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Abstract: Cryptocarya species are mainly distributed in Af-
rica, Asia, Australia and South America, widely used in
traditionalmedicines for the treatment of skin infections and
diarrhea. The present investigation reports on the extraction
by hydrodistillation and the chemical composition of three
Cryptocarya species (Cryptocarya impressa, Cryptocarya
infectoria, and Cryptocarya rugulosa) essential oils from
Malaysia. The chemical composition of these essential oils
was fully characterizedbygas chromatography (GC-FID) and
gas chromatography-mass spectrometry (GC-MS). A total of
51 components were identified in C. impressa, C. infectoria,
and C. rugulosa essential oils representing 91.6, 91.4, and
83.0% of the total oil, respectively. The high percentages of
α-cadinol (40.7%) and 1,10-di-epi-cubenol (13.4%) were
found in C. impressa oil. β-Caryophyllene (25.4%) and bicy-
clogermacrene (15.2%) were predominate in C. infectoria oil.
While in C. rugulosa oil, bicyclogermacrene (15.6%), δ-cadi-
nene (13.8%), and α-copaene (12.3%) were predominate. To
the best of our knowledge, there is no report on the essential
oil composition of these three species.
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1 Introduction

Lauraceae comprises about 55 genera and over 2500 species
mostly found in tropical, subtropical and mild temperate
regions. Due to their commercial importance, some

Lauraceae species have already been studied regarding their
essential oil contents and biological activities. The largest of
the early-diverging cladeswithin the Lauraceae family is the
Cryptocarya genus which comprises around 350 plant spe-
cies distributed across Africa, Asia, Australia, and South
America, in which 19 species have been found in Malaysia
[1]. Many plant species from this genus have been widely
used in traditional medicines for the treatment of skin in-
fections and diarrhea [2]. Additionally, several phytochem-
ical studies have been undertaken on this genus, resulting in
the identification of a significant number of natural products
such as flavonoids [3], α-pyrones [4], alkaloids [5], lignans
[6], and phenylpropanoids [7] in addition to diverse biolog-
ical activities including anti-inflammatory [8], anti-
plasmodial [9], anti-tuberculosis [10], antimalarial [11], and
cytotoxic [6] activities.

Although many members of the family Lauraceae are
renowned for their valuable essential oils, the genus
Cryptocarya is still poorly explored as far as its essential oil
composition is concerned. Therefore, it is interesting to
report the essential oil composition of three Cryptocarya
species (Cryptocarya impressa, Cryptocarya infectoria, and
Cryptocarya rugulosa). This is the first study of its kind to
investigate the chemical composition of the essential oils
extracted from these species found in Malaysia.

2 Materials and methods

2.1 Plant material

The fresh samples of C. impressa (SK03/16) and C. rugulosa (SK04/16)
were collected in October 2016 from Kluang, Johor, while C. infectoria
(SK389/19) was collected from Behrang, Perak in January 2019. All
samples were identified by Dr. Shamsul Khamis, a botanist from
Universiti Kebangsaan Malaysia (UKM). The voucher specimens were
deposited at UKMB Herbarium, Faculty of Science and Technology at
UKM.

2.2 Extraction of essential oils

The fresh leaves of each sample (500 g) chopped into small pieces and
continue subjected to hydrodistillation process in Clevenger-type
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apparatus for 4 h. The essential oils obtained were then dried over
anhydrousmagnesium sulfate and stored at 4–6 °C. The oil yield (%) is
calculated based on the fresh weight (w/w).

2.3 Analysis of essential oils

GC-FID analysis was performed on a Hewlett Packard 6890 series II
A gas chromatograph equipped with HP-5MS capillary column
(30 m × 0.25 mm × 0.25 μm film thickness). Helium was used as a
carrier gas at a flow rate of 0.7 mL/min. Injector and detector
temperatures were set at 250 and 280 °C, respectively. The oven
temperature was kept at 50 °C, then gradually raised to 280 °C at 5 °
C/min and finally held isothermally for 15 min. Diluted samples (1/
100 in diethyl ether, v/v) of 1.0 μL were injected manually (split
ratio 50:1).

Gas chromatography-mass spectrometry (GC-MS) chromato-
grams were recorded using a Hewlett Packard Model 5890A gas
chromatography and a Hewlett Packard Model 5989A mass spec-
trometer. The GCwas equippedwithHP-5 column.Heliumwas used as
carrier gas at a flow rate of 1 mL/min. The injector temperature was
250 °C. The oven temperaturewas programmed from 50 °C (5min hold)
to 250 °C at 10 °C/min and finally held isothermally for 15 min. For GC-
MS detection, an electron ionization system, with ionization energy of
70 eV was used. A scan rate of 0.5 s (cycle time: 0.2 s) was applied,
covering a mass range from 50–400 amu.

2.4 Identification of chemical components

For identification of the essential oil components, co-injectionwith the
standards (major components) were used, together with correspon-
dence of retention indices (relative to the retention times of n-alkanes
from C6 to C30) and mass spectra with respect to those reported in
Adams, NIST08, and FFNSC2 libraries [12]. Semi-quantification of the
essential oil components was undertaken by peak area normalization
considering the same response factor for all volatile components.
Quantification was done by the external standard method using cali-
bration curves generated by running GC analysis of representative
authentic compounds.

3 Results and discussion

The hydrodistillation of the leaves of C. impressa, C.
infectoria, and C. rugulosa yielded pale yellow oils having a
pungent odour in the mean yields of 0.35, 0.34, and 0.38%
(w/w), respectively. The GC and GC-MS analyses success-
fully identified 51 components as presented in Table 1.
Here, sesquiterpene hydrocarbons were identified as the
major group components in C. infectoria and C. rugulosa
oils which constituted 72.7 and 68.4%, respectively, while
C. impressa oil dominated with oxygenated sesquiterpenes
accounting for 54.2%. However, monoterpenoids were not
discovered in all essential oils.

A total of 27 components were identified from the
essential oil of C. impressa, representing 91.6% of the total

oil. The most substantial components were α-cadinol
(40.7%), 1,10-di-epi-cubenol (13.4%), germacrene D (7.2%),
and γ-cadinene (5.5%), while form the essential oil of C.
infectoria, 28 componentswere identified (91.4%) ofwhich β-
caryophyllene (25.4%), bicyclogermacrene (15.2%), germa-
crene D (9.9%), δ-cadinene (7.0%), and globulol (5.1%)
represented themajor components. In addition, the essential
oil of C. rugulosa yielded 29 components, which represented
83.0% of the total oil, with bicyclogermacrene (15.6%), δ-
cadinene (13.8%), α-copaene (12.3%), and aromadendrene
(5.6%) identified as the most abundant components. Based
on the above studies, 15 components (safrole, methyl
eugenol, β-copaene, ishwarane, amorpha-4,7(11)-diene,
eudesma-6,11-diene, cis-eudesma-6,11-diene, (E)-methyl
isoeugenol, viridiflorene, premnaspirodiene, γ-cadinene,
trans-cadina-1,4-diene, β-calacorene, 1,10-di-epi-cubenol,
and shyobunol) were only discovered in C. impressa oil,
whereas six components (isoledene, longifolene, globulol,
junenol, 1-epi-cubenol, and epi-α-muurolol) were only
identified in C. infectoria oil. Meanwhile, seven components
(β-bourbonene, β-cubebene, β-selinene, cis-cadina-1,4-
diene, α-calacorene, elemol, and cubenol) were only found
in C. rugulosa oil. Moreover, 10 components (α-copaene, β-
elemene, β-caryophyllene, aromadendrene, α-humulene,
germacrene D, δ-cadinene, α-cadinene, germacrene B and α-
cadinol) were discovered in all essential oil fractions of the
threeplant samples under investigation. Besides, safrolewas
the only phenylpropanoid present in C. impressa oil. The
compound was found to be toxic and a weak hepatocarci-
nogen by the US Food and Drug Administration (FDA) [13].

Of these, bicyclogermacrene was found as the major
components in C. infectoria and C. rugulosa essential oils
previously reported as the principal components in the
leaves oil of Cryptocarya cocosoides (25.5%) and Crypto-
carya lividula (26.1%) [14]. On the other hand, benzyl
benzoate has been identified from the fruit’s oil of Crypto-
carya massoy (68.0%) [15] and the leaves oil of Cryptocarya
cunninghamii (80.2%) [14]. Also, the bark/heartwood oil of
C. massoy, 5,6-dihydro-6-pentyl-2H-pyran-2-one (64.8-
68.4%), was reported as being the most abundant
component [16]. Several studies have reported mono-
terpenes as the foremost components from the leaves oil of
Cryptocarya aschersoniana (limonene 42.3%) [14] and
Cryptocarya bellendenkerana (β-phellandrene 11.8%) [14].
However, in this study, no monoterpenes were found in all
Cryptocarya essential oils. The chemical differences among
Cryptocarya species could be due to the extraction pro-
cedures, stages of development, and distinct habitat in
which the plant was collected [17]. Besides, the chemical
and biological diversity of aromatic and medicinal plants
depend on such factors as climatic conditions, vegetation
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Table : Chemical components identified from Cryptocarya essential oils.

No Components KIa KIb Percentage (%)c Methodsd

CIPO CIFO CRGO

 Safrole   . ± . – – RI, MS
 δ-Elemene   . ± . – . ± . RI, MS
 α-Cubebene   – . ± . . ± . RI, MS
 Isoledene   – . ± . – RI, MS
 α-Copaene   . ± . . ± . . ± . RI, MS, Std
 β-Bourbonene   – – . ± . RI, MS
 β-Cubebene   – – . ± . RI, MS
 β-Elemene   . ± . . ± . . ± . RI, MS
 Methyl eugenol   . ± . – – RI, MS
 Longifolene   – . ± . – RI, MS
 α-Gurjunene   – . ± . . ± . RI, MS
 β-Caryophyllene   . ± . . ± . . ± . RI, MS, Std
 β-Copaene   . ± . – – RI, MS
 γ-Gurjunene   . ± . . ± . – RI, MS
 Aromadendrene   . ± . . ± . . ± . RI, MS
 α-Humulene   . ± . . ± . . ± . RI, MS
 Ishwarane   . ± . – RI, MS
 Amorpha-,()-diene   . ± . – – RI, MS
 α-Amorphene   – . ± . . ± . RI, MS
 Germacrene D   . ± . . ± . . ± . RI, MS, Std
 β-Selinene   – – . ± . RI, MS
 Eudesma-,-diene   . ± . – – RI, MS
 cis-Eudesma-,-diene   . ± . – – RI, MS
 (E )-Methyl isoeugenol   . ± . – – RI, MS
 cis-Cadina-,-diene   – – . ± . RI, MS
 Viridiflorene   . ± . – – RI, MS
 α-Muurolene   – . ± . . ± . RI, MS
 Bicyclogermacrene   – . ± . . ± . RI, MS, Std
 Epizonarene   – . ± . . ± . RI, MS
 (E,E)-α-Farnesene   – . ± . . ± . RI, MS
 Premnaspirodiene   . ± . – – RI, MS
 γ-Cadinene   . ± . – – RI, MS
 -epi-α-Selinene   – . ± . . ± . RI, MS
 δ-Cadinene   . ± . . ± . . ± . RI, MS, Std
 trans-Cadina-,-diene   . ± . – – RI, MS
 α-Cadinene   . ± . . ± . . ± . RI, MS
 α-Calacorene   – – . ± . RI, MS
 Elemol   – – . ± . RI, MS
 Germacrene B   . ± . . ± . . ± . RI, MS
 β-Calacorene   . ± . – – RI, MS
 Spathulenol   – . ± . . ± . RI, MS
 Globulol   – . ± . – RI, MS
 Viridiflorol   – . ± . . ± . RI, MS
 Junenol   – . ± . – RI, MS
 ,-di-epi-Cubenol   . ± . – – RI, MS, Std
 -epi-Cubenol   – . ± . – RI, MS
 epi-α-Muurolol   – . ± . – RI, MS
 Cubenol   – – . ± . RI, MS
 β-Eudesmol   – . ± . . ± . RI, MS
 α-Cadinol   . ± . . ± . . ± . RI, MS, Std
 Shyobunol   . ± . – – RI, MS
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phase, and genetic modifications. These factors influence
the plant’s biosynthetic pathways and consequently, the
relative proportion of the main characteristic compounds
[18].

Nevertheless, the abundant levels of α-cadinol in the
essential oil of C. impressa identified in this study
represent the first chemical compositional report for this
genus. Likewise, α-cadinol has been identified as the
major and most common constituent of sesquiterpenoids
present in some species of the Lauraceae family such as
Machilus mushaensis (Taiwan: leaf oil 20.8%) [19], Cin-
namomum perrottetii (India: leaf oil 20.5%) [20],
Beilschmiediamadang (Malaysia: leaf and bark oil 10.6%)
[21], Neolitsea parvigemma (Taiwan: leaf oil 10.2%) [22],
Lindera chunii (China: flowers, leaves and stems oil 8.6%)
[23], and Litsea acutivena (Taiwan: twig oil 7.7%) [24]. α-
Cadinol is an essential component found in European
and Western Asian folk medicine and is used to treat
inflammatory conditions, In addition to having a rela-
tively good antifungal activity, it can be broadly applied
as an antiseptic, anti-inflammatory, and cicatrising
agent, while displaying some antibacterial and antiviral
properties [25, 26].

4 Conclusion

The chemical composition of the essential oils of C.
impressa, C. infectoria, and C. rugulosa plants growing in
Malaysia were investigated for the first time using the GC
and GC-MS method. These results shed further light into
the phytochemistry of this unexplored species of the Flora
of Malaysia. The next step is to evaluate the biological
activities of the essential oil in order to valorise this species
with a unique ecological character.

Acknowledgements: The authors would like to thank the
Department of Chemistry, Faculty of Science and Mathe-
matics, Universiti Pendidikan Sultan Idris for research fa-
cilities.
Author contribution: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Corner EGH. Wayside trees of Malaya, 4th ed. Kuala Lumpur:
United Selangor Press; 1997.

2. Norscia I, Borgognini-Tarli SM. Ethnobotanical reputation of plant
species from two forests of Madagascar: A preliminary
investigation. South Afr J Bot 2006;72:656–60. https://doi.org/
10.1016/j.sajb.2006.04.004.

3. Huang W, Zhang WJ, Cheng YQ, Jiang R, Wei W, Chen CJ, et al.
Cytotoxic and antimicrobialflavonoids fromCryptocarya concinna.
Planta Med 2014;80:925–30. https://doi.org/10.1055/s-0034-
1368613.

4. Fan Y, Liu Y, You YX, Rao L, Su Y, He Q, et al. Cytotoxic arylalkenyl
α,β-unsaturated δ-lactones from Cryptocarya brachythyrsa.
Fitoterapia 2019;136:104167. https://doi.org/10.1016/j.fitote.
2019.05.006.

5. OthmanW, Sivasothy Y, Liew SY,Mohamad J, NafiahMA, Ahmad K,
et al. Alkaloids fromCryptocarya densifloraBlume (Lauraceae) and
their cholinesterase inhibitory activity. Phytochem Lett 2017;21:
230–6. https://doi.org/10.1016/j.phytol.2017.07.002.

6. Xiong R, Jiang J, Chen Y. Cytotoxic lignans from Cryptocarya
impressinervia. Nat Prod Res 2019;25:1–5. https://doi.org/10.
1080/14786419.2019.1611808.

7. Saidi N, Morita H, Litaudon M, NafiahMA, Awang K, Mustanir. New
phenyl propanoids from Cryptocarya bracteolate. Nat Prod

Table : (continued)

No Components KIa KIb Percentage (%)c Methodsd

CIPO CIFO CRGO

Group components
Sesquiterpene hydrocarbon . . .
Oxygenated sesquiterpenes . . .
Phenylpropanoids . – –
Identified components (%) . . .

CIPO – C. impressa oil; CIFO – C. infectoria oil; CRGO – C. rugulosa oil.
aLinear retention index, experimentally determined using homologous series of C–C alkanes.
bLinear retention index taken from Adams, Wiley, FFNSC or NIST and literature.
cRelative percentage values are means of three determinations ±SD
dIdentification methods: Std, based on comparison with authentic compounds; MS, based on comparison with Wiley, Adams, FFNSC, and
NIST MS databases; RI, based on comparison of calculated RI with those reported in Adams, FFNSC and NIST.

300 M.A.M. Azhar et al.: Essential oil composition of three Cryptocarya

https://doi.org/10.1016/j.sajb.2006.04.004
https://doi.org/10.1016/j.sajb.2006.04.004
https://doi.org/10.1055/s-0034-1368613
https://doi.org/10.1055/s-0034-1368613
https://doi.org/10.1016/j.fitote.2019.05.006
https://doi.org/10.1016/j.fitote.2019.05.006
https://doi.org/10.1016/j.phytol.2017.07.002
https://doi.org/10.1080/14786419.2019.1611808
https://doi.org/10.1080/14786419.2019.1611808


Commun 2016;11:815–6. https://doi.org/10.1177/
1934578x1601100629.

8. Feng R, Guo ZK, Yan CM, Li EG, Tan RX, Ge HM. Anti-inflammatory
flavonoids from Cryptocarya chingii. Phytochemistry 2012;76:
98–105. https://doi.org/10.1016/j.phytochem.2012.01.007.

9. Nasrullah AA, Zahari A, Mohamad J, Awang K. Antiplasmodial
alkaloids from the bark of Cryptocarya nigra (Lauraceae).
Molecules 2013;18:8009–17. https://doi.org/10.3390/
molecules18078009.

10. Chou TH, Chen JJ, Peng CF, Cheng MJ, Chen IS. New flavanones
from the leaves of Cryptocarya chinensis and their
antituberculosis activity. Chem Biodivers 2011;8:2015–24.
https://doi.org/10.1002/cbdv.201000367.

11. Liu Y, Rakotondraibe LH, Brodie PJ, Wiley JD, Cassera MB, Miller
JS, et al. Antimalarial 5,6-dihydro-α-pyrones from Cryptocarya
rigidifolia: Related bicyclic tetrahydro-α-pyrones are artifacts. J
Nat Prod 2015;78:1330–8. https://doi.org/10.1021/acs.jnatprod.
5b00187.

12. Adams RP. Identification of essential oil components by gas
chromatography-mass spectrometry, 4th ed. Carol Stream (IL):
Allured Publishing Corporation; 2007.

13. Kemprai P, Mahanta BP, Sut D, Barman R, Banik D, Lal M, et al.
Review on safrole: identity shift of the ‘candy shop’ aroma to a
carcinogen and deforester. Flavour Fragr J 2020;35:5–23. https://
doi.org/10.1002/ffj.3521.

14. Brophy JJ, Forster PI, Goldsack RJ. Coconut Laurels: The leaf
essential oils from four endemic Australian Cryptocarya species:
C. bellendenkerana, C. cocosoides, C. cunninghamii and C.
lividula (Lauraceae). Nat Prod Commun 2016;11:255–258.
https://doi.org/10.1177/1934578x1601100230.

15. Andrade PMD, Melo DCD, Alcoba AET, Ferreira Junior WG, Pagotti
MC,Magalhaes LG, et al. Chemical composition and evaluation of
antileishmanial and cytotoxic activities of the essential oil from
leaves of Cryptocarya aschersoniana Mez. (Lauraceae Juss.). An
Acad Bras Cienc 2018;90:2671–8. https://doi.org/10.1590/
0001-3765201820170332.

16. Rali T, Wossa SW, Leach DN. Comparative chemical analysis of
the essential oil constituents in the bark, heartwood and fruits of
Cryptocarya massoy (Oken) Kosterm. (Lauraceae) from Papua
New Guinea. Molecules 2007;12:149–54. https://doi.org/10.
3390/12020149.

17. Salleh WMNHW, Ahmad F, Khong HY, Zulkifli RM. Comparative
study of the essential oils of three Beilschmiedia species and
their biological activities. Int J Food Sci Technol 2016;51:240–9.
https://doi.org/10.1111/ijfs.12962.

18. Salleh WMNHW, Ahmad F, Khong HY. Antioxidant and
anticholinesterase activities of essential oils of Cinnamomum
griffithii and C. macrocarpum. Nat Prod Commun 2015;10:
1465–8. https://doi.org/10.1177/1934578x1501000838.

19. Su YC, Ho CL. Composition, in-vitro anticancer, and antimicrobial
activities of the leaf essential oil of Machilus mushaensis from
Taiwan. Nat Prod Commun 2013;8:273–5. https://doi.org/10.
1177/1934578x1300800236.

20. Sriramavaratharajan V, Sudha V, Murugan R. Characterization of
the leaf essential oils of an endemic species Cinnamomum
perrottetii from Western Ghats, India. Nat Prod Res 2016;30:
1085–7. https://doi.org/10.1080/14786419.2015.1095746.

21. SallehWMNHW, Ahmad F, Khong HY. Chemical compositions and
biological activities of the essential oils ofBeilschmiediamadang
Blume (Lauraceae). Arch Pharm Res 2015;38:485–93. https://
doi.org/10.1007/s12272-014-0460-z.

22. Ho CL, Liao PC, Wang EIC, Su YC. Composition and antifungal
activities of the leaf essential oil of Neolitsea parvigemma from
Taiwan Nat Prod Commun 2011;6:1357–60. https://doi.org/10.
1177/1934578x1100600935.

23. Liu Y, Wang H, Wei S, Cai X. Characterisation of the essential oil
fromdifferent aerial parts of Lindera chuniiMerr. (Lauraceae). Nat
Prod Res 2013;27:1804–7. https://doi.org/10.1080/14786419.
2012.761619.

24. Ho CL, Liao PC, Wang EIC, Su YC. Composition and antimicrobial
activity of the leaf and twig oils of Litsea acutivena from Taiwan.
Nat Prod Commun 2011;6:1755–1758. https://doi.org/10.1177/
1934578x1100601145.

25. Msayuki Y, Toshiyuki M, Akinobu K, Tadashi K, Hisashi M.
Medicinal flowers. III. Marigold (1): hypoglycemic, gastric
emptying inhibitory and gastroprotective principles and new
oleanane type triterpene oligoglycoside, calenda-saponins
A, B, C, and D, from Egyptian Calendula officinalis. Chem
Pharm Bull 2001;49:863–87. https://doi.org/10.1248/cpb.
49.863.

26. Bogdanova X, Farmakol T. Biological effects of some aromatic
plants. Toksikol 1970;33:349–55.

M.A.M. Azhar et al.: Essential oil composition of three Cryptocarya 301

https://doi.org/10.1177/1934578x1601100629
https://doi.org/10.1177/1934578x1601100629
https://doi.org/10.1016/j.phytochem.2012.01.007
https://doi.org/10.3390/molecules18078009
https://doi.org/10.3390/molecules18078009
https://doi.org/10.1002/cbdv.201000367
https://doi.org/10.1021/acs.jnatprod.5b00187
https://doi.org/10.1021/acs.jnatprod.5b00187
https://doi.org/10.1002/ffj.3521
https://doi.org/10.1002/ffj.3521
https://doi.org/10.1177/1934578x1601100230
https://doi.org/10.1590/0001-3765201820170332
https://doi.org/10.1590/0001-3765201820170332
https://doi.org/10.3390/12020149
https://doi.org/10.3390/12020149
https://doi.org/10.1111/ijfs.12962
https://doi.org/10.1177/1934578x1501000838
https://doi.org/10.1177/1934578x1300800236
https://doi.org/10.1177/1934578x1300800236
https://doi.org/10.1080/14786419.2015.1095746
https://doi.org/10.1007/s12272-014-0460-z
https://doi.org/10.1007/s12272-014-0460-z
https://doi.org/10.1177/1934578x1100600935
https://doi.org/10.1177/1934578x1100600935
https://doi.org/10.1080/14786419.2012.761619
https://doi.org/10.1080/14786419.2012.761619
https://doi.org/10.1177/1934578x1100601145
https://doi.org/10.1177/1934578x1100601145
https://doi.org/10.1248/cpb.49.863
https://doi.org/10.1248/cpb.49.863

	Essential oil composition of three Cryptocarya species from Malaysia
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.2 Extraction of essential oils
	2.3 Analysis of essential oils
	2.4 Identification of chemical components

	3 Results and discussion
	4 Conclusion
	Acknowledgements
	References

