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ABSTRACT: Five peel oils and six leaf oils of di�erent varieties of citrons (Citrus medica and C. limonimedica)
were obtained from fruits and leaves collected on trees submitted to the same pedoclimatic and cultural
conditions. Their composition was investigated by capillary GC, GC±MS and Carbon-13 NMR. Three

chemotypes: limonene, limonene/g-terpinene and limonene/geranial/neral were observed for peel oils while leaf
oils exhibited the limonene/geranial/neral composition. Copyright # 1999 John Wiley & Sons, Ltd.

KEY WORDS: Citrus medica; Citrus limonimedica; Rutaceae; citron; peel and leaf composition; GC; GC±MS;
13carbon NMR

Introduction

Citrus fruits ( family Rutaceae) are among the most
widely produced fruits all over the world. Some of these
(oranges, mandarins, lemons, grapefruits) are common
but others, like citrons, are less known although they
were the ®rst fruits of the genus Citrus to reach the
Mediterranean region, about 300 BC. Commonly
supposed to be indigenous to India, citrons have been
known since remote antiquity in China and Mesopo-
tamia.1 Because of their sensitivity to cold and heat,
citron trees are cultivated in the south of France
(Corsica), southern Italy (Calabria), Greece, Israel,
North Africa, Puerto Rico and for some varieties in
China, Vietnam and Japan.

According to Tanaka, citrons are classi®ed into two
botanical species:2 Citrus medica L., to which belong
several varieties (`diamante', `corsican', `poncire com-
mun', `sarcodactylis', `rhobs-el-arsa') and C. limonime-
dica Lush. whose `ethrog' variety is the best known.

The citron crop goes mainly into the production of
candied peel and a part is used for the ¯avouring of
liquors1 or for medical purposes.3 The peel and rind of
citron make up most of the fruit volume. Fruit of the
`corsican' variety is generally large and elliptical in
shape, 7±10 cm in diameter, 8±14 cm in length, rind

about 3±4 cm thick. This fruit, which is the only one
with a sweet pulp, could be crystallized after softening
the peel or used in the formulation of a regional liquor
named `ceÂ dratine'.4,5 The fruit of the `diamante' variety,
widely cultivated in Calabria, is larger. The `sarcodac-
tylis' variety, cultivated in China, Japan and Vietnam,
whose fruit splits into a number of ®nger-like sections,
is especially used for its fragrance and for ornamental
purposes.6 `Rhobs-el-arsa' means `bread of the garden'
in North Africa, because of the ¯at shape of the fruit.
Fruit of the `ethrog' variety is small and ellipsoid, a
little larger than a lemon, and is used by the Jewish
people in rites of the Feast of Tabernacles.7,8 Trees of
the `poncire commun' variety have smaller leaves than
those of other varieties.

The top note of the essential oil of citrons is used as
fragrant agent in cosmetics, food products and
liquors.3±5 Several studies have been performed on the
chemical composition of the peel oil of citrons,
although the literature data are not easily comparable
because the extraction conditions were quite di�erent
(cold-pressure, solvent extraction, steam distillation):

. Oils of variety `diamante' from Calabria exhibited
limonene (55±61%) and g-terpinene (23±27%) as the
main components, whatever the extraction mode.9±11

. The composition of the oils of varieties `rugosa' and
`peretti' exhibited a content of limonene (60±62%)
similar to variety `diamante', but di�ered by a lower
amount of g-terpinene (11±12%) and by the presence
of b-pinene (14±15%).10
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. In one oil of the variety `corsican' extracted with
petroleum ether,5 limonene (59%) and g-terpinene
(7%) were the major components. In one other
sample obtained by direct sampling in the oil gland,
limonene (51%) was associated with geranial and
neral (13% and 7%).4,5

. The limonene/geranial/neral composition was also
observed in the oil of the variety `muliensis' from
China.12

. In the oils of the variety `sarcodactylis', four
compositions may be distinguished: (a) limonene/
g-terpinene3,6 (48±56%/23±32%); (b) limonene/
D-3-carene3 (70%/15%); (c) limonene/p-cymene3

(48%/34%); and (d) neral/geranial/limonene13

(22%/19%/11%).
. One oil of the variety `common ethrog' exhibited a

high proportion of limonene (81%),7,8 while one oil
of the variety `yenemite ethrog' was characterized by
the limonene/g-terpinene composition (53%/14%).8

Only one study of leaf oil has been described and
concerned the `ethrog' variety.7,8 Nevertheless, the
sample was obtained from leaves preserved in
alcohol before water distillation. Limonene (37.9%),
geranial (8.2%), geraniol (6.2%), neral (5.1%), nerol
(4.8%) and (E)-caryophyllene (4.8%) were the major
components.

The aim of our work was to study the chemical
variability of some varieties of the citron family. The
citron trees are cultivated at the Station de Recherches
Agronomiques (SRA) of the INRA-CIRAD in
San Ghjulianu (Corsica, France) and therefore are
submitted to the same pedoclimatic and cultural
conditions. We will compare the chemical composition
of peel oils on the one hand and of leaf oils on the
other hand, in order to consider a potential utilization
of these oils. All samples were investigated by GC
and by 13C-NMR spectroscopy, without puri®cation of
the components, following a methodology ®rst reported
by FormaÂ cek and Kubecska14 and developed in our
laboratory,15 and well suited for chemical variability
studies.16,17 Some samples were also analysed by
GC±MS.

Experimental

Plant Material

All trees were grown in the germplasm collection
orchard of the SRA in San Ghjulianu (latitude
428170N, longitude 98320E, mediterranean climate,
average rainfall 840 mm per year and temperature
15.28C, soil derived from alluvial deposits and classi®ed
as fersiallitic, pH range 5.0±5.6). The trees were in good
vigor, disease-free and without visible insect infestation.

For each cultivar, about 500 g of leaves were collected
in September 1996, while about 30 fruits were collected
at the ripeness stage (November 1996). Leaves and
fruits were collected revolving about the tree.

We analysed the leaf oil of six varieties: `corsican'
(synonym: `de Corse'); `diamante' (synonyms: `cala-
brese', `cedro liscio', `liscia di diamante'); `poncire
commun'; `rhobs-el-arsa'; `sarcodactylis' (synonym:
`digiteÂ ', `®ngered', `Buddha's ®ngers'); and `ethrog'
(synonym: `etrog') and conversely, only ®ve peel oils
because the citron trees of the variety `poncire commun'
do not produce fruits in the climatic conditions of San
Ghjulianu.

All peel and leaf essential oils were investigated by
GC and by 13C-NMR spectroscopy. Several samples
were also investigated by GC±MS (Tables 1 and 2).

Peel Extraction

The peel of fresh fruits was cold-pressed and then the
essential oil was separated from the crude extract by
centrifugation (10 min at 15,000 rpm).

Hydrodistillation

Fresh leaves (500 g) were subjected to hydrodistillation
for 3 h using a Clevenger-type apparatus. Yields ranged
between 0.09% and 0.27%.

Analytical GC

GC analysis was carried out using a Perkin-Elmer
Autosystem and previously reported experimental
parameters, (BP-1, polydimethylsiloxane and BP-20,
polyethylene glycol columns).18

GC±MS

GC±MS analysis was performed: (a) on a Perkin-Elmer
quadrupole MS system (model 910) coupled with
the above gas chromatograph (BP-1 column);18 (b) on
a Hewlett-Packard Type 5890 (OPTIMA 1 column,
polydimethylsiloxane).19

13C-NMR

All 13C-NMR spectra were recorded on a Bruker AC
200 FT spectrometer as reported previously20 (10 mm
probe, 200 mg of the oil in 2 ml CDCl3 , 3000 scans
accumulated for each sample).
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Identification of Components

Identi®cation of the individual components of samples
was based: (a) on comparison of their GC retention
indices (RI) on apolar and polar columns, determined
relative to the retention time of a series of n-alkanes
with linear interpolation, with those of authentic
compounds; (b) on computer matching with mass
spectral libraries (NIST or WILEY) and comparison
with spectra of authentic samples or literature data;21±23

and (c) on comparison of the resonances in the
13C-NMR spectrum of the mixture with those of the
reference spectra compiled in our spectral library with
the help of laboratory produced software.15

Results and Discussion

All trees were submitted to the same pedo-
climatic and cultural conditions and extraction con-
ditions were identical for all samples. Therefore, the
in¯uence of environmental and technical parameters
on the chemical composition of essential oils was
avoided.

Peel Oils

The chemical composition of the ®ve samples are
presented in Table 1. The 36 components identi®ed

Table 1. Chemical composition of peel essential oils of citrons

Constituents RI
(BP-20)

RI
(BP-1)

E S C D R

a-Thujene* 1021 922 0.8 0.7 0.6 ± ±
a-Pinene* 1021 930 2.0 1.9 1.7 0.1 0.3
b-Pinene 1109 971 2.1 1.8 1.7 0.2 0.1
Sabinene 1119 964 0.4 0.3 0.3 0.1 0.1
Myrcene 1157 978 1.5 1.6 1.4 1.3 1.5
a-Phellandrene 1162 997 0.1 0.1 0.1 tr ±
a-Terpinene 1179 1009 0.5 0.5 0.5 ± ±
Limonene 1199 1021 46.9 51.9 51.9 70.4 93.6
(Z)-b-Ocimene 1228 1024 0.6 0.4 0.9 0.3 ±
g-Terpinene 1241 1048 30.7 31.3 26.2 tr 0.1
(E)-b-Ocimene 1245 1035 0.8 0.5 1.2 0.5 0.2
p-Cymene 1267 1012 0.3 0.5 0.2 ± ±
Terpinolene 1278 1078 1.3 1.3 1.1 tr tr
6-Methylhept-5-en-2-one 1332 942 ± ± ± ± 0.2
allo-Ocimene 1367 1116 tr tr tr ± ±
cis-Limonene-1,2-epoxide 1443 1120 ± ± tr ± tr
trans-Sabinene hydrate 1458 1053 0.1 tr 0.1 ± ±
Citronellal 1473 1130 0.2 0.2 0.1 0.1 0.1
Linalol 1539 1082 0.3 0.2 0.3 0.3 0.2
trans-a-Bergamotene 1580 1432 0.4 0.2 0.4 0.4 0.3
(E)-Caryophyllene 1588 1420 0.2 0.1 0.2 0.2 0.1
Terpinen-4-ol 1595 1162 0.1 tr tr 0.1 tr
(E)-b-Farnesene 1654 1448 ± ± ± ± tr
Citronellyl acetate 1657 1332 tr 0.1 tr tr 0.1
Neral 1674 1213 2.8 1.3 2.8 7.6 0.4
a-Terpineol 1688 1172 0.3 0.2 0.3 0.1 tr
Germacrene-D 1704 1480 tr 0.4 0.1 tr ±
b-Bisabolene 1721 1500 0.6 0.1 0.6 0.7 0.6
Neryl acetate 1724 1340 0.3 ± 0.7 0.7 ±
Geranial* 1730 1242 5.4 2.6 5.3 14.4 0.8
a-Bisabolene* 1730 1496 0.1 tr ± 0.1 0.1
Geranyl acetate 1748 1358 0.7 0.2 0.8 0.9 0.2
Nerol 1790 1207 0.1 0.2 ± 0.2 tr
Geraniol 1837 1232 0.1 0.2 ± 0.2 tr
trans-Nerolidol 2031 1547 ± ± ± ± tr
a-Bisabolol 2217 1674 tr tr ± tr tr

Monoterpene hydrocarbons 88.0 92.8 87.8 72.9 95.9
Oxygenated monoterpenes 10.4 5.2 10.4 24.6 1.8
Sesquiterpene hydrocarbons 1.3 0.8 1.3 1.4 1.1
Oxygenated sesquiterpenes tr tr ± tr tr
Others ± ± ± ± 0.2
Total identi®ed 99.7 98.8 99.5 98.9 99.0

tr: 40.05%.
Varieties: `ethrog' (E), `sarcodactylis' (S), `corsican' (C), `diamante' (D), `rhobs-el-arsa' (R).
Order of elution and percentages of individual components are given on BP-20 column, except for compounds with an asterisk (percentages given on BP-1
column).
All compounds were identi®ed by GC±RI on polar and apolar column. Components of C and R varieties were also identi®ed by GC±MS. Bold letters
indicate components identi®ed by 13C-NMR.
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accounted for 98.8±99.7% of the total oil. Oil compo-
sitions di�ered only quantitatively. The major com-
ponent was always limonene (46.9±93.6%), associated
with g-terpinene (tr±31.3%), geranial (0.8±14.4%) and
neral (0.4±7.6%).

The ®ve samples could be subdivided into three
groups:

. The composition of the `rhobs-el-arsa' oil exhibited a
high amount of limonene (93.6%) and the contents

of all other components were very low (41.5%),
geranial and neral particularly, which accounted for
0.8% and 0.4% respectively.

. The `diamante' oil also exhibited a high content
of limonene (70.4%) and was also characterized by
the presence of geranial and neral in appreciable
proportions (14.4 and 7.6%, respectively). The
composition of our `diamante' oil di�ered from that
of Calabria, which exhibited very low contents of
geranial and neral.9±11

Table 2. Chemical composition of leaf essential oils of citrons

Constituents RI
(BP-20)

RI
(BP-1)

E S C D R P

a-Thujene* 1021 922 tr tr ± tr tr tr
a-Pinene* 1021 930 0.2 0.3 0.2 0.2 0.2 0.2
b-Pinene 1109 971 0.1 0.1 ± tr 0.2 0.1
Sabinene 1119 964 0.6 1.2 0.4 0.3 0.5 0.6
D-3-Carene 1145 1005 tr tr ± ± 0.6 tr
Myrcene 1157 978 1.0 1.3 1.1 1.2 0.9 1.1
Limonene 1199 1021 27.8 38.7 37.3 43.2 37.4 33.1
1,8-Cineole 1208 1021 1.0 1.7 0.9 0.7 0.4 0.4
(Z)-b-Ocimene 1228 1024 0.4 0.7 0.4 0.3 0.5 0.4
g-Terpinene 1241 1048 0.5 0.4 0.1 0.1 ± 0.1
(E)-b-Ocimene 1245 1035 0.6 1.1 0.7 0.5 6.5 0.6
p-Cymene 1267 1012 0.1 0.1 tr ± ± tr
Terpinolene 1278 1078 tr 0.1 tr tr 0.1 tr
Octanal 1285 978 tr ± ± 0.2 ± 0.1
6-Methylhept-5-en-2-one 1332 942 6.7 3.8 5.0 4.9 1.9 2.8
Nonanal 1388 1082 0.2 0.4 0.1 0.4 tr 0.7
cis-Limonene-1,2-epoxide 1443 1120 ± tr tr ± ± ±
trans-Limonene-1,2-epoxide 1453 1122 tr ± tr ± ± tr
Citronellal 1473 1130 1.5 2.1 0.6 0.8 0.8 1.1
Decanal 1492 1183 tr 0.1 tr 0.3 ± 0.2
Linalool 1539 1082 1.6 1.1 1.5 1.3 1.2 1.6
Octanol 1551 1051 tr tr ± 0.1 ± 0.1
(E)-Caryophyllene 1588 1420 0.1 0.2 0.1 0.1 0.1 0.2
Terpinen-4-ol 1595 1162 0.2 0.3 0.1 0.1 0.1 0.2
Undecanal 1598 1288 tr 0.1 tr 0.1 ± 0.3
(E)-b-Farnesene 1654 1448 tr ± tr ± ± ±
Citronellyl acetate 1657 1332 tr tr tr tr 0.1 0.1
Neral 1674 1213 14.8 14.0 13.6 11.9 14.3 16.3
a-Terpineol 1688 1172 0.7 1.0 0.5 0.4 0.2 0.4
Dodecanal 1708 1389 tr ± ± ± ± tr
b-Bisabolene 1721 1500 tr ± tr 0.1 0.1 tr
Neryl acetate 1724 1340 0.6 0.2 0.9 0.5 1.1 1.0
Geranial* 1730 1242 21.3 20.1 19.4 17.0 20.0 23.4
Piperitone* 1730 1232 0.1 ± tr tr 0.1 0.1
Geranyl acetate 1748 1358 2.4 0.3 1.7 1.1 3.0 1.4
Citronellol 1756 1207 1.4 1.1 0.7 0.7 1.2 1.2
Nerol 1790 1207 7.3 4.2 6.0 5.7 2.1 5.5
Geraniol 1837 1232 6.8 3.8 6.6 6.0 2.5 5.0
Caryophyllene oxide 1974 1574 tr ± 0.1 tr 0.1 tr
(E)-Nerolidol 2031 1547 tr ± ± tr 0.2 0.2
a-Bisabolol 2217 1674 ± ± ± tr 0.1 tr
Geranic acid 2340 1358 tr ± tr ± ± tr

Monoterpene hydrocarbons 31.3 44.0 40.2 45.8 46.9 36.2
Oxygenated monoterpenes 59.7 49.9 52.5 46.2 47.1 57.7
Sesquiterpene hydrocarbons 0.1 0.2 0.1 0.2 0.2 0.2
Oxygenated sesquiterpenes ± ± 0.1 ± 0.4 0.2
Others 6.9 4.4 5.1 5.8 1.9 4.1
Total identi®ed 98.0 98.5 98.0 98.0 96.5 98.4

tr: 40.05%.
Varieties: `ethrog' (E), `sarcodactylis' (S), `corsican' (C), `diamante' (D), `rhobs-el-arsa' (R), `poncire commun' (P).
Order of elution and percentages of individual components are given on BP-20 column, except for compounds with an asterisk (percentages given on BP-1
column).
All compounds were identi®ed by GC±RI on polar and apolar column. Components of S, C, D, R and P varieties were also identi®ed by GC±MS. Bold
letters indicate components identi®ed by 13C-NMR.
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. The oils of the `corsican', `sarcodactylis' and `ethrog'
varieties belonged to the limonene/g-terpinene
chemotype (46.9±51.9% and 26.2±31.3%), while
contents of geranial and neral ranged from 1.3 to
5.4%. Our `corsican' citron oil has a similar compo-
sition with that reported by Huet.4,5 Nevertheless, a
more detailed composition is presented in this study.
Conversely, the composition of our oil from `ethrog'
citron exhibited a higher content of g-terpinene
than those from Israel7,8 and Italy.10 The oil of our
`sarcodactylis' cultivar was similar with those from
Japan6 and one sample from Vietnam3 but di�ered
from those of China3,13 and one other sample from
Vietnam.3

Leaf Oils

The composition of oils of the six varieties are reported
in the Table 2. The total of 42 components identi®ed
accounted for 96.5±98.5% of the oil. Although
limonene was the major component (27.8±43.2%), the
oxygenated fraction was preponderant in all samples
and ranged from 49.4% to 66.6% of the oil. It was
essentially constituted by oxygenated acyclic mono-
terpenes, geranial (17.0±23.4%), neral (11.9±16.3%),
geraniol (2.5±6.8%), nerol (2.1±7.3%) and their
acetates (0.3±3.0% and 0.2±1.1%, respectively), citron-
ellal (0.6±2.1%), citronellol (0.7±1.4%) and linalool
(1.1±1.6%). The nor-monoterpenic 6-methylhept-5-en-
2-one was present in an appreciable amount (1.9±
6.7%). The proportions of 1,8-cineole, myrcene,
sabinene, (Z)-b-ocimene, a-terpineol and nonanal were
very low (41.7% for each).

The six leaf oils belonged to the limonene/geranial/
neral chemotype and exhibited only slight quantitative
di�erences. The oil of `rhobs-el-arsa' citron exhibited a
higher content of (E)-b-ocimene (6.5% vs. 0.5±1.1%)
and lower contents of nerol and geraniol. The oils of the
®ve other varieties could only be di�erentiated by their
relative ratios of limonene and geranial/neral, respect-
ively lower and slightly higher for the varieties `ethrog'
and `poncire commun'.

Only the variety `ethrog' has been described in the
literature.7,8 Comparison with our sample is di�cult
because the oil was obtained by hydrodistillation after
maceration of leaves in alcohol.8 Indeed, we observed
quantitative variations, especially for the oxygenated
acyclic monoterpenes such as geranial and neral,
whose contents are three-fold lower than those of our
sample.

According to our results, the composition of
peel oils, which are subdivided in three well di�er-
entiated groups, limonene, limonene/g-terpinene and
limonene/geranial/neral, can provide information on
the infraspeci®c di�erentiation of citrons. However, the

limonene and limonene/g-terpinene chemotypes are
found for most peel oils of Citrus: bitter orange
(C. aurantium L.),24,25 sweet orange (C. sinensis (L.)
Obs.),24,26 grapefruit (C. paradisi Macf.),24,27 mandarin
(C. reticulata Blanco),24,28 lemon (C. limon (L.) Burm)29

and lime (C. aurantifolia (Chrism.) Swing.).30,31

Conversely, all leaf oils of citrons analysed in this
study exhibited a limonene/geranial/neral composition
which di�ered from that of most other Citrus leaf oils:
(a) linalool/linalyl acetate in bitter orange oil;32 (b)
sabinene and sabinene/linalool in sweet orange oil32,33

and grapefruit oil,27 (c) methyl N-methylanthranilate
(alone or associated with g-terpinene), linalool/thymol
and linalool/sabinene in mandarin oil.32,33 The compo-
sitions of lemon and lime oils were qualitatively similar
to that of citrons (limonene/neral/geranial chemotype)
but di�ered quantitatively.34,35
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