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Abstract
Vegetal extracts are mixes of secondary metabolites that exhibit a broad spectrum of pharmacology
effects. The aim of this work was to identify the chemical constituents in ethanol extracts of eight plants
from Ecuador and to relate it with biological activities reported for those compounds. Extracts were
obtained from leaves of Coriandrum sativum, Cynara scolymus, Artemisia absinthium, Cnidoscolus
chayamansa, Melissa officinalis, Moringa oleifera, Bougainvillea spectabilis, and Lippia citrodora by
maceration with ethanol. Characterization of chemical composition was carried out by the technique of
gas chromatography-mass spectrometry. Study showed that Ecuadorian plants are source of essential
fatty acids and derivatives, benzenoids, and terpenoids such as phytosteroles and pentacyclic triterpenes.
According to literature, almost all of constituents identified in the eight Ecuadorian plants have shown
biological activity, such as antimicrobial and antitumor activities. This confirms that Ecuadorian plants
could be important resources of bioactive compounds for treatment of illnesses such as cancer.
Keywords: medicinal plants, bioactive constituents, phytosterols, vitamin E, phytol, fatty acids

1. Introduction
Even nowadays, many American communities use herbal medicine as the first response to
illness. Several studies have demonstrated that Ecuador has a megadiversity of plants, which
are used as wood, ornamental, food and especially traditional medicine [1-6]. Ethnobotanical
field studies aimed at a contribution to natural products research and/or the conservation of
cultural heritage [7-8]. In fact, medicinal plants are intensely studied in Andes region in which
Ecuadorian can include these plants in their quotidian and substitute the conventional
medicines [9]. In this study, the chemical compositions of eight Ecuadorian medicinal plants
belong to different botanical families were evaluated by gas chromatography/mass
spectrometry as a contribution of the chemotaxonomic knowledge for these species in the
region.
2. Materials and Methods
2.1 Sampling
Sample of plants were collected in natural ecosystems from Machala and Santa Rosa (province
of El Oro, relative humidity: 65-85 %, average temperature 26 °C), and Cuenca (province of
El Azuay, relative humidity: 82 %, average temperature 21 °C). Samples were identified by
botanical Jesús Inca as Coriandrum sativum L. [1753] (Apiaceae), Cynara scolymus L. [1753]
(Asteraceae), Artemisia absinthium L. [1753] (Asteraceae), Cnidoscolus chayamansa
McVaugh [1944] (Euphorbiaceae), Melissa officinalis L. [1753] (Lamiaceae), Moringa
oleifera Lam. [1783] (Moringaceae), Bougainvillea spectabilis Willd. [1799] (Nyctaginaceae),
and Lippia citrodora (Paláu) Kunth [1818] (Verbenaceae), which were processed without
previous storage. The species were selected according to their ethno-botanical uses and
bioactivity reported.
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2.2 Extracts
Leaf of each plant were separated from their other botanical parts, powdered and extracted
with ethanol (Puriss. p.a., Fluka Chemie, Seelze, Germany). In each case, solvent was
evaporated in a rotary evaporator Heidolph (~11 mbar, 40 °C), for obtaining crude extracts.
2.3 Chromatographic analyses
Solutions of 20-30 μL of each extracts dissolved in 1 mL of chloroform (99,0-99,4 % GC,
Sigma-Aldrich, St. Louis, MO, USA) were injected in an Thermo Scientific Trace 1300
chromatograph, with source of electronic impact ionization (70 eV) and an injector type Split
~ 10 ~
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(10:1) at 280 °C with auto-sampling. The apparatus was
equipped with a TG-5MS (Thermo Scientific) column of
30m×0.25mm DI×0.25mm of thickness). Initial temperature
in oven was 40 °C (during five minutes), with a ramp of 5
°C/min until 310 °C. Helium was used as eluent with a flux of
1 ml/min. A Triple Quadrupole TSQ 8000 Mass Spectrometer
was coupled to chromatograph, which was performed at EI of
70 eV, transference line at 280 °C and ion source at 220 °C;
scan was carried out from 50 to 500 m/z. Analyses were
performed by triplicate. Identification was based on the
comparison of obtained mass spectra with spectra stored in
the libraries NIST-2011 and WILEY (9 ed.) databases,
selecting the compounds with a confidence match upper to 90
%.

shown on Fig. 1 to 8, in which there are about three-ten peaks
with high intensity. Constituents identified in these plants are
summarized in Table 1. Results indicated the presence of
several types of secondary metabolites; especially those
belong to the terpenoids family, including steroids and
pentacyclic triterpenes. Other compounds were fatty acid and
their ester derivatives, benzenoids, and some volatile
hydrocarbons.
In the chromatogram of C. sativum leaves-extract (Fig. 1), the
four main signals are shown at retention time (RT) of 38.65
min, 40.77 min, 41.46 min, and 42.05 min. The compounds
associated with these values were palmitic acid, visnagin,
phytol and linolenic acid, respectively. Furthermore, two
important phytosterols, stigmasterol and β-sitosterol, appeared
at 58.68 min and 59.38 min, respectively. While peak at 62.14
min was related to α-tocopherol.

3. Results
Chromatograms of the eight Ecuadorian plant extracts are

Fig 1: Chromatogram of ethanolic leaves-extract of Coriandrum sativum L.

The main compounds on chromatogram of C. scolymus
leaves-extract (Fig. 2) were 4-hydroxy-4-methyl-2-pentanone,
palmitic acid, phytol, linolenic acid, squalene and elasterol,
which appeared at RT of 8.92 min, 38.64 min, 41.48 min,
42.02 min, 52.81 min, and 59.36 min, respectively. Fig. 3

shows the chromatogram of A. absinthium leaves-extract, on
which three important signals appear at RT 41.46 min, 59.40
min, and 60.59 min. These values were associated with the
compounds phytol, γ-sitosterol and lupeol, respectively.

Fig 2: Chromatogram of ethanolic leaves-extract of Cynara scolymus L.
~ 11 ~
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Fig 3: Chromatogram of ethanolic leaves-extract of Artemisia absinthium L.

Chromatogram of C. chayamansa leaves-extract (Fig. 4) also
shows three main signals, which appear at RT of 41.47 min,
59.41 min, and 62.02 min. Similarly, the compounds
associated with these signals were phytol, β-sitosterol and
lupeol acetate, respectively. The main constituents identified

in M. officinalis leaves-extract were 2,2-diethoxypropane and
γ-sitosterol, which appeared in the chromatogram of Fig. 5 at
RT of 6.17 min, and 59.41 min, respectively. Other minor
compounds identified were 4-hydroxy-4-methyl-2-pentanone
(8.93 min), phytol (41.46 min), and α-tocopherol (56.96 min).

Fig 4: Chromatogram of ethanolic leaves-extract of Cnidoscolus chayamansa Mc Vaugh.

~ 12 ~
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Fig 5: Chromatogram of ethanolic leaves-extract of Melissa officinalis L.

Chromatogram of M. oleifera leaves-extract (Fig. 6) shows
five main constituents, which appear at RT of 38.62 min,
41.46 min, 42.03 min, 56.97 min, and 59.63 min. These
signals were associated with the compounds palmitic acid,
phytol, linolenic acid, α-tocopherol, and fucosterol,
respectively. In the chromatogram of B. spectabilis leaves-

extract (Fig. 7), seven main compounds were identified as 4hydroxy-4-methyl-2-pentanone,
3-O-methyl-D-glucose,
palmitic acid, ethyl palmitate, petroselinic acid, ethyl oleate,
and stigmasterol, which occur at RT of 8.90 min, 33.45 min,
38.58 min, 39.19 min, 41.92 min, 42.42 min, and 59.37 min,
respectively.

Fig 6: Chromatogram of ethanolic leaves-extract of Moringa oleifera Lam.
~ 13 ~
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Fig 7: Chromatogram of ethanolic leaves-extract of Bougainvillea spectabilis Willd.

Other compounds found in this specie were the terpenoids βcitronellal (19.02 min), neral (21.67 min), geranial (22.52
min), caryophyllene (26.64 min), and phytol (36.09 min).

Geraniol and fernenol methyl ether were the main constituents
identified in the chromatogram of L. citrodora leaves-extract
(Fig. 8) at RT of 22.09 min, and 59.04 min, respectively.

Fig 8: Chromatogram of ethanolic leaves-extract of Lippia citrodora (Paláu) Kunth.
~ 14 ~
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As shows in Table 1, L. citrodora and C. chayamansa
exhibited terpenoid compositions, especially monoterpenes

and triterpenoids, respectively, while the other plants had a
broad variety of constituents in their respective composition.

Table 1: Secondary metabolites identified in eight plants from Ecuador by GC-MS.
Compound
C. sativum C. scolymus A. absinthium C. chayamansa M. officinalis M. oleifera B. spectabilis L. citrodora
Monoterpenoids
Neral (β-citral)
•
•
Geranial (α-citral)
•
•
Geraniol
•
Geranyl acetate
•
β-citronellal
•
•
β-citronellol
•
Sesquiterpenoids
8-bromo-neoisolongifolene
•
Caryophyllene
•
Caryophyllene oxide
•
α-cadinol
•
Diterpenoids
Phytol
•
•
•
•
•
•
Phytol acetate
•
•
•
•
Triterpenoids
Squalene
•
•
α-Tocopherol
•
•
•
γ-Tocopherol
•
•
δ-Tocopherol
•
Pentacyclic triterpenoids
β-amyrin
•
•
Lupeol
•
Lupeol acetate
•
Farnenol methyl ether
•
Steroids
Elasterol
•
Fucosterol
•
Stigmasterol
•
•
•
β-Sitosterol
•
•
γ-Sitosterol (clionasterol)
•
•
•
24-methylenecycloartanol
•
(3β)-cycloartenol acetate
•
Fatty acid and derivatives
Palmitic acid (C16:0)
•
•
•
•
•
•
Ethyl palmitate (C16:0)
•
•
Petroselinic acid (C18:1, n-12)
•
Ethyl oleate (C18:1, n-9)
•
Ethyl linoleate (C18:2, n-6)
•
Isopropyl linoleate (C18:2, n-6)
•
Ethyl linolelaidate (C18:2, n-6, E)
•
Linolenic acid (C18:3, n-3)
•
•
•
Ethyl linolenate (C18:3, n-3)
•
Carbohydrates
3-O-methyl-D-glucose
•
Aromatic derivatives
Phenylacetaldehyde
•
Diethyl benzalmalonate
•
Visnagin
•
Other
2,2-diethoxypropane
•
•
•
•
•
4,4-dimethyl-1,3-dioxane
•
4-hydroxy-4-methyl-2-pentanone
•
•
•
•
•

ethanol extract of Ampelocissus latifolia (Roxb.) tuberous root
[10]
, the antifungical n-butanol fraction of methanolic leaf
extract of Kochia indica Wight [11], and the antibacterial
material of Ulva lactuca ethanolic extract [12]. The second has
been reported as constituent of essential oils obtained from
several species, such as dried flowering aerial parts of Iranian
Phlomis bruguieri Desf. [13], Foeniculum vulgare Mill seeds
from Rawalpindi, Pakistan [14], Solanum quitoense Lam. fruits
(naranjilla) cultivated in Costa Rica [15], and Nepalese Acorus

4. Discussion
Three volatile hydrocarbons were found among constituents
with low RT (that is, lower than 15 min). Two of them were
2,2-diethoxypropane (acetone, diethyl acetal, 6.03±0.16 min)
and 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol,
8.92±0.04 min), which were detected in five of the eight plant
extracts (Table 1), being relatively relevant to C. scolymus
(Fig. 2), M. officinalis (Fig. 5), and B. spectabilis (Fig. 7). The
first compound has also been identified by CG-MS in the
~ 15 ~
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calamus L. rhizomes [16], several of which exhibited
antimicrobial activities. Furthemore, this compound has been
identified as one of the major constituents of the cattle anal
odour, which showed repellence to brown ear tick
Rhipicephalus appendiculatus [17]. The third compound was
4,4-dimethyl-1,3-dioxane (10.78±0,01 min), which was
detected only in the extract of C. sativum (Fig. 1). It has
reported that this volatile compound is directly related to the
freshness and quality indices during whiting (Merlangius
merlangus) conservation [18, 19].
At RT between 15 and 35 min were found:
phenylacetaldehyde benzenoid (15.61±0.1 min) in the A.
absinthium extract (Fig. 3); some monoterpenes and
sesquiterpenes, especially in L. citrodora extract (Fig. 8),
where geraniol (22.09±0.1 min) was the most relevant
constituent; and 3-O-methyl-D-glucose (33.45±0.01 min)
carbohydrate in B. spectabilis extract (Fig. 7).
Phenylacetaldehyde has been recognized as one of the
compound contributor to fresh tomato aroma [20], and as one
of aroma components of semi-fermented teas made in Korea
[21]
, honey [22], and coffee [23, 24]. Furthermore, this has shown
attractant and repellent functions against several insects [25, 26].
Geraniol is a common acyclic monoterpene of the essential
oils obtained from several aromatic plants, which is widely
used as a fragrance chemical in both cosmetic and household
products [27]. It has exhibited various biochemical and
pharmacological properties, especially against a broad range
of cancers, including breast, lung, colon, prostate, pancreatic,
skin, liver, kidney and oral cancers, by abolishing various
properties of tumor cells that allow them to adapt and survive
under selective pressure [28]. However, it has been reported
that geraniol does not present genotoxic and/or
clastogenic/aneugenic effects in human cells with and without
liver enzyme metabolization, and they advised caution in the
use of this substance by humans, since a significant reduction
in viability of HepG2 and a marked decrease in cell viability
on normal PBMC were verified[29]. But, in contrast, it has also
indicated that geraniol treatment increases anti-oxidative
defenses in mice liver, with no signs of liver toxicity,
affecting only, slightly, CYP enzyme activities, reason for
which it can be considered safe even at high doses and for
long periods of time [30]. Aditionally, geraniol has exhibited
the most potent of twelve terpenes in inhibiting intracellular
bacillary dysentery-causing Shigella sonnei at a concentration
of 42 µM, and found that doses of geraniol between 350 and
62.5 mg kg-1 improved Galleria mellonella larval survival
compared to Shigella-infected untreated larvae [31].
3-O-methyl-D-glucose is a non-metabolized carbohydrate that
is used as a marker to assess glucose transport by evaluating
its uptake within various cells and organ systems, and recently
it is suggested as a CEST‐contrast agent for tumor detection
[32, 33]
. A glycoside with a terminal 3-O-methylglucose, named
cucumarioside D, was found in the sea cucumber Eupentacta
fraudatrix, which exhibited moderate cytotoxic and hemolytic
activity [34]. In this sense, this carbohydrate could be
associated with complex glycosides in B. spectabilis.
Only two diterpenes were found in the compositions of some
Ecuadorian plants, which appeared at RT between 35 and 45
min together with several fatty acids (saturated,
monounsaturated and polyunsaturated) and their derivatives,
and an halogenated sesquiterpene. Among diterpenes, phytol
acetate (36.10±0.02 min) was common for four species (C.
sativum, C. scolymus, M. officinalis, and L. citrodora) (Table
1), while phytol (41.47±0.02 min) was common for six of
them (Table 1), being particularly important in the C.

scolymus and A. absinthium compositions (Fig. 2 and 3).
Phytol isolated from Leptadenia pyrotechnica has been
suggested as a potential surface disinfectant, because it
showed antimicrobial activity against Escherichia coli,
Candida albicans and Aspergillus niger, it was not toxic, and
it was stable on surfaces such as stone, MDF, and steel, until
36 hours [35]. Phytol extracted from Abutilon indicum
exhibited cytotoxicity on Schizosaccharomyces pombe cells at
0.37 μM concentration, by affecting the growth and viability
[36]
. This compound has also shown anti-inflammatory activity
[37]
, and potent antiproliferative activity against human lung
adenocarcinoma cell line A549 [38]. While, phytol acetate has
been identified by GC-MS as main constituent or trace in
bioactive extracts of several plants, such as Pistia stratiotes
[39]
, Eichhornia crassipes [40], and Arum palaestinum Boiss [41],
among others.
With respect to fatty acids, palmitic acid (hexadecanoic acid,
C16:0, RT: 38.60±0.04 min) was identified in six of the eight
species, but it seems being one of the main constituent in four
of them (C. sativum, B. spectabilis, M. oleifera, and C.
scolymus). Antimicrobial and anti-inflammatory activities,
among others, have been attributed to fatty acids and their
derivatives. Hexadecanoic acid isolated from hydroid
Aglaophenia cupressina Lamoureoux at concentration of 30
ppm was bactericidal against Salmonella typhi by damaging
its cell membrane structure [42]. While, n-hexadecanoic acid
isolated from Kigelia pinnata leaves exhibited significant
IC50 with value of 0.8 μg mL–1 against HCT-116 cells, due to
its interaction with DNA topoisomerase-I [43]. Moreover, it
was reported that n‐hexadecanoic acid might function as an
anti‐inflammatory agent, because it had shown significant
inhibitory activity in the enzyme kinetics study of PLA2,
entropy driven strong binding to the enzyme shown by ITC
analysis, high active site binding affinity shown by forming
binary complex crystals with PLA2 in their 1:1 molar
solution, and its binding at the active site of the enzyme in the
X‐ray structure [44].
Ethyl palmitate (hexadecanoic acid ethyl ester, RT:
39.19±0.01 min) was identified in C. sativum and B.
spectabilis extracts, which has shown its effectiveness in
combating inflammation in several experimental models [45].
Many fatty acid ethyl esters are used as secure skinconditioning agent-emolient of several cosmetic formulations,
beside fragrance ingredient, binder, and hair conditioning
agent, among others [46]. Several fatty acid ethyl esters are the
main constituents in B. correcta female rectal glands at
different ages, which could be involved in intraspecific
communication, as pheromone compounds [47]. It suggests that
the biosynthesis of these constituents by Ecuadorian plant
could be associated with possible ecological interactions.
Petroselinic acid (C18:1, n-12, RT: 41.92±0.01 min) and ethyl
oleate (C18:1 Et, n-9, RT: 42.42±0.01 min) were
monounsaturated derivatives identified only in the B.
spectabilis extract. While, alpha-linolenic acid (ALA, C18:3,
n-3, RT: 42.03±0.02 min) was common in C. sativum, C.
scolymus, and M. oleifera extracts. Intake of ALA has been
recommended for its beneficial effects in human health [48],
especially as neuroprotective agent [49]. Higher ALA levels
could be associated with lower odds of new T1 and T2
gadolinium enhancing lesions in a cohort of multiple sclerosis
patients [50]. Linolenic acid derivatives identified were ethyl
linoleate (in A. absinthium extract, RT: 42.32±0.01 min) and
isopropyl linoleate (in C. sativum extract, RT: 65.51±0.01
min. Ethyl linoleate is a noncytotoxic anti-melanogenesis
chemical, through Akt/GSK3β/β-catenin signal pathway,
~ 16 ~
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which suggests its possible use as skin-whitening agent [51].
While isopropyl linoleate isolated from Clerodendrum
phlomidis leaf showed good antioxidant activity in DPPH
assay with an IC50 value of 61.13 μg mL–1 [52].
8-bromo-neoisolongifolene was the halogenated sesquiterpene
found in the composition of L. citrodora at RT 41.57±0.01
min (Fig. 8). This compound has been reported in Polygonum
minus Huds essential oil [53], and Euphorbia paralias leaf and
seed extracts [54].
At RT higher than 45 min appeared the aromatic compound
visnagin (48.04±0.01 min) in C. sativum, and triterpenoids,
including squalene (52.81±0.02 min) found in C. chayamansa
and C. scolymus, tocopherol derivatives (55.92 min – 62.14
min), pentacyclic triperpenes (59.04 min – 62.02 min), and
steroids (58.68 min – 61.25 min). Visnagin is a
furanochromone isolated mainly from Ammi visnaga L., and
its anticancer activity against several human cell lines has
been reported [55, 56]. Additionaly, visnagin was found to
prevent cerulein induced acute pancreatitis and associated
multi organ dysfunction syndrome via its antioxidant and antiinflammatory properties, where the effects are partly mediated
by modulation of Nrf2/NFκB pathway [57]. Furthermore, it has
shown herbicidal activity causing membrane destabilization,
photosynthetic efficiency reduction, inhibition of cell
division, and cell death [58].
Squalene is an intermediate or precursor in phytosterols,
pentacyclic triterpenes, cholesterol and various hormones
biosynthesis, which has broad applications in food industry
and cosmetics and in prevention and treatment of human
diseases, such as it reduces skin damage by UV radiation,
LDL levels, and cholesterol in the blood, prevents the
suffering of cardiovascular diseases, and has antitumor and
anticancer effects against ovarian, breast, lung, and colon
cancer [59, 60]. This compound has been extensively used as an
excipient in pharmaceutical formulations for disease
management and therapy, due to its significant dietary
benefits, biocompatibility, inertness, and other advantageous
properties [61].
Three isoforms of vitamin E, such as α-tocopherol, δtocopherol, and γ-tocopherol, were found distributed in five of
the eight species (Table 1), being α-tocopherol a relatively
important constituent in the M. oleifera extract (Fig. 6).
Vitamin E is a generic term for a group of fat-soluble
antioxidant nutrients consisting of four tocopherols and four
tocotrienols [62, 63, 64]. α-, β-, γ-, and δ-tocopherols contain a
chromanol ring system and a phytyl chain containing 16
carbons, differences among them depend upon the number
and position of methyl groups on the chromanol ring [62], but
only one α-tocopherol satisfies the criteria of being a vitamin
and its deficiency leads to ataxia in humans [64, 65]. Other
forms of vitamin E such as γ-tocopherol, δ-tocopherol and γtocotrienol have unique antioxidant and anti-inflammatory
properties that are superior to α-tocopherol in prevention and
therapy against chronic diseases [64]. Likewise, at the
supranutritional levels, γ-tocopherol and δ-tocopherol seem to
be cancer preventive, but α-tocopherol is not effective [62].
Among pentacyclic terpenoids lupeol (RT 61.10±0.01) and
lupeol acetate (RT 62.02±0.01) seem being important
constituents in A. absinthium and C. chayamansa,
respectively. These two compounds have exhibited important
biological activities, including anticancer, antiprotozoal,
chemopreventive and anti-inflammatory properties [66].
Isolated lupeol from the stem bark of Zanthoxylum gilletii (De
Wild) Waterman exhibited collateral sensitivity against a
panel of cancer cell lines with drug-sensitive, multidrug-

resistant phenotypes and normal AML12 hepatocytes, via
multiple mechanisms with marginal or no effect to normal
cells at similar doses [67]. This compound has also been
isolated from steam bark of Diospyros mespiliformis Horsch,
and it exhibited strong antimicrobial activity against ten
microbial clinical isolates [68]. Lupeol acetate has been
isolated from the root bark of Ficus sycomorus Linn,
exhibiting antimicrobial activity against Samonella typhi,
Bacillus subtilis and Staphylococcus aureus [69].
Finally, clionasterol (γ-sitosterol, RT 59.40±0.01 min)
appears to be an important component in A. absinthium and M
officinalis extracts among the phytosterols found in
Ecuadorian plants. While, elasterol (59.36±0.02 min), βsitosterol (59.40±0.02 min), fucosterol (59.63±0.01 min) and
stigmasterol (59.33±0.63 min) were important constituents in
C. scolymus, C. chayamansa, M. oleifera, and B. spectabilis
extracts, respectively. Plant sterols or phytosterols, are a
group of bioactive terpenes that have gained much attention in
reducing blood cholesterol levels in humans, as well as the
risk of heart disease [70, 71]. Through other properties reported
for phytosterols, anticancer and anti-inflammatory activities
seem being the most investigated [72, 73, 74].
5. Conclusions
Almost the entire constituents found in Ecuadorian plants
have shown pharmacological applications, which can justify
their ethnobotanical uses. However, more studies must carry
out to improve the chemotaxonomic knowledge of these and
other plants from Ecuador regions. For this reason, it is
recommended to obtain extracts with solvents of different
polarities, and assess their composition and bioactivity, trying
to isolate and elucidate those secondary metabolites
responsible of biological activity. Furthermore, many of the
edible plant studied here could be considered as
nutraceuticals, due to beneficil effects of their constituent in
human health.
6. Acknowledgments
The authors would like to thank Institute of Food Technology
INTAL for collaboration on chemical analysis.
7. References
1. De la Torre L, Muriel P, Balslev H. Etnobotánica en los
Andes del Ecuador. In Moraes M, Øllgaard B, Kvist L,
Borchsenius F, Balslev H. (eds.). Botánica Económica de
los Andes Centrales, Universidad Mayor de San Andrés,
La Paz, Bolivia, 2006, 246-267.
2. Muriel P. La diversidad de ecosistemas en el Ecuador. In
de la Torre L, Navarrete H, Muriel P, Macía M, Balslev
H. (eds.). Enciclopedia de las plantas útiles de Ecuador,
Herbario QCA & Herbario AAU, Quito & Aarhus, 2008,
28-38.
3. Jerves-Andrade L, Cuzco N, Tobar V, Ansaloni R, Maes
L, Wilches I. Medicinal plants used in south Ecuador for
gastrointestinal problems: An evaluation of their
antibacterial potential. Journal of Medicinal Plants
Research.
2014;
8(45):1310-1320.
DOI:
10.5897/JMPR2014.5656
4. Zambrano-Intriago LF, Buenaño-Allauca MP, ManceraRodríguez NJ, Jiménez-Romero E. Estudio etnobotánico
de plantas medicinales utilizadas por los habitantes del
área rural de la Parroquia San Carlos, Quevedo, Ecuador.
Universidad y Salud. 2015; 17(1):97-111.
5. Gallegos-Zurita M. Las plantas medicinales: principal
alternativa para el cuidado de la salud, en la población
~ 17 ~

International Journal of Herbal Medicine

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

http://www.florajournal.com

rural de Babahoyo, Ecuador. Anales de la Facultad de
Medicina. 2016; 77(4):327-332.
Tinitana F, Rios M, Romero-Benavides JC, de la Cruz
Rot M, Pardo-de-Santayana M. Medicinal plants sold at
traditional markets in southern Ecuador. Journal of
ethnobiology and ethnomedicine. 2016; 12(1):29. DOI:
https://doi.org/10.1186/s13002-016-0100-4
Leonti M. The future is written: Impact of scripts on the
cognition, selection, knowledge and transmission of
medicinal plant use and its implications for ethnobotany
and ethnopharmacology. Journal of Ethnopharmacology.
2011;
134(3):542-555.
DOI:
https://doi.org/10.1016/j.jep.2011.01.017
Albuquerque UP, Silva JS, Campos JLA, Sousa RS, Silva
TC, Alves RRN. The current status of ethnobiological
research in Latin America: gaps and perspectives. Journal
of ethnobiology and ethnomedicine. 2013; 9(1):72. DOI:
https://doi.org/10.1186/1746-4269-9-72
De la Torre L, Macía M. La etnobotánica en el Ecuador.
In de la Torre L, Navarrete H, Muriel P, Macía M,
Balslev H. (eds.). Enciclopedia de las plantas útiles de
Ecuador, Herbario QCA & Herbario AAU, Quito &
Aarhus, 2008, 13-27.
Theng KB, Korpenwar AN. Phytochemical analysis of
ethanol extract of Ampelocissus latifolia (Roxb.) planch
tuberous root using UV-Vis, FTIR and GC-MS.
International Journal of Pharmaceutical Sciences and
Research.
2015;
6(9):3936-3942.
DOI:
10.13040/IJPSR.0975-8232.6(9).3936-42
Javed S, Javaid A, Qureshi MZ. Antifungal
phytocomponents in n-butanol fraction of leaf extract of
Kochia indica Wight. International Journal of Biology
and Biotechnology. 2018; 15(4):661-666.
El-shouny W, Gaafar R, Ismail G, Elzanaty M. Seasonal
variation of the antibacterial activity of some seaweeds
against multi drug resistant pathogenic bacterial strains.
Egyptian Journal of Experimental Bioliology (Botany).
2017;
13(1):
341-351.
DOI:
10.5455/egyjebb.20170821061756
Morteza‐Semnani K, Saeedi M. The essential oil
composition of Phlomis bruguieri Desf. From Iran.
Flavour and Fragrance Journal. 2005; 20(3):344-346.
DOI: https://doi.org/10.1002/ffj.1459
Gulfraz M, Mehmood S, Minhas N, Jabeen N, Kausar R,
Jabeen K et al. Composition and antimicrobial properties
of essential oil of Foeniculum vulgare. African Journal of
Biotechnology. 2008; 7(24):4364-4368.
Acosta O, Pérez AM, Vaillant F. Chemical
characterization, antioxidant properties, and volatile
constituents of naranjilla (Solanum quitoense Lam.)
cultivated in Costa Rica. Archivos Latinoamericanos de
Nutrición. 2009; 59(1):88-94.
Joshi S, Bashyal S. Study on the chemical constituents
and antibacterial activity of essential oil of Acorus
calamus L. rhizomes of Rupendehi District (Nepal).
Journal of Institute of Science and Technology. 2018;
23(1):57-60.
DOI:
https://doi.org/10.3126/jist.v23i1.22196
Kariuki MW, Hassanali A, Ng’ang’a MM.
Characterisation of cattle anal odour constituents
associated with the repellency of Rhipicephalus
appendiculatus. Experimental and Applied Acarology.
2018;
76(2):221-227.
DOI:
https://doi.org/10.1007/s10493-018-0304-5
Duflos G, Leduc F, N’Guessan A, Krzewinski F, Kol O,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

~ 18 ~

Malle P. Freshness characterisation of whiting
(Merlangius merlangus) using an SPME/GC/MS method
and a statistical multivariate approach. Journal of the
Science of Food and Agriculture. 2010; 90(15):25682575. DOI: https://doi.org/10.1002/jsfa.4122
Zakari IS, N’Guessan A, Dehaut A, Duflos G. Volatile
Compounds Selection via Quantile Correlation and
Composite Quantile Correlation: A Whiting Case Study.
Open Journal of Statistics. 2016; 6(06):995-1002. DOI:
10.4236/ojs.2016.66079
Tandon KS, Baldwin EA, Goodner KL, Jordán M.
Characterization of fresh tomato aroma volatiles using
GC-olfatometry. Florida State Horticultural Society.
2001; 114(1):142-144.
Choi SH. Volatile aroma components of Korean semifermented teas. Korean Journal of Food Science and
Technology. 2001; 33(5):529-533.
De la Fuente E, Sanz ML, Martínez-Castro I, Sanz J,
Ruiz-Matute AI. Volatile and carbohydrate composition
of rare unifloral honeys from Spain. Food Chemistry.
2007;
105(1):84-93.
DOI:
10.1016/j.foodchem.2007.03.039
Fisk ID, Kettle A, Hofmeister S, Virdie A, Kenny JS.
Discrimination of roast and ground coffee aroma.
Flavour.
2012;
1(1):14.
DOI:
https://doi.org/10.1186/2044-7248-1-14
Wood J. Determination and correlation of volatile and
nonvolatile compounds with coffee quality. Southern
Illinois University Carbondale, 2019, pp. 456, Honors
Theses. https://opensiuc.lib.siu.edu/uhp_theses/456
Ma ZN, Ma ZC, Zhang DW, Pan HY. Synergistic Effect
of Corn Leaf Volatile Odor Substances on Sex
Pheromone of Asian Corn Borer, Ostrinia furnacalis
(Guenée). In IOP Conference Series: Earth and
Environmental Science. 2018; 186(3):012004. DOI:
10.1088/1755-1315/186/3/012004
Tóth M, Szentkirályi F, Vuts J, Letardi A, Tabilio MR,
Jaastad G et al. Optimization of a phenylacetaldehydebased attractant for common green lacewings
(Chrysoperla carnea sl). Journal of Chemical Ecology.
2009; 35(4):449-458. DOI 10.1007/s10886-009-9614-8
Chen W, Viljoen AM. Geraniol-a review of a
commercially important fragrance material. South
African Journal of Botany. 2010; 76(4):643-651. DOI
https://doi.org/10.1016/j.sajb.2010.05.008
Cho M, So I, Chun JN, Jeon JH. The antitumor effects of
geraniol: Modulation of cancer hallmark pathways.
International Journal of Oncology. 2016; 48(5):17721782. DOI https://doi.org/10.3892/ijo.2016.3427
Queiroz TB, Santos GF, Ventura SC, Hiruma-Lima CA,
Gaivão IOM, Maistro EL. Cytotoxic and genotoxic
potential of geraniol in peripheral blood mononuclear
cells and human hepatoma cell line (HepG2). Genetics
and Molecular Research. 2017; 16(3):gmr16039777. DOI
http://dx.doi.org/10.4238/gmr16039777
Pavan B, Dalpiaz A, Marani L, Beggiato S, Ferraro L,
Canistro D et al. Geraniol pharmacokinetics,
bioavailability and its multiple effects on the liver
antioxidant and xenobiotic-metabolizing enzymes.
Frontiers in pharmacology. 2018; 9:18. DOI:
https://doi.org/10.3389/fphar.2018.00018
Mirza ZR, Hasan T, Seidel V, Yu J. Geraniol as a novel
antivirulence agent against bacillary dysentery-causing
Shigella sonnei. Virulence. 2018; 9(1):450-455. DOI:
https://doi.org/10.1080/21505594.2017.1412031

International Journal of Herbal Medicine

http://www.florajournal.com

32. Rivlin
M,
Navon
G.
CEST
MRI
of
3‐O‐methyl‐D‐glucose on different breast cancer models.
Magnetic Resonance in Medicine. 2018; 79(2):10611069. DOI: https://doi.org/10.1002/mrm.26752
33. Sehgal AA, Li Y, Lal B, Yadav NN, Xu X, Xu J et al.
CEST MRI of 3‐O‐methyl‐D‐glucose uptake and
accumulation in brain tumors. Magnetic resonance in
medicine.
2019;
81(3):1993-2000.
DOI:
https://doi.org/10.1002/mrm.27489
34. Silchenko AS, Kalinovsky AI, Avilov SA, Popov RS,
Kalinin VI, Andrijaschenko PV et al. Triterpene
glycosides from the sea cucumber Eupentacta fraudatrix.
Structure and cytotoxic action of cucumarioside D with a
terminal 3-O-Me-glucose residue unique for this species.
Natural Product Communications. 2018; 13(2):137-140.
35. Ghaneian MT, Ehrampoush MH, Jebali A,
Hekmatimoghaddam S, Mahmoudi M. Antimicrobial
activity, toxicity and stability of phytol as a novel surface
disinfectant. Environmental Health Engineering and
Management Journal. 2015; 2(1):13-16.
36. Thakor P, Mehta JB, Patel RR, Patel DD, Subramanian
RB, Thakkar VR. Extraction and purification of phytol
from Abutilon indicum: cytotoxic and apoptotic activity.
RSC Advances. 2016; 6(54):48336-48345. DOI:
10.1039/x0xx00000x
37. Phatangare ND, Deshmukh KK, Murade VD, Hase GJ,
Gaje TR. Isolation and Characterization of Phytol from
Justicia gendarussa Burm. f.-An Anti-Inflammatory
Compound. International Journal of Pharmacognosy and
Phytochemical Research. 2017; 9(6):864-872. DOI:
10.25258/phyto.v9i6.8192
38. Sakthivel R, Malar DS, Devi KP. Phytol shows antiangiogenic activity and induces apoptosis in A549 cells
by depolarizing the mitochondrial membrane potential.
Biomedicine & Pharmacotherapy. 2018; 105:742-752.
DOI: https://doi.org/10.1016/j.biopha.2018.06.035
39. Nisha SN, Jothi BA, Geetha B, Hanira S. Phytochemical
analysis of Pistia stratiotes by GC-MS analysis.
Phytochemical Analysis. 2018; 3(1):4-6.
40. Prabakaran AS, Mani N. Analysis of bioactive
compounds in Eichhornia crassipes leaf extract using GC
MS technique. International Journal of Chemical Studies.
2017; 5(5):809-813.
41. Farid MM, Hussein SR, Ibrahim LF, El Desouky MA,
Elsayed AM, El Oqlah AA et al. Cytotoxic activity and
phytochemical analysis of Arum palaestinum Boiss.
Asian Pacific Journal of Tropical Biomedicine. 2015;
5(11):944-947.
DOI:
https://doi.org/10.1016/j.apjtb.2015.07.019
42. Johannes E, Litaay M, Syahribulan. The Bioactivity of
Hexadecanoic acid compound isolated from hydroid
Aglaophenia cupressina Lamoureoux as antibacterial
agent against Salmonella typhi. International Journal of
Biological & Medical Research. 2016; 7(2):5469-5472.
43. Ravi L, Krishnan K. Cytotoxic potential of nhexadecanoic acid extracted from Kigelia pinnata leaves.
Asian Journal of Cell Biology. 2017; 12(1):20-27. DOI:
10.3923/ajcb.2017.20.27
44. Aparna V, Dileep KV, Mandal PK, Karthe P, Sadasivan
C, Haridas M. Anti‐inflammatory property of
n‐hexadecanoic acid: structural evidence and kinetic
assessment. Chemical Biology & Drug Design. 2012;
80(3):434-439. DOI: https://doi.org/10.1111/j.17470285.2012.01418.x
45. Saeed NM, El-Demerdash E, Abdel-Rahman HM,

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
~ 19 ~

Algandaby MM, Al-Abbasi FA, Abdel-Naim AB. Antiinflammatory activity of methyl palmitate and ethyl
palmitate in different experimental rat models.
Toxicology and Applied Pharmacology. 2012; 264(1):8493. DOI: https://doi.org/10.1016/j.taap.2012.07.020
Environmental
Working
Group.
https://www.ewg.org/skindeep/ 5 Apr, 2019.
Zhang X, Wei C, Miao J, Zhang X, Wei B, Dong W et al.
Chemical compounds from female and male rectal
pheromone glands of the Guava fruit fly, Bactrocera
correcta.
Insects.
2019;
10(3):78.
DOI:
10.3390/insects10030078
Yao Jiang YT, Jun Tao JM. A brief review of
physiological roles, plant resources, synthesis,
purification and oxidative stability of Alpha-linolenic
Acid. Emirates Journal of Food and Agriculture. 2018;
30(5):341-356. DOI: 10.9755/ejfa.2018.v30.i5.1676
Blondeau N. The nutraceutical potential of omega-3
alpha-linolenic acid in reducing the consequences of
stroke.
Biochimie.
2016;
120(1):49-55.
http://dx.doi.org/10.1016/j.biochi.2015.06.005
Bjornevik K, Myhr KM, Beiske A, Bjerve KS, Holmøy
T, Hovdal H et al. α-Linolenic acid is associated with
MRI activity in a prospective cohort of multiple sclerosis
patients. Multiple Sclerosis Journal, 2019; 25(7):987-993.
DOI: 10.1177/1352458518779925
Ko GA, Kim Cho S. Ethyl linoleate inhibits α-MSHinduced melanogenesis through Akt/GSK3β/β-catenin
signal pathway. The Korean Journal of Physiology &
Pharmacology.
2018;
22(1):53-61.
DOI:
https://doi.org/10.4196/kjpp.2018.22.1.53
Jainab NH, Raja MMM. Antioxidant study of isolated
chemical constituents from methanol extract of the
Clerodendrum phlomidis leaf. World Journal of
Pharmaceutical Research. 2017; 6(12):1122-1133. DOI:
10.20959/wjpr201712-9784
Rumayati R, Sumartini N, Jayuska A, Syaiful S, Harliya
H. Formulasi serbuk flavour makanan dari minyak atsiri
tanaman Kesum (Polygonum minus Huds) sebagai
penyedap makanan. Jurnal Aplikasi Teknologi Pangan.
2014; 3(1):12-15.
Hamad YK, Abobakr Y, Salem MZM, Ali HM, Al-Sarar
AS, Al-Zabib AA. Activity of plant extracts/essential oils
against three plant pathogenic fungi and mosquito larvae:
GC/MS analysis of bioactive compounds. BioResources.
2019; 14(2):4489-4511.
Beltagy AM, Beltagy DM. Chemical composition of
Ammi visnaga L. and new cytotoxic activity of its
constituents khellin and visnagin. Journal of
Pharmaceutical Sciences and Research. 2015; 7(6):285291.
Aydoğmuş-Öztürk F, Jahan H, Beyazit N, Günaydın K,
Choudhary MI. The anticancer activity of visnagin,
isolated from Ammi visnaga L., against the human
malignant melanoma cell lines, HT 144. Molecular
Biology Reports. 2019; 46(1):1709-1714. DOI:
https://doi.org/10.1007/s11033-019-04620-1
Pasari LP, Khurana A, Anchi P, Saifi MA, Annaldas S,
Godugu C. Visnagin attenuates acute pancreatitis via
Nrf2/NFκB pathway and abrogates associated multiple
organ dysfunction. Biomedicine & Pharmacotherapy.
2019;
112:108629.
DOI:
https://doi.org/10.1016/j.biopha.2019.108629
Travaini ML, Sosa GM, Ceccarelli EA, Walter H,
Cantrell CL, Carrillo NJ et al. Khellin and visnagin,

International Journal of Herbal Medicine

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

http://www.florajournal.com

furanochromones from Ammi visnaga (L.) Lam., as
potential bioherbicides. Journal of Agricultural and Food
Chemistry.
2016;
64(50):9475-9487.
DOI:
10.1021/acs.jafc.6b02462
Popa O, Băbeanu NE, Popa I, Niță S, Dinu-Pârvu CE.
Methods for obtaining and determination of squalene
from natural sources. BioMed Research International.
2015;
367202:16.
DOI:
http://dx.doi.org/10.1155/2015/367202
Lozano-Grande MA, Gorinstein S, Espitia-Rangel E,
Dávila-Ortiz G, Martínez-Ayala AL. Plant sources,
extraction methods, and uses of squalene. International
Journal of Agronomy. 2018; 1829160:13. DOI:
https://doi.org/10.1155/2018/1829160
Reddy LH, Couvreur P. Squalene: A natural triterpene
for use in disease management and therapy. Advanced
drug delivery reviews. 2009; 61(15):1412-1426. DOI:
https://doi.org/10.1016/j.addr.2009.09.005
Yang CS, Suh N, Kong ANT. Does vitamin E prevent or
promote cancer? Cancer Prevention Research. 2012;
5(5):701-705. DOI: 10.1158/1940-6207.CAPR-12-0045
Cho SH. Vitamin E: α-tocopherol and the other forms of
vitamin E. Korean Journal of Nutrition. 2010; 43(3):304314. DOI: https://doi.org/10.4163/kjn.2010.43.3.304
Jiang Q. Natural forms of vitamin E: metabolism,
antioxidant, and anti-inflammatory activities and their
role in disease prevention and therapy. Free Radical
Biology and Medicine. 2014; 72(1):76-90. DOI:
10.1016/j.freeradbiomed.2014.03.035
Azzi A. Many tocopherols, one vitamin E. Molecular
Aspects of Medicine. 2018; 61(1):92-103. DOI:
https://doi.org/10.1016/j.mam.2017.06.004
Gallo MB, Sarachine MJ. Biological activities of lupeol.
International Journal of Biomedical and Pharmaceutical
Sciences. 2009; 3(1):46-66.
Nyaboke HO, Moraa M, Omosa LK, Mbaveng AT,
Vaderament-Alexe NN, Masila V et al. Cytotoxicity of
lupeol from the stem bark of Zanthoxylum gilletii against
multi-factorial drug resistant cancer cell lines.
Investigational Medicinal Chemistry & Pharmacology.
2018; 1(1):10.
Anas A, Ahmed A, Umar S, Jajere UM, Mshelia EH,
Natasha O. Inhibitory effect of isolated Lupeol from stem
bark of Diospyros mespiliformis Horsch (Ebenaceae)
against some microbial pathogens. Bayero Journal of
Pure and Applied Sciences. 2017; 10(1):293-299. DOI:
http://dx.doi.org/10.4314/bajopas.v10i1.45
Muktar B, Bello IA, Sallau MS. Isolation,
characterization and antimicrobial study of lupeol acetate
from the root bark of Fig-Mulberry Sycamore (Ficus
sycomorus Linn). Journal of Applied Sciences and
Environmental Management. 2018; 22(7):1129-1133.
DOI: https://dx.doi.org/10.4314/jasem.v22i7.21
Uddin MS, Ferdosh S, Haque Akanda MJ, Ghafoor K,
Rukshana AH, Ali ME et al. Techniques for the
extraction of phytosterols and their benefits in human
health: a review. Separation Science and Technology.
2018;
53(14):2206-2223.
DOI:
https://doi.org/10.1080/01496395.2018.1454472
Racette SB, Lin X, Ma L, Ostlund Jr, RE. Natural dietary
phytosterols. Journal of AOAC International, 2015;
98(3):679-684. DOI: 10.5740/jaoacint.SGERacette
Ramprasath VR, Awad AB. Role of phytosterols in
cancer prevention and treatment. Journal of AOAC
International.
2015
98(3):735-738.
DOI:

10.5740/jaoacint.SGERamprasath
73. Blanco-Vaca F, Cedó L, Julve J. Phytosterols in cancer:
from molecular mechanisms to preventive and
therapeutic potentials. Current Medicinal Chemistry.
2018;
25:1.
DOI:
https://doi.org/10.2174/0929867325666180607093111
74. Vilahur G, Ben-Aicha S, Diaz E, Badimon L, Padro T.
Phytosterols and inflammation. Current Medicinal
Chemistry.
2018;
25:1.
DOI:
https://doi.org/10.2174/0929867325666180622151438

~ 20 ~

