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Abstract: Agarwood and agarwood essential oils are commodities with great commercial value.
In Vietnam, the agarwood industry has been growing, with more than 10,000 ha of forest land
reserved for the cultivation of Aquilaria crassna, an agarwood-producing tree. The aim of this study
was to present a hydrodistillation process to recover agarwood essential oil and to compare chemical
compositions of agarwood samples harvested from various locations in Vietnam. Three agarwood
samples representing products from A. crassna trees cultivated in the provinces of Bac Giang and Khanh
Hoa, and on the Phu Quoc island (Kien Giang province) of Vietnam were subjected to hydrodistillation,
resulting in essential oil yields of 0.32%, 0.27%, and 0.25% (w/w), respectively. Using GC–MS analysis,
a total of 44 volatile compounds were identified in the obtained oils. Most of the constituents were
oxygenated sesquiterpenes and had been previously found in other agarwood oil samples. Notable
compounds of other chemical classes were aromatics and fatty acids. The three oil samples showed
a common volatile profile, which is characterized by the dominance of eremophilane, agarofurans,
and eudesmane sesquiterpenes, while vetispirane and guaiane sesquiterpenes were found in smaller
quantities. Desired compounds, such as neopetasane (7.47–8.29%), dihydrokaranone (2.63–3.59%),
β-agarofuran (3.04–6.18%), and agarospirol (2.98–3.42%), were present in substantial quantities,
suggesting that the essential oils could be commercialized as fragrant materials of high value.

Keywords: agarwood; Aquilaria crassna; essential oils; neopetasane; dihydrokaranone; β-agarofuran;
agarospirol

1. Introduction

Agarwood, the fragrant resinous heartwood originating from Aquilaria and a number of other
plant species of the Thymelaeaceae family, is a non-timber forest product highly prized for its values
as aromatic material and herbal medicine [1,2]. Due to its value and uniqueness, the chemistry
of agarwood has been extensively studied since the 1960s until today, which has been excellently
summarized in recent reviews [3–5]. As reported by Kalra and Kaushik in 2017 [5], a total of more
than 250 compounds, mainly sesquiterpenes, chromones, and aromatic compounds, were identified in
various samples of agarwoods and agarwood oils. Most of the identified sesquiterpenes and chromones
from agarwood products were either new or the first isolated compounds from nature [3].
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In Vietnam, the use and trade of agarwood has a long history, which dates back to ancient times [1].
Before 2000 in Vietnam, all agarwoods of various quality grades were naturally collected. Among
quality grades, Qinan, termed Kyara in Japanese grading, was the most valuable agarwood and the
tag of natural origin of the product had further raised the value of natural agarwoods to exorbitant
numbers. The agarwoods of lower qualities were used to extract agarwood oil at many small distilleries.
Ultimately, most of the Vietnamese agarwood products were exported to Taiwan, Hongkong, and
Singapore, where they were re-exported elsewhere [6].

Earlier studies proposed that the source plant of Vietnamese agarwood samples was A. agallocha
Roxb., which was later recognized as an unresolved botanical name [7]. Subsequent investigations
found that four Aquilaria spp. in Vietnam, namely, A. crassna Pierre ex. Lecomte, A. baillonii Pierre ex.
Lecomte, A. banaensis P. H. Hô., and A. rugosa K. Le-Cong & Kessler, were responsible for accumulation
of most of natural agarwood reserve [6,8–11]. The determination of the source plants of agarwoods is
very difficult because, besides the leaves, exact identification of Aquilaria spp. also requires flowers and
fruits [11]. At present, A. crassna Pierre ex. Lecomte (also named Dó Trầm or Dó Bầu in Vietnamese),
which is distributed throughout the country, is generally considered the main source plant for the
production of Vietnamese commercial agarwoods [12–14].

In the late 1990s, as agarwood from the wild was nearly exhausted, attempts were made to
cultivate A. crassna for the large-scale production of agarwoods. Such efforts were first expended
spontaneously by agarwood collectors in collaboration with forest engineers at a small scale, and then
by private entrepreneurs with bigger investments. The government also encouraged this development
by supporting a number of scientific studies on the breeding and cultivation of the plants, as well as on
agarwood-inducing techniques. Progress in these initiatives resulted in about 10,000 ha of A. crassna
cultivation in Vietnam today, and has made production of agarwood a promising industry [13].
Currently, commercial agarwood essential oils are locally produced by a hydrodistillation technique
that calls for the development of authenticity and adulteration tests for this valuable new product.
However, comprehensive characterizations of this source of essential oil have been lacking since most
of studies involving compositional determination of Vietnamese agarwoods were conducted using
agarwood extracts, rather than essential oils. In view of this development, there is an urgent need for a
reliable chemical evaluation of the end products, especially of the various agarwood oils obtained by
hydrodistillation and other methods [15]. In this study, we extracted essential oils by hydrodistillation
from agarwoods originating from A. crassna cultivated in three production areas in Vietnam, and
determined their chemical composition using GC–MS techniques.

2. Materials and Methods

2.1. Materials

The agarwoods used in this study were provided by Mr. Nguyen Thoan in 2016, a forest engineer
and director of Lam Vien Co. Ltd., Hanoi, Vietnam, a company specializing in agarwood trading
and Aquilaria crassna cultivation. The cultivation of agarwood-producing plants was located in three
different provinces in Vietnam, including Bac Giang, Khanh Hoa, and on the Kien Giang (Phu Quoc
island). The agarwood-producing plant was botanically identified as Aquilaria crassna Pierre ex.
Lecomte (family Thymelaeaceae) by Professor Le Cong Kiet, Faculty Biology and Biotechnology,
University of Science, Vietnam National University Ho Chi Minh City. The voucher specimens were
stored in University of Science, Vietnam National University Ho Chi Minh City. To obtain the agarwood,
15-year-old Aquilaria crassna trees were first inoculated with a preparation containing proprietary fungi
of Lam Vien Co. Ltd. After three years, the unaffected heartwoods of the tree were manually removed,
leaving agarwood, which was subsequently subject to air drying and grinding into powder. The final
product was kept in paper bags at room temperature before distillation.
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2.2. Hydrodistillation of Essential Oils

Similar to the material pretreatment process, the extraction procedure described herein was
devised to represent the actual process practiced at the site of production of agarwood essential oils.
Specifically, 500 g of each agarwood sample was immersed in distilled water in a 2 L round-bottom
glass flask for 3 weeks. Following that, the agarwood was subject to hydrodistillation for 72 h in
an all-glass Clevenger-type distillation apparatus. The rate of distillation was adjusted so that the
temperature of the obtained distillate was maintained at lower than 40 ◦C, ranging from 30 to 35 ◦C.
This corresponds to the flow rate of 3–10 mL/min. The volatile oil recovered from the recuperating
container was transferred into a clean and previously weighed sample bottle and refrigerated until
analysis. The samples were labeled as Bac Giang, Khanh Hoa, and Phu Quoc for the essential oils
obtained from the Bac Giang, Khanh Hoa, and Phu Quoc materials, respectively.

2.3. GC–MS Analysis of Essential Oils

GC–MS analysis of the essential oils was in accordance with a previous study [16] and was
carried out on an Agilent Technologies HP7890A GC equipped with a mass spectrum detector (MSD)
Agilent Technologies HP5975C and a DB-XLB column (60 m × 0.25 mm, film thickness 0.25 µm,
Agilent Technologies). The injector and detector temperature were set at 250 and 280 ◦C, respectively.
The column temperature progress initiated at 40 ◦C, followed by an increase to 140 ◦C at 20 ◦C/min
and then to 270 ◦C at 4 ◦C/min. The carrier gas was helium at a flow rate of 1 mL/min. Samples were
injected by splitting. The split ratio was 100:1. The volume injected was 1 µL of essential oils. The MSD
conditions were as follows: ionization voltage 70 eV, emission current 40 mA, acquisitions scan mass
range 35–450 amu under full scan. A homologous n-alkane series was used as the standard to calculate
the retention time indices (RIs) of each component. The relative amounts of individual components
were calculated based on the GC peak area (MSD response) without correction.

2.4. Identification of the Constituents

MassFinder 4.0 (Dr. Hochmuth, Hamburg, Germany) software connected to the HPCH1607,
W09N08 libraries, and the NIST Chemistry WebBook (National Institute of Standards and Technology,
Gaithersburg, MD, U.S.) was used to match mass spectra and retention indices. To confirm these results,
further comparisons were made with the data of authentic compounds reported in the original literature.

3. Results and Discussion

The agarwood samples in this study were chosen to represent products originating from A. crassna
cultivated in three geographically different areas of Vietnam, namely, in Bac Giang province, Khanh
Hoa province, and on the Phu Quoc island (Kien Giang province), which are situated in North,
Central, and South Vietnam, respectively. The yields of essential oils obtained after hydrodistillation
were 0.32%, 0.27%, and 0.25% (w/w) for the Bac Giang (BG), Khanh Hoa (KH), and Phu Quoc (PQ)
samples, respectively.

In an independent preliminary GC–MS study, we analyzed a representative sample of agarwood
oil on 3 different capillary GC columns, namely DB-1, HP-5, and DB-XLB (results not shown here).
The DB-XLB column was chosen in this comparative study because of its thermal stability and separation
efficiencies. Under the GC–MS conditions described in the experimental section, the obtained gas
chromatograms of the three oil samples were found to be very complex. Even with peaks below 0.1%
being excluded, about 70 peaks were still registered for each sample.

The identification of the individual components of the oils was based on matching of their mass
spectra and retention indices with those of authentic compounds available in GC–MS libraries or
reported in the original literature. Inseparable pairs of compounds were found for peak number 6
(4-ethylphenol and 4-vinylanisol), 20 (7-epi-eremophila-1(10),8,11-triene and an unknown compound),
and 40 (karanone and oxo-agarospirol). Peak number 25 could be attributed either to hinesol (identified
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by MassFinder 4.0) or isoagarospirol [3]. In total, 44 compounds could be identified. All of them
had been previously found in agarwood samples from different sources [3]. Detailed analysis results
of GC–MS of the three oil samples are shown in Table 1. The chemical structures of important
sesquiterpene constituents are presented in Figure 1.

Table 1. Constituents of essential oils obtained from agarwood samples produced by A. crassna growing
in the provinces Bac Giang (BG) and Khanh Hoa (KH), and on the island Phu Quoc (PQ) of Vietnam.

Peak No. Compound a RI b XLB RI c HP-5 RI d DB-1
Peak Area (%) h

BG KH PQ

1 Benzaldehyde 1001 960 941 e 0.53 0.11 0.04
2 Phenylacetaldehyde 1082 1042 1012 e 0.52 0.04 0.08
3 Salicylaldehyde 1087 1045 1020 e 0.24 0.03 -
4 Acetophenone 1107 1065 1036 e 0.28 0.03 0.04
5 n-Nonan-1-ol 1182 1169 1149 e 0.17 0.06 0.10
6 4-Ethylphenol and/or 4-vinylanisol 1192 - 1139 e/1134 e 0.30 0.10 -
7 n-Nonanoic acid 1280 1271 1263 e - 0.39 0.15
8 Benzylacetone 1295 - 1207 e 10.46 2.31 2.33
9 4-Phenyl-2-butanol 1299 - - 0.32 - -
10 p-Anisaldehyde 1314 1250 1218 e 0.30 0.11 0.05
11 (1R,6S,9R)-6,10,10-Trimethyl-11-oxatricyclo[7.2.1.01,6]dodecane 1441 - - 0.21 0.05 0.67
12 4,5-di-epi-Aristolochene 1500 - 1470 e 0.18 0.24 0.15
13 β-Agarofuran 1507 - 1474 f 4.86 3.04 6.18
14 α-Selinene 1530 1494 e 0.24 0.40 0.17
15 Dihydro-β-agarofuran 1533 - 1500 e 0.70 0.55 0.93
16 Anisylacetone 1549 - - 2.27 0.68 0.31
17 α-Agarofuran 1582 1550 1537 e 0.53 1.01 1.36
18 nor-Keto-agarofuran 1608 - 1555 f 2.92 0.93 3.31
19 Epoxybulnesene 1619 - 1572 f 2.77 3.47 2.86
20 7-epi-Eremophila-1(10),8,11-triene and unknown [111, 220(20)] g 1629 1508 e 2.12 2.79 1.70
21 (1R,2R,6S,9R)-6,10,10-Trimethyl-11-oxatricyclo[7.2.1.01,6]dodecan-2-ol, epimer 1 1637 - - 1.21 0.34 1.71
22 (1R,2R,6S,9R)-6,10,10-Trimethyl-11-oxatricyclo[7.2.1.01,6]dodecan-2-ol, epimer 2 1651 - - 1.27 0.38 1.57
23 10-epi-γ-Eudesmol 1660 1624 1609 e 1.68 2.11 1.28
24 Agarospirol 1672 1648 1635 e 2.98 3.31 3.42
25 Hinesol 1676 1642 1632 e 1.08 0.63 1.18
26 Jinko-eremol 1686 - 1643 f 3.50 3.87 4.51
27 Valerianol 1693 1658 1647 e 3.91 5.37 4.56
28 β-Eudesmol 1699 1651 1641 e 2.96 4.38 4.18
29 α-Eudesmol 1704 1654 1653 e 2.74 2.27 3.15
30 Valenca-1(10),8-dien-11-ol 1723 - - 0.78 6.05 0.56
31 Dehydrojinko-eremol 1730 - - 0.37 1.96 0.65
32 Epoxy-β-agarofuran 1742 - 1673 f 1.42 3.84 0.94
33 Cadina-1(10),4-dien-8α-ol 1748 - 1637 e 1.64 2.42 2.18
34 (1S,2S,6S,9R)-6,10,10-Trimethyl-11-oxatricyclo[7.2.1.01,6]dodecane-2-carbaldehyde 1753 - - 4.67 4.73 2.07
35 Selina-3,11-dien-9-ol 1779 - 1721 f 1.63 2.40 1.34
36 Neopetasane 1814 - 1733 e 7.96 8.29 7.47
37 Selina-4,11-dien-14-al 1825 - 1758 f 1.48 2.34 0.33
38 Dihydrokaranone 1870 - 1799 e 3.59 2.63 3.52
39 Nootkatone 1877 1807 1782 e 0.98 0.83 0.97
40 Karanone and oxo-agarospirol 1892 - 1812 f 1822 f 1.20 1.74 0.78
41 n-Hexadecanoic acid 1995 - 1951 e 5.69 4.98 6.43
42 Oleic acid 2164 - - 0.88 3.09 0.88

Total of identified compounds 83.54 84.30 74.11
Sesquiterpene hydrocarbons 2.54 3.43 2.02
Oxygenated sesquiterpenes 59.04 68.94 61.68

Total of unknowns 16.46 15.70 25.89

a Elution order on DB-XLB column. Compounds were named according to the nomenclature summarized by Naef
(2011) [3]; b Experimental RI values on DB-XLB column; c RI values on HP-5 column according to Adams (2004) [16];
d RI values on DB-1 column; e RI values on DB-1 column according to Koenig et al., (2018) [17]; f RI values on DB-1
column according to Ishihara et al. (1993) [18]; g MS data of unknown compound with m/z of the base peak followed
by the highest m/z value and its intensity in%; h Peak areas were calculated following the chromatogram obtained
from the DB-XLB column.

In the Bac Giang oil, 41 components were identified, representing 83.54% of the total volatiles.
Major constituents were benzylacetone (10.46%), neopetasane (Peak no. 36, 7.96%), n-hexadecanoic
acid (5.69%), β-agarofuran, (Peak no. 13, 4.86%), the dihydroagarofuran aldehyde (1S,2S,6S,9R)-6,
10,10-trimethyl-11-oxatricyclo[7.2.1.01,6]dodecane-2-carbaldehyde (Peak no. 34, 4.67%), valerianol
(Peak no. 27, 3.91%), and dihydrokaranone (Peak no. 38, 3.59%).

Forty-one components were identified in Khanh Hoa oil, representing 74.11% of the total
volatiles, with major constituents being neopetasane (8.29%), valenca-1(10), 8-dien-11-ol (30, 6.05%),
valerianol (5.37%), n-hexadecanoic acid (4.98%), the dihydroagarofuran aldehyde (1S,2S,6S,9R)-6,
10,10-trimethyl-11-oxatricyclo[7.2.1.01,6]dodecane-2-carbaldehyde (4.73%), β-eudesmol (Peak no. 28,
4.38%), jinko-eremol (Peak no. 26, 3.87%), and epoxy-β-agarofuran (Peak no. 32, 3.84%).
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In the Phu Quoc oil, 39 components were identified, representing 84.30% of the total volatiles,
with major constituents being neopetasane (7.47%), n-hexadecanoic acid (6.43%), β-agarofuran (6.18%),
valerianol (4.56%), jinko-eremol (4.51%), β-eudesmol (4.18%), dihydrokaranone (3.52%), agarospirol
(Peak no. 24, 3.42%), and nor-keto-agarofuran (Peak no. 18, 3.31%).

There were 23, 26, and 33 unknown compounds, representing 16.46%, 15.70%, and 25.89% of the
total volatiles of the Bac Giang, Khanh Hoa, and Phu Quoc oils, respectively. Among the three essential
oil samples, the Bac Giang oil stood out by the abundance of benzylacetone (10.46%), the Khanh Hoa
oil was characterized by the presence of valenca-1(10),8-dien-11-ol (6.05%), and the Phu Quoc oil was
characterized by the higher number and larger quantity of unidentified compounds.

Identified volatile components in the three samples were grouped based on their structural
skeletons for better characterization and comparison. The results are shown in Table 2. In this
approach, agarofurans and epi-γ-eudesmanes were put in one group considering their close
biosynthetic relationship [18]. As shown in Table 2, major groups found in these oils included the
valencanes and eremophilanes, the agarofurans and epi-γ-eudesmanes, the selinanes and eudesmanes,
the fatty acids and aliphatics, and the aromatic compounds. The remaining minor groups were
the vetispiranes, the guaianes, and the cadinanes. In the eremophilane and valencane group,
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the most abundant compounds were neopetasane (7.47–8.29%), valerianol (3.91–5.37%), jinko-eremol
(3.50–4.51%), and dihydrokaranone (2.63–3.59%). In the agarofurans and epi-γ-eudesmane group,
the most abundant compounds were β-agarofuran (3.04–6.18%), (1S,2S,6S,9R)-6,10,10-trimethyl-11-
oxatricyclo[7.2.1.01,6]dodecane-2-carbaldehyde (2.07–4.73%), epoxy-β-agarofuran (0.94–3.84%), and
10-epi-γ-eudesmol (1.28–2.11%). In the selinane and eudesmane group, the most abundant compounds
were β-eudesmol (2.96–4.38%), α-eudesmol (2.27–3.15%), selina-3,11-dien-9-ol (35, 1.34–2.40%), and
selina-4,11-dien-14-al (37, 0.33–2.34%). Important compounds in other groups were agarospirol, hinesol
(25), epoxybulnesene (19), benzylacetone, and n-hexadecanoic acid. Neopetasane, dihydrokaranone,
β-agarofuran, and agarospirol are desirable aromatic compounds [19,20].

Table 2. Structural profiles of the constituents of essential oils obtained from Bac Giang (BG), Khanh
Hoa (KH), and Phu Quoc (PQ) agarwood samples.

No. Compound Class Number of Compounds
Total Area%

BG KH PQ

1 Eremophilanes and valencanes 9 23.39 32.03 24.09

2 Agarofurans and
epi-γ-eudesmanes 10 19.47 16.98 20.02

3 Selinanes and eudesmanes 5 9.05 11.79 9.17
4 Fatty acids and aliphatics 4 6.74 8.52 7.56
5 Aromatic compounds 9 15.22 3.41 2.85
6 Vetispiranes 3 5.26 5.68 5.38
7 Guaianes 1 2.77 3.47 2.86
8 Cadinanes 1 1.64 2.42 2.18

The compositional results in the present study share similarities to that of a Vietnamese agarwood
sample reported previously. To be specific, Yoneda et al. (1984) performed a comparative GLC and
GC/MS analysis of sesquiterpenes in the benzene extracts of two agarwood samples. One sample was
from Vietnam (designated by the authors as type A agarwood) and the other was from Indonesia
(designated by the authors as type B agarwood) [20]. While the Indonesian sample was different from
the present results in terms of composition, the Vietnamese sample (source plant: A. agallocha Roxb.)
was characterized by the dominance of oxo-agarospirol (5.8%), agarospirol (4.7%), jinko-eremol (4.0%),
valerianol (2.9%), and dihydrokaranone (2.4%), all of which were also found in the present study.
Furthermore, the identified compositions in this study were quite similar to that of oil obtained from
Indian A. agallocha Roxb. [21].

Despite aforementioned similarities, the profiles of volatile composition of all three oil samples
were different from results of studies involving agarwood samples from various areas, including those
from Vietnam. To be specific, notable compositional difference could be observed when comparing with
essential oils obtained from Chinese agarwood from A. sinensis, in which the major component was
found to be the vetispirane sesquiterpene oxo-agarospirol [22]. The three oil samples were also different
from the oil obtained from Indonesian A. malaccensis, which was characterized by the abundance of
prezizane sesquiterpenes jinkohol II and jinkohol [23].

Some important compounds that were previously identified are also missing in the present
results. In a series of analysis of another Vietnamese agarwood sample, graded and designated
in Japan as Kanankoh (Ryoku-yu), 14 new compounds, including 9 guaiane and 5 selinane
sesquiterpenes, were isolated and structurally characterized [7,24–26]. Notable identified constituents
were eremophilane sesquiterpenes dehydrojinko-eremol and neopetasane. In a further comparative
study by GC–MS, the acetone extracts of four agarwood samples from Vietnam, including three
Kanankoh samples (graded and designated in Japan as Ryoku-yu, Cha-yu, and Murasaki) and one
Jinkoh (Bateikei) sample were investigated [18]. It was found that guaiane and selinane sesquiterpenes
were major components of the three Kanankoh samples, while the Jinkoh sample was characterized
by the abundance of oxo-agarospirol (11.6%) and neopetasane (8.1%). A later study also isolated a
new spirovetivane sesquiterpene, (4R,5R,7R)-1(10)-spirovetiven-11-ol-2-one, together with a known
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2-(2-phenylethyl)-chromone from the ethyl ether extract of Kyara, the agarwood of highest grade
from Vietnam [27]. This new sesquiterpene has been shown to exhibit significant inducing effect
on brain-derived neurotrophic factor mRNA expression in vitro. In addition to the aforementioned
compounds, a number of nonvolatile chromones were also isolated and characterized from Kyara [28]
and Kanankoh [29] agarwood imported from Vietnam, as well as from agarwood originating from
A. crassna cultivated in Vietnam [30].

In general, volatile composition of essential oils obtained from the present agarwood samples
showed both similarities and differences in comparison with previous results. More importantly,
the present results revealed the absence of several valuable guaiane and selinane sesquiterpenes
existing in extracts from other Vietnamese agarwood samples (Kyara, Kanankoh, and Jinkoh), which
were probably collected in nature.

4. Conclusions

Essential oils of three agarwood samples representing products from A. crassna cultivated in
the provinces Bac Giang and Khanh Hoa, and on the Phu Quoc island (Kien Giang province) of
Vietnam were obtained by hydrodistillation. The process afforded an essential oil yield of 0.32%,
0.27%, and 0.25% (w/w) for three agarwood samples, respectively. A total of 44 volatile compounds
which were previously found in agarwood oils were identified in these oils by GC–MS analysis.
Most of the constituents were oxygenated sesquiterpenes. Notable compounds of other chemical
classes were aromatics and fatty acids. The three oil samples shared a similar composition profile
which is characterized by the dominance of eremophilane, agarofuran, and eudesmane sesquiterpenes,
while vetispirane and guaiane sesquiterpenes were found in smaller quantities. Desired compounds,
such as neopetasane (7.47–8.29%), dihydrokaranone (2.63–3.59%), β-agarofuran (3.04–6.18%), and
agarospirol (2.98–3.42%), were present in substantial quantities, suggesting a use for the oils as high
value fragrant materials.
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