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Abstract 

The essential oil composition from fruit peels of C. limon grown in Zulia 
State (Venezuela), is reported. A total of 51 constituents were identified and quan- 
tified by HRGC and GC-MS, using an interna1 standard and response factor. The 
major prominent constituent was limonene (65,65%) and the main aldehydes 
were geranial(1,43%) and neral(0,87%). 
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Resumen 

La composición del aceite esencial del limón francés (Citrus limon) cultivado 
en el Estado Zulia (Venezuela) se presenta en este trabajo. Un total de 51 
constituyentes fueron identificados y cuantificados por HRGC y GC-MS, empleando 
un estándard interno y factores de respuesta. El compuesto más abundante fue el 
monoterpeno limoneno (65,65%) y los principales aldehídos fueron ger:uiial (1,43%) 
y nera1(0,87%). 
Palabras claves: Citrus limon, aceite esencial, HRGC, GC-MS. 

Introduction 

Essential oils are vegetable prod- mainly in secretory cavities scatterec. 
ucts whose constituents are basically throughout the parenchymatous tis- 
a complex mixture of terpenic hydro- sues and sometimes in scattered resin- 
carbons and oxygenated derivatives cells of leaves, petals, pericarps (fruif; 
such as like aldehydes, alcohols and peels), and petioles (leaf stalks) o:: 
esters (8). These are accumulated many species. Particularly rich iri 
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these oils are the families Lameaceae, 
Lauraceae, Myrtaceae and Rutaceae. 
The most familiar members of this last 
taxonomic group are the so called cit- 
rus fruits: lemon, lime, orange, man- 
darin, grape-fruit and bergamot; 
among other species belonging to Cit- 
rus genus. Such citrus fruits offer a 
wide explotation due to the commer- 
cial value of the juice from their fruits 
which has a desirable flavor and con- 
tains a high percentage of vitamin C 
(3). It is also important, the essential 
oil extracted from their  leaves 
(petit-grain oil) (13) and specially that 
one obtained from the fruit peels. 

The oil extracted from the fruit 
peels is used as aromatic flavor in 
sweet and alcoholic beverages, baker- 
ies and confectionery. In pharmaceu- 
tical products, the oil is used to mask 
disagreeable taste of many medica- 
ments; and in perfumery, is a constitu- 
ent of several international famous fra- 
grances (10). 

Aldehydes are the class of sub- 
stances which mainly contribute to the 
total content of oxygenated compounds, 
in particular, neral and geranial (in 
the past called "citral") and their con- 
tent has become an important pararn- 
eter to establish the price of the oil and 

to represent a reference of qua1it-y (6). 
The differences in composition of 

diverse citrus essential oils are rather 
of quantitative order than qualitstive 
order. However, some of them have 
certain distinctive compounds. In fact, 
the multiple components of thc! oils 
from each specie depend on its own 
genetic program, though the composi- 
tion can be influenced by several envi- 
ronmental and physiological factors 
such as : tissues age (maturity:, cli- 
matic season, soil type, storage condi- 
tions and extraction method (9). 

In Venezuela the cultivation of C. 
limon lacks of commercial importante 
(1) but in sub-tropical countriei: this 
specie is grown intensively and it is 
the raw material for one of the most 
appreciated essential oil in the u.orld. 

The composition of volatile frac- 
tion of lemon essential oil has been 
studied in detail by European and 
American investigators (2, 5, 10, 12, 
13, 14, 16). Information about essen- 
tia1 oils extracted in tropical couritries 
has not been found. In this paper is 
reported the characterization and 
quantification of Venezuelan lemon 
essential oil using an internal standard 
and response factors by two anaJytica1 
methods: HRGC and GC-MS. 

Materials and methods 

Plant Material. The fruits em- 
ployed in this work were collected from 
lemon trees grown a t  a commercial 
orchard in Baralt Municipality, Zulia 
State, Venezuela. 

The essential oil was extracted 
from fruit peels by cold-pressing, a 
simple technique recommended for 

this material (9, 11). 
HRGC analyses. The ERGC 

analyses were performed on a Varian 
Vista 64 System, mod. 6000; equipped 
with a flame-ionization detector (FID), 
a 60m x 0,32 mm i.d. capillary fused 
silica cross-linked 5% phenylrr.ethy1 
silicone column (DB5, J&W) and a cap- 
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illary system fitted with a split line 
that allows the gas flow to be splitted 
1:40. The carrier gas was helium a t  a 
pressure of 26 psi. The oven tempera- 
ture was 90°C for 3 min, then rose 1°Cl 
min to 126°C continuing with 15"C/ 
min to 200°C and then 20°C/min to a 
final temperature of 250°C for 5 min. 
The oil sample analyzed consisted in 
20% solution in methylene chloride 
with 4% n-nonane added as interna1 
standard (std.). The injection volume 
used was 0,8 p1. The oil constituents 
were identified by comparing their re- 
tention times with standards. Detec- 
tor response factors (RFs) were deter- 
mined for key components relative to 
n-nonane and assigned to other com- 
ponents on the basis of functional 
group andlor structural similarity. For 
RFs determination several solutions 
consisting of three or four standards, 
plus n-nonane, were prepared in order 
to prevent interference from trace im- 
purities. 

Standards substances of essentiid 
oil components were obtained froin 
Sigma Chemical Co., (USA) and  
Aldrich Co., (USA) and were more 
than 95% pure. 

GC-MS analyses. The GC-MS 
analyses were carried ou t  on a 
Finnigan Mat t  Magnum Systein 
equipped with a Varian bPodel3400 GC 
and a 60 m version of fiised capillaiy 
column described above. The initiiil 
oven temperature was held at 85°C for 
7 min., then programmed at  7"CImin 
to 220°C, and held there for 30 min. 
Injection port and ionizing source wei-e 
kept a t  275°C and the transfer line wzis 
kept a t  280°C. Mass units were moni- 
tored from 20 to 350 a t  70 eV. 

The statistical quantificaticn 
analyses were completed during an  
average of six GC runs. A percent rel.3- 
tive standard deviation (% RSD) below 
5% was obtained for al1 constituents 
except for 5 very small components 
which had a higher % RSD. 

RRsults and discussion 

The GC analyses of the essential 
lemon oil revealed a total of 51 con- 
stituents: 28 mono- and sesquiterpene 
hydrocarbons, 8 aldehydes, 10 alcohols, 
3 esters, 1 ketone, and 1 oxide. 

Al1 compounds listed in table 1 
were confirmed by GC-MS analyses of 
the oil. The papers cited appoint dif- 
ferences in composition according to 
region, extraction process and season. 
Nevertheless, such differences are not 
significant and such papers do not 
present statistical analyses of mean or 
variance. In fact, the constituents and 
levels detected in this work are very 

similar to them . 
As can be seen, limonene was tlie 

major component (65,65%). Arnong the 
other monoterpene hydrocarbons, 
there was a high proportion of b-pinelie 
(11,0%) and y-terpinene (9,01%). Oxy- 
genated compounds were found ..n 
arnounts of 3.79%. Aldehydes were tlie 
most abundant constituents of this 
oxygenated fraction (2,70%) specially 
the quality indicators: geranial(l,43%) 
and neral (0,87 %) whose levels were 
very similar to Itaiian, Californian arid 
Uruguayan lemon essential oils (2, 4, 
5). On the other hand, alcohols were 
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Table 1. Quantitative data for Venezuelan lemon peel essential oil. 

No.* Compound % wlw % RSD RF Ci ted 

Monoterpenes: 
-- -- -- . 

a-thujene 
a-pinene 
Carnphene 
Sabinene 
b-pinene 
myrcene 
a- hellandrene 
d-g-carene 
a-terpinene 

cymene E: irnonene 
Trans-b-ocymene 

terpinene 
%erpmoiene 
Sub-total: 

~ ~ - -- 

Aldehydes: 
- - . -- p. - - - - - . . - 

7 Octanal 
20 Nonanal 
22 Citronellal 
26 Decanal 
29 Neral 
32 Geranial 
33 Undecanal 
36,37 Dodecanddecyl acetate 

Sub-total: 
- -  -- 

Alcohol~: 
- p~ 

3, E;, 6, 7 
3, El, 6, 7 
3, E;, G, 7 
3, E;, 6, 7 
3, Ei, 6, 7 
3, Ei, 6, 7 
3, Ei, 6, 7 
3, Ei, 6, 7 
3, Ei, 6, 7 
3, 5, 7 
3, li, 6, 7 
3, ti, 7 
3, ti, 6, 7 
3, ti, 6, 7 

, , 
18,19 ~h-~alool/c~s-sabinene 

hydrate 0.16 3.93 1.271 - 3, !j, 6, 7 
23 Borneo1 0.01 1.94 1.3 3, '7 
24 Terpinen-4-01 0.06 0.99 1.5 3,5, 6, 7 
25 a-terpineol 0.17 2.73 1.77 3,5, 6, 7 
27,28 CitroneiioVnerol 0.04 7.81 1.33/1.1 3,.i,6,7 
3 1  Geranio1 0.03 6.55 1.05 3. 5. 6. 7 , , , 

Sub-total: 0.52 
~ --p. . -- ~p~ - 

Ketone and Oxide: 
-- ~ - - - -- - ~ 

2 1  Camphor 0.01 1.97 
30 Pi eritone 0.01 

3, 7 

su%-total: 0.01 
3, 7 

-- ~- ----. . ~. ~ 

Esters: 
-- - -~ ~- -- . -- --- - 

34 neryl acetate 0.35 0.41 1.4 3,ti,6,7 
eranyl acetate 

35 g 0.22 0.35 1.4 3,fi,6,7 
ub-total: 0.57 
~.-  -- -- -- ~ 

*Peak numbers refer to figure 1. 
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Table 1. Quantitative data for Venezuelan lemon peel essential oil. 
Continuación. 

-- -~ -- - ~ -- -~ - 

No.* Compound % w/w % RSD RF Citecl 
-- -- - -- - 

Sesquiterpenes: 
-- ~ -- - -- ~- -- -- -- -- 
38 cis-a-bergamotene 0.05 10.1 3 
39 P-caryophyllene 0.25 1.28 1.13 3,5,6,7 
40 trans-a-bergarnotene 0.41 1.12 3, 5, Ci, 7 
41 trans-p-farnesene 0.04 0.16 3, 13 
42 a-humulene 0.02 6.51 0.96 3,5,8,7 
43,44 -santalene /cis- 1- farnesene 0.08 3.81 3,5,6, 7 
45 valencene 0.03 4.09 3,5, y.5 

ermacrene B 4: f 0.11 5.08 6 
-bisabolene 0.40 1.69 3, 5, 6, 7 

49 a elemene 0.03 0.94 6 
3-dimethyl-3-(4-methyl- 

3-penteny1)-2-norbornanol 0.03 2.15 
50 campherenol 0.03 3.11 

396 

51 a-bisabolol 0.09 4.20 
3,6 
3,5, t; 

Sub-total: 1.57 
Total: 96.32 

~- -- - --  . - ~ - ~ 

*Peak numbers refer to figure 1. 

represented in 0,53%, esters in 0,566 
and just a little percentage of artifacts 
was found (0,01%). A typical gas chro- 
matogram of Venezuela lemon essen- 
tia1 oil is shown in figure 1. 

Some investigators have used the 
RFs assigned on the basis of structural 
similarities when the standard was 
not available (2, 17). This approach 
used with the FID detector has very 
accurate and reproducible results. 
However, some variation in RFs can 
be observed with capillary work de- 
pending on the injector, liner and col- 
umn types. The changes can be de- 
tected by periodic checking of RFs for 

a few key compounds with a standard 
L, re- solution. Only Chamblee et al. (") 

ported the use of RFs and interna1 
standard. Shaw (16) has argued con- 
vincingly for the adoption of these ap- 
proaches in essential oil analyse:g due 
to it was found that the most acciirate 
GC analyses are obtained by iising 
both: an interna1 standard and re- 
sponse factors. 

Also it was confirmed the effi- 
ciency of bonded J&W DB-5 thick film 
fused silica capillary column used in 
previous works (2) on which a good 
overall separation of lemon oil wzis ob- 
tained. 
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Figure 1. Capillary GC separation of Venezuelan lemon essenti,d oil. 
Experimental conditions: capillary column 60 m x 0.32 mm 
i.d. coated with DB-5, carrier gas He at 26 psi, ca'lumn 
temperature 90 "C (3 min) to 126 "C at 1 "Clmin to 200 "C. at 15 
"Cimin, to 250 "C (5 min) at 20 "Cimin, injecltion mode, split, 
detector FID. 
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