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Abstract  

Essential oils are sensitive and complex mixtures which 

are composed of volatile secondary metabolites. The 

chemical profile of essential oils harvested from a 

particular plant vary with different parameters such as 

climate, soil type, methods of extraction, geographical 

origin, plant part and harvest conditions. As such, it is of 

paramount necessity to profile the essential oils extracted 

under different conditions as this can determine their 

potential applications. This study explored for the first 

time, the chemical composition of Croton gratissimus 

essential oil extracted by hydrodistillation from fresh 

leaves harvested on different dates. There was no 

difference in the essential oil yields obtained from the 

leaves harvested on different dates. The chemical 

profiling using gas chromatography mass spectrometry 

showed that the most dominant component in the 

essential oils extracted from the leaves harvested on 

different dates was cis-muurola-4(15),5-diene although 

its percentage abundance varied significantly. The 

essential oil extracted from the leaves harvested on 

different days also showed significant variation in the 

percentage composition of other major compounds such 

as camphor, germacrene D, β-himachalene, 

caryophyllene, α-muurolol and aromadendrene. The 

most abundant class of secondary metabolites for the 

essential oils harvested on all dates studied was the 

sesquiterpenes which also varied significantly in its 

percentage composition. These results point to a 

significant variation in the chemical profile of essential 

oils harvested from the same plant on different dates. 

Consequently, it is important to determine the chemical 

profile of the leaves of Croton gratissimus as it can vary 

depending on the conditions. 
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INTRODUCTION 
 

Essential oils are heterogenous mixtures of numerous 

volatile secondary plant metabolites which are mostly 

present in different concentrations depending on various 

factors [1]–[7].  These secondary metabolites are 

produced for the purposes of adaptation and mediation of 

interactions between plants and biotic environment[8], 

[9]. It has been widely reported that the chemical profiles 

of the essential oils are influenced by the plant species, 

climate, seasonal variation,  growth conditions, 

agricultural methods, altitude, harvesting time, plant part 

used, sample size, processing methods and 

chemotype[8]. The chemotypes vary due to endogenous 

and exogenous factors and this may lead to differences 

in the oil quality of the same species [10][1]. Chemical 

variability and chemotype determination of the essential 

oils from a species, help in determining their 

pharmacological activities and toxicity levels [1]. 

Furthermore, the activities of essential oils may result 

from a synergistic action of all its chemical 

components[1] [11]. However, intraspecific variability 

of chemical constituents of essential oils of  an 

individual plant has been reported[10]. This is mainly 

caused by the environmental factors[10]. Croton 

gratissimus essential oil is evidently receiving research 

attention due to its attractive yield and biological activity 

as well as the ethnomedicinal use of the plant[12]–[17]. 

Essential oils extracted from the leaves, bark, and roots 

of Croton gratissimus plant exhibit antimicrobial, 

vasorelaxant and antioxidant activities [ref]. 

Nevertheless, Croton gratissimus essential oils from 

different parts of the world have demonstrated 

significant variability in their chemical compositions[6], 

[12], [18]–[24]. The variation has even been reported in 

essential oils extracted from plants within the same 
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geographical origin and region[5], [8], [10], [19]. It is a 

challenge to establish the cause of chemical variability in 

essential oils due to many varied parameters during 

harvesting of the plant part, extraction, processing, and 

analysis of essential oils[19], [24]–[26]. Therefore, this 

study explored for the first time, the effect of harvest 

date on the chemical composition of Croton gratissimus 

essential oil extracted by hydrodistillation from fresh 

leaves harvested on different dates. To reduce 

interferences caused by many variables, the essential oils 

were extracted from the leaves of a single plant which 

were harvested on the same time of the day, and the oil 

was extracted and analyzed under similar conditions. 

 MATERIALS AND METHODS 

Plant Collection and Authentication  

 The Croton gratissimus plant harvested at the Botswana 

International University of Science and Technology 

(BIUST), in Palapye, Botswana was authenticated by a 

botanist in the department of biological sciences in 

BIUST. The leaves of Croton gratissimus were 

harvested on three different dates in October 2018 [Table 

1] from a single plant between 0940 and 1010 hours.  

Sample Preparation 

 

The fresh leaves of Croton gratissimus plant were 

crushed immediately after harvesting and the oil was 

extracted on the same day of harvest. 

Extraction of Essential Oils by Hydrodistillation 

 

The fresh leaves of Croton gratissimus plant were 

crushed immediately after harvesting and the oil was 

extracted on the same day of harvest. Extraction of 

essential oils from fresh leaves of Croton gratissimus 

was carried out by hydrodistillation using Clevenger-

type apparatus. The crushed leaves (50.00 g) were placed 

in a 2.0 L conical flask after which 1200 mL of cold 

distilled water was added. The mixture was distilled for 

3 hours after collecting the first drop of the distillate. 

After cooling, the oil was separated from the distillate 

using liquid-liquid extraction with pentane. The oil 

obtained was dried on anhydrous sodium sulphate, 

weighed, placed in an amber bottle, and stored in a 

refrigerator at 4 °C until further analysis. 

Determination of Chemical Components of essential oils 

by Gas Chromatography Mass Spectrometry 

 

The chemical composition of essential oils obtained 

from the leaves of Croton gratissimus were determined 

using gas chromatography interfaced with mass 

spectrometry (GC-MS). One microliter samples of 

essential oils diluted in the ratio of 1:100 (v/v) in hexane 

were injected on an Agilent Technologies 7890 gas 

chromatograph system coupled to an Agilent 5977A 

MSD. Separation of components was done on HP-5MS 

column (30 m × 0.25 mm id × 0.25 µm film thickness) 

with helium being the carrier gas. The flow rate of 

helium was set at 1 mL/ minute. The injector was set at 

250 °C with a split ratio of 25:1. The column oven was 

initially set at 60 °C for 2 minutes, and then ramped to 

125 °C at 1 °C/ minute, held there for 2 minutes, and 

finally ramped to 220 °C at 2 °C/ minute and held at 220 

°C for 2 minutes. The mass spectra data was acquired in 

the electron impact mode (70 eV) in the m/z range of 

40–400 a.m.u and scan time of 1.5 s. Normal alkanes C7-

C30 standard was also run under the same conditions and 

method. Identification of oil components was achieved 

through the analysis of their retention indices calculated 

from the C7-C30 n-alkane standard as well as comparing 

their mass spectral fragmentation patterns with those 

reported in the literature and stored on the MS library 

and the NIST Chemistry Webbook.  

Statistical Analysis 

 

Two-way ANOVA was performed on the compositional 

data. The p-value was found to be less than 0.05 and the 

F critical was greater than F.  This shows that the 

observed differences in chemical compositions are 

statistically significant. 

 

RESULTS AND DISCUSSION 

 

The effect of harvest date on the chemical composition 

of Croton gratissimus essential oil extracted by 

hydrodistillation from fresh leaves harvested on 

03/10/18, 19/10/18 and 23/10/18 was investigated using 
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gas chromatography mass spectrometry.  There was no 

difference on the essential oil yields obtained from the 

leaves harvested on different dates (0.12 -0.13%). 

However, the yield was lower than the literature 

values[12], [21]–[25]. The chromatograms of all sample 

essential oils obtained from GC-MS displayed more than 

40 peaks [Figure 1 and 2].  Percentage compositions of 

compounds were calculated from the peak areas. The 

results showed that all sample oils contained similar 

chemical compounds which varied in percentage 

compositions as depicted in Table 1.  The most abundant 

compounds in each sample essential oil were identified 

and their percentage compositions were compared.  The 

top three common major compounds identified in all 

sample essential 

oils include cis-muurola-4(15),5-diene, β-himachalene 

and caryophyllene.  Additionally, cis-muurola-4(15),5-

diene was the most dominant compound in all sample 

oils. Its relative abundance ranged from 12.5% to 24.9%, 

the highest being from the oil extracted from the leaves 

harvested on 23/10/18. There was a noticeable difference 

in the percentage compositions of other major 

compounds such as germacrene D, aromadendrene, α-

muurolol, γ-muurolene and camphor in the sample oils 

[Table 1 and Figure 3]. Germacrene D, caryophyllene 

and 1,8 cineole have been reported to be amongst the 

most abundant compound in Croton gratissimus 

essential oils[12], [25], [26]. The most dominant 

compound in the major classes of compounds include 

cis-muurola-4(15),5-diene sesquiterpene, camphor 

monoterpene and α-muurolol sesquiterpenoid [Figure 5]. 

The most abundant class of secondary metabolites for 

the sample essential oils was sesquiterpenes which 

ranged from 35.3 to 58. 5 % and being highest in sample 

oil from 23/10/18, as Figure 4 illustrates.  The 

monoterpenoids 1,8 cineole and camphor were the most 

predominant in their class in all oils but the oil from 

23/10/18 contained trace amount of 1,8 cineole. These 

results point to a significant variation in the percentage 

compositions of secondary metabolites found in essential 

oils harvested from the same plant on different dates.  

Intraspecific variability of chemical constituents of 

essential oils of  an individual plant has been 

reported[10]. This has been attributed to environmental 

factors[10]. As such the variation in the percentage 

composition of the compounds in the sample essential 

oils in this study is thought to have been caused by 

environmental factors such as the amount of light, 

humidity or water, temperature, and weather conditions 

which the plant was subject to prior to harvesting.  In the 

process of adapting to the environmental changes, the 

plant may have increased or decreased its production of 

some of the secondary metabolites. 

 

 
 

 

 

 

 

 

 
Figure 1. GC-MS chromatograms for essential oils obtained by hydrodistillation 

of the leaves of Croton gratissimus which were harvested at different dates: 7. 

D= 19/10/18, 10. D= 03/10/18, 11. D= 23/10/18, Zoomed chromatogram for 

purposes of clear illustration. 
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CONCLUSIONS 

 

The results of this study showed that all sample oils 

contained similar chemical compounds.  However, there 

 
Figure 3. Major components of Croton gratissimus essential oils from 

the leaves harvested at different dates. 
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Figure 4. Major chemical classes of essential oils obtained by 

hydrodistillation of the Croton gratissimus leaves harvested at different 

dates. 
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Figure 2. Comparison of selected major chemical components in 

Croton gratissimus essential oils harvested at different dates. 
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was a significant variation in the percentage proportions 

of secondary metabolites in the essential oils obtained 

from the leaves of Croton gratissimus harvested on 

different days. Consequently, for a reproducible 

chemical profile to be obtained, the leaves of Croton 

gratissimus need to be collected on the same day and 

time then be processed under similar conditions. 
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