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ABSTRACT 
In this study, the essential oils extracted from the peels of Citrus aurantifolia, Citrus limon and Citrus sinensis 
were chemically characterized and quantified. These essential oils and their standards limonene, citral and li- 
monene + citral were evaluated (at concentrations ranging from 500 to 3.91 mL·mL−1) regarding their anti-try- 
panosome, antifungal and antibacterial activities. The chemical identification and quantification (by GC/FID 
and GC/MS) displayed the limonene as the major component of the three essential oils. It did not verified anti- 
trypanosome activity for all treatments. Regarding antimicrobial activity, the results were satisfactory against 
Gram-negative bacteria (Staphylococcus aureus, Listeria. monocytogenes and Salmonella cholerasuis) and funghi 
(Aspergillus niger, A. flavus and A. carbonarius), except for the bacterium Pseudomonas aeruginosa, which 
showed no inhibition for any treatment used. 
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1. Introduction 
Human civilization has been using plants with thera- 
peutic properties for centuries and these natural products 
nowadays have been used in the development of new 
drugs in the Pharmaceutical area. Among the compounds 
used to produce these drugs, the secondary metabolites 
have been raised as one of the most important molecules. 
In this context, we highlight the essential oils, which are 
mixtures of several volatile compounds being insoluble 
in water, soluble in organic solvents and showing great 
therapeutic importance [1]. 

In recent decades, the antimicrobials of traditional 
plants have received great attention due to the resistance 
to commercial antibiotics developed by some microor- 
ganism [2,3]. An alternative to reduce the microorganism 
growth is using essential oils with antifungal and anti- 

bacterial properties [4-7]. It has been reported that the 
antimicrobial properties of essential oils are due to hy- 
drophobic characteristic of the chemical constituents of 
their composition [8]. The lipophilicity of the essential 
oil allows interaction among their constituents with lipids 
in the cell membrane, affecting the cell permeability and 
causing changes in cell structure [9]. 

Despite recent advances in antimicrobial chemother- 
apy, the treatment of parasitic diseases has remained as a 
public health problem highlighting the Chagas disease 
[10]. This disease is caused by the protozoan parasite 
Trypanosoma cruzi, causing approximately 50,000 deaths 
per year [11]. In recent years, the use of essential oils has 
acquired great importance for the treatment of parasitic 
diseases [12,13]. 

The development of new effective drugs against para- 
sitic disease (i.e. Chagas disease) has been aimed for 
several researchers, because most of the synthetic com- *Corresponding author. 
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pounds used to treat these parasitic diseases produce tox- 
icity and side effects for the patients. Moreover, there has 
been a need to find more effective compounds with anti- 
microbial effect to reduce the contamination and deteri- 
oration of food. 

Thus, in this study we aimed to characterize and che- 
mically quantify the essential oils extracted from the 
peels of lime (Citrus aurantifolia), limon (Citrus limon) 
and orange (Citrus sinensis), as well as to evaluate, with 
standards limonene, citral and limonene + citral, the anti- 
trypanosome, antifungal and antibacterial activities. 

2. Material and Methods 
2.1. Collect of the Vegetal Material and  

Extraction of the Essential Oil 
The vegetal materials, lime (C. aurantifolia), lemon (C. 
limon) and orange (C. sinensis), were collected on a rural 
area of Lavras city in the morning during the months of 
March and April 2012, at coordinates 21˚26'27 south and 
44˚39'27 west, with an altitude of 1049 meters. 

The extraction process of the essential oils was per- 
formed at Laboratory of Organic Chemistry of the De- 
partment of Chemistry at Federal University of Lavras. 
The method used was the hydrodistillation, using a mod- 
ified Clevenger device [14]. Extractions were perform- 
ed in triplicate for a period of 2 hours and their yields 
have been calculated on moisture free basis. Moisture 
was performed using the technique described by [4], us- 
ing the Dean Stark type glass collector. The humidity 
was calculated considering the water content in 100 g of 
sample. 

2.2. Chemical Identification and Quantification 
of the Essential Oils 

The quantitative analysis and the identification of con- 
stituents of the essential oils were performed at the De- 
partment of Chemistry at Federal University of Sergipe. 
The quantitative analyses of the reaction mixture were 
performed in a gas chromatography equipped with a 
flame ionization detector (Shimadzu GC-17A), under the 
following operational conditions: fused silica capillary 
column ZB-5MS (5% dimethylpolysiloxane) with 30 m × 
0.25 mm i.d. × 0.25 μm of film, using He as gas carrier 
with flow of 1.2 mL·min−1. The temperature was kept at 
50˚C for 2 minutes, and later increased 4˚C min−1, up to 
reaching 200˚C. After that, increased 15˚C min−1, up to 
reaching 300˚C, keeping this temperature steady for 15 
minutes; the temperature of the injector was 250˚C and 
the temperature of the detector (or interface), 280˚C. It 
was injected a volume of 0.5 µL of the reaction mixture 
dissolved in ethyl acetate. The qualitative analysis of the 
reaction mixture was performed in gas chromatography 
coupled to a mass spectrometry CG-EM (Shimadzu, 

model QP 5050A), equipped with fused silica capillary 
column (J&W Scientific; 5%-phenyl-95%-dimethyl- 
polysiloxane) 30 m × 0.25 mm i.d., 0.25 μm of film, us- 
ing He as gas carrier, with flow of 1.2 mL·min−1. The 
chromatographic conditions of the analysis were the 
same used for CG-DIC. The conditions of the EM were 
detector of ionic capture operating by electronic impact 
and impact energy of 70 eV; scan rate 1.000; interval of 
decomposition of 0.50 fragments/s and detected frag- 
ments in the stripe from 40 to 500 Da. For the identifica- 
tion of the constituents, it was also used the comparison 
of their retention indexes with the ones of the literature 
[15]. For the retention index, the equation of Van den 
Dool and Kratz (1963) was used in relation to a homolo- 
gous series of n-alkanes (nC9-nC18). Two libraries 
NIST107 and NIST21 were also used, which allowed 
comparison of the spectra database with the ones in the 
libraries. 

2.3. Evaluation of the Anti-Trypanosome in  
Vitro Activity 

First, confirm that you have the correct template for your 
paper size. This template has been tailored for output on 
the custom paper size (21 cm × 28.5 cm). Evaluation of 
the anti-trypanosome activity of the essential oils, citral 
and limonene standards and their mixture (limonene + 
citral) were performed at the Instituto Carlos Chagas/ 
Fiocruz, Curitiba, Paraná. Three-day-old culture epimas- 
tigote forms of Trypanosoma cruzi strain Dm28c were 
used in all experiments. The parasites were kept at 28˚C 
in LIT (liver Infusion Tryptose) medium supplemented 
with 10% fetal calf serum.  

The essential oils were initially dissolved in dimethyl 
sulphoxide (DMSO) at a concentration of 100 mg·mL−1. 
This solution was then dissolved in culture medium to 
obtain a stock solution at 1 mg·mL−1. Under this condi- 
tion, the DMSO was diluted at 0.01%, a concentration 
that is not toxic for the protozoa. Both solutions were 
stored at −20˚C. The stock solution was then diluted at 
different concentrations for the experiments (500; 250; 
125; 62.5; 31.25; 15.63; 7.81; 3.91 µg·mL−1) in 20 μL of 
LIT medium in each well of 96-wells plates. After dilu- 
tion, it was added 180 μL of culture medium with epi- 
mastigote per well, at a concentration of 1 × 107 parasites 
mL−1. In control wells were added 200 μL of culture me- 
dium with parasites, but without treatment. The plates 
were incubated for 24 hours at 28˚C. 

After incubation, 50 μL of MTT (3-(4,5-methyl-thia- 
zol-2-yl)-2,5-diphenyltetrazolium bromide) solubilized at 
10 mg·mL−1 in PBS (phosphate buffered saline, pH 7.2) 
was added to all wells. The plate was wrapped in alumi- 
num foil and incubated for 3 hours at 28˚C [16]. After 
this second incubation, 50 μL of paraformaldehyde (4%) 
in PBS pH 7.2 were added and the plate was centrifuged 
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at 1700 rpm for 10 minutes. The medium was removed 
by quickly inverting the plate and the parasites were re- 
suspended by gently tapping the plate. Twenty μL of 
SDS (sodium dodecyl sulfate, at 10% in 0.01 M HCl) 
were added and the plate was incubated at 37˚C for 1 
hour, or until lysis of all parasites. Subsequently, 80 μL 
of DMSO were added to all wells to solubilize the for- 
mazan crystals, by incubating the plate at 37˚C under 
shaking until complete solubilization of the crystals. The 
absorbance reading was performed at 550 nm in an 
ELISA reader. 

The percent cell death of epimastigotes (ECD) was de- 
termined by the equation %ECD = [100 (Ac-As)]/Ac], 
where ECD% is the percentage of epimastigote cell death, 
Ac is absorbance of control, and As is absorbance of the 
sample. 

2.4. Evaluation of Antibacterial and Antifungal 
Activities in Vitro 

Evaluations of antibacterial and antifungal activity of 
essential oils (from C. aurantifolia, C. limon and C. si- 
nensis), citral and limonene standards and their mixture 
(limonene + citral) were performed at the Laboratory for 
Mycotoxin and Mycology, Department of Science food, 
Federal University of Lavras. The microorganisms used 
were Pseudomonas aeruginosa ATCC 15442, Salmo- 
nella cholerasuis ATCC 6539, Listeria monocytogenes 
ATCC 19117, Staphylococcus aureus ATCC 13565, As- 
pergillus niger, Aspergillus flavus and Aspergillus car- 
bonarius. 

The bacteria sensibility against essential oils and their 
standards was determined using the agar diffusion test. 
After activation of the bacteria in BHI (Brain Heart Infu- 
sion) broth, aliquots of the medium were transferred to a 
tube containing 5 ml of tryptic soy broth (TSB). The 
tubes were incubated at 37˚C until reaching the turbidity 
of a McFarland standard solution of 0.5, resulting in a 
suspension containing 108 CFU mL−1. The turbidity read- 
ings were performed using a spectrophotometer (Shima- 
dzu UV-160 PC 1) at a wavelength of 625 nm, according 
to the standards imposed by the National Committee for 
Clinical Laboratory Standards [17]. 

The inoculum concentration obtained by the McFar- 
land standard solution was diluted in TSB to give a con- 
centration of 106 CFU mL−1. This inoculums was subse- 
quently transferred to a Mueller-Hinton agar, by pouring 
it over a thin layer of agar containing glass beads. After 
cooling the medium, the beads were removed with help 
of sterile tweezers, forming wells that were filled with 10 
μL of essential oils or their standards diluted in dime- 
thylsulfoxide (DMSO) at concentrations of 500, 250, 125, 
62.5, 31.25, 15.63, 7.81 and 3.91 mL·mL−1. 

As a positive control, 10 μL of chloramphenicol (1 
g·L−1) were placed in a well, while the same amount of 

dimethylsulfoxide (DMSO) was used as a negative con- 
trol. The plates were incubated at 37˚C for 24 hours and 
then the circumferences of the halos formed for each 
treatment were measured. The minimum inhibitory con- 
centration (MIC) was defined as the lowest concentration 
of the essential oil and standards where an inhibition halo 
was formed [18]. 

To evaluate the inhibitory effect on filamentous fungi, 
we used the disk diffusion test accepted by the US Food 
and Drug Administration (FDA) and established as stan- 
dard by the National Committee for Clinical Laboratory 
Standards [18]. A concentration of 106 spores mL−1 was 
used for the experiments, with countings in a Neubauer 
chamber. This inoculum was transferred to a plate con- 
taining malt extract agar (MEA), using the surface scat- 
tering technique. Filter paper disks of 6 mm in diameter 
were placed onto the culture medium and were embed- 
ded with 10 μL of essential oils or standards diluted in 
DMSO, at concentrations of 500, 250, 125, 62.5, 31.25, 
15.63, 7.81, and 3.91 μL·mL−1. As a positive control, 10 
μL of 2% hypochlorite (1 g·L−1) were deposited in a well, 
while the same amount of DMSO was used as a negative 
control. The plates were incubated in BOD at 25˚C for 72 
hours and then the minimum inhibitory concentration 
(MIC) was defined as the lowest concentration of essen- 
tial oil where the presence of an inhibition zone could be 
identified. 

2.5. Statistics Analysis 
For evaluation of the anti-trypanosome in vitro activity 
the experiments were arranged in a completely random- 
ized design (CRD) in factorial (6 × 8), 6 samples (3 es- 
sential oils, 2 standards and their mixture) and 8 concen- 
trations. Data were submitted to analysis of variance (3 
replicates) and quantitative variables with F significance 
were submitted to regression analysis. Statistical ana- 
lyzes were performed by using the Statistical Analysis 
System program of Variance for Balanced Data—Sisvar, 
according to Ferreira (2008) [19]. The IC50 (concentra- 
tion effective for 50% growth inhibition of epimastigote 
cells) was estimated by the regression equation analyzed 
using the software Origin 8. 

3. Results and Discussion 
3.1. Yield, Identification and Chemical  

Quantification of Essential Oil Oils 
The mean values of the essential oil (EO) content of lime, 
lemon and orange peels in moisture free basis were 2.2%, 
2.2% and 1.1%, respectively. The chemical constituents 
of the essential oils, as analyzed by gas chromatography 
coupled to mass spectrometry (GC/MS), are shown in 
Table 1, demonstrating a variety of constituents. These 
results are in agreement with those of Ladaniya (2008) 
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Table 1. Identification and quantification of peel essential oils from lime, lemon and orange. 

Compoud IR cal. IR lit. LI % LE% OR% 

Triciclene 922 926 2.24 2.35 4.16 

Sabinene 975 975 1.51 7.51 2.50 

β-pinene 975 979 6.82 - 6.67 

Myrcene 989 990 1.84 1.64 2.92 

Octanal 1006 998 - 0.78 1.69 

p-cymene 1026 1024 1.17 - - 

Limonene 1031 1029 52.11 52.62 76.00 

γ-terpinene 1060 1059 7.28 3.44 1.89 

Linalol 1103 1096 - 2.03 4.17 

Terpinen-4-ol 1184 1177 - 1.17 - 

α-terpineol 1199 1188 2.02 3.05 - 

Neral 1241 1238 4.41 5.47 - 

Geranial 1271 1267 6.73 7.89 - 

Neril acetate 1361 1361 3.14 2.03 - 

Geranil Acetate 1380 1381 1.16 1.64 - 

α-trans-bergamotene 1436 1434 2.22 - - 

β-bisabolene 1511 1505 4.26 - - 

Total (%)   96.91% 91.62% 100.00% 

IR cal.—Kovats index calculated (ADAMS, 2007); IR lit.—Retention index of literature; LI—Lime; LE—Lemon; OR—Orange. 
 
[20] that described the existence of more than 150 com- 
pounds in essential oils of the genus Citrus. It was ob- 
served in all essential oils that limonene was the major 
component, with the highest concentration in orange 
(76.0%), followed by lemon (52.6%) and lime (52.1%). 
The compound citral (isomeric mixture of geranial and 
neral) was also found in higher amounts in the essential 
oils of lemon (13.3%) followed by lime (11.1%). This 
compound has been found as the main component for the 
aroma and quality of citrus essential oils [20]. 

3.2. Anti-Trypanosome Activity in Vitro 
The variance analysis showed significant interaction (P < 
0.05) among the samples and concentrations. Viability 
varied significantly among the samples, but for each 
concentration it could be observed a dose-dependent ef- 
fect (Figure 1). Regression analysis showed that the IC50 
of the standard limonene was the lowest (308.0 mg·mL−1) 
followed by citral (323.0 mg·ml−1), the mixture (379.6 
mg·mL−1), the orange EO (560.8 mg·mL−1), the lime EO 
(584.5 mg·mL−1) and finally the lemon EO (618.5 
mg·mL−1). According to standards proposed by Mut- 
haura et al. (2007) [21], the trypanocidal activity found 
was absent, since an IC50 value less than 10 mg·mL−1 can 
be considered high activity, between 10 and 20 mg·mL−1 
can be considered moderate and between 20 and 100 
mg·mL−1 can be considered weak. The standards and 
their mixture presented similar IC50 values and a syner- 

gistic effect could not be observed between citral and 
limonene. However, the isolated constituents were more 
active than the essential oils. 

In accordance to our results, Santoro et al. (2007) [12] 
noted a dose-dependent effect when analyzing the activ- 
ity of the essential oils of clove, basil, yarrow and their 
major constituents (eugenol and linalool) against epimas- 
tigote form of T. cruzi. The authors also observed that the 
trypanocidal activity was weak, with IC50 of the five 
treatments varying from 99.5 to 246.0 mg·mL−1. In an- 
other work, Santoro et al. (2007) [13] found similar re- 
sults using the essential oil of Cymbopogon citratus and 
its major component citral, obtaining a dose-dependent 
effect. Some studies have shown that essential oils have 
effects against all three forms of T. cruzi and this is 
probably due to essential oil properties such as low den- 
sity and lipid solubility, which enable them to diffuse 
across cell membranes and break layers of polysaccha- 
rides, fatty acids and phospholipids, while also affecting 
some organelles and some cytoplasmic metabolic path- 
ways [2,13,8]. 

3.3. In Vitro Antimicrobial Activity 
Regarding antibacterial activity, as observed by the IMC, 
the treatments with citral, mixture of limonene + citral, 
and the essential oils of lime and lemon resulted in simi- 
lar satisfactory inhibitory effect against the bacteria S. 
aureus, L. monocytogenes and S. cholerasuis. However,  
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(a)                                            (b) 

 
(c)                                            (d) 

 
(e)                                            (f) 

Figure 1. Anti-trypanosome activity of three essential oils of the genus Citrus and the standards citral, limonene and the mix- 
ture (limonene + citral) on T. cruzi epimastigote forms. (a) Lime (b) Lemon (c) Orange (d) Limonene (e) Citral and (f) mix- 
ture (limonene + citral). Legend: ECD% = Percentage of epimastigotes cell death. 
 
the essential oil of lime showed no inhibition against the 
bacteria S. cholerasuis, while the standard limonene and 
the orange essential oil showed inhibition only for the 
bacterium S. aureus. Among all bacteria studied P. 
aeruginosa was the most resistant against the treatments, 
with no inhibitory activity. The negative control, the 
diluent DMSO, showed no interference in activity of 
essential oils and standards, without inhibition halo for- 
mation. As for the positive control, chloramphenicol (1 
g·L−1), there was inhibition halo formation, which was 
greater than the halos in the treatments tested (Table 2). 

Several studies have investigated the action of essen- 
tial oils on Gram-positive and Gram-negative bacteria, 
indicating that they are more active against Gram-posi- 
tive bacteria [5]. Accordingly, we found that Gram-posi- 
tive bacteria (S. aureus and L. monocytogenes) were 
more susceptible to treatment than Gram-negative bacte- 
ria. This could be explained because Gram-negative spe- 
cies have an outer membrane that provides a surface hy- 
drophilicity due to the presence of lipopolysaccharides, 
thus hindering the access of essential oils, which are 
mostly constituted of hydrophobic compounds [22]. 
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Table 2. Minimum inhibitory concentration of essential oils 
of lime, lemon, orange and the standards citral, limonene 
and limonene + citral against microorganisms S. aureus, L. 
monocytogenes, P. aeruginosa and S. cholerasuis. 

Bacterium 
IMC (µg·mL−1) 

LI LE OR C L C + L 

S.a. 7.81 7.81 NI 3.91 500 3.91 

L.m. 3.91 3.91 NI 3.91 NI 3.91 

P.a. NI NI NI NI NI NI 

S.c. NI 62.50 NI 15.62 NI 15.62 

Legend: NI = no inhibition; LI = Lime; LE = Lemon; OR = Orange; C = 
Citral; L = Limonene; S.a. = S. aureus; L.m. = L. monocytogenes; P.a. = P. 
aeruginosa; S.c. = S. cholerasuis. 
 

When analyzing the essential oil of the peels of Citrus 
limon, C. paradisi, C. bergamia, C. aurantium, C. sinen- 
sis and C. reticulata Kırbaslar et al. (2009) [23] found 
limonene as the major component. The authors evaluated 
the antimicrobial activity of these essential oils against 9 
bacteria and found a strong antibacterial activity, more 
prominent for the essential oil extracted from lemon 
peels. 

Table 3 shows the antifungal activity against three 
fungi, Aspergillus niger, A. flavus and A. carbonarius, 
using the disk diffusion method. It was observed through 
the IMCs that the essential oils of lemon, lime, orange, as 
well as limonene, citral and the mixture of limonene + 
citral had similar IMCs values. This might be due to the 
similar chemichal composition of these essential oils, 
which show high a concentration of limonene. 

Similarly to the results of antibacterial activity, we 
observed that for the antifungal activity there was no 
synergistic effect between the standards limonene and 
citral, since the effect did not increase with the combina- 
tion. Several studies have reported interactions among 
substances aiming to potentiate the desired effect (syner- 
gism) or decrease it (antagonism). According to Deba et 
al. (2008) [24] the antimicrobial activity of essential oils 
is probably due to the presence of a single compound, or 
synergism, or antagonism among several compounds. To 
verify the antimicrobial effect against the S. cerevisiae 
yeast, Belleti et al. (2010) [25] used a combination of the 
compounds citral, linalool and β-pinene. They found that 
the antimicrobial activity of these three terpenes in- 
creased when they were combined. 

4. Conclusions 
The major compound of essential oils from peels of three 
species of the genus Citrus was limonene, with 52.1% for 
lime essential oil, 52.6% for the lemon essential oil and 
76.0% for the orange essential oil. 

The essential oils of lime, lemon and orange, the limo- 
ne and citral standards, and standard mixture (limonene +  

Table 3. Minimum inhibitory concentration of essential oils 
of lime, lemon, orange and the standards citral, limonene 
and limonene + citral against microorganisms A. niger, A. 
flavus and A. carbonarius. 

Fungo 
IMC (µg·mL−1) 

LI LE OR C L C+L 

A.n. 62.5 62.5 500 3.91 500 3.91 

A.f. 500 500 250 62,5 62.5 62.5 

A.c. 62.5 125 500 3.91 500 3.91 

Legend: LI = Lime; LE = Lemon; OR = Orange; C = Citral; L = Limonene; 
A.n. = A. niger; A.f. = A. flavus; A.c. = A. carbonarius. 
 
citral) showed no trypanocidal activity. However, the 
antimicrobial activity against the bacteria S. aureus, L. 
monocytogenes and S. cholerasuis was satisfactory. 
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