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Abstract: Leaves of Citrus meyerii harvested fresh and dried for four consecutive days
were separately hydro-distilled and vyielded 0.11 - 0.24 %(w/w) of essential oils.
Characterisation of the oils using Gas chromatography - mass spectrometry (GC-MS)
revealed the predominance of hydrocarbon monoterpenoids 51.1 - 68.3%. Oxygenated
monoterpenoids, hydrocarbon sesquiterpenoids, and oxygenated sesquiterpenoids
constituted (17.4 - 24.9%), (12.2 - 19.8%) and (0.0 - 2.5%) of the oils respectively.
Principal constituents of the oils were; 3-carene (10.1 - 30.7%), a-pinene (1.0% -
18.7%), d-limonene (5.2 - 6.4%), cis-p-ocimene (5.8 - 14.2%), citronellal (5.4 - 6.8%),
and B-elemene (3.0 - 5.8%). The oils were of 3-carene and a-pinene chemotypes. Oils
that were of 3-carene chemotype were those from fresh and the leaves dried for one and
four days while the oils from leaves dried for two and three days were of a-pinene
chemotype. Insecticidal activities of the oils were determined using contact toxicity test
on Callosobruchus maculatus. Regardless of whether the leaves were fresh or dried, the
oils were active against the insect. Interestingly, there was no significant difference in the
activities of the oils against the insect.
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INTRODUCTION

Citrus meyerii is a hybrid of Citrus sinensis and Citrus limonium gotten via budding of the
parent plants. Just like the parent plants, the plant is odorous, hence, bearing essential oils.
Several chemotypes of oil from the parent plants have been reported in various part of the
world. For instance, limonene, a-fenchene, a-terpinolene, 3-carene, and B-pinene
chemotypes of leaf essential oil of Citrus sinensis grown in Turkey, Pakistan, and Nigeria
have been identified [1-3]. Similarly, limonene and a-pinene chemotypes of the leaf
essential oil of Citrus limonium grown in Crete, Syria, and Iran have been discovered [4-6].
Occurrence of various chemotypes of the oils signified that the formations of its
constituents were catalysed by different terpene synthase [7]. The activities of the
synthases depend on biotic and abiotic factors which may affect phytochemical profiles and
biological activity of the oils.

Usman et al., 2016 investigated the effect of drying on the phytochemical profile and
insecticidal activity of leaf essential oil of C. sinensis grown in Nigeria. In their investigation,
a-fenchene, 3-carene, a-terpinolene and B-pinene chemotypes of the oil were detected.
Despite the fact that the oils were of different chemotypes, they were active against
Callosobruchus maculatus without any significant difference.

Phellandrene chemotype of leaf essential oils of C. sinensis from two different harvests
(7:00 am and 4:00 pm) were characterised by Omoniwa et al., 2014. The oils significantly
ameliorated the impaired hepatic and renal functions. This implies that the time of harvest
of leaves did not affect the oil’s chemotype and its biochemical activity despite the fact that
the quantity of most abundant compound differs appreciably [8]. Vekaria et al., 2002
reported that seasonal variation did not affect the chemotype of leaf essential oil of Citrus
limonium as they were of limonene chemotype. However, the quantities of the predominant
compounds varied significantly [4].

Earlier works on the leaf essential oil of C. meyerii revealed the existence of oil of thymol
and limonene chemotypes of the plants grown in Florida and Cameroon [9, 10]. The
antioxidant assay of the oil from Cameroonian grown C. meyerii showed that, the oil
demonstrated higher antioxidant property than the synthetic antioxidant
(Butylhydroxyltoluene (BHT)). The oil also has higher inflammatory activity than the
reference drug nordihydroguaieretic acid (NDGA). Higher biochemical activity of the oil may
be due to synergistic actions of the constituents of the oil.

To the best of our knowledge, there are no reports on the effect of dryness of C. meyerii
leaves on the chemical composition and insecticidal activity of its essential oil. It is on the
basis of this that this work aims at monitoring the effect of drying on the chemical
composition and insecticidal property of essential oil from the leaf of the plant.
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MATERIALS AND METHODS

Sample Collection

Leaves of Citrus meyerii were harvested from Park and garden, University of Ilorin, Ilorin,
Kwara state. The leaves were air-dried at ambient temperature for four consecutive days
and subsequently pulverised.

Oil Isolation

500 g of each of the pulverised leaves of C. meyerii was hydro-distilled for 3 hours in a
Clevenger-type apparatus, according to the British Pharmacopoeia specification [11]. The
resulting oil from each sample was collected, preserved in a sealed sample tube, and stored
under refrigeration until analysis.

GC-MS Analysis

An Agilent 19091S gas chromatograph coupled with a quadruple focusing mass
spectrometer 433HP-5 mass detector was used. Helium was used as the carrier gas at a
flow rate of 1.5 mL/min; all analyses were performed at constant flow. The GC was fitted
with a 30 m x 0.25 mm fused silica capillary column coated with phenyl methyl siloxane at a
split ratio of 1:50. The film thickness was 0.25 ym. Oven temperature was initially kept at
100 °C for 5 min then 150 °C at a rate of 4 °C for 8 min and to 250 °C at a rate of 20 °C
/min. Mass detector conditions were as follows: Transfer line temperature at 300 °C,
ionisation mode electron impact at 70 eV. The percentage composition of the oils was
computed in each case from GC peak areas. The identification of the components was done
based on comparison of retention indices (determined relative to the retention times of
series of n-alkanes) and mass spectra with those of authentic samples and with data from
literature [12-14].

Insecticidal Activity

Insect Culture

Cowpea beetles (Callosobruchus maculatus) were obtained from heavily infested cowpea.
They were reared on clean beans and maintained under ambient environmental condition
(28 £ 2 °C). The rearing jars were covered with muslin fabric to allow aeration and prevent
escape of the insects. The jars were placed inside a wire-netted shelf in the laboratory.
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Mortality Determination

10 g of clean, uninfected sweet cowpea grains were separately put into sixteen plastic
containers (4 cm diameter) including the one meant for control. 0.1 mL of essential oil from
fresh and the leaves dried for four consecutive days were separately added to the beans in
the containers except the one meant for the control in triplicate. Apart from the control, the
samples were agitated thoroughly for uniform distribution of the oil. Ten active adult
Callosobruchus maculatus insects were introduced into each container. The control consisted
of ten active adult Callosobruchus maculatus insects kept in a plastic container containing 10
g of clean, uninfected beans without any portion of the oil in it. The percentage mortality was
reported at 6 hours interval for 42 hours.

Data Analysis

The adult toxicity experiments were carried out in a Completely Randomised Design by which
the percentage mortality data from the experiment was subjected to one way Analysis of
Variance (ANOVA) and where there was a significant difference, the mean separation was
done using Duncan Multiple Range Test at 1% level of significance (0.01 probabilities). This
statistical analysis was performed using SPSS software, version 21.

RESULTS AND DISCUSSION

Fresh and dried leaves of Citrus meyerii afforded oils in the range of 0.11-0.24% (w/w). The
yield increased with increase in day of drying (Fig 1). The highest yield was obtained in the
leaves dried for four days (0.37%) while fresh leaves afforded the lowest yield (0.11%). The
increase in oil yield could be attributed to the decrease in moisture content as the day of
drying increases. The oil yields from the fresh and dried leaves were lower than the yield
from Cameroonian grown C. meyerii [10]. This could be attributed to the variation in agro-
climatic conditions of the two countries.

% YIELDS
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Figure 1. Yield of Citrus meyerii oils.
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KEY TO FIGURE 1

FRESH: Fresh leaves

DD1: Leaves dried for one day
DD2: Leaves dried for two days
DD3: Leaves dried for three days
DD4: Leaves dried for four days

Table 1 (see Supplementary File) shows the identities, kovats indices and percentage
composition of the constituents of essential oils obtained from fresh and dried leaves of
Citrus meyerii. In the Table, 25-35 compounds that represented 92.0 - 99.9% of the oils
were identified. Hydrocarbon monoterpenoids constituted 51.1 - 68.3% of the oils while the
percentage composition of oxygenated monoterpenoids ranged from 17.4 - 24.9%.
Meanwhile, 9.4 - 19.8% of the oils were hydrocarbon sesquiterpenoids. 0.5 - 2.5% of the ail,
were oxygenated sesquiterpenoids which were not detected in the oil obtained from fresh
and leaves dried for three days.

The principal constituents of the oils were; a-pinene (1.0 - 18.9%), 3-carene (10.1 -
30.7%), D-limonene (5.2 - 6.4%), Cis-B-ocimene (5.8 - 14.9%), 2-carene (0 - 4.4%),
terpinolene (0 - 5.4%), Citronellal (0 - 6.8%), geraniol (0.9 - 5.4%), neral (0.3 - 9.1%),
terpinen-4-ol (3.1 - 4.5%), B-elemene (3.0 - 5.5%), y-elemene (0.0 - 4.8%), cis-B-
farnesene (0.6 — 4.4%) and eremophilene (0 - 4.0%). a-Thujene (0 - 1.4%), B-pinene (2.2
- 3.6%), a-phellandrene (1.0 - 1.5%), o-cymene (0.2 - 1.8%), y-terpinene (0 - 2.7%),
1,3,8-p-menthatriene (0.0 - 1.8%), citronellol (0.0 - 3.7%), geranial (0.0 - 3.5%),
humulene 1.0 - 1.6%), B-caryophyllene (2.3 - 3.6%), and phytol acetate (0.5 - 1.4%) were
also detected in appreciable quantities. However, some of the compounds that existed in
significant quantities in the oils occurred as minor constituents in oil of leaves dried for one
and four days. For instance, isopulegol (0.4% and 0.3%) was detected as minor constituent
of the oils. a-Terpinene (0.3%), decanal (0.4%), B-copaene (0.4%), aromadendrene (0.2%),
spathulenol (0.2%) and caryophyllene oxide (0.3%) were also identified as minor
constituents in the oil of leaves dried for one day. Furthermore, geranial (0.4%), methyl
geranate (0.3%), B-copaene (0.4%) and y-muurolene (0.3%) were found in minor quantities
in the oil of leaves dried for four days. Their existence as minor constituents signifies that
their formations were prematurely terminated by synthase that mediates the transformations
of their respective precursors to the compounds.

Comparison of the oils revealed that the composition patterns of the oils differ significantly.
Qualitatively, geranyl butyrate, y-elemene, guaia-9,11-diene that existed in the oil from fresh
leaves were not found in the oils from the dried leaves. a-Terpinene, isoterpinolene, decanal,
a-copaene, aromadendrene, spathulenol and caryophyllene oxide were identified in the oil
from the leaves dried for one day but were not detected in other oils. However, d-cadinene
and eremophilene existed in the oil of leaves dried for three days and did not exist in other
oils. y-muurolene, geranyl acetate, and geranyl linalool were detected in the oils from leaves
dried for four days but were not detected in other oils.
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Limonene and ortho-cymene were identified in the oil of fresh leaves but not detected in the
oils from dried leaves. Furthermore, B-pinene, citronellyl acetate, and methyl geranate were
found in the oil of leaves dried for two days but not found in other oils. Similarly, Cis-f3-
ocimene and phytol were identified in the oils except the oil from leaves dried for three days.
a-Thujene and eremophilene were detected in the oils but were not found in the oil of the
leaves dried for five days. Absence of some compounds in the oils of the leaves may be due
to the fact that the physiological conditions of the plant did not favour their biosynthesis.

Quantitatively, a-pinene, a-phellandrene, 3-carene, o-cymene, d-limonene, cis-B-ocimene,
trans-B-ocimene, a-terpineol, neral, geraniol, B-elemene, humulene, B-caryophyllene and
cis-B-farnesene were detected in the oils but at varying quantities. a-Terpineol, geraniol,
humulene and B-caryophyllene were detected in appreciable quantities in the oil of fresh
leaves than other oils. Neral predominates the oil of the leaves dried for one day than other
oils. a-Pinene and d-limonene were of greater abundance in the oil of the leaves dried for
two days than other oils. Furthermore, terpinen-4-ol and cis-B-ocimene occurred in higher
amounts in the oil of the leaves dried for three days than other oils. Similarly, B-elemene,
trans-B-ocimene, and 3-carene occur in appreciable quantities in the oil of the leaves dried
for four days than other oils. The variations in the quantities of the constituents of the oil are
attributable to difference in activity of synthases that mediate the formation of the
compounds from their respective precursors [15].

Oils of the fresh leaf of Nigerian and Cameroonian grown C. meyerii were of 3-carene and d-
limonene chemotypes respectively. Interestingly, 3-carene was not detected in the oil of
Cameroonian grown C. meyerii which implies that the physiological conditions of the plant
did not favour its biosynthesis. The conditions depend on the agro-climatic conditions which
determine the activity of the enzyme that aid the formation of the terpenoids. Meanwhile,
the biosynthesis of terpenoids is usually catalysed by the most active enzyme that forms the
most abundant mono- and sesqui-terpenoids. [7, 15].

The predominance of a-pinene in the oils obtained from the leaves dried for two and three
days implied that its synthase mediates the transformation of its precursor to all
monoterpenoids. However, the most abundant monoterpenoids in the oils obtained from
fresh and the leaves dried for one and four days was 3-carene, its synthase catalysed the
formation of all monoterpenoids in the oils. Differences in monoterpenoid synthases that
aided the formation of the compounds implied that the period of drying affects the activity of
the synthase which depend on the physiological condition of the leaves. Despite the fact that
B-elemene was the most abundant sesquiterpenoid in the oils from the fresh and dried
leaves and its quantity varied significantly, its synthase catalysed the formation of all
sesquiterpenoids in the oils. Quantitative difference in B-elemene content is attributable to
variation in physiological condition of the leaves that determine the activities of the enzyme.
This variation connotes that the period of drying of the leaves affect the activity of the
enzyme. The enzymes catalysed the transformation of mono- and sesquiterpenoid precursor
to the respective terpenoids via cationic mechanisms (Schemes 1 and 2).
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Reaction mechanisms

In Reaction Scheme 1, 3-carene and a-pinene synthases aided the transformation of neryl
(1) and geranyl pyrophosphate (2) to their respective cationic intermediates (neryl (3),
linalyl (4) and geranyl (5) cations). Hydration of geranyl cation with subsequent
hydrogenation at C2 and C3 gives citronellol (6) which further undergoes oxidation to give
citronellal (7). Neryl cation (3) undergoes hydration to give nerol (8) which subsequently
oxidises to neral (9). Nucleophillic attack of carbonyl carbon of the compound (9), by C6-C7
double bond form isopulegyl cation. Deprotonation of the ion at C7 follow by protonation of
alkoxide intermediate with hydrogenation at C2-C3 produce isopulegol (10). Linalyl cation
(4) deprotonate at C1 to form trans-B-ocimene (11). The ion (3) undergoes electrophilic
attack on C6-C7 double bond to give a-terpinyl cation (12). C8 deprotonation of the ion
(12) gives limonene (13). 6,7-hydride shift of the ion (12) gives terpinyl-4-yl cation (14).
Subsequent deprotonation of the latter (14) at C1 and C7 gives a-terpinene (15) and a-
terpinolene (16) accordingly. Deprotonation of ion (12) at C5 followed by electrophilic
attack on C7 forms car-3-ene (17). Folding of the ion (12) towards C2-C3 double bond
followed by electrophilic attack of the ion via C2 gives pinyl cation (18). Deprotonation of
the ion at C4 and C10 give a-pinene (19) and B-pinene (20) respectively.

The abundance of B-elemene in the oils implied that its synthase mediated the biosynthesis
of all the sesquiterpenoids (Reaction Scheme 2). In the scheme, B-elemene synthase
catalysed the ionisation of farnesyl pyrophosphate (21) to nerolidyl (22) and farnesyl (23)
cations. Loss of proton at C15 by the ion (22) forms B-farnesene (24). Electrophilic attack
of the ion on C10-C11 double bond give humulyl cation (25) which further under goes de-
protonation at C9 to form humulene (26). Electrophyllic attack of the ion (25) on C2-C3
double bond form caryophyllyl cation (27). Deprotonation of the ion (24) at C15 form B-
caryophyllene (28). Epoxidation of the compound (28) at C5-C7 double bond produces
caryophyllene epoxide (29). Electrophyllic attack of ion (23) on C10-C11 double bond gives
germacrenyl cation (30). Ion (30) undergoes 2, 7-ring closure to form [-selinyl cation
(31). Subsequent hydride shift from C11-C10, C10-C1 and deprotonation at C6 followed by
electrophilic attack of the ion (31) on C6 forms a-copaene (32). Hydride shift from C11-
C10, C10-C1 followed by deprotonation of the ion (30) at C6 gives d-cadinene (33). This
ion (30) undergoes 2, 11- hydride shift and 2,7-cyclisation to give eudesmanyl cation (34)
which undergoes 4,5-cleavage and deprotonation at C15 to form B-elemene (35).
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Reaction Scheme 1. Biosynthesis of monoterpenoids catalysed by 3-carene and a-pinene
synthases.
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Insecticidal Activity

Contact toxicity data of the oils of fresh and dried leaves of C. meyerii against adult
Callosobruchus maculatus are shown in Table 2 (see Supplementary File). The table revealed
that at the end of 42 hours of exposure, oils from the fresh leaves and leaves dried for a day
caused 85% mortality of C. maculatus. Meanwhile, the oils from the leaves dried for two,
three, and four days caused 95% mortality of C. maculatus. However, irrespective of the days
of drying, the oils were highly active, that is, caused very high percentage adult mortality with
no significant difference between them at 0.01 probabilities. Rajendra et al., 2007 linked the
toxicity of essential oils to stored insect pests with the individual and synergistic actions of the
compounds present in the oils [16]. Such compounds include; a-pinene, p-pinene,
phellandrene, limonene, y-terpinene, citronellal, and geraniol. The presence of these
compounds in substantial amounts in the oil may be responsible for their activity against C.
maculatus. However, the contact toxicity activity of the oil compared favourably with activities
of the leaf oils of other Citrus species.

CONCLUSION

Oil yields from the leaves varied significantly. It increases with increase in period of drying.
This can be attributed to the loss of moisture by drying from the leaves samples which
subsequently increase the yields. Phytochemical profile of the oil was also affected by drying
as it affects the chemical composition of the leaf oil of Citrus sinensis [3]. This could justify
the presence of both plants in citrus family. However, the drying did not affect their insecticidal
activity against C. maculatus. Since the oils have significant activities against the insect.
Hence, they can be use as alternative to synthetic insecticide for C. maculatus. Meanwhile, it
is preferable to extract the oils from dried samples as they afforded more oils than fresh leaf
sample.
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Tiirkce Oz ve Anahtar Kelimeler

Nijerya Bolgesinde Yetisen Citrus meyerii'nin Taze ve Kurutulmus Yapraklarindan
Elde Edilen Esansiyel Yagin Fitokimyasal Profili ve Insektisit Aktivitesi

Usman Lamidi Ajao, Olanipekun Bolatito Eunice, Ogundele Victor Ayorinde ve Musa
AbdulRasak Kannike

Oz: Citrus meyerii yapraklar taze olarak ve dért ardisik giin kurutularak ayri ayri
hidrodistilasyona ugratilmis ve agirlikca %0,11-0,24 esansiyel yag vermistir. Yaglarin Gaz
kromatografisi - kitle spektrometrisi (GC-MS) ile karakterizasyonu %51,1 - 68,3
oraninda baskin  bir hidrokarbon  monoterpenoidlerini  géstermistir.  Oksijenli
monoterpenoidler, hidrokarbon seskiterpenoidler ve oksijenli seskiterpenoidler yadlarin
siras! ile (%17,4 - 24,9), (%12,2 - 19,8) ve (%0,0 - 2,5) kismini olusturmustur. Yaglarin
baskin bilesenleri 3-karen (%10,1 - 30,7), a-pinen (%1,0 - 18,7), d-limonen (%5,2 -
6,4), cis-B-osimen (%5,8 - 14,2), sitronellal (%5,4 - 6,8) ve B-elemen (%3,0 - 5,8)
olarak tespit edilmistir. Yaglar 3-karen ve a-pinen kemotiplerinden olusmaktadir. 3-Karen
kemotipi olan yadlar taze ve bir ve dort gliin kurutulan yapraklardaki esansiyel yagdan
olusmaktadir, buna karsilik iki ve (¢ gin kurutulan yapraklardaki yaglar a-pinen kemotipi
agirlikhdir. Yaglarin insektisit aktiviteleri Callosobruchus maculatus Ulzerindeki temas
toksisite testleri ile belirlenmistir. Yapraklarin taze veya kurutulmus olmasindan bagimsiz
olarak, yaglar béceklere karsi aktivite géstermistir. Ilging bir sekilde, yaglarin bdcege
karsi aktivitesinde belirgin bir farklilik tespit edilmemistir.

Anahtar kelimeler: Citrus meyerii, Kemotip, kar-3-ene sentaz, B-elemen sentaz,
insektisit aktivitesi.

Sunulma: 30 Mayis 2016. Gozden gegirme: 30 Haziran 2016. Kabul: 11 Temmuz
2016.
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