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Abstract 
Essential oils are rich in bioactive compounds which generally contribute to the overall medicinal value 
of plant species. Euphorbiaceae plants are mostly used by the traditional herbalists to treat different kinds 
of ailments. This work was aimed at determining the chemical profiles of Croton dichogamus and Croton 
megalocarpus. The leaf essential oils were extracted using hydro-distillation in a modified Clevenger 
apparatus. Gas-chromatography and mass spectrometry was used to determine the chemical constituent 
of essential oils. Among the major monoterpene hydrocarbons identified from Croton dichogamus were 
β-terpinene (42.19%), p-cymene (5.05%), α-pinene (4.04%), (β-pinene (2.45%), β-terpinene (2.42%) and 
limonene (5.05%), sesquiterpenes identified were (E)-caryophyllene (1.38%), α-humulene (1.20%) and 
α-curcumene (1.82). Oxygenated monoterpenes present were linalool (3.59%), 2-bornanone (2.44%), 
terpinen-4-ol (10.09%), α-terpineol (1.04%) and terpinen-4-ol (10.09%). Major compounds identified 
from Croton megalocarpus, included monterpenes; α-pinene (8.04%), sabinene (6.93%), β-pinene 
(24.62%), o-cymene (4.58%), sesquiterpene (E)-caryophyllene (7.09%) and oxygenated sesquiterpene 
caryophyllene oxide (7.09%). α-Humulene (0.08-1.58%), α-pinene (1.38-26.20%), α-cubebene (0.03-
0.6%) and caryophyllene oxide (0.24-7.09%) were identified in all the essential oils of plants used in this 
study. The presence of oxygenated monoterpenes and sesquiterpenes suggests that the essential oils could 
be effective in managing secondary infections. 
 
Keywords: Essential oils, croton dichogamus, Croton megalocarpus, chemical profiles and 
antimicrobials 
 
1. Introduction 
The WHO estimates that around 80% of the world population in developing countries relies 
largely on traditional plant medicine for primary healthcare needs of which a major proportion 
is attributed to plant extracts [1]. Croton species have been used by many communities across 
the world for medicinal purposes. For instance; Croton zambesicus Müll.Arg. (Syn. Croton 
gratissimus Burch. var. gratissimus), which is native to tropical west and Central Africa is 
used to treat fever, dysentery and convulsions [2]. The leaf decoction of this plant is used in 
Benin as anti-hypertensive, anti-microbial (urinary infections) and in treatment of malaria-
linked fever [3, 4]. Croton arboreous Millsp. Is native to Mexico and a beverage prepared from 
its aerial parts, in Tabasco and Chiapas was used as an auxiliary anti-inflammatory in 
respiratory ailments [5]. The Croton species have been reported to possess biological activities 
such as anti-inflammatory [1, 7, 8, 9], anti-bacterial [10, 11], insecticidal [12], and antibiotic [13]. 
The Croton species under this study have also been reported to have medicinal properties. The 
leaf extract of C. dichogamus Pax was widely used for treatment of teeth infections and 
urinary tract infections [14]. The smoke from the burnt leaves of C. dichogamus, when inhaled, 
provides relief from fever apart from possessing anti-inflammatory activity [15, 16]. It is also 
reported to exhibit insecticidal activity [12]. The crude powdered leaf extract of C. dichogamus 
is highly effective in protecting the Bambara groundnut seeds against damage by field pests 
and storage insects like Callosobruchus maculatus over a period of 180 days [14, 17]. Most of 
the Croton species are rich in terpenoids, compounds known to possess insecticidal properties 
[18]. The plant species was recently reported to have antimalarial activity [19]. 
Croton megalocarpus Hutch is considered an important medicinal plant species in Kenya as 
shown by the Kipsigis community which use leaf decoction in the treatment of diabetes [20]. 
The decoction from the leaf and root bark is applied topically on wounds [21, 22, 23] this could 
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Be attributed to the fact that the plant has been found to possess 
antibacterial and inflammatory activity [24].  
Although most Euphorbiaceae plants are not known to be 
aromatic, some Croton species contain essential oils. Other 
species have not been reported as bearing essential oils, though 
they were shown to contain sesquiterpenes commonly found in 
essential oils. The essential oils of several species of Croton have 
been reported to be rich in hydrocarbons, monoterpene and 
oxygenated sesquiterpenes [25, 26, 27, 28, 29]. For instance essential 
oils of Croton adipatus Kunth, Croton collinus Kunth (syn. 
Croton ferrugineus Kunth), and Croton thurifer Kunth were 
found to contain reasonable amounts of α-thujene, α-pinene, 
sabinene, α-phellandrene, limonene and germacrene-D [26]. 
Some Croton species have been shown to contain essential oils in 
their leaves and stems but there is no reported work on C. 
megalocarpus and C. dichogamus other than a recent study that 
showed the two species possess antiviral activity [29]. 
 
2. Materials and Methods 
2.1 Collection and Identification of plant materials 
The leaves of Croton dichogamus and Croton megalocarpus 
were collected from Kolol view point, Elkeiyo Marakwet 
County in Kenya (0.5561°N and 35.5346°E). All the plants’ 
leaves were collected in June 2020 and identified by a 
taxonomist, and the voucher specimens; MUH/CRD/013/17 
and MUH/CRM/02/18 respectively were kept at Herbarium, 
University of Eldoret, Kenya.  
 
2.2 Experiment site 
The extraction of essential oils was conducted in Center for 
African Medicinal and Nutritional Flora and Fauna laboratory 
at Masinde Muliro University of Science and Technology 
(MMUST), Kakamega County, Kenya.  
 
2.3 Extraction of essential oils from the selected species 
Fresh leaves of each species were put in 5-litres double-
necked round bottom flask. Distilled water was added until it 
covered the plant materials. The leaves were then subjected to 
hydro-distillation for 3 hours. The essential oil distillate were 
dried over anhydrous sodium sulfate, packed in sealed glass 
vials and kept at 4 oC [7 & 15]. 
 
2.4 Analysis of the essential oil constituents of the selected 
plant species 
Analyses of the oils and identification of the components were  
Carried out by GC, GC-MS and GC co-injection of the  

Essential oils with authentic samples. Analyses were 
performed on a capillary gas chromatograph, Hewlett Packard 
(HP) 5890 Series II, equipped with a split-less capillary 
injector system, 50 m × 0.2 mm (i.d) cross-linked methyl 
silicone made by Huntsman Chemical Corporation, (0.33 film 
thickness), capillary column and FID coupled to HP 3393A 
Series II integrator. The carrier gas was N2 at 280 oC at 5 
oC/min and a hold at this temperature for 10 min. GC-MS 
analyses were carried out on a HP 8060 Series II Gas 
chromatograph coupled to a VG platform II Mass 
Spectrometer. The MS was operated in the EI mode at 70 eV 
and an emission current of 200 A. The temperature of the 
source was held at 180oC and the multiplier voltage at 300V. 
The pressure of the ion source and MS detector were held at 
9.4 × 10-6 and 1.4 × 10-5 bar respectively. The MS had a scan 
scale cycle of 1.5 s (scan duration of 1 s and inter-scan delay 
of 0.5 s). The instrument was calibrated using 
heptacosafluorotributyl amine, [CF3 (CF2)3]3N, (Apollo 
Scientific Ltd., UK). The column used for GC-MS was the 
same as the one described for GC analysis except for the film 
thickness. The temperature programe involved an initial 
temperature of 50 oC (5 min), to 90 oC at 5 oC/min, to 200 oC 
at 2 oC/ min, to 280 oC at 20 oC/min and a hold at this 
temperature for 20 min. Identification of the components was 
made by comparison of mass spectra and retention index with 
published data (NIST, Wiley libraries) and confirmed, where 
possible by GC co-injection with authentic samples [31, 32]. 
 
3. Results  
Considering only constituents present in >0.5%, γ-terpinene 
(0.64-3.76%), α-humulene (0.08-1.58%), α-pinene (1.38-
26.20%), α-cubebene (0.03-0.6%) and caryophyllene oxide 
(0.24-7.09%) were identified in all the essentials oils.  
 
3.1 Croton dichogamus  
A total of 88 compounds were identified in C. dichogamus 
fresh leaf oil which accounted for 90% of the total leaf oil 
composition of the plant. The major constituents present in 
>0.5%, are shown in figure 1 and listed in table 1. Some of 
them were; α-thujene (1.02%), α-pinene (4.04), β-terpinene 
(42.19%), β-pinene (2.45%), p-cymene (5.05%), limonene 
(2.42%), γ-terpinene (1.18%), linalool (3.89%), camphor 
(2.44%), terpinen-4-ol (10.09%), l-α-terpineol (1.04%), (E)-
caryophyllene (1.38%), α-humulene (1.20%), ar-curcumene 
(1.82%) and β-cubebene (2.00%).  

 

 
 

Fig 1: Total ion chromatogram of the leaf essential oil of Croton dichogamus 
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Table 1: Major Chemical constituent of the leaf essential oil of Croton dichogamus 
 

RT Compound identified Chemical formula Peak area% 
9.68 α-thujene C10H16 1.02 
9.83 α-pinene C10H16 4.04 

10.77 β-terpinene C10H16 42.19 
10.80 β-pinene C10H16 2.45 
11.66 p-cymene C10H14 5.05 
11.73 limonene C10H16 2.42 
12.28 γ-terpinene C10H16 1.18 
13.00 linalool C10H18O 3.89 
13.76 camphor  C10H16O 2.44 
14.31 terpinen-4-ol C10H18O 10.09 
14.48 α-terpineol C10H18O 1.04 
17.16 α-copaene C15H24 0.77 
17.34 ꞵ-copaene C15H24 0.70 
17.77 (E)-caryophyllene C15H24 1.38 
18.21 α-humulene C15H24 1.20 
18.50 ar-curcumene C15H22 1.82 
18.55 β-cubebene C15H24 2.00 
19.75 spathulenol C15H24O 0.50 
19.83 caryophyllene oxide C15H24O 0.67 
22.86 platambin  C15H26O2 0.66 
 

3.2 Croton megalocarpus 
A total of 54 compounds were identified in the oils of C. 
megalocarpus fresh leaf (figure 2; table 2) which accounted for 94% 
of the total oil. Monoterpene hydrocarbons were found in higher 
amounts of the identified constituents accounting for 69% of the oil 

while sequiterpenes accounted for 20% of the total oil. The major 
constituents present in >0.5% are shown in total ion chromatogram 
(figure 2) and listed in table 2. Some of them includes; α-pinene 
(8.04%), sabinene (6.93%), β-pinene (24.62%), p-cymene (4.58%) 
(E)-caryophyllene (7.09%) and caryophyllene oxide (7.09%) 

 

 
 

Fig 2: Total ion chromatogram of the leaf essential oils of Croton megalocarpus 
 

Table 2: Major Chemical constituent of Croton megalocarpus leaf essential oils 
 

RT Compound identified Chemical formula peak area% 
9.81 α-Pinene C10H16 8.04 

10.12 Camphene C10H16 1.29 
10.67 Sabinene C10H16 6.93 
10.72 β-Pinene C10H16 24.62 
11.02 β-Phellandrene C10H16 1.05 
11.65 p-Cymene C10H14 4.58 
12.28 γ-Terpinene C10H16 0.64 
13.00 Linalool C10H18O 1.49 
14.10 Borneol C10H18O 0.64 
14.28 Terpinen-4-ol C10H18O 3.57 
14.58 α-Thujenal C11H16O 1.42 
17.17 α-Copaene C15H24 0.75 
17.31 β-Bourbonene C15H24 2.17 
17.77 (E)-Caryophyllene C15H24 7.09 
18.22 α-Humulene C15H24 1.58 
18.31 Aromadendrene C15H24 0.55 
18.56 Germacrene D C15H24 1.43 
19.83 Caryophyllene oxide C15H24O 7.09 
20.64 α-Guaiene C15H24 0.68 
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4. Discussion  
The analysis of C. dichogamus fresh leaf oil revealed a 
complex composition. Among the identified compounds, 
twenty were considered major constituents, each present in 
amounts greater than 0.5%. The monoterpenes α-pinene, α-
thujene, β-terpinene, β-pinene, p-cymene, limonene, linalool, 
terpinen-4-ol, γ-terpinene, camphor and α-terpineol were 
identified in the essential oil of C. dichogamus for the first 
time. Similarly the most dominant sesquiterpene 
hydrocarbons reported for the first time included (E)-
caryophyllene, α-humulene, and ar-curcumene, among others. 
The findings are in line with those of other Croton species 
such as Croton zambesicus is known to contain compounds 
such as α-pinene, sabinene, β-pinene and limonene as major 
constituents [33]. The specific monoterpenes and 
sesquiterpenes identified in this study may have implications 
for the potential biological activities and therapeutic 
properties associated with C. dichogamus. 
Monoterpenes identified in the leaf oil of C. megalocarpus 
included α-pinene, camphene, sabinene, β-pinene, p-cymene, 
β-phellandrene, linalool, terpinen-4-ol, and α-thujenal. These 
monoterpenes have been previously reported in various 
essential oils and are known for their diverse biological 
activities [34, 35, 36, 37]. In addition, the most dominant 
sesquiterpene hydrocarbons identified in the essential oil of C. 
megalocarpus included (E)-caryophyllene, germacrene-D, α-
humulene, β-bourbonene, and caryophyllene oxide [35, 37]. 
These sesquiterpenes contribute to the overall aroma and 
potential therapeutic properties of the essential oil [38]. The 
findings from this study provide valuable information about 
the major constituents present in Kenyan species of C. 
megalocarpus fresh leaf oil. The variation in the chemical 
composition of the major compound in the plant oil could be 
attributed to the difference in soil type and climatic conditions 
of the localities where the plants were collected. [39] Reports 
that the presences of germacrene-D in essential oils contribute 
to its anti-inflammatory effect. 
 
5. Conclusion  
The chemical profile of Croton megalocarpus and Croton 
dichogamus are rich in monoterpenes and sesquiterpenes and 
especially oxygenated constituents which have been shown in 
other studies to possess biological activities. The reported 
biological activities of the two plant species could be linked to 
the major terpenoid compounds identified in this study. The 
two plants belong to the same family but they do have 
different essential oil composition.  
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