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Abstract
Cinnamomum osmophloeum ct. linalool is one chemotype of indigenous cinnamon in Taiwan. Its leaf essential oil (LEO)
and main component S-(+)-linalool both possess great anxiolytic activities. The aim of this study was to establish
ultrasound-assisted microextraction (UAME) for extracting LEO from C. osmophloeum ct. linalool. The absolute content
of S-(+)-linalool and chemical composition of LEO were analyzed using GC-MS and GC-FID. To obtain the optimal
conditions for UAME, four parameters (ultrasonic extraction duration, power of ultrasound, times of extraction, and leaf
weight of extraction) were investigated according to the S-(+)-linalool content extracted. Results showed that the
optimal condition was 10 mg of leaf extracted using n-hexane in an ultrasonicator with ultrasonic power of 80 W for 1
min. Furthermore, the absolute content of S-(+)-linalool obtained by UAME (28.3 ± 0.5 mg/g leaf) was comparable with
that extracted by the 30-min hydrodistillation (HD) (26.9 ± 2.7 mg/g leaf). UAME was then employed to extract S(+)-linalool from leaves at different stages of maturity (young, semi-mature, and mature). Results indicated that only
mature leaf contains large amounts of S-(+)-linalool. Of note is that the LEO extracted by UAME contains coumarin,
while that extracted by HD does not. Coumarin is an important ingredient in a number of cosmetic products due to its
odor-fixing properties. With UAME, the leaf of C. osmophloeum ct. linalool has potential to be used as an aromatic
material for further applications. In conclusion, UAME established in the present study provides a simple and rapid
method for the determination of S-(+)-linalool and chemical composition of LEO from C. osmophloeum ct. linalool.
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Introduction
Cinnamomum osmophloeum, belonging to Lauraceae family, is an endemic hardwood plant in Taiwan. It grows
mainly in natural hardwood forests at elevations between
400 and 1500 m (Cheng et al. 2008). Its leaves, branches,
roots, and barks are rich in cinnamon fragrance. According to the differences in the chemical composition of leaf
essential oils (LEOs), C. osmophloeum was divided into
nine chemotypes: (1) cinnamaldehyde type, (2) linalool
type, (3) coumarin type, (4) cassia type, (5) eugenol type,
(6) camphor type, (7) linalool-terpineol type, (8) 4* Correspondence: peter@ntu.edu.tw
1
School of Forestry and Resource Conservation, National Taiwan University,
Taipei 10617, Taiwan
Full list of author information is available at the end of the article

terpineol type, and (9) mixed type (Hu et al. 1985). Hsu
et al. (2007) collected leaves from four chemotypes of C.
osmophloeum and analyzed their LEO yields. They found
the linalool type gave the highest yield (3.64%) of LEO
compared with cinnamaldehyde type (1.13%), camphor
type (0.36%), and mixed type (0.06%). Cheng et al. (2012)
demonstrated that S-(+)-linalool constituted more than
90% of contents in LEO of C. osmophloeum ct. linalool.
Studies have shown that LEOs of C. osmophloeum ct. linalool possessed excellent anxiolytic (Cheng et al. 2015),
hypoglycemic (Lee et al. 2013), anti-inflammatory (Lee
et al. 2018), and hypolipidemic (Cheng et al. 2018) activities. These results indicated that LEO of C. osmophloeum
ct. linalool is worth being developed as pharmaceutical or
health products with excellent bioactivities.
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To obtain essential oils from aromatic plant materials
for market requirements or chemistry analysis, a number
of methods have been applied for essential oil extraction,
including hydrodistillation (HD), steam distillation, cold
pressing, and solvent extraction (Reyes-Jurado et al. 2015).
Of these methods, HD was the most commonly used for
extraction of essential oil (Arabhosseini et al. 2006; Argyropoulos and Müller 2014; Ebadi et al. 2017; Omidbaigi
et al. 2004). However, HD had some disadvantages, including the heavy consumption of plant materials, time,
and energy (Reyes-Jurado et al. 2015). To overcome these
drawbacks, innovative methods like supercritical fluid extraction, microwave-assisted extraction, and ultrasonicassisted extraction were applied to essential oil extraction
(Bousbia et al. 2009; Kowalski et al. 2015; Sereshti et al.
2012; Vilkhu et al. 2008; Yamini et al. 2008).
In the past 20 years, ultrasound has been well developed
for acquisition of extracts from plant materials such as
polyphenols (Pingret et al. 2012), essential oils (Sereshti
et al. 2012), proteins (Karki et al. 2010), polysaccharides
(Wei et al. 2010), and lipids (Zhang et al. 2009). Studies
demonstrated that ultrasound-assisted extraction (UAE) requires shorter extraction time and lower energy consumption while giving products higher yield and better purity in
comparison of conventional methods. These results indicated that UAE can be a great method for extracting essential oils from plant materials. Of note is that the efficiency
of UAE may be influenced by ultrasound power and extraction time during the extraction process (González-Centeno
et al. 2014; Pingret et al. 2012; Wang et al. 2013; Wei et al.
2010). Hence, to optimize UAE efficiency, it is necessary to
understand the effects of these factors on the chemical
composition and content of extract.
The generation of essential oils in plants could be affected by the developmental stages of plant organs (Figueiredo et al. 2008). According to Dey and Choudhuri
(1983), the relative content of two major components, eugenol and methyleugenol, in the LEO of Ocimum sanctum
L. decreased with maturity of leaf, while that of another
major component, caryophyllene, increased as leaf becomes more mature. As for Achillea millefolium, the components of its flowerhead essential oil also changed during
the maturation of the flowerhead. The content of major
components of its essential oil, camphor and 1,8-cineole,
were higher in fully open than in closed flowerhead (Figueiredo et al. 1992). These results suggested that it is important to know the chemical compositions of essential
oils isolated from plant organs at different developmental
stages. Such information would ensure that materials of
proper maturity are used for the essential oil extraction
from the perspective of commercial production.
For the reasons mentioned above, the goal of this
study was to develop ultrasonic-assisted microextraction
(UAME) for the LEO extraction of C. osmophloeum ct.
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linalool. Optimal conditions of UAME were first investigated for the rapid extraction of LEOs. Then, chemical
compositions and S-(+)-linalool content of LEOs obtained by HD and UAME were compared to evaluate the
efficiency of UAME. Furthermore, UAME was employed
to extract the LEO for studying S-(+)-linalool content of
leaves at different stages of maturity.

Experimental
Materials

Leaves of Cinnamomum osmophloeum ct. linalool propagated by grafting were collected from the Xinxian nursery of Taiwan Forestry Research Institute. Leaves
collected from three different trees (CoL1, CoL2, and
CoL3) were used for different tests. For essential oil extraction, leaves of CoL1 collected in September 2017
were employed in the comparison between hydrodistillation (HD) with ultrasonic-assisted microextraction
(UAME). Leaves of CoL2 collected in July 2018 were
used in determining the optimal conditions of UAME.
Leaves of CoL3 collected in April 2018 were used in investigating the effects of leaf maturity on S-(+)-linalool
content. Leaves harvested from CoL1 and CoL2 were
both air dried at ambient temperature and store at room
condition for further test. To prevent young leaves from
being crushed and to keep them fresh, all leaves harvested from CoL3 were stored at −80oC until the test.
Chemicals

The chemical compounds used for identifying the components of LEOs in this study included S-(+)-linalool
(purity, 98%), coumarin (99 + %), α-pinene (97%), transcinnamaldehyde (99%), and n-decane (99 + %). S(+)-Linalool was separated and purified in our laboratory, while the other authentic compounds were all purchased from Acros Organics (Belgium).
Hydrodistillation of essential oil

Hydrodistillation was carried out according to the
method of Cheng et al. (2012). About 10 g of air-dried
leaves were hydrodistilled with 1 L of water using a
Clevenger-type apparatus for 30 min in triplicate. The
LEO was collected in glass vials and then stored at
−18oC until GC analysis. The yield of LEO was 3.1 ±
0.2%, which was calculated on the basis of dried weight
(%, w/w). The LEO was diluted to 100 μg/mL with ethyl
acetate for GC analysis.
Establishment of ultrasound-assisted microextraction

A portion of dried or fresh leaves was first immersed in
liquid N2 and milled to powder using a pestle. Leaf powder (25 ± 1 mg) was weighed into an Eppendorf,
followed by immediate addition of 1 mL of n-hexane.
The Eppendorf was then subjected to ultrasonication in
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the ultrasonic water bath, in triplicate, for LEO extraction. Next, the LEO and leaf powder were separated by
centrifugation for 1 min. Leaf powder was sedimented at
the bottom of the Eppendorf. The LEO was obtained
from the supernatant, diluted 10X with n-hexane, and
then injected into GC for analysis. To establish the optimal conditions of UAME, four parameters including
power of ultrasound (32, 56, and 80 W), ultrasonic extraction duration (1, 3, and 5 min), times of extraction (3
times totally), and leaf weight for extraction (low: 10 ± 1
mg; high: 25 ± 1 mg) were investigated. The optimal
conditions were then applied in the extraction of S(+)-linalool from leaves at different stages of maturity.
The tests mentioned above were all carried out in
triplicate.
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Color measurement

The differences in color of leaves at different stages of
maturity were measured, in 15 replicates, using the SP64
portable sphere spectrophotometer (X-rite SP64, Grand
rapids, Michigan, USA) according to the CIE L*a*b*
scale (CIE Colorimetry Committee 1974). The scale provided the values of three-color components, including L*
(black to white component), a*(+red to −green component), and b*(+yellow to −blue component). The sphere
spectrophotometer measured the sample reflectance
across the visible spectrum (400 to 700 nm). Measurements were taken using illuminant D65 and observed
angle of 10° with a measuring area of 4 mm in diameter
at the point between midrib and branch vein for each
leaf sample.
Chlorophyll content analysis

Essential oil analysis

Qualitative analysis of chemical components of the LEO
was performed using a Thermo Trace gas chromatography (GC) Ultra (Thermo Scientific, Waltham, MA,
USA) equipped with a Polaris Q MSD mass spectrometry (MS) (Thermo Scientific). GC was performed on a
30 m DB-5ms column (crossbond 5% phenyl methylpolysiloxane) (J & W Scientific, Folsom, CA, USA) with
film thickness of 0.25 μm and an inner diameter of 0.25
mm. The carrier gas (helium, 99.9995%) was utilized at
1 mL/min, and the splitting ratio was 10:1. The injection
port of GC was set at 250 °C. The GC oven temperature
started at 60 °C and held for 1 min, was then programmed at 4oC/min to 160 °C, increased at 30 °C/min
to 250 °C, and finally held for 3 min. The temperature of
the transfer line and MSD ion source were 250 °C and
230 °C, respectively. An electron ionization of 70 eV was
used to record mass spectra (m/z 50 to 400).
The compound authentication was accomplished by the
arithmetic index (AI), MS spectrum of database, and authentic compounds. A homologous series of n-alkanes (C9-C17)
on the DB-5ms column was employed to calculate AI, which
was then compared with the reference AI (rAI) (Adams
2007). Wiley 7.0 and NIST Mass Spectral Search Program V.
2.0 (National Institute of Standards and Technology, USA)
were employed as database of mass spectrum.
Quantitative analysis was performed using GC 7890A
(Agilent Technologies, Santa Clara, CA, USA) equipped
with a flame ionization detector (FID) (Agilent Technologies). Except for FID set at 250 °C, the column and
oven-programmed method used for GC-FID analysis
were the same as those for GC-MS analysis. The absolute contents (mg/kg of leaf) were quantified by the peak
areas of target compounds. They were compared against
to that of calibration samples with known concentrations (12.5-100 μg/mL) mixed with constant concentration (80 μg/mL) of the internal standard of n-decane.

Relative content of chlorophyll of leaf samples was analyzed using a chlorophyll meter (SPAD-502) (Spectrum
technology, Thayer Court, Aurora, USA), which measures the transmittance of red (650 nm) and infrared
(940 nm) radiation through the central site between midrid and branch vein of the leaf. The relative singlephoton avalanche diode (SPAD) meter value was calculated, which should correspond to the amount of chlorophyll present in the sample leaf (Minolta 1989). The
SPAD meter value ranges from 0.0 to 99.9. The measurements were achieved in 9 replicates.
Statistical analysis

All statistical analyses were performed using the R software (version 3.5.2). One-way analysis of variance
(ANOVA) (Scheffe’s test, α = 0.05) was performed to determine statistical differences in S-(+)-linalool and
chlorophyll content in leaves; Student’s t test (α = 0.05)
was conducted to determine S-(+)-linalool and coumarin
contents obtained using HD and UAME. All data are
expressed as mean ± SD.

Results and discussion
Establishment of ultrasonic-assisted microextraction

To obtain the optimal condition for S-(+)-linalool extraction, four parameters including ultrasonic extraction
time (1, 3, and 5 min), ultrasonic power (32, 56, and 80
W), times of extraction (3 times totally), and weight of
leaf for extraction (low: 10 ± 1 mg; high: 25 ± 1 mg) were
investigated (Fig. 1). First, the extraction condition was
set as follows: using high leaf weight, extracting once by
ultrasonicator with ultrasonic power of 80 W. The results shown in Fig. 1a revealed that absolute contents of
S-(+)-linalool obtained with three different extraction
times (1, 3, and 5 min) were all 19.4 mg/g leaf. Accordingly, the extraction time was set as 1 min for the following experiments. Then, the effect of ultrasonic power on
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Fig. 1 Effects of four extraction conditions on absolute content and ratio of S-(+)-linalool extracted from leaf. a Different ultrasonic extraction
time (min) (25 mg of leaf was extracted once using ultrasonic power of 80 W). b Power (W) of ultrasound (25 mg of leaf was extracted once for 1
min). c Times of extraction (25 mg of leaf was extracted using ultrasonic power of 80 W for 1 min). d Leaf weight (low: 10 ± 1 mg; high: 25 ± 1
mg) (leaf was extracted once using ultrasonic power of 80 W for 1 min). Data were presented as mean ± SD (n = 3). Different letters are
significantly different at the level of p < 0.05 according to one-way ANOVA and Scheffe’s test. n.s. represents no significantly different when
compared with each other by Students’s t test (p < 0.05)

S-(+)-linalool content extracted was examined. As indicated in Fig. 1b, S-(+)-linalool content (16.2-19.4 mg/g
leaf) increased significantly with increasing ultrasonic
power (32 to 80 W). Therefore, ultrasonic power was fixed
at 80 W. Figure 1c displays the S-(+)-linalool ratios at
three times of extraction (extraction time 1 min and ultrasonic power 80 W). As can be seen, the peak area of S(+)-linalool at the first extraction was regarded as 100%.
Ratio of both second and third extractions was less than
1.7%, indicating that almost all S-(+)-linalool was obtained
at the first extraction. Figure 1d shows that leaf weight
used, whether low or high, had no significant effect on S(+)-linalool content (18.5 and 19.4 mg/g leaf, respectively).
Hence, low leaf weight (10 ± 1 mg) was sufficient for
UAME. Taken together, the results revealed that the optimal condition for UAME was 10 ± 1 mg of leaf extracted
with ultrasonic power of 80 W for 1 min.
Comparison of chemical components of LEOs extracted
by UAME and HD

This study compared the chemical composition, absolute
content of major components, and extraction conditions
of LEOs obtained using UAME and HD. It is essential to
know whether UAME could be an alternative for substituting the conventional method–hydrodistillation (HD)
for LEO extraction of C. osmophloeum ct. linalool. LEOs
obtained using HD and UAME were denoted as HD-EO

and UAME-EO, respectively. As shown in Table 1, the
major component of both HD-EO and UAME-EO was
S-(+)-linalool, with relative content of 97.8% and 70.4%,
respectively. It is apparent that HD-EO was mostly composed of S-(+)-linalool; however, there was no significant
difference in absolute contents of S-(+)-linalool between
HD-EO (26.9 mg/g leaf) and UAME-EO (28.3 mg/g leaf)
(Fig. 2). On the other hand, UAME-EO contained 26.1%
of coumarin (Table 1). According to absolute content
analysis, a considerable amount of coumarin (9.6 mg/g
leaf) was detected in UAME-EO, but not in HD-EO.
Coumarin is used in many cosmetics and perfumes for
its odor-fixing properties (Stiefel et al. 2017). Some studies have also indicated that the LEO of C. osmophloeum
ct. linalool extracted by HD did not contain coumarin
(Cheng et al. 2008; Lin et al. 2016). Although Cheng
et al. (2012) detected coumarin from the LEO of C.
osmophloeum ct. linalool obtained by HD, the relative
content of coumarin was less than 1%. The present findings indicated underestimation of coumarin content in
leaf of C. osmophloeum ct. linalool in previous studies.
Hence, in addition to S-(+)-linalool, coumarin is another
component in leaf of C. osmophloeum ct. linalool that
may act as a flavor ingredient.
The extraction conditions of HD and UAME, including the leaf weight used, extraction temperature, and extraction time, are compared in Table 2. Leaf weight used
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Table 1 Chemical composition (%) of LEOs extracted by hydrodistillation (HD) and ultrasound-assisted microextraction (UAME)
AIa

rAIb

UAME-EO

Identification methodc

932

932

α-Pinene

0.2 ± 0.0

988

988

β-Myrcene

0.1 ± 0.0

0.2 ± 0.0

AI, MS

1028

1024

Limonene

0.3 ± 0.0

1034

1032

cis-β-Ocimene

0.1 ± 0.0

0.2 ± 0.0

AI, MS

1044

1044

trans-β-Ocimene

1085

1084

trans-Linalool oxide (furanoid)

0.2 ± 0.0

AI, MS

0.1 ± 0.0

0.3 ± 0.0

AI, MS

1100

1095

1194

1186

S-(+)-Linalool

97.8 ± 0.1

70.4 ± 0.6

α-Terpineol

0.1 ± 0.0

1197

1195

4-Allylanisole

0.2 ± 0.0

0.2 ± 0.0

AI, MS

1270

1267

trans-Cinnamaldehyde

0.9 ± 0.2

2.2 ± 0.4

AI, MS, ST

1429

1432

26.1 ± 0.4

AI, MS, ST

0.7

0.6

Compound

HD-EO

AI, MS, ST

AI, MS

Coumarin
Monoterpenes hydrocarbons (%)

AI, MS, ST
AI, MS

Oxygenated monoterpenes (%)

98.0

70.7

Other (%)

1.1

28.5

Total identified (%)

99.8

99.8

Data were presented as mean ± SD (n = 3)
a
Arithmetic index
b
Reference arithmetic index
c
Compound identified by arithmetic index (AI), mass spectrum (MS), and standard compound (ST)

in HD was 10 g, which was 1000 times more than that
used in UAME (10 mg). Furthermore, the results indicated lower extraction temperature (25 °C) and shorter
extraction time (1 min) adopted in UAME than in HD
(100 °C and 30 min, respectively). Some studies have also
reported advantages of using ultrasound for essential oil
extraction. For example, shorter extraction time (10.5
min) and lower plant material (0.1 g) consumption for
essential oil extraction of Elettaria cardamomum Maton
when using UAE than using HD (Sereshti et al. 2012),
which required 4 h of extraction and used 50 g plant materials. Assami et al. (2012) investigated the effect of
ultrasound treatment of caraway (Carum carvi L.) seeds
on yields of essential oil. For the same essential oil

yields, the extraction time for treated samples was much
shorter than that for untreated samples. These results
indicated that, comparing to the conventional method,
ultrasound performed several advantages, including saving energy, shorter extraction time, and less plant materials used for essential oil extraction. Hence, it should
take into consideration when using UAME and HD for
the extraction of essential oil for specific purposes, i.e.,
UAME could be an excellent method for a rapid analysis
of chemical composition of LEO from C. osmophloeum
ct. linalool, while HD is better suited for isolation of
high-purity S-(+)-linalool.
Coumarin isolation from hydrodistillation

Previous findings showed no coumarin present in HDEO; thus, it was surmised that coumarin remained in the
leaf or hot water extract after HD. For better understanding, hot water extract was separated by n-hexane to
obtain n-hexane soluble fraction. UAME was further applied for essential oil extraction from the leaf which had
been extracted by HD. The essential oil thus obtained
was denoted as UAME-HD-EO. HD-EO, n-hexane
Table 2 Comparison of extraction conditions between
hydrodistillation (HD) and ultrasound-assisted microextraction
(UAME)
Fig. 2 Absolute content of S-(+)-linalool and coumarin from LEOs
extracted by hydrodistillation (HD) and ultrasound-assisted
microextraction (UAME). Data were presented as mean ± SD (n = 3).
n.s.: no significant difference when compared using Student’s t test
(p < 0.05)

Extraction
method

Leaf weight
(g)

Temperature
(°C)

Extraction time
(min)

HD

10

100

30

UAME

0.01

25

1
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soluble fraction, and UAME-HD-EO were then analyzed
using GC-MS and their chromatograms are shown in
Fig. 3. As can be seen, S-(+)-linalool existed only in HDEO. The major component of n-hexane soluble fraction
was coumarin, while UAME-HD-EO contained S(+)-linalool nor coumarin. Taken together, these results
revealed that LEO was completely extracted from the
leaf by HD, and coumarin remained in the hot water extract. Medeiros-Neves et al. (2015) reported that coumarins were easily extracted by water at 60 °C. In addition,
the solubility of coumarin increased with increasing
temperature of solvent (Huang et al. 2015). Cohen
(1979) reported that the solubility of coumarin in hot
water (2.0%) was 8 times more than that in cold water
(0.25%). Furthermore, coumarin, with a boiling point at
301 °C, belonged to a semi-volatile compound (Bruno
2009; Lucattini et al. 2018). The above findings indicated
that coumarin did not exist in HD-EO, but remained in
the hot water extract.
Effects of leaf maturity on absolute content of S(+)-linalool

Studies have indicated that the chemical composition of
volatiles and essential oil from plants could be determined by the stage of development of their organs (leaf,
flower, and fruit) (Badalamenti 2004; Figueiredo et al.
1997, 2008). To collect leaves, which contained a large
amount of S-(+)-linalool, it is important to understand
the S-(+)-linalool content in leaf of C. osmophloeum ct.
linalool at different stages of maturity.
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Leaves at three stages of maturity including young,
semi-mature, and mature leaves were collected and distinguished roughly according to their color in the field.
Then color analysis was carried out using a spectrophotometer in the lab. The results (Fig. 4) showed that the
L* value of young, semi-mature, and mature leaves were
47.3 ± 1.6, 42.1 ± 1.5, and 32.6 ± 0.9, respectively, demonstrating decrease in lightness of leaves with increasing
maturity. The a* value (−) represents the green chroma
of leaves. It was found that the a* value of mature leaf
(−6.7 ± 0.7) was higher than those of young leaf (−12.6 ±
0.7) and semi-mature leaf (−12.2 ± 0.7), which had similar greenness. The b* value (+) represents the yellow
chroma of leaves. A decrease in yellowness (34.6 ± 2.4 to
10.4 ± 1.4) was found when leaves grow from young to
mature. In short, the color of mature leaf was obviously
different from young leaf and semi-mature leaf; thus,
there is little difficulty in distinguishing and harvesting
mature leaf in the field.
The chlorophyll content has been reported to increase
with leaf development (Dey and Choudhuri 1983). To
investigate whether the eigenvalues of leaves at different
stages of maturity could be determined within a short
time, the chlorophyll meter, with great ease of operation,
was employed to detect the relative content of chlorophyll of leaves. Results in Table 3 showed significant increase in the relative content of chlorophyll from young
leaf (27.0 ± 1.9 SPAD) to mature leaf (49.6 ± 2.8 SPAD),
revealing a marked difference in chlorophyll content of
leaves at different stages of maturity. Such difference
serves as a chlorophyll meter which could provide a

Fig. 3 Chromatogram of leaf extracts from Cinnamomum osmophloeum ct. linalool. a HD-EO. b n-Hexane soluble fraction separated from hot
water extracts. c UAME-EO extracted from the leaf after HD extraction. HD: hydrodistillation. UAME: ultrasound-assisted microextraction
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Fig. 4 Color parameters on adaxial surface of leaves at three stages
of maturity

simple method for differentiating leaves of C. osmophloeum ct. linalool at different stages of maturity.
Absolute content of S-(+)-linalool of UAME-EO extracted from leaves at three stages of maturity was analyzed by GC-MS. Table 3 shows that S-(+)-linalool
content of young leaf was not detectable, while that in
semi-mature leaf and mature leaf were 0.1 and 19.6 mg/
g leaf, respectively, demonstrating that only mature leaf
contains a large amount of S-(+)-linalool. Hence, a mature leaf of C. osmophloeum ct. linalool is recommended
for use in LEO extraction for commercial production.

Conclusion
This study successfully established ultrasound-assisted
microextraction (UAME) for a rapid analysis of chemical
composition and S-(+)-linalool content of LEO of C.
osmophloeum ct. linalool. The results demonstrated that
the optimal condition for UAME was 10 mg of leaf extracted using n-hexane in an ultrasonicator with the
power of 80 W for 1 min. Absolute content of S-(+)-linalool obtained by UAME and HD were comparable. Furthermore, UAME required shorter extraction time and
less leaf material than HD, indicating the superiority of
Table 3 Content of S-(+)-linalool and chlorophyll of leaves at
three stages of maturity
Growth
stage

Absolute content of S(+)-linalool (mg/g leaf)A

Relative content of
chlorophyll (SPAD)B

Young

-c

27.0 ± 1.9c
b

Semimature

0.1 ± 0.0

31.4 ± 1.6b

Mature

19.6 ± 0.4a

49.6 ± 2.8a

Different letters indicate significant difference at the level of p < 0.05
according to one-way ANOVA and Scheffe’s test
A
Data were presented as mean ± SD (n = 3)
B
Data were presented as mean ± SD (n = 9)
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UAME to HD in extracting LEO of C. osmophloeum ct.
linalool. Moreover, UAME could enhance the efficiency
when analyzing the chemical compositions and S-(+)-linalool content in LEO.
In addition, S-(+)-linalool content extracted using
UAME from leaves at three stages of maturity showed
that only mature leaf contained a large amount of S(+)-linalool. Hence, for commercial production, mature
leaf of C. osmophloeum ct. linalool is the best material
for S-(+)-linalool extraction. On the other hand, LEO extracted by UAME contained a lot of coumarin but not
that extracted by HD. Coumarin extracted by HD
remained in the hot water extract.
Taken together, the present findings demonstrated
that LEO of C. osmophloeum ct. linalool comprised
mainly S-(+)-linalool and coumarin. Both compounds
are usually used in perfume and cosmetic industries,
thus, endowing leaf of C. osmophloeum ct. linalool with
great potential as an aromatic material.
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