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Multidimensional Analy3|s of Gas

Madagascar

By Emile M. Gaydou and Robert P. Randriamiharisoa, Laboratoire de
Phytochlmle Ecole Supérieure de Chimie de Marseille, Université de Droit,
d’Economie et des Sciences, Marseilles, France
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Tanzania, Democratic Republic of Madagascar,
Indonesia, Sri Lanka, India and Malaysia. Clove,
after black pepper, is the second most popular
spice used as condiment. The volatile oil of clove
is obtained by water distillation from the dried
flower buds but also from stems and leaves.
Clove oils are used in perfumery, food industry,
dentistry and in Indonesia for tobacco industry.
These oils are colorless to brownish vellow
liquids, having the characteristic odor and taste
of clove with some differences for each type.

The chemical composition of clove oil has
been recently studied by several authors (Koller,
1979 and 1981; Lawrence, 1978 and 1980; Iwam-
uro et al., 1983; Gopalakrishnan, 1984; Muchalal
and Crouzet, 1985). Among the forty components
identified to date, eugenol is the major one with
80-90% of the oil.

Lawrence (1980) has examined the differences

between clove bud, stem and leaf oils using the
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percentage of eugenol, eugenyl acetate, total
sesquiterpene hydrocarbons and the total of the
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non-phenoclic oxygenated compounds, but the

chemical composition of the three types is very
similar, The discrimination used by Lawrence
(1980) is based mainly on some major peaks or
the sum of some major peaks.

With capillary gas chromatography, which is
capable of separating a large number of compo-
nents in essential oils, the choice of the peaks
that contain the most information for classifica-
tion can be very difficult because the large peaks
are not necessarily the most informative.

Pattern recognition and multi-dimensional
analysis which have been successfully applied in
enological research (Kwan and Kowalski, 1980;
Noble et al., 1980; Moret et al., 1984) or in lipid
research (Gaydou et al., 1984 and 1985) were
used to distinguish clove bud and clove stem oils
from Madagascar. Because of the difference in
price among these two types, clove bud oil is fre-
guently adulterated by the stem oil. Since clima-

tic condltlons would affect the chemical compo-
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sition, samples produced during three years
(1980, 1983 and 1985) were investigated to check
the influence of the climatic factor on the differ-
entiation of the two clove oil categories,

Experimental Section

Materials

The forty-four samples of clove bud and clove
stem essential oils were collected in the produc-
tion from lots for which genuineness and typical-
ity were guaranteed by the “Service du Con-
ditionnement et du Contréle de la Qualité des
Produits” of Antananarive (Madagascar). The
data set was constituted by the following sam-
ples: 22 clove bud oils (1980, 7; 1983, 8; 1985, 7)
and 22 clove stem oils (1980, 7; 1983, 8; 1985, 7).
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Gas Chromatography

Analyses by GC were done on a FID-type Gir-
del 30 gas chromatograph. Detector and injector
temperatures were set at 230°C. The GC column
used was a Carbowax 20 M WCOT glass capillary
column (50 m, 0.30 mm i.d., 0.15 um phase thick-
ness) and the oven temperature was programmed
from 70 to 210°C at 2°C min~%; inlet pressure of
hydrogen used as carrier gas 0.4 bar, split 40
mL.min~! Before the analyses of new samples
were made, reproducibility of measurements
over time was checked, reanalyzing some of the
earlier samples. In this way differences due to
possible evolution of samples and analytical con-
ditions were prevented.

Gas Chromatography/Mass Spectrometry
Comhined CO-MS wac racorded on a Qirdel 30
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gas chromatograph linked to a Ribermag R-10-
10B mass spectrometer and coupled with a Sidar
data computer. The GC column was a 0.30 mm
i.d.x. 50 m fused silica capillary column coated
with Carbowax 20 M, 0.15 um phase thickness.
The column temperature was programmed from
70 to 210°C at 2°C.min ", carrier gas helium, ion
source 220°C, ionization voltage 70 eV.

Reiention indexes and identi

The various constituents were identified by
comparison of their Kovats retention indices (Ig)
with those of authentic samples purchased if
available and by comparison with reported Ix
values and mass spectra.

Statistical Analyses
Principal Component Analysis (PCA) was per-

formed usinge a data set transformed into centered
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and reduced variables (standardized PCA). The
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Figure 1. Graphical representation of variables
of clove bud and clove stem olis on eigen vec-
tors 1 and 2 were used in PCA for the three years
investigated.
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Figure 2. Graphic projection of ciove bud and
clove stem oil samples on axes 1 and 2 used In
PCA for the three years Investigated.

initial data set was composed of the values taken
by 14 variables and the 44 clove oil samples,
Factor discriminant analysis (FDA) was per-
formed to classify the clove oil samples either in
two categories (buds and stems for each year or
for all years) or three categories (the years of pro-
duction for buds and stems). Further descriptions
of PCA and FDA are provided by Romeder
(1973), Lebart et al. {(1982) and Foucart (1982). All

processing was done on the computer (Hewlett .
Packard HP 1000} of the “Ecole Supérieure de
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Chimie” of Marseilles (France),
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Resuits and Discussion

The essential oils of clove bud and stem oils
from Madagascar obtained during the years 1980,
1983 and 1985 were examined initially by routine
temperature-programmed GC using a glass cap-
illary column coated with Carbowax 20 M.
Among the complex mixture of components, 14
peaks, the area percentage of which was higher
than 0.1% in, at least, one sample were retained
for the differentiation of clove bud from clove
stemn oils.

The compounds were identified as far as pos-
sible by using GC-MS$ analyses and Xovats Indi-
ces determined on the Carbowax 20 M column.
Results for the 22 samples of stem oils are tabu-
lated in Table I and for the 22 samples of bud oils
in Table II. Among the 14 products Iisted in
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component, (E) a-bergamotene was determined
for the first time in clove oil. The I value for this
component was in agreement with those given by
Maarse (1973) and the mass spectrum with those
given by Vemnin et al. (1984). In 1985, Muchalal
and Crouzet reported that clove oil contained
a-cubebene, a-copaene, §-caryophyllene and
a-humulene. The oxygenated compounds such as
methyl benzoate, terpinyl acetate, caryophyllene
oxide, eugenol, eugenyl acetate and chavicol
have been reported by Lawrence (1978). The
presence of isoeugenol in clove oil was reported
in 1976 by Masada.

As you can see from Tables I and 11, four com-
ponents have an averaged content higher than
one percent: eugenol 73.5-79.7% in bud oils and
76.4-84.8% in stem oils, 8-caryophyllene 7.3-
12. 4% in bud and stem oils, a-humulene 1.0-1.4%
in bud and stem oils and eugenyl acetate 4.5-
10.7% and 1.5-8.0%, respectively.

These results based upon 44 oil samples ob-
tained from the production of three years show
that there is some differences in the amount of
eugenol and eugenyl acetate present in clove
bud and clove stem oils. But the large range of
variation of the two compounds show that it is
difficult to perform some classification among
bud and stem oils during 1980, 1983 and 1985.
The use of multivariate statistical analyses is
needed to try some differentiation.

Principal Component Analysis

In standardized Principal Component Analysis
(PCA), the numerical values of the 14 compounds
reported in Tables I and 11 were used to classify
the 44 samples of bud and stem oils produced
during the three years, The correlation coefli-
cient matrix of compounds is given in Table I11.
Eugenol content showed a significant negative
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correlation {r = —0.96) with eugenyl acetate. This
correlation is in agreement with the fact that the
longer the distillation time the higher the
eugenol content and the lower the eugenyl ace-
tate content {Lawrence, 1978), From the relation-
ship between sesquiterpenes, there was signifi-
cant positive correlation between -
caryophyllene-a-humulene {r = 0.88) and o-
cubebene-{E£ )-a-bergamotene (r = 0.78). On the
other hand a significant positive correlation (r =
0.90} was shown between caryophyllene oxide
and one oxygenated product and these two com-
pounds showed a significant positive correlation
with e-cubebene, (E)-a-bergamotene and methyl
benzoate (r = 0.7-0.9).

In PCA, it can be observed that the three first
principal components represent 68.8% of the
total variance. The factor loading between com-
pounds and axes are given in Table IV, In figure
1, the projections of the compounds on the two
first components axis 1, 41.6% and axis 2, 17.9%
of the variance) is plotted, In figure 2 the pro-
jection of the 44 oil samples on to the principal
components 1 and 2 is shown. According to fig.
ure 1 and Table 1V, one can notice that the
oxygenated compound 11 and chavicol 13 have
low factor loadings on axes 1 and 2 but have bet-
ter factor loadings on axis 3 (—0.51 and 0.53 re-
spectively). Caryophyllene oxide, the oxygenat-
ed compound 10, eugenol, methyl benzoate and
(E)-a-bergamotene are strongly positively loaded
on axis 1. Eugenyl acetate, B-caryophyllene and
a-copaene are negatively loaded on the first
component. a-Humulene (0.77) and terpinyl
acetate (0.67) are positively loaded but chavicol is

negatively loaded on the second component. As
ehrwn l-\u fionure 2 if the Hrﬁ}nrpnhahnn ﬂ'l" stem
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oils obtamed in 1985 occurred on axis 1, because
of the high content in eugenol and the low con-
tent in eugenyl acetate, the differentiation of the
other samples is less evident.

A classification in three categories, taking into
account the year of production, was obtained by
using factorial discriminant analysis (FDA) for
the 44 samples and gives 91% correct attribution.
Factor loadings between compounds and axes
are given in Table IV. A plot of the samples is
given in figure 3. Using only bud oil samples
100% of correct attribution and with stem oil
samples 95.5% of correct attribution were ob-
served showing, therefore, the influence of eli-
matic conditions upon the composition of clove
bud and stem oils.

A classification in two categories (bud and stem
oils) by using FDA for the 44 samples gives 91%
of correct attribution for the three vears of pro-

duction together. Factor loadings between com-
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Figure 3. Graphic projection of clove bud and
clove stem oil samples on axes 1 and 2 investi-
gated in FDA. (A) Differentlation of bud and stem
oils according to the three years of production.
(B) Differentiation of bud oils from stem oils
produced during the same years.

pounds and the discriminant axis is given in
Table IV.

A classification in two categories for each year
gives 100% of correct attribution, showing
therefore that it is possible to realize the dif-
ferentiation of clove bud from clove stem oils
each year of production.

Stepwise discriminant analysis {(SDA) was
used for the determination of the compounds
giving the best pattern recognition. The results
obtained are given in Table V. The compounds
having the better discriminant power in the dif-
ferentiation of bud from stem oils are eugenol,
a-cubebene, the oxygenated product 11, terpinyl
acetate, (E)-a-bergamotene and caryophyllene
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Table I. Composition and Range of Varlatlon of the Main Compounds in Clove Stem Oils
Production and Thelr Kovats Indexes During Three Years

i'wak T b Compaunda Years of Production
n'oon K = 3
NW20M 1980 1983 1085° 1960.-1985°%
min, max ., mean s.d. min. max. mean 5.d. mir, max ., mear s,d. mean .,
1 1415 g-cubebene 0.10 0.30 Q.16 0,07 0.11 0.25 0.17 0,04 0.17 0.26 n.22 0.03 Q.18 0,06
2 1477 p-copaens 0.12 Q.16 0.14 0,01 0.12 0.16 Q.14 0.0 0.11 0,14 0,12 2,10 0.1a 0,01
3 1558 (E)-0-berga- 0.02 Q.09 0.03 a.o2 Q.03 Q.07 0.04 0.02 0.05 0.07 Q.06 0.09 Q.04 0.02
motens
a 1565 methyl benzo- 0,04 0.13 0.06 2.03 0.02 Q.24 0.08 0.06 0.16 Q.24 0.21 0.03 0.1z 0.08
ate
5 1582 [B-caryuphyl- 7.32 11.77 10.49 1.3% B.57 12,41 11.12 1.2 8.03 9.95 9.27 .61 10.56 1.20
lene
6 1650 g-humulene 0.96 1.28 1.21 0.11 1.06 1,43 1.33 0.11 1.08 1.36 1.19 0.09 1.26 g.10

7 1732 terpinyl ace- 0.13 0.18 0.1% 0,02 0.15 G.20 0.18 Q.01 0.07 &.20 0.15 3.04 0.17 .03
tate

£ 2016 caryophyllens 0,13 0.35% 0.21 Q.08 0.17 0.47 0.25 0,09 0.2g Q.48 0.43 0.07 a.28 0.12

oxide
9 2140 eugenal 72.62 81.25 80.60 0.58 76.42 80.51 77.97 1.36 82,71 84,82 83.04 Q.72 80.80 2.65
10 21495 nyg»CUmpdf 2.01 0.07 Q.04 0,02 0.03 0.09 0.05 0.02 0.05 0.09 Q.08 0.01 0.05 0.07

1L 2198 nx_vg.compdr 0.0l .05 0.02 0.01 0.02 0.04 0.02 0.01 .01 0.02 g.o1 0.00 Q.02 0.01

[ 2230 eugenyl ace~ 4.17 6.57 4.81 Q.77 4.40 8.04 6.58 1.23 1.84 1.98 1.80 0.15 4,40 2.12
tate

13 2303 igpeugencl 0.14 .18 0.16 0.01 0.18 0.20 0.17 0.02 0.15 0.19 0.17 0.01 0.17 0.02

L4 2347 chavicol 0.04 0.65 £.23 g.22 0.06 0.18 ¢.09 Q.04 0.05 0,11 0.07 0.02 a.11 0.11

*Onty compounds having a content higher than 0.1% have been retained.
*Experimentally determined Kovats indexves

“Determined upon 7 samples

“Datermined upon 8 samples

*Determined upon 22 samples

*Oxygenated compounds not identified

Table ll. Composition and Range of Varlation of the Main Compounds
in Clove Bud Olls During Three Years Production
Cumpounda Years of Producticn
1980° 1083% 1985° 1980-1985°

min. max. mean s.d. min. max. mean s.d. min. max . mean s.d, mean s.4d.
n-cubebens 0,11 0,17 n.l4 o2 0.0 .25 0.6 0.08 0.18  0.29 0,23 0,04 0.18  0.067
a-copaene 0.14  0.17  0.16  0.01 0.1z 0.16 0.14 0,01 0,14 015  ©0.14 0.0 0.4 0.01
(E)-o-bergamotens  0.02  0.03  0.07  0.00  0.02  0.07 0.04 0.0 ©0.04 0,06 0,05 0.0l  0.04  0.01
methyl benzoate .05 0,08 0.6 D.OL 0.04 0.3 0,07 0.03  0.04  0.15 0.1 0,04 0.08 0,03
B-caryophyllens 7,32 t2.40  1l.21 1.61 %.20  12.12 10.99  0.93 10.5% 11.77 11.38 .35 31,20  1.10
g—humulene 0.96 1.44 1.31 .15 1.17 1.38 1.30 0.06 1.26 1.42 1.33 0.04 1.31 Q.10
terpinyl acetate 0,13 0.18 0,15 Q.02 ¢.1a 0.1 .16 0.01 a.16 Q.20 .18 G.01 .16 0,02
caryophyllene oxide 0,16  0.22  0.19  0.02  0.17 0,29  0.22 0,05  0.23  0.34  0.20  0.04 0.22 0.0
augenol 76.35  79.62  77.98  0.98 73.50  77.08  75.29 1.06  7a.22 79,73 78.40  1.77  77.10 1.9l
oxygenated compd.| 0,03 0.05  0.03 .01 0.03  0.07  0.05 0.0l D04 0.7 0.0 0,01 0.04  D.01
oxygenated eompd.’ 0.0l 0.13  0.04  ©.0a  0.01  0.02  0.01  0.00  0.01  0.06  0.02 0.0  0.03  ©0.03
sugenyl aceotate 6.08  7.28  6.63 0.3  B8.11 10.72  9.67  0.84  4.54  9.22 5.50 1.5 7,38 2.08
isceugenol n.s  0.22 0.1 ©.02  0.14  0.23 0,17 0.02  0.18  0.21  0.16  0.02  ©,17  0.02
chavicol 0.04  0.47 0.4 0,14 0,05 0.8 0,09 0.04  0.05  0.10  0.07  0.02  0.10 0.08

*Only compounds having a content higher than 0.1% have been retained.
*Experimentally determined Kovats indexes

“Determined upon 7 samplas

“Determined upan 8 samples

*Datermined upon 22 samples

'Oxygenated compounds not identified
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Table lll. Correlation Coefficlent Matrix Compounds used for the Differentiation

of Clove Bud and Clove Stem Olis®

isoeugenol

*Determined for the 44 samples invest

peak i
*significant at the 5% level
**significart at the 1% level

*Oxygenated compound, peak n°10 on the CW20M column.

g-copaene (E)-g-ber~ methyl B-caryo- g-humu- terpinyl ceryophyl- eugenol oxyg., oxyg. eugenyl iso- chavical
gamotene benzoate phyllene lene acetate lene oxide comgdb comgdc acetate eugenol
™ s » s * e -
a-cubebene - 0,03 0.78 0.58 - 0.27 - 0.06 0.35 0.71 Q.32 .73 - 0.21 - 0.40 - 0.0% - 0,05
e ™ - - " * .
O~copaene - 0.23 - 0.47 Q.53 0,49 G.10 - 0.37 - 0.86 - 0.35 - 0.0l 0.486 0.12 - 0.11
P P’ e " o
{E)-2-bergamotene 2.81 - 0.48 -0.21 0.32 0.82 0.45 0.80 - 0.20 - 0.48 - 0.04 - 0.05
* " e # an
methyl benzoate - 0.51 - 0.24 o.21 0.86 Q.59 0.84 - 0,27 - 0.59 - 0.11 - 0.15
" . - [ " .
B-caryophyllene ¢.88 0.18 - 0.63 - 0.685 - 0.43 0.27 0.38 - 0.16 - 0.38
- N . wn
a-humulene 0.28 - Q.30 - 08,52 - 0.15 9.17 0.34 - 0.11 - 0.49
»
terpinyl acetate .25 0.04  0.36 - 0.08 - 0.15 - 0,09 - 0.31"
e e s
caryophyllene oxide Q.61 0.90 - 0.24 - 0.62 - 0.11 - 0,08
" P
eugenol 0.42 - 0.12 - 0.86 - 0.06 0.03
4
oxyg. compound® ~ 0.17 - 0.46 - 0.16 - 0.03
OK¥E- compoundc 0.06 - 0.05 0.17
eugenyl scetate 0.06 6.02
- 0.03

Table IV. Factor Loadings Between Compounds

and Axes by Using PCA or FDA of Clove Oll Samples

*For the name of compounds see Table |

Compound® PCA FDA
axis Versus year of production bud ve stem
1 2 3
1 2
1 .60 0.43 0.26 .98 - 0.17 Q.38
2 - 0.585 0,43 0,40 - 0.99 - 0.03 0.01
3 0.82 0.28 .21 Q.92 - 0.38 - 0.29
4 0.87 0.16 - 0.05 0.99 - 0.13 0.17
5 - 0.69 0.58 - 0.31 - 0.99 - 0.06 0.02
5} - 3,49 Q.77 - 0.19 - 0.78 - 0.66 - 0.40
7 Q.22 0.67 - 0.05 0.76 - 0.65 - 0.12
8 Q.83 Q.20 0.05 0.99 - 0.12 (.39
2 0.78 - 0.27 - 0.37 0.78 C.62 - 1.48
10 0.85 0.32 0.08 0.92 - .38 - 0.33
11 - 0.28 - 0.08 - 0.51 - 0.58 0.81 C.24
12 - 0.76 0.09 0.42 - 0.8% - 0.%9 - 0.53
13 - 0,08 - 0.17 0.53 - 0.88 0.47 - .00
14 0.03 - 0.63 0.16 - .66 0,75 - C.21
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Table V. Discriminant Power of Compoenents used in the Differentiation
of Clove Bud and Clove Stem Qils
N“Z;’_e" Differentiaticn of Buds from Stemg Differentiation by Year of Production
variable Component p.p.® Correct Component n.p.® Correct attribution
attribution

1 eugenol .384 - eugenyl acetate 0.532 -
2 a-ctbebene 0.414 35 caryophyllene oxide 0.931 35
3 SRYE. COMpUURG. D.442 3% chavicol 1.00 35
4 terpinyl acetate 0.465 35 (E}-a-bergamotene 1.06 38
5 {E)-a-bergamotene 0,481 34 g-copaene 1.1z 37
[} caryophyllene oxide 0.503 33 eugenol 1.21 39
7 oxye. compound® 0,520 36 g-humulene 1.28 39
a8 B-caryophyllene 0.531 37 oxygenated compnundd 1.32 34
9 chavicol 0.547 a7 isoeugenol 1.33 39
10 o-humulene 0,554 as oxygenated compound® 1.3 39
11 esugenyl acetate 0.562 a8 a-cubebene 1.36 a0
12 methyl benzoate 0.565 39 B-caryophyllene 1.37 a0
13 t-copaene 0.56% 39 methyl benzoate 1.38 41
14 taneugensl 0.56% 39 terpinyl acetate 1.38 40
*Digcriminant power
44 samples were investigated
@ nated compound, peak n°11 on the CW20M column
"P:;ﬁe“’tﬂ

oxide. Some compounds, such as g-caryophyl-
lene, e-humulene, eugenyl acetate and methyl
benzoate, have a lower discriminant power since
they are highly correlated with some compounds
cited above. The differentiation by year of pro-
duction is easier and only six compounds
(eugenyl acetate, caryophyllene oxide, chavicol,
(E)-a-bergamotene, a-copaene and eugenol)
permitted 88.6% of correct classification.

Conciusion

The differentiation of clove bud from clove
stem oils produced in Madagascar seems to be
possible using the content of less than 15 compo-
nents, for each year of production, The influence
of climatic conditions plays an important role on
the chemical composition of these oils and more
data are needed to realize a differentiation inde-
pendent of the year of production or to detect an
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