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Abstract 
The essential oils obtained by hydrodistillation from the flowers and leaves of Chrysanthemum 
morifolium Ramat. were analyzed by gas chromatography (GC) and gas chromatography coupled with 
mass spectrometry (GC/MS). Thirteen and twenty-one components representing 97.5% and 93.7% of the 
flower and leaf oil contents were identified respectively. The major constituents of flower oil were cis-
chrysantheny acetate (21.6%), octadecanoic acid (19.5%) and borneol (15.5%). However, the leaf oil was 
characterized by borneol (20.5%), 1,8-cineole (15.2%), trans--bergamotene (14.0%), camphor (10.6%) 
and α-pinene (9.3%). This is the first report on the chemical composition of essential oils of 
Chrysanthemum morifolium from Nigeria. 
 
Keywords: Chrysanthemum morifolium, essential oil composition, cis-chrysantheny acetate, 
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1. Introduction 
Chrysanthemum morifolium Ramat (Asteraceae) with a high ornamental value is one of the 
most popular traditional flowers and one of the most popular cut flowers in the world. It 
therefore occupies a very important position in the world flower industry [1]. The flowers of C. 
morifolium have been used in Vietnam and other Asian countries for the treatment of eye 
diseases, headaches, insomnia, and hyperglycemia. Extracts of C. morifolium have antioxidant 
[2-4], cardiovascular protective and anti-inflammatory functions [5] and potent neuroprotective 
activity and therefore, might be a potential candidate in neurodegenerative diseases such as 
Parkinson's disease [6, 7]. Polyphenols from C. morifolium extract attenuates high-fat milk-
induced fatty liver through peroxisome proliferator-activated receptor α-mediated mechanism 
in mice [8]. An endoperoxysesquiterpene lactone, 10α-hydroxy-1α,4α-endoperoxy-guaia-2-en-
12,6α-olide showed strong inhibitory effects against α-glucosidase and lipase activities [9] 
while the flavone glycosides, acacetin-7-O-β-d-glucopyranoside  and acacetin-7-O-α-l-
rhamopyranoside inhibited both α-glucosidase and α-amylase and eriodictyol was only 
effective against α-amylase [9]. Aqueous extract of flowers of the C. morifolium afforded 
arabinogalactan [10], phenolic compounds and caffeoylquinic acids [11]. Luteolin-7-O-β-
glucuronide isolated from C. morifolium possesses allelopathic activity [12]. N-isobutyl-6-(2-
thienyl)-2E,4E-hexadienamide, a nitrogenous compound isolated from the plant could act as 
numbing principle [13]. In addition, the sesquiterpenes, chrysanthediol A, chrysanthediacetate B 
and chrysanthediacetate C and β-dictyopterol [14], chrysandiol, chrysartemins A and B 1 and 
chlorochrymorin [15] were also characterized from C. morifolium. Some flavonoids were also 
present in the plant [16-18]. They include luteolin and diosmetin which have displayed cytotoxic 
activity [20], acacetin, apigenin, luteonin and quercetin that exhibited antimutagenic potential 
[21]. Other compounds were known as antibacterial, antifungal, antiviral, antispirochetal [22] and 
anti-HIV agents [23]. Chlorogenic acid (5-O-caffeoylquinic acid), 3,5-O-dicaffeoylquinic acid 
and 3,4,5-trihydroxyflavanone 7-O-glucuronide (eriodictyol 7-O-glucuronide) characterized 
from C. morifolium have shown phytotoxic and insect growth regulating activity [24]. 
Triterpenoids with antimicrobial [25], strong anti-inflammatory [26], anti-tumor and cytotoxic [27] 
effects were also isolated from C. morifolium.  
Literature information has shown that few reports are available on compositions of essential 
oils from the flowers of C. morifolium. The main constituents of the previously studied oils  
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were mainly monoterpenes and sesquiterpenes such as β-
caryophyllene (16.3%) and ledene oxide I (9.0%) [19], β-
elemene camphor and borneol [28], camphor (27.14%) and 
bisabolol oxide (20.87%) [29, 31], juniper camphor [30], verbene 
oxides (25.32%) and chrysanthenone (8.26%) [31], 1,8-cineole 
(21.33%) [31], β-selinene (17.85%) and borneol (12.84%) [31], 
verbenyl acetate (32.10%) and -curcumene (8.28%) [31], 
chrysanthenyl acetate (43.74%) and verbenol (27.85%) [32], 
1,8-cineole, camphor and borneol [33]. 
In this paper, the chemical compounds of essential oils 
obtained from the flower and leaf of C. morifolium were being 
reported, as part of an extensive research on the chemical 
analysis of poorly studied species of Nigeria flora [34].  
 
2. Materials and methods  
2.1 Plant material 
Fresh plant materials of C. morifolium were purchased from 
private garden in Surulere Area of Lagos State, Nigeria. 
Identification of the plant material was carried out at the 
Department of Botany, University of Lagos, Akoka-Yaba, 
Lagos, Nigeria. Specimen number (LUH 6731) was deposited 
in the Herbarium of the University.   
 
2.2 Extraction of the volatile oils 
Fresh flowers (35 g) and leaves (100 g) of C. morifolium were 
separately subjected to hydrodistillation for 3 h by means of 
Clevenger-type apparatus in accordance with the British 
Pharmacopoeia Specification [35]. The distillate isolated was 
preserved in a sealed sample tube and stored under 
refrigeration until analysis.  
 
2.3 Analysis of the oil samples 
GC analyses of the oils were carried out on a Hewlett Packard 
HP 6820 Gas Chromatograph equipped with a FID detector 
and DB-5 column (60 m x 0.25 mm id), film thickness was 
0.25 μm and the split ratio was 1:25. The oven temperature 
was programmed from 50 °C (after 2 min) to 240 °C at 5 
°C/min and the final temperature was held for 10 min. 
Injection and detector temperatures were 200 °C and 240 °C, 
respectively. Hydrogen was the carrier gas. An aliquot (0.5 µL 
of the diluted oil) was injected into the GC. Peaks were 
measured by electronic integration. A homologous series of n-
alkanes were run under the same conditions for determination 
of retention indices. 
GC-MS analyses of the oils were performed on a Hewlett 
Packard Gas Chromatograph HP 6890 interfaced with a 
Hewlett Packard 5973 mass spectrometer system equipped 
with a DB-5 capillary column (30 m x 0.25 mm id, film 
thickness 0.25 μm) under the same conditions the GC column. 
The oven temperature was programmed from 70-240 oC at the 

rate of 5 oC/min. The ion source was set at 240 oC and electron 
ionization at 70 eV. Helium was used as the carrier gas at a 
flow rate of 1 mL/min. The scanning range was  
35 to 425 amu. Diluted oil in n-hexane (1.0 μL) was injected 
into the GC/MS.  
 
2.4 Identification of compounds 
The components of the oils were identified base on the 
comparison of their retention indices and mass spectra with 
those standards, Wiley library mass spectra database of the 
GC/MS system and published data [36, 37]. 
 
3. Results and Discussion  
Table 1 displayed the identities and percentage composition of 
the constituents present in both oil samples. Thirteen 
compounds amounting to 97.5% of the total oil contents were 
identified in the flower oil. Oxygen containing monoterpenes 
(54.5%), their hydrocarbon counterparts (17.9%) and fatty 
acids (25.1%) represent the classes of compounds identified in 
the oil. Sesquiterpene compounds were conspicuously absent 
contrary to previous reports [19, 28, 29, 31]. The major constituents 
of the oil were cis-chrysantheny acetate (21.6%), octadecanoic 
acid (19.5%) and borneol (15.5%). There were significant 
quantity of camphor (8.7%), α-pinene (8.3%), camphene 
(6.1%) and 1,8-cineole (6.7%). The high content of fatty acid 
is unusual and noteworthy as this class of compound has not 
been reported to be of significant amount in C. morifolium 
oils.  
Oxygenated monoterpenes (48.5%), monoterpene 
hydrocarbons (23.5%) and sesquiterpene hydrocarbons (17.5) 
were the main classs of compound present in the leaf oil. 
However, the oil was characterized by quantitative amount of 
borneol (20.5%), 1,8-cineole (15.2%), trans--bergamotene 
(14.0%), camphor (10.6%) and α-pinene (9.3%). Previous 
analysis on the essential oils of C. morifolium have focused on 
the flower. The present study on the leaf oil may be the first of 
its kind. 
Comparing the results with previously analysed data, notable 
compounds such as ledene oxide I [19], β-elemene [28], bisabolol 
oxide [29, 33], verbene oxides, chrysanthenone, β-selinene, 
verbenyl acetate, -curcumene  [31], verbenol [32] which are 
characteristics of said reports were conspicuously absent in the 
presently investigated oil samples. In addition, it could be 
noted that octadecanoic acid and trans--bergamotene were 
not mentioned to be of qualitative and quantitative importance 
in previous analyses. The contents of camphor and β-
caryophyllene are low when compared with previous data. 
 
3.1 Tables

 
 

Table 1: Chemical composition of Chrysanthemum morifolium essential oils 
 

Compounds a RIb RI c Percent composition 
Flower Leaf 

α-Pinene 937 932 8.3 9.3 
Camphene 952 946 6.1 4.3 
Sabinene 975 969 1.7 - 
β-Pinene 978 974 0.7 1.4 

β-Phellandrene 1001 1002 - 1.1 
α-Terpinene 1015 1014 - 1.5 
Limonene 1029 1020 0.2 - 
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1,8-Cineole 1033 1032 6.7 15.2 
(Z)-β-Ocimene 1039 1044 - 1.7 
(E)-β-Ocimene 1047 1052 0.9 1.7 

Terpinolene 1088 1086 - 2.5 
cis-p-Mentha-2,8-dien-1-ol 1129 1133 - 1.2 

Camphor 1146 1141 8.7 10.6 
Borneol 1171 1165 15.5 20.0 

cis-Chrysanthenyl acetate 1253 1261 21.6 - 
Bornyl acetate 1285 1287 2.0 1.2 
α-Cubebene 1351 1345 - 0.1 

Caryophyllene 1427 1417 - 1.7 
trans-α-Bergamotene 1436 1432 - 14.0 
(E, E)-α-Farnesene 1501 1505 - 1.3 

β-Sesquiphellandrene 1524 1521 - 0.5 
Caryophyllene oxide 1587 1582 - 2.8 

Juniper camphor 1683 1690 - 0.7 
α-Bisabolol 1687 1685 - 0.7 

n-Hexadecanoic acid 1952 1959 5.6 - 
Octadecanoic acid 2190 2188 19.5 - 

Total 97.5 93.7 
Monoterpene hydrocarbons 17.9 23.5 
Oxygenated monoterpenes 54.5 48.2 

Sesquiterpene hydrocarbons - 17.5 
Oxygenated sesquiterpenes - 4.5 

Fatty acids 25.1 - 
 

a Elution order on DB-5 column; RIb, Retention indices relative to C9-C24 n-alkanes on the DB-5 column; RI c, Literature retention indices; - Not 
identified. 

 
4. Conclusions  
For the first time, the compositions of the flower and leaf 
essential oils of the Nigerian grown C. morifolium were 
elucidated. Although, ubiquitous terpenes were identified in 
all the samples, each species has its own compositional pattern 
different from others. Factors such as the age of the plant, 
handling procedure, ecological and climatic conditions etc 
may have been responsible for the observed compositional 
differences in the result and other parts of the world. 
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