|
International Journal
of Biological and

Chemical Sciences

Available online at http://www.ifgdg.org

Int. J. Biol. Chem. Sci. 16(2): 855-866, April 2022

ISSN 1997-342X (Online), ISSN 1991-8631 (Print)
Original Paper|

Comparative study of chemical variability of essential oils from the leaves of
Lippia multiflora Mold (Verbenaceae) collected in five regions of Cote d'lvoire

http://ajol.info/index.php/ijbcs http://indexmedicus.afro.who.int

Philatryho ATCHE?, Sorho SIAKA?, Kouwelton Patrick Franck Olivier KONE?,
Yaya SORO! and Zanahi Félix TONZIBO?

Laboratoire des Procédés Industriels de Synthése, de I’Environnement et des Energies Nouvelles
(LAPISEN), Institut National Polytechnique Félix HOUPHOUET-BOIGNY de Yamoussoukro,
BP 1093 Yamoussoukro, Cote d’Ivoire.
2L aboratoire de de Constitution et Réaction de la Matiére (LCRM), UFR-SSMT, Université Félix
Houphouét-Boigny, 22 BP 582 Abidjan 22, Céte d’Ivoire.

*Corresponding author; E-mail: soro_y@yahoo.fr ; Tel.: (00225) 01 02 50 34 66

Received: 24-12-2021 Accepted: 20-04-2022 Published: 30-04-2022

ABSTRACT

Chemical variability of a plant from various continents or collected in different localities justifies its
different biological activities. Thus, the present study was undertaken to evaluate the statistical study of
chemical variability of essential oils from leaves of Lippia multiflora Mold from five localities in the center
of Cote d'lvoire. Essential oils have been extracted by hydrodistillation with yields varying from 0.34 to
1.20% depending on localities. Analysis of their chemical compositions showed the predominance of
eucalyptol / germacrene D (13.91 / 11.02%), a-citral / B-citral / a-phellandrene (21.87 / 16.74 / 12.79%)),
linalool / (+)-trans-nerolidol / a-citral (19.99 / 18.68 / 12.10%), a-citral / B-citral (17.20 / 11.59%) and a-
citral / B-citral (16.38 / 11.57%) in the oils from Yamoussoukro, Tiébissou, Bouaflé, Toumodi and
Dimbokro, respectively. Principal Component Analysis and Hierarchical Ascending Classification revealed
that these essential oils can be classified in three groups or chemotypes dominated by Eucalyptol, Citral /
Linalool and trans-Geraniol.
© 2022 International Formulae Group. All rights reserved.
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INTRODUCTION 2010). Among the many aromatic plants of the
The African flora is composed of a Ivorian flora, Lippia multiflora Mold
great diversity of plants possessing (Verbenaceae) is used for its antimicrobial

biomolecules and used in traditional medicine
for the management of various pathologies
(Soro et al., 2012). Aromatic plants in
particular contain essential oils widely used in
aromatherapy, pharmacy, perfumery and
cosmetics (N’Guessan and Yao-Kouamé,
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(Goly et al., 2017), anti-inflammatory (Soro et
al., 2016), antifungal (Goly et al., 2015),
antihypertensive (Etou Ossibi et al., 2014),
antibacterial (Samba et al., 2021) and sedative
activities (Etou-Ossibi et al., 2005). The
biological properties of Lippia multiflora have
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been attributed to the presence of terpene
compounds from its essential oil (Tia et al.,
2011). Various studies on the chemical
composition of essential oil in the sub-region
revealed several chemotypes  mainly
dominated by Linalool and a-terpineol (Kanko
et al., 2004) and nerolidol (Tia et al., 2011).
Lippia multiflora appears as an essential oil
plant with variable quality and quantity
(Oussou et al., 2008) even within an ecological
zone and for a given genotype with seasonal
and environmental effects including those of
the soil (Gazim et al., 2010; Diomandé et al.,
2015).

Given the great variability in the
composition of Lippia multiflora essential oil,
it seems necessary to group the localities. In
this context, the use of statistical methods such
as Principal Component Analysis (PCA) and
Hierarchical Ascending Classification (HAC)
are important. PCA provides an opportunity to
highlight the similarities and graphical
position of two or more chemical variables as
they evolve. Its use makes it possible to reduce
and interpret data over a reduced space
(Brereton, 2003). HAC is a more distinctive
classification system where each member in a
group is more similar to his colleagues than to
any member outside the group (Gller et al.,
2002). Therefore, the present study aimed of
revealing a potential correlation between these
localities.

MATERIALS AND METHODS
Plant material

The fresh leaves of Lippia multiflora
Mold were collected at August 2019 during
the rainy season in five cities in center of Cote
d'lvoire: Yamoussoukro (6°53'40"N
5°13'31"W), Tiébissou (7°08'18"N
5°13'36"W), Bouaflé (6°53'49"N 5°44'36"W),
Toumodi  (6°30'36"N  5°06'50"W) and
Dimbokro (6°47'41"N 4°44'52"W). After
identification by Mr. Amani N'GUESSAN,
botanist of the National Polytechnic Institute
Félix HOUPHOUET-BOIGNY of
Yamoussoukro (Cdte d'lvoire), the plant
material collected was washed with running
water and dried in the laboratory at room
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temperature (27 + 2°C), out of direct sunlight,
for four days (Tia et al., 2019).

Extraction of essential oil

Essential oil was produced by
hydrodistillation of dried leaves in a
Clevenger apparatus according to the method
described by Goly et al. (2015). Indeed, 500 g
of dried leaves was introduced into a pressure
cooker containing distilled water. The mixture
was boiled using a heating mantle. The steam
of water loaded with essential oil was
condensed in the coil of the Clevenger, using
a water flow. Four hours after the appearance
of the first drop of the distillate, the essential
oil was separated from water and dried on
anhydrous magnesium sulfate  (Merck,
Germany). The collected oils were then stored
at 4°C, protected from light in a sealed opaque
vial. Each extraction was procedured thrice
and yield of essential oil was determined by
the ratio of the mass of the extracted oil and
the mass of the treated leaves using the
formula: R (%) =100 x m/ M ; R =yield (%)
; M = mass of the dried leaves (g) and m =
mass of the essential oil after 4 hours of
distillation (g).

The density, which represents the mass
of the unit of volume at temperature T was
determined according to standard 1SO 6883:
1995 (NF 6883). The volumes of one (1) mL
of dry oil and water were weighed. The masses
of essential oil and the distilled water were
used to determine the density (d) at room
temperature of the laboratory (27 + 2°C)
according to the formula: d = p hite / p eau-
Gas Chromatography and Mass
spectrometry

A Perkin Elmer Clarus 680 GC system
coupled to an MSD 600C detector was used
during the GC-MS analyses. The Rtx-5MS
(Restek Co., Bellefonte, PA, USA) fused silica
capillary column (30 m length x 0.25 mm i.d.
x 0.25 pm film thickness) was used, with
helium as the carrier gas (1 mL/min). One pL
of an essential oil solution in hexane was
injected in splitless mode with a ratio of 1:50.
The temperature was programmed from 50°C
(5 min) to 250°C (8.33 min), at a rate of
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3°C/min for 80 minutes (total analysis time).
The mass selective detector was operated with
an ionization energy of 70eV and a scanning
speed of 200 scans/min used over a scan mass
range of 50-450 atomic mass units. The
source and injector temperatures were fixed at
200°C and 250°C, respectively. The
individual components were identified based
on their retention indices on an Rtx-5MS
capillary column under the same operating
conditions used for GC-MSD, using a series
of C7-C30 n-alkanes and were compared with
those reported in the literature (Babushok et
al.,, 2011). The structures were computer-
matched with spectral libraries (Wiley 7, NIST
08, and FFNSC 1.2). Identifications were also
made by reference to authentic standard
compounds analyzed under the same
conditions as the essential oils, when they
were commercially available.

Statistical analysis

The results of chemical composition
analyses of essential oils were processed by
Principal Component Analysis (PCA) and
Hierarchical Ascending Classification (HAC)
(Landoulsi, 2016). The combination of these
two methods makes it possible to know the
differences or the similarities of the essential
oils harvested in the different localities, in
order to highlight a possible variability in their
chemical compositions and to identify for each
of the sites, the harvesting area corresponding
to the maximum content of pharmacological
interest compounds, then to highlight
specificities within and between species. It
was carried out using XLSTAT version 2014
software.

RESULTS
Yield and density of essential oils

Hydrodistillation of Lippia multiflora
leaves from different localities yielded
yellowish-coloured essential oils (Figure 1)
characterized by an intense smell.

The average essential oil yields of the
five (5) localities are shown in Figure 2. The
yields vary from 0.34% for Yamoussoukro
(LYK) to 1.2% for Toumodi (LTD). Essential
oils densities vary from 0.73% for Bouaflé
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(LBF) to 0.94% for Toumodi (LTD). They are
all less than 1.

Chemical composition of essential oils

The chemical compositions of the
essential oils of Lippia multiflora leaves from
the five localities are given in Table 1.

KI on Rtx-5ms capillary column

KI theo: Theoretical Kovats retention index;
KI Cal: Kovats retention index calculated
from the experimental retention index.

GPC / MS analysis of Lippia multiflora
essential oils from the five localities identified
a total of eighty-three (83) constituents with
overall proportions of 100% (Table 1). These
compounds are divided into four (4) families:
hydrocarbon ~ monoterpenes,  oxygenated
monoterpenes, hydrocarbon sesquiterpenes
and oxygenated sesquiterpenes.

Principal Component Analysis for the main
compounds of Lippia multiflora essential
oils from the five localities studied

The analysis of the links between
chemical composition of essential oils and
taxonomy of Lippia multiflora from the five
localities was carried out by Principal
Component  Analysis (PCA). Only
discriminating variables were considered.
This analysis was based on 19 major chemical
components of all essential oils with
proportions greater than 1%. These are a-
pinene, B-phellandrene, a-phellandrene, p-
cimene, limonene + B-thujene, limonene,
eucalyptol, linalool, a-terpineol, B-citral,
trans-geraniol, o-citral, B-caryophyllene, a-
caryophyllene, B-farnesene, germacrene D, y-
cadinene, (z)-transnerolidol and caryophylene
oxide. These compounds are fairly
representative of all essential oil’s compounds
with proportions of 89.81%, 93.75%, 94.61%,
96.48% and 96.22% for Yamoussoukro,
Tiébissou, Bouaflé, Toumodi and Dimbokro,
respectively.

The results of PCA used to study and
visualize correlations between variables based
on chemical similarities and differences are
shown in Figure 3.

PCA score diagram represents 75.98%
of the total variance in the dataset. The plane
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formed by axes F1 and F2 gives correlation
between the variables. The F1 axis (51.15% of
the variation) is mainly constructed by positive
correlation between B-farnesene, y-cadinene,
a-terpineol,  eucalyptol,  B-phellandrene,
caryophyllene oxide, germacrene D, f-
caryophyllene and a-caryophyllene  with
negative correlations between B-ocimene,
trans-geraniol and limonene + B thujene. The
F2 axis (24.83% of the variation) is constructed
by the positive correlation between o-citral, p-
citral, limonene, a-phellandrene and a-pinene
with negative correlations between linalool and

trans-nerolidol.

The resulting dendrogram provided a
good picture of the relationships between the
Lippia multiflora essential oil compounds from
the five localities studied (Figure 4). The
formation of the three chemical groups reveals
an intraspecific variability between these oils.

Hierarchical Ascending Classification

Hierarchical Ascending Classification
(HAC) also revealed the presence of three
classes, the same, separated according to
dissimilarity indices (Figure 5).

Figure 1: Photograph of Lippia multiflora essential oils.
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Figure 2: Yield and density of Lippia multiflora essential oils from five (5) lvorian localities.
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Table 1: Components of Lippia multiflora essential oils from five localities of Cote d’Ivoire.

Compounds IK theo IKCal LYK LTS LBF LTD LDk
a-Thujene 925 927 0.14 0.23 0.05 - 0.06
a-Pinene 932 937 1.21 1.00 0.19 0.31 0.21
Camphene 945 946 0.04 - - - -
B-Phellandrene 664 664 3.48 0.98 0.05 - 0.05
1-Octen-3-ol 964 968 0.03 - - - -
B-Pinene 972 978 0.45 0.09 - - -
3-Octanol 981 984 0.03 0.04 0.04 - 0.04
B-Myrcene 983 985 0.82 0.85 0.17 0.17 0.15
6-Methyl-5-heptene-2-one 985 988 0.18 0.17 0.26 0.20 0.26
a-Phellandrene 998 1002 3.61 12.79 3.21 1.66 2.83
p-Cimene 1013 1014 2.45 6.60 1.15 1.42 1.14
Limonene +B-Thujene - - - - - 1.14 -
Eucalyptol 1022 1024 13.91 4.02 0.07 - -
Limonene 1031 1031 1.34 6.06 1.30 - 1.28
B-Ocimene 1036 1037 0.63 0.87 0.29 0.91 1.35
trans-pB-Ocimene 1050 1048 - - 0.03 - -
y-Terpinene 1051 1053 0.05 - - - -
Terpinolene 1081 1082 0.10 0.07 - - -
Isoterpinolene 1086 1083 - - 0.01 - -
Linalool 1085 1086 9.56 2.22 19.99 4.05 2.89
Linalool oxide 1088 1088 0.01 - - - -
Linalool, methyl ether 1098 - 0.21 - - - -
a-Campholenal 1125 1128 0.07 0.03 0.01 - -
(-/+)- cis Verbenol 1142 1142 0.51 0.67 0.35 0.31 0.27
Citronellal 1143 1145 0.03 0.03 0.03 - -
(+/ -)-trans Verbenol 1150 1150 0.35 0.36 0.19 0.15 0.47
cis-p-Terpineol - 1159 0.22 0.04 - - -
Sabina ketone 1156 1159 0.06 - - - -
Pinocarveol 1162 1164 0.10 - - - -
4-Terpineol 1164 1166 0.12 0.03 - - -
a-Terpineol 1174 1175 3.63 1.18 0.05 - -
Borneol 1176 1177 0.19 0.09 - - -
(-)-cis-Sabinol 1179 - 0.13 0.30 0.05 - -
Cryptone 1190 1188 - 0.12 0.02 - -
p-Citral 1215 1218 6.89 16.74 9.44 11.59 11.57
trans-Piperitol 1208 1220 0.04 0.06 0.02 - -
cis-Carveol 1229 1222 0.04 - - - -
Nerol acetate 1220 1223 - - - 0.59 -
Citronellol 1217 1227 0.05 0.03 0.05 0.11 0.04
cis-Geraniol 1236 1237 0.03 0.08 0.08 0.15 0.23
a-Citral 1243 1249 9.43 21.87 1210 17.20 16.38
trans-Geraniol 1255 1259 0.08 0.60 6.37 47.82 4943
Thymol 1267 1270 0.05 0.10 - - -
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Bornyl acetate
a-Cubebene
a-Bourbonene
B-Cubebene
B-Elemene
(+)-Sativene
Isoeugenol
B-Caryophyllene
Copaene
a-Bergamotene
trans-Chrysanthemal
p-Farnesene
a-Caryophyllene
y-Muurolene
Germacrene D
a-Muurolene
8-Isopropenyl-1,5-
dimethyl-1,5-
cyclodecadiene
B-Bisabolene
B-Cadinene
y-Cadinene

[ -Sesquiphellandrene
Hedycaryol
Naphthalene,1,2,3,4,4a,7-
hexahydro-1,6-di methyl-4-
(1-methylethyl)-
(x)-trans-Nerolidol
Germacrene D-4-ol
Caryophylene oxide
Guaiol
4-Isopropyl-1-methyl-2-
cyclo hexen-1-ol
B-Eudesmol
tau.-Cadinol
tau.-Muurolol
Cubenol

(-)-8-Cadinol
a-Cadinol

Bulnesol
trans-Bergamotol,
Farnesol

E,E-Farnesal
Hexahydrofarnesyl acetone

1279
1353
1388
1381
1392
1393
1403
1425
1432
1436
1451
1452
1458
1477
1483
1499

1503

1509

1512
1524
1530

1546

1549
1574
1578
1595
1605

1630
1632
1642
1646
1643
1653
1666
1684
1717
1722
1914

1286
1354
1378
1385
1392
1396
1404
1424
1432
1438

1458
1474
1482
1498

1507

1513
1523

1552
1579
1580
1600

1630
1634
1644
1650
1656

1700
1726

1916
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0.22
0.22
0.28
0.13
0.03
0.01
6.85
0.70
0.03
0.06
6.09
1.83
0.18
11.02
0.32

0.13

0.34
1.09
0.05
0.11

0.05

6.00
1.34
0.16

0.08

0.11
0.08
0.15
0.11
0.93
0.13
0.07
0.37
0.02
0.02
0.07

0.07
0.06
0.10
0.03

3.27
0.29

0.20
8.86
0.50
0.04
4.06
0.11

0.41

0.46

1.80
0.06
0.74
0.02

0.17

0.10
0.12
0.14
0.09

6.06
0.33
0.03
0.07
8.82
1.26
0.06
5.27
0.16

0.09

0.84
0.55

0.05
0.08

18.68
0.16
0.60
0.16

0.06

0.23
0.04

0.08

1.33
0.20

4.53

0.20

243
0.07

0.15

0.26

231

0.23

0.12
0.04

0.06

1.03
0.17

0.03
5.05
0.19
0.02
2.93
0.04

0.19

0.21

0.90
0.03
0.13
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2-(4a,8-Dimethyl-

1,2,3,4,4a,5, 6,8a- 2224 -

octahydro-2-naphthalen yl)- 036 0.05 0.10 ) )
2-propanol

Total identified compounds (%) 100 100 100 100 100
Hydrocarbon monoterpenes 14.30 29.53 6.45 3.76 7.09
Oxygenated monoterpenes 45.91 49.15 49.22 8161 8174
Hydrocarbon sesquiterpenes 29.55 18.26 23.96 9.47 9.53
Oxygenated sesquiterpenes 10.25 3.05 20.38 311 1.64

KI on Rtx-5ms capillary column; Kl theo: Theoretical Kovats retention index; KI Cal: Kovats retention index calculated
from the experimental retention index.

Biplot (axes F1 et F2 : 75.98 %)

" .
e = o

] o

-
- .
e ~. Group i
. .,
l-/ \
6 ] Limonene  a-Phellandrene i
“ a-Citral )
» a-Pinene | 4
a ~, -
-~ -
P ey Lt
" “B-Ocimene y-Cadinene ™~
- . a-Terpinewl
= 2 Fd Eucalyptol
m * B-Phellandleh'e
= b g )
. Caryophylens oxidek
s . !
o o , LDK, & LYK o | -
: A, : +

LTD

\ Germacrene D
trans-Geraniol
.

s B-Caryophyllene I

2 \ A :

. Limnnene+ﬂ-—y'ujene- LB b a-Caryophyllene

A" . LY ,'

’ S - . - b
“ - I i SLroup |
Grﬂup I" ) li'l-trans-Ner-oI:i.ul' -
Linalool e
-6
-10 -B -6 -4 -2 o 2 a4 [ a 10
F1(51.15 %)

Figure 3: Principal Component Analysis of the main compounds of Lippia multiflora essential oils
from the five localities studied.
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Figure 4: Dendrogram of the analysis of Lippia multiflora essential oils composition.
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DISCUSSION

The results in Figure 2 show that the
best essential oil yield (1.2%) was obtained
with the leaves harvested in Toumodi. This
yield was followed by those of Tiébissou
(0.94%) and Bouaflé (0.88%). The lowest
essential oil yields were obtained with leaves
from Dimbokro (0.44%) and Yamoussoukro
(0.34%). The vyield of essential oil from
Yamoussoukro is lower than that obtained by
Goly et al. (2017) (1.32%). However, yield of
Toumodi (LTD) is higher than those of Soro et
al. (2015) (0.76%) and Kanko et al. (2004)
(0.8%). In general, variations in vyield of
essential oil can be attributed to several factors
including species origin, harvest period,
humidity level and plant development stage
(Brada et al., 2007; Goly et al., 2017).

The essential oils densities of the
different localities vary from 0.73 to 0.94 for
the essential oils of Bouaflé and Toumodi,
respectively. These densities are generally
included in the essential oil density ranges
(Bourkhiss, 2015).

A comparative study of the chemical
compositions of essential oils from the five
localities reveals similarities and differences.
The results of Table 1 show that
Yamoussoukro, Tiébissou, Bouaflé¢, Dimbokro
and Toumodi contain 73, 54, 50, 34 and 29
compounds, respectively. Yamoussoukro is
therefore the richest in compounds. Eucalyptol
/ linalool / a-citral / germacrene D in
Yamoussoukro, a-phellandrene / B-citral / a-
citral in Tiébissou and linalool / a-citral / B-
citral / (x)-trans-nerolidol in Bouaflé are the
main compounds of essential oils from the
leaves of Lippia multiflora in these regions. p-
citral, trans-geraniol and a-citral are the major
compounds of the essential oil in the leaves of
Toumodi and Dimbokro. These results
therefore show a variability in the chemical
composition of the essential oils from Lippia
multiflora leaves in the five localities studied.
Such variabilities have been reported for
several plants including Leptospermum
madidum (Demuner et al.,, 2011), Lippia
multiflora (Soro et al., 2015) and Tridax
procumbens (Coulibaly et al., 2020).
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The essential oils of the five sites have
oxygenated monoterpenes contents varying
from 45.91 to 81.74%, the highest being
obtained for Toumodi and Dimbokro. The
second most abundant family in all the cities is
that of hydrocarbon sesquiterpenes except for
Tiébissou where hydrocarbon monoterpenes
family occupies the second place. Oxygenated
monoterpenes family is characterized by high
proportions of eucalyptol (13.91%) / linalool
(9.56%) / p-citral (6.89%) / a-citral (9.43%), B-
citral (16.74%) / a-citral (21.87%), linalool
(19.99%) / B-citral (9.44%) / a-citral (12.10%),
B-citral (11.59%) / trans-geraniol (47.82%) / a-
citral (17.20%), pB-citral (11.57%) / trans-
geraniol (49.43%) [/ a-citral (16.38%) in
Yamoussoukro, Tiébissou, Bouaflé, Toumodi
and Dimbokro, respectively. Significant rates
of a-terpineol (3.63%) in Yamoussoukro,
eucalyptol (4.02%) / linalool (2.22%) in
Tiébissou, trans-geraniol (6.37%) in Bouaflé,
linalool (4.05%) in Toumodi and linalool
(2.89%) in Dimbokro are found in essential
oils.

Hydrocarbon sesquiterpenes family is
characterized by average proportions of p-
caryophyllene (6.85%) / p-farnesene (6.09%) /
germacrene D (11.02%), p-caryophyllene
(6.06%) / p-farnesene (8.82%) / germacrene D
(5.27%), B-caryophyllene (1.33%) / -
farnesene (4.53%) / germacrene D (2.43%) and
B-farnesene (5.05%) / germacrene D (2.93%)

in Yamoussoukro, Bouaflé, Toumodi and
Dimbokro, respectively.
Hydrocarbon ~ monoterpenes  and

oxygenated sesquiterpenes are only abundant
in essential oils from Tiébissou and Bouaflé
with proportions of 29.53 and 20.38%,
respectively. Hydrocarbon monoterpenes of
Tiébissou are dominated by a-phellandrene
(12.79%), p-cimene (6.60%) and limonene
(6.06%) while oxygenated sesquiterpenes of
Bouaflé are dominated by (+)-trans-nerolidol
(18.68%).

Essential oils obtained at the five sites
have high monoterpene content. This chemical
characteristic is in accordance with the results
obtained by Soro et al. (2015). In addition,
these oils are highly concentrated in
oxygenated monoterpenes, in agreement with
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the results of Oussou et al. (2008). Eucalyptol,
citral / linalool and trans-geraniol chemotypes
obtained in this study complement or confirm
the twelve (12) described by Adou et al.
(2011). In general, variations observed in the
chemical composition of essential oils can be
attributed to several factors including soil
characteristics (Diomandé et al., 2015).

Principal Component Analysis (PCA)
(Figure 3) shows that the main Lippia
multiflora essential oil compounds from the
five locations studied are divided into three (3)
groups. Group |, formed by Bouaflé (LBF) and
Yamoussoukro (LYK), is characterized by the
presence of p-farnesene, y-cadinene, a-
terpineol, eucalyptol, B-phellandrene,
caryophyllene oxide, germacrene D, -
caryophyllene, a-caryophyllene, (%)-trans-
nerolidol and linalool. Group IlI, formed by
Tiébissou (LTS), is characterized by the
presence of o-citral, B-citral, limonene, a-
phellandrene and a-pinene. Group Ill, formed
by Toumodi (LTD) and Dimbokro (LDK), is
characterized by the presence of trans-geraniol
and limonene + B-thujene.

Hierarchical Ascending Classification
(HAC) also revealed the presence of three
separate classes according to the dissimilarity
indices (Figure 5). This aggregation method
displays the different relationships between oil
samples, as a dendrogram calculated using the
Ward Minimum Variance method. HAC
identified three chemical classes (Classes C1,
C2 and C3) in all samples. Class C1 consists of
5 compounds from Yamoussoukro (LYK) (B-
phellandrene, y-cadinene, a-caryophyllene,
caryophyllene oxide and o-terpineol), 3
compounds from Tiébissou (LTS) (o-pinene,
B-ocimene and limonene), and 1 compound
from Dimbokro (LDK) and Toumodi (LTD)
(limonene + B-thujene)). Class C2 consists of 3
compounds from Tiébissou (LTS) (-
farnesene, o-citral and pB-citral) and 6
compounds from Yamoussoukro (LYK) and
Bouaflé (LBF) (eucalyptol, linalool, a-
phellandrene, germacrene D, B-caryophyllene
and trans-nerolidol). Class C3 consists of 1
compound from Toumodi (LTD) and
Dimbokro (LDK) (trans-geraniol).
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Overall, oxygenated monoterpenes
dominate the chemical composition of Group 11
(26.65%), while in Groups | and IlI, their
percentages are 12.31% and 20.86%,
respectively. The six major compounds (> 5%)
are linalool, germacrene D, p-farnesene, trans-
geraniol, B-citral and a-citral. These results
clearly show that essential oils from the leaves
belong to different chemical groups. We did
not find similar studies on Lippia multiflora
essential oils in the literature to compare them
to our study. However, similar study on
essential oils from Pistacia atlantica revealed
two different chemotypes (one with a-pinene
and the other with o-pinene / sabinene /
terpinen-4-ol) (Sifi et al., 2015) and three
chemotypes including one in 3-3-carene (16.4-
56.2%), another in terpinen-4-ol (10.8-16.0%)
and a last in a-pinene / camphene (10.9-66.6 /
3.8-20.9%) (Gourine et al., 2010).

Conclusion

Chemical compositions study of
essential oils from the leaves of Lippia
multiflora Mold from five cities in center of
Cote d'lvoire revealed a variability in the
chemical composition of the essential oils. In
general, the oxygenated monoterpenes
followed by the hydrocarbon sesquiterpenes
were principal families of these essential oils.
Principal Component  Analysis  and
Hierarchical Ascending Classification revealed
that these essential oils can be classified in
three groups or chemotypes dominated by
eucalyptol, citral /linalool and trans-geraniol.
These results highlight those essential oils of
leaves of Lippia multiflora are strongly
influenced by intrinsic factors such as climatic
conditions and probably nature of soils. The
comparative chemical compositions study of
essential oils showed that a-citral is a marker
of Lippia multiflora acclimated in the center of
Cote d’Ivoire.
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