene compounds (a-agarofuran, oxo-
agarospirol, 4-hydroxy-dihydro-agarofuran, baimuxinol,
isobaimuxinol,  nor-keto-agarofuran, agarospirol,
jinkohol, jinkoh-eremol, jinkoholll) and phenylethyl
chromone [22]. The chromone in the agarwood also
causes the fragrant aroma of aloes when burned.
Chromone and its derivatives also play a role in
determining the quality of agarwood [23]. This showed
that lignocellulolytic bacteria can induce agarwood resin
formation on G. versteegii twigs through in planta
experiments.

3.5. The characteristic of bacteria

Characteristics of the potential lignocellulolytic
bacterial isolates showed in various. The result of
identification showed that BPSA2a strain and BPSBI1
strains were rod-shaped Gram-positive bacteria, BPSA2a
was rod-shaped Gram-negative bacteria while BPSB10
and BGG2 were coccobasilGram-negative bacteria
(Figure 6). Bacterial isolates strain BPSA2a and BPSB1
has a character similar to Bacillus sp., BPSB2b strains
similar to Pseudomonas sp. and two other isolates
(strains BPSB10 and BGG2) were actinomycetes,
bacterial group.

Figure 6. Photomicrograph of the bacterial cells. (a)
BPSA2a strain, (b) BPSA2D strain, (¢) BPSBI strain, (d)
BPSBI10 strain and (e) BGG2 strain bacterial isolates.

Research about bacteria from agarwood producing
tree G. versteegii has not been much done, one of the
research was shown that bacterial endophyte in Aquilaria
sp. (one of agarwood producing tree) was dominated by
Bacillus, i.e. Bacillus pumillus [24], however, there is a
possibility of other types of bacteria associated with
agarwood producing trees from different species and
locations. Research on the disease by a pathogenic
microbe that attacks the trunk of G. versteegii has not
much to do. Gonystylus sp. (one of the agarwood-
producing tree) was not found other pathogens that attack
the tree except for the pathogens that caused the
formation of agarwood from fungus i.e. Fusarium sp. and
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Acremonium sp. [25] so this research as the early research
for bacteria from G. versteegii that have the
lignocellulolytic ability, and the further research is
required.

4. CONCLUSION

Five bacterial isolates from G.verstegii (Gilg.)
Domke have potential as lignocellulolytic bacteria and
initiating agarwood formation based in planta assay
result contain Dihydroagarofuran and B-agarofuran resin
accumulation.
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