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Abstract 
 Several Citrus species are cultivated in Táchira, an Andean State of 
Venezuela. Fresh fruits are sold as such, or processed to produce juice, marmalade, 
sauce and as additive in children’s food. The purpose of this work was to determine 
and compare the composition of the essential oils from the pericarp of Citrus paradisi 
(red and white varieties), C. grandis, C. limon and C. reticulata. Fruits were collected at 
plantations around San Joaquín de Navay (Táchira State) at harvest time (October-
December 2000). The main component of the essential oil of all species (and 
varieties), except Citrus grandis, was limonene. In Citrus grandis the main 
constituent was linalool (50.31%). Some chemical markers were detected and 
quantified. In Citrus paradisi (red and white) octanal (3.58% and 2.22%) as well as 
octyl formate (0.78% and 0.95%) were detected. Citrus grandis contained δδδδ-3-carene 
(2.37%). In contrast, Citrus limon contained αααα-thujene (0.56%), αααα-terpinene (0.54%) 
and 1-isopropyl-2-methoxy-4-methyl-bencene(2.28%). The biological activity against 
Escherichia coli, Staphylococcus aureus and Pseudomonas was determined. These 
results are a contribution to normalise quality control criteria of the industrial 
essential oil production in Táchira State, Venezuela. 
 
INTRODUCTION 
 Production areas of Citrus paradisi (red and white varieties), C. grandis, C. limon, 
C. reticulata, C. aurantium and C. aurantium amara in Venezuela are located in the 
North Central States (Aragua, Miranda, and Yaracuy) as well as in the Western States of 
Mérida and Táchira. Venezuela exports 9,600 tons of Citrus fruits annually. Fruits for 
industrial production of juice, marmalades and children�s food preparations are processed 
in situ, but essential oils are not extracted or commercialised. Studies have been 
performed concerning composition and antimicrobial activity of Citrus essential oil (Pino, 
1999, Gazea, 1998, Garg and Banerjee, 1997, Lawrence, 1992, 1994). The aim of this 
study was to compare the composition of the oil from seven species of Venezuelan Citrus 
species and to evaluate their anti-microbial properties. 
 
MATERIALS AND METHODS 
 The fruits, object of this study, were collected in November and December at 
Rubio and San Joaquín de Navay in Táchira State. The essential oils were extracted from 
the pericarp of the ripe fruits by hydro-distillation using a Clevenger apparatus. The oils 
were analysed on a Hewlett Packard 5973 GC-MS system fitted with a HP-5MS capillary 
column (30m X 0.25 mm X 0.25 µm). The temperature program used was the following: 
initial temperature 60o C followed by a temperature increase of 4o C/min to a final 
temperature of 260o C. The identification of the oil components was established using a 
Wiley MS Data Library. 
 The biological activity was determined on Escherichia coli, Staphylococcus 
aureus, and Pseudomonas spp. using a modified technique of Bawer, Kirby, Sherris, and 
Turk (Janssen et al., 1987). Paper discs impregnated with 20 µL of essential oil were 
tested on agar plates inoculated with the already mentioned microorganisms (107 u.f.c.). 
Anti-microbial activity was evaluated by measuring the diameter of inhibition zones. 
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RESULTS AND DISCUSSION 
 
Composition of Essential Oil 
 The results of the analyses of the seven species of Citrus are presented in Table 1. 
Limonene is the most abundant component in six oils, ranging from 75.73 % in C. limon 
to 93.36 % in C. paradisi (white variety). The oil of C. grandis is the only one in which 
linalool is the most abundant constituent (50.31 %) and the oil was found to contain only 
34.95% of limonene. The minor constituents permit a complete characterisation of the 
oils. C. paradisi (red and white varieties) and C. aurantium contain n-octanal (3.58 %, 
2.22 %, and 3.59 %) and n-octyl formate (0.78 %, 0.95 %, and 0.78 %). Only in the oil of 
C. grandis is δ-3-carene (2.17 %) present. Neral (1.23 %) and geranial (1.52 %) are only 
present in the oil of C. aurantium, while in the oil of C. limon α-thujene (0.56 %), α-
pinene (0.54 %), 1-isopropyl-2-methoxy-4-methyl-benzene (2.28 %) were identified. 
Therefore an exact determination of the source species seems to be possible on the base of 
essential oil composition. 
 
Anti-microbial Activity 
 Essential oils of six Citrus species presented activity only against Staphylococcus 
aureus, but none against Escherichia coli or Pseudomonas spp. The inhibitory activity of 
the oils upon S. aureus is greatest for C. grandis oil, which showed an inhibition zone 60 
mm in diameter (Table 2).  
 Mazzanti et al. (1998) found that linalool inactivates E. coli, S. aureus, and 
Pseudomonas spp., but that limonene acted only against S. aureus. Since limonene and 
linalool are the main constituents of the seven oils studied, a significant activity on the 
three assayed micro-organisms was expected, but it turned out that the oils were only 
active against S. aureus. 
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Tables 
 
 
Table 1. Composition of the essential oil of seven Venezuelan Citrus species 
 

Compound  RT 
(min) 

C. 
paradisi 
red var. 

C. 
paradisi 

white var. 

C. 
grandis 

C. 
limon 

C. 
reticulata 

C. 
aurantium 

C. 
aurantium 

amara 
α-thujene 4.78 --- ---- ---- 0.56 ---- ---- ---- 
α-pinene 4.93 0.68 ---- 0.76 2.04 0.92 0.41 0.64 
sabinene 5.75 ---- 0.66 ---- 4.77 ---- ---- 0.52 
β-pinene 5.84 ---- ---- 2.00 1.16 ---- ---- 3.25 
β-myrcene 6.16 1.84 1.80 0.86 2.17 1.37 1.48 1.74 
n-octanal 6.46 3.58 2.22 ---- ---- ---- 3.59 ---- 
p-cimene 7.02 ---- ---- 1.14 1.46 ---- ---- ---- 
limonene 7.20 90.53 93.36 34.95 75.73 80.81 86.82 90.04 
trans-β-ocimene 7.63 ---- ---- ---- ---- ---- ---- 0.94 
δ-terpinene 7.95 ---- ---- 5.70 9.19 4.50 ---- ---- 
n-octyl formate 8.29 0.78 0.95 ---- ---- ---- 0.78 ---- 
linalool oxide 8.40 0.87 ---- ---- ---- ---- ---- ---- 
α-terpinene 8.86 ---- ---- ---- 0.64 ---- ---- ---- 
linalool 9.16 1.07 1.00 50.31 ---- 11.33 2.53 2.87 
α-terpineole 12.02 0.66 ---- 2.10 ---- 1.06 1.64 ---- 
1-isopropyl-2-
methoxy-4-
methyl-bencene 

13.43 ---- ---- ---- 2.28 ---- ---- ---- 

neral 13.62 ---- ---- ---- ---- ---- 1.23 ---- 
δ-3-carene 14.06 ---- ---- 2.17 ---- ---- ---- ---- 
geranial 14.57 ---- ---- ---- ---- ---- 1.53 ---- 

 
 
 
 
 
 
Table 2. Anti-microbial activity of the oils of six Venezuelan Citrus species measured by 

the diameter of the inhibition zone 
 
Origin of essential oil Diameter of the inhibition zone (mm) 

 E. coli S. aureus Pseudomonas 

C. grandis (red var.) ---- 60 ---- 

C. paradisi ---- 54 ---- 

C. reticulata ---- 37 ---- 

C. limon ---- 21 ---- 

C. paradise (white var.) ---- 19 ---- 

C. aurantium amara ---- 17 ---- 
 


