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Abstract 

The essential oil of the leaves from Piper amalago L. (Piperaceae) obtained through hydrodistillation 
was analyzed by gas chromatography and gas chromatography-mass spectroscopy (GC/MS). The 
antibacterial and antifungal activities of the volatile oil was evaluated by the broth microdilution 
technique and was tested against Gram positive (Staphylococcus aureus and Enterococcus faecalis) and 
Gram negative (Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae) bacteria, and the 
yeast Candida albicans. Altogether 38 compounds (90.16%) were identified in the sample and the major 

constituents found were -phellandrene (20.42%), spathulenol (10.34%), bicyclogermacrene (8.50%) and 

-pinene (7.29%). The essential oil howed a moderate antibacterial effect against S. aureus and E. 
faecalis (MIC 100-200 µg/mL). Additionally, E. coli was the Gram negative strain resulting be most 
susceptible (MIC 50-200 µg/mL), since the oil had little ability to inhibit the growth of P. aeruginosa and 
K. pneumoniae (MIC > 1000 µg/mL). A weak antifungal efect was showed against C. albicans. These 
results suggest that the P. amalago essential oil may be used as antimicrobial agent in biotechnological 
processes employed in food, pharmaceutical and other industries. According to the literature 
consulted, this is the first report on the antimicrobial activity of the essential oil of P. amalago from 
Ecuador. 
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Introduction 

The acuteness in the prevalence of infectious 
diseases produced by antimicrobial resistant 
pathogens [1,2] together with the accelerated 
increase of antibiotic resistance genes into the 
environment in recent years [3-7], are a huge 
challenge for medical and environmental sciences 
worldwide.  

 
Since ancient time a large portion of the world`s 

population, depending directly on traditional 
medicine for the cure of numerous infectious 
diseases [8]. In this context, is estimated that about 
26% plants species are used to treat infections 
caused by bacteria, viruses, fungi and parasites out 
of 3118 medicinal plants reported in Ecuador [9]. The 
plants play an important role in providing an endless 
treasure of antimicrobial biomolecules [10-12]. 

 
Piper is the nomenclatural type of the family 

Piperaceae considered to be among the most 
antique families of global distribution flowering 
plants [13,14]. This genus is composed of about 1000 
species [14] growing in tropical and subtropical 
regions of both hemispheres [15,16], where have 
commercial and economical importance since they 
are popularly used for centuries as dietary spices 
and remedies in folklore medicine [15,17,18]. In 
Ecuador, Piper is a representative genus of the 
family Piperaceae [19] being one of the most 
prominent for its numerous applications in rural 
daily life, with important reports of medicinal uses 
registered to cure several diseases [9]. 

 
Numerous scientific reviews on ethnomedical 

uses, phytochemistry and biological activities on 
species of the genus Piper have been published [20-
26]. Phytochemical investigations of Piper species 
revealed the presence of a secondary metabolites 
set that belong to different chemical types: 
alkaloids, amides, aristolactams, arylpropanoids, 
aldehydes, ketones, volatile oils, chalcones, 
flavones, lignans, neolignans, long and short chain 
esters, phenylpropanoids, monoterpenes, 
sesquiterpenes, among others [15,27-35], that have 
been isolated from the seeds, leaves, and/or stem 
bark. Extracts and pure compounds obtained from 
many Piper plants have been examined through 

mainly in vitro studies and showed a wide variety of 
biological properties, many of which were based on 
their ethnomedical use [15,16,36-46]. 

 
Piper amalago L. has been extensively used in folk 

medicine as antipyretic [47], vermifuge [48], diuretic 
and against renal stones [49] as well as in several 
conditions, including stomachache [47,50], 
headache, chest pain [47], menstrual pain [51], 
toothache [52] for treatment of snakebites [53], skin 
inflammations such as rashes, sores and burns 
[47,54,55]. Furthermore, is used as a “blood tonic” 
[56], to prevent miscarriage and alleviate female 
disorders during pregnancy and postpartum [47,50]. 

 
Pharmacological researches points out that 

extracts, fractions and/or compounds isolated of P. 
amalago have different biological properties such as 
anti‐inflammatory [57], healing [55], leishmanicidal 
[58,59], schistosomicidal [59] diuretic and 
antilithiasic [60], anxiolytic [61], antioxidant [62] 
antinociceptive and antihyperalgesic [63]. 

 
Essential oils are one of the major chemical 

constituents of Piper species [49,34], but their yield 
and composition can vary significantly depending on 
species and collection conditions [34,64]. A number 
of investigations has showed the volatile 
components of leaves from P. amalago, which 
monoterpenes and sesquiterpenes are predominant 
compounds [35, 49,65,67-71,]. Mezquita et al. [65] 
showed as the main compounds elemene (36.5%), E-
caryophyllene (17.80%), bicyclogermacrene (16.4%) 
and germacrene D (10.9%), caryophyllene oxide (18.0 
%) and α-pinene (9.30%). In a study developed by 
Potzernheim et al. [66] the occurrence of α-pinene 
(30.5%), camphene (8.9%) limonene (6.8%) and 
borneol (5.7%) were reported in the highest 
concentrations. In 2010, the main compounds 
determined in the essential oil of P. amalago by 
Morandim et al. [67] were bicyclogermacrene 
(27.91%), spathulenol (19.22%), germacrene D 

(9.94%), α-cadinol (7.6%) and -muurolene (7.27%), in 
the same year Ferraz et al. [68] revealed  limonene 
(20.52%), α-pinene (5.23%), zingiberene (11.18%), δ-
elemene (6.82%), and β-caryophyllene (4.69%) and 
da Carrara et al. [69] found β-copaen-4-α-ol (26%), 7-
epi-α-eudesmol (21.84%), epi-α-cadinol (12.70%), and 
n-hexyl-benzoate (12.29%). da Silva Mota et al. [49], 
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pointed out α-amorphene (25.7 %), p-cymene (9.4 
%) and (E)-methyl geranate (7.8 %) as the major 
constituents. In 2016, on the one hand, Santos et al. 
[70] indicated the presence of β-phellandrene 
(13.64%), E-nerolidol (8.08%), α-muurulene (7.85%), δ-
elemene (6.42%), germacrene D-4-ol (5.54%), β-
cedrene (5.15%), and α-cadinol (4.96%) and on the 
other hand, Vas et al. in their study carried out with 
P. amalago from four different locations showed 
qualitative and quantitative differences. They found 
β-phellandrene (12.3-39.3%) in all oils, α-pinene (6.7-
14.8%) and bicyclogermacrene (15.0-20.8%) in three 
oils, sabinene (6.3-8.2%) and spathulenol (5,6-9,1%) in 
two oils, and germacrene D (11.7%), myrcene (6.8%), 
γ-muurolene (5.9%) in one oil [71]. Finally, in a recent 
work, was revealed a total of 322 compounds with 
the predominance of bicyclogermacrene (12.95%), 
limonene (6.15%), α pinene (3.73%) and δ‐cadinene 
(3.90%) [35].    

 
Several pharmacological properties have been 

investigated in the volatile oil of leaves from P. 
amalago collected in Brazil, such as antifungal [69] 
antibacterial [70,71] and antilithiasic [35]. However, 
no scientific investigation has yet been undertaken 
to examine the essential oil chemical composition 
and antibacterial activity of P. amalago in the 
Ecuador. Taking into account the exploration of new 
alternatives for antimicrobial potentials based on 
essential oils, this study was conducted to evaluate 
the oil chemical constituents from leaves of P. 
amalago and their biological activity against six 
microbial species including Gram positive and Gram 
negative bacteria, as well as a yeast strain, which are 
representative for commonly involved 
microorganisms in human infections. According to 
our understanding, this is the first report on the 
composition and antimicrobial activity of essential 
oil from P. amalago from Ecuador. 

 

Methods 

Collection and identification of plant material: 
 
Leaves of P. amalago were harvested in 

September 2015, at the area of Provincia Guayas, 
cantón Santa Elena, cordillera Chogón Colonche of 
the commune Olón, Ecuador at 375 m above sea 
level. The botanical identification was carried out by 

MSc. Xavier Cornejo and a voucher specimen was 
deposited in the GUAY Herbarium, Faculty of 
Natural Science, University of Guayaquil, Ecuador, 
under code number Cornejo 2863. 
 

Extraction of the essential oil: 
 
To obtain the essential oil from P. amalago, fresh 

botanical material (300 g) was cut into small pieces 
and submitted to hydrodistillation in a Clevenger-
type apparatus for 4 h.  The oil obtained was 
collected, dried over anhydrous sodium sulfate and 
stored in an amber glass vial at 4°C prior to testing 
and analysis. The calculated yield was 0.2% (v/w), 
based on fresh plant material. 
 

Chemical composition of the essential oil: 
 
The essential oil was analyzed by GC-MS using an 

Agilent gas chromatography (model 6890N series) 
coupled to a mass spectrometer-detector (model 
Agilent series 5973 inert). A non-polar column DB-
5MS 5% phenyl-methylpolyxilosane glycol (Agilent 

122-5532) 30 m x 0.25 mm, thickness 0.25 m film 
was used. The source temperature was 200°C and 
the quadrupole temperature 200°C. Helium was 
used as a carrier gas at 0.7 mL/min. The ionization 
energy was 70 eV, and the scan range 30-350 amu at 
3.9 scan/s. Essential oil was diluted (1:100) in 
dichloromethane. The injected volume was 1.0 µL. A 
automatic injector (series 7673) was used with a 
split ratio of 1:50. The initial oven temperature was 
programed at 50°C; this was then raised to 230°C at 
3°C/min, and the final temperature maintained for 
66 min. The injector and detector temperatures 
were 230°C and 250°C, respectively.  

GC-FID analysis was performed on an Agilent 
chromatograph (model 6890N series) equipped 
with flame ionization detector. The same capillary 
column and analytical parameters as those used in 
the GC-MS measurement was also used in the GC-
FID analysis.  

 
The retention indices were determined based on 

the retention times of a mixture of the homologous 
series of n-alkanes, from C9 to C23, which were 
injected after the oils under the same conditions. 
The essential oil components were identified by 
comparison of their respective mass spectra with 
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reference spectra and their retention indices with 
those authentic compounds or data in the literature 
[72,73]. The quantitative data were obtained 
electronically from FID area percentage without the 
use of correction factor. 

 
Microbial strains and preparation of cultures: 
 
Six microorganisms tested for their susceptibility 

to the essential oil were either from the American 
Type Culture Collection (ATCC) provided by the 
Research Laboratory of the Faculty of Health 
Sciences of the National University of Chimborazo. 
The assay included Gram positive bacteria 
Staphylococcus aureus ATCC 25923 and Enterococcus 
faecalis ATCC 29212, Gram negative bacteria 
Escherichia coli ATCC 25922, Pseudomonas aeruginosa 
ATCC 27853 and Klebsiella pneumoniae ATCC 700603 
and the yeast Candida albicans ATCC 10231. The 
bacterial cultures were developed in nutrient broth 
(NB) except for E. faecalis that was grown in brain-
heart infusion (BHI), and the yeast was cultured in 
sabouraud dextrose broth (SDB) at 37°C for 24 h in 
orbital agitation. All media were purchased from 
Oxoid. 
 

Determination of antimicrobial activity: 
 
The minimum inhibitory concentration (MIC), 

minimum bactericidal concentration (MBC) and 
minimum fungicidal concentration (MFC) of the 
essential oil were determined against each microbial 
strain in triplicate, by means of the broth 
microdilution method in 96-well plates [74]. The 
concentrated solution of the oil was prepared in 
DMSO at 50 mg/mL, and dilutions were made in 
culture medium (NB or BHI in the case of bacteria 
and SBD for yeast) at twice the initial concentration 
required, from which serial dilutions were made 
descending down the microtiter plate columns. The 
concentrations ranged between 50 and 3200 μg/mL. 
After the preparation of an inoculum for each 
microorganism, 100 µL was added to each well 
where the initial microbial density was 
approximately 1-5 × 105 CFU/mL. Microbial Cell 
treated with DMSO, at the maximum concentration 
used in the samples, served as negative control to 
ensure that the solvent had no adverse effect on 
bacterial growth. The respective growth media of 

each microorganism were also included to ensure 
the support of microbial growth. After incubation 
for 24 h at 37°C in orbital shaking, the cell growth 
was monitored in a microplate reader (Biotek) at 
550 nm and aliquots (100 μL) from all wells without 
visible growth were subcultured on nutritive, brain-
heart infusion and sabouraud agar plates. After 
overnight incubation colony counts (viable cells) 
were performed in order to establish the MIC as the 
lowest concentration of the oil at which there was 
not growth and MBC or MFC as the lowest 
concentration of the oil that produced ≥ 99.9% 
killing of the initial inoculum. 

 

Results 

Chemical composition of the essential oil: 
 
The quantitative and qualitative analysis of 

essential oil from P. amalago performed by GC and 
GG-MS is summarized in table 1. The results show 
that 38 compounds representing 90.16% of the total 
content were identified in the leaf volatile oil. In this 
investigation the chemical analysis of the leaf 
essential oil revealed the presence of the major 

constituent -phellandrene (20.42%), followed by 
spathulenol (10.34%), bicyclogermacrene (8.50%), 

and -pinene (7.29%).  
 
Antimicrobial activity: 
 
The MIC, MBC and MFC results of leaf essential oil 

from P. amalago against Gram positive 
(Staphylococcus aureus and Enterococcus faecalis) 
and Gram negative (Escherichia coli, Pseudomonas 
aeruginosa and Klebsiella pneumoniae) bacteria, and 
the yeast Candida albicans by using the microdilution 
technique are presented in Table 2. As 
demonstrated, the essential oil exhibited variable 
degrees of bacterial and fungal growth inhibition. 
The results indicate that the oil presented a 
moderate activity against S. aureus and E. faecalis for 
which the MIC ranged from 100 to 200 µg/mL with 
MBC of 400 μg/mL. The susceptibility of the Gram 
negative bacterial strains to oil compounds was 
different, a good inhibitory activity was observed 
against to E. coli since displayed a MIC from 50 to 
100 µg/mL with MBC value of 200 µg/mL; the oil 
resulted inactive against P. aeruginosa and K. 
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pneumoniae (MIC > 1000 μg/mL). On the other 
hand, in the antifungal test, P. amalago oil presented 
weak activity against the yeast C. albicans which 
presented a MIC of 800 to 1600 μg/mL and a MFC of 
1600 μg/mL. Some researchers consider that if the  

 

Discussion 
The monoterpene hydrocarbons, sesquiterpene 

hydrocarbons and oxygenated sesquiterpenes were 
the most abundant chemical fractions, in 33.34%, 
27.37% and 27.31%, respectively. Previous study on 
chemical analysis of essential oil obtained from the 
leaves of this plant also reported the predominance 
of monoterpene hydrocarbons [35,66,68], 
sesquiterpene hydrocarbons [35,49,65,67-70,] and 
oxygenated sesquiterpenes [35,49,65,66,67,70].  

 
On the basis of percentages of main compounds, 

was showed a difference between the chemical 
composition of P. amalago from the Ecuador and 
that reported in Brazilian species [35,49,65-71]. The 
percentage of β-phellandrene (20.42%) found was 
greater than that described for leaf oil from P. 
amalago (13.64%) collected in the Curitiba [70]. On 
the other hand, Perigo et al. [71] in the chemical 
analysis of the essential oil of P. amalago from four 
locations of Atlantic rainforest in Brazil reported 
higher percentages (39.3 and 33.1%) in two oils and 
lower percentages (15.9 and 12.3%) in the other oils.  

 
Other major constituents identified in the present 

study as spathulenol, bicyclogermacrene and α-
pinene have also been reported for P. amalago 
collected in different regions of Brazil. Spathulenol, 
have been found in lower quantity (10.34%) than the 
found in the leaf oil from this specie harvested at 
the Campus of the University of São Paulo (19.22%)  
[67]. Also, in the present investigation, 
bicyclogermacrene was found in a lower percentage 
(8.50%) to those reported for P. amalago collected in 
the state of Minas Gerais (16.4%) [65], at the Campus 
of the University of São Paulo (27.91%) [67] and at 
Dourados-MS (12.95%) [35]. Finally, α-pinene 
presents in this study in 7.29%, has been identified at 
higher percentages in oils of this plant from the 
locations: state of Minas Gerais (9.30%) [65], Federal 
District (30.5%) [66]; and at lower percentages at 
the Morro Reuter, Picada Café and Sao Francisco de 
Paula (5.23%) [68] and in Dourados-MS (3.73%) [35]. 

Different main compounds have been reported in 
essential oils of P. amalago collected in Paraná [69] 
and at Dourados-MS [49].  

 
The variations in the yield and chemical 

composition of the essential oils are attributed to 
numerous factors like geographic variation, 
environmental and agronomic conditions, 
phenological stage of plants, genetic characteristics, 
harvest time, and the post collection processing and 
extraction techniques employed [34,64,76-80]. 

 
The differences in the level of susceptibility that 

bacteria show to essential oil can be mainly due to 
their specific morphology (bacterial cell wall 
structure, capsule formation). Numerous reviews 
indicate that Gram positive bacteria are more 
susceptible to essential oils than Gram negative 
ones. The cell wall structure of Gram positive 
bacteria allows hydrophobic molecules to 
accumulate in the wall or pass to the interior of the 
cell to act as antimicrobials. The presence of the 
outer membrane composed of polysaccharides and 
lipopolysaccharides in the Gram negative bacteria 
may prevent that essential oils active compounds, 
generally hydrophobic, reach the cytoplasmic 
membrane, which makes them more resistant to 
their action [81-83]. There is no general rule with 
respect to sensitivity: the literature reports many 
conflicting studies showing that some Gram 
negative strains are more sensitive than some Gram 
positive ones to certain essential oils [71,84,85]. 

 
The biological activities reported of essential oils 

of Piper can be due to wide variety of active 
compounds belonging to the chemical classes of 
monoterpenes, sesquiterpenes and 
phenylpropanoids [86]. The good or moderate 
inhibitory activity of the oil on growth of some 
microorganisms, could probably be attributable to 
β-Phellandrene, spathulenol and/or 
bicyclogermacrene, which were characterized as 
dominant constituents in the present study. The 
magnitude of the essential oils biological effects 
could be dependent of synergistic functions 
between the major components, it has been 
observed that the effect in the combination of 
substances is greater than the sum of the individual 
effects [87], even, some studies have shown that 
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the action of the whole essential oil is higher than 
that of the major components used together, for 
what is possible that the activity of the these is 
modulated by other minor molecules [88]. 

 
Little has been reported on the antimicrobial 

activity of P. amalago essential oil and the studies 
have been carried out in agar diffusion tests on filter 
paper discs impregnated with volatile oil against 
microbial strains. Thus, the work of Santos et al. [70] 
on the essential oil obtained by hydrodistillation 
from the leaves of P. amalago grown in Curitiba, 
Brazil, exhibited bacterial activity against S. aureus, 
P. aeruginosa, E. faecalis, E. coli and Salmonella 
typhymurium. Similarly, researchers Perigo et al. [71] 
indicated that the essential oils of P. amalago from 
Adamantina and Mococa promoted significant levels 
of E. coli growth inhibition, moreover, S. aureus was 
susceptible to all oils, but those of Adamantina and 
Mococa locations in lower proportions. It is 
significant to highlight that β-phellandrene was 
identified as main compound (12.3 – 39.3%) in both 
works. On the other hand, in a study done by da 
Carrara et al. [69], the essential oil obtained of P. 
amalago from Paraná, Brazil, showed antifungal 
activity against nine Candida strains, but the 
chemical composition of this differ from the present 
work. The method used to test the antimicrobial 
activity of plants as well as the constitution and the 
number of volatile compounds presents in the oil of 
a plant species may significantly influence the 
observed levels of microbial growth inhibition, in 
addition to factors such as seasonality, variability 
the plant material, and others. Each compound may 
present a different mechanism to control the 
microorganisms, which involves a series of chemical 
reactions in the bacterial cell [82,89]. 

 
To the best of our knowledge this is the first 

report on the chemical composition of essential oil 
of P. amalago grown in the Ecuador. 
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Table 1. Chemical composition of Piper amalago L. essential oil. 

 

N° Compoundsa RT % Area KIb KIc 

1 -Pinene 6.03 7.29 932 933 
3 Sabinene 7.43   0.31 969 976 
4 β-Pinene 7.57   0.62 980 980 
5 β-Myrcene 8.17   2.25 991 1007 
6 - Phellandrene 8.75   0.3 1002 1002 
7 delta-3-Carene 8.81  0.38 1008 1003 
8 p-Cymene 9.56   1.77 1020 1021 
9 -Phellandrene 9.86  20.42 1025 1027 
10 Linalool L 13.02   0.70 1095 1101 
11 Cryptone  16.77   1.44 1183 1184 
12 -Cubebene 23.72   0.24 1345 1340 
13 -Copaene 24.88  0.21 1374 1367 
14 β–Bourbonene 25.19 0.19 1387 1374 
15 -Cubebene 25.45 0.22 1387 1380 
16 β- Elemene 25.56   0.66 1389 1383 
17 trans-Caryophyllene 26.66   1.73 1417 1409 
18 Beta-copaene 27.12   0.90 1432 1420 
19 Aromadendrene 27.42   0.26 1439 1427 
20 -Humulene 28.13   0.19 1452 1445 
21 -Amorphene 29.04   0.40 1483 1467 
22 Germacrene-D 29.21   0.83 1484 1471 
23 Bicyclogermacrene 29.86   8.50 1500 1487 
24 Alfa-muurolene 30.04   1.34 1500 1491 
25 -cadinene 30.56   1.15 1513 1504 
26 delta-cadinene 30.75 5.60 1523 1509 
27 alfa-Cadinene 30.85   3.96 1533 1512 
28 Cis-Calamenene 30.95   0.99 1528 1514 
29 Trans- Nerolidol 32.77   0.45 1564 1561 
30 Spathulenol    33.13  10.34 1577 1570 
31 Veridiflorol 33.37   0.82 1592 1576 
32 Guaiol  34.25   0.23 1598 1585 
33 1,10-di-epi-cubenol 34.75 1.33 1619 1612 
34 1-epi-cubenol 34.97 1.32 1628 1618 
35 -epi-Cadinol 35.58   1.98 1638 1635 
36 Epi-alfa-Muurolol 35,67  2.30 1640 1637 
37 Cubenol  35.79   3.05 1646 1641 
38 t-Muurolol 36.13   5.49 1646 1650 

Total identified (%)                                                                   90.16 
Monoterpenes                                                                          33.34             
Oxygenated monoterpenes                                                   0.7                
Sesquiterpenes                                                                        27.37                  
Oxygenated sesquiterpenes                                               27.31             
Oxygenated Cyclohexene                                                      1.44         

aCompounds listed in sequence of elution from a DB-5 MS column; RT: retention time; bKI: Kovats retention indices 
calculated; cKI: Kovats retention indices from literature [72,73] 
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Table 2. Antimicrobial activity of Piper amalago L. essential oil. 

Microorganism 
Essential oil (µg/mL) 

MIC MBC/ MFC 

Gram positive bacteria 

S. aureus ATCC 6538P 100-200 400 

E. faecalis ATCC 29212 100-200 400 

Gram negative bacteria 

E. coli ATCC 25922 50-100 200 
P. aeruginosa ATCC 27853 1600-3200 3200 
K. pneumoniae ATCC700603 1600-3200 3200 

Yeast 

Candida albicans ATCC10231 800-1600 1600 

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; MFC: Minimum fungicidal concentration; 
ATCC: American type culture collection 

 

 

 

 

 

 

 

 

 

 

 

 

 


