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A B S T R A C T

Acantholippia deserticola (Rica rica; RR) and Artemisia copa (Copa copa; CC) are herbs native to the Chilean
highlands and have historically been used for medicinal purposes by the Atacameños people. The essential oils
were analized by GC/MS, the principal compounds found in RR essential oil (RR_EO) were β-thujone (45%), β-
linalool (16%), and eucalyptol (9%) and were butyric acid (38%), γ-terpinene (16%), and cis-2-menthenol (12%)
in CC essential oil (CC_EO). The total polyphenol content (TPC) and the antioxidant capacity (AC) were eval-
uated. The TPC was 25 and 20mg/mL for CC_EO and RR_EO, respectively, and the respective AC values were
740 and 320 μg eq Trolox/mL by the ferric reducing antioxidant power (FRAP) method. The IC50 (1,1-diphenyl-
2-picrylhydrazyl; DPPH) values were 316.9 and 485.8 μg/mL for CC_EO and RR_EO, respectively. Antimicrobial
activity was evaluated against 32 bacteria using the agar disc diffusion method. CC_EO exerted a significant
inhibitory effect (> 20mm) against 9 bacteria, including Listeria monocytogenes and Staphylococcus aureus, and
RR_EO significantly inhibited Escherichia coli. The CC_EO MIC values were 0.39 μg/mL for Corynebacterium. The
RR_EO MIC value was 6.25 μg/mL for S. viridans. Neither EO showed toxicity against the nematode C. elegans at
2.5 mg/mL. The essential oils of RR and CC, extracted by MAHD have important bioactive potential and low
toxicity, which would allow their use of active ingredients that could potentially be used in areas such as the
clinic, food, cosmetics, sanitizers, and detergents, among others.

1. Introduction

Acantholippia deserticola and Artemisia copa are wild herbs that are
collected and used by the indigenous peoples of northern Chile in in-
fusions and/or decoctions to treat stomach pains, kidney problems and
circulatory disorders (Gorzalczany et al., 2013; Miño et al., 2004). It has
been proposed that developing and obtaining products with added
value, such as essential oils, through efficient and environmentally

friendly technologies will promote commercial interest in these native
resources. In turn, these activities will encourage propagation and
cultivation of these plants, ensuring a sustainable exploitation over
time.

The essential oils (EOs) of some herbs have shown diverse biological
effects, including vasorelaxant, anti-inflammatory (Shiva et al., 2017;
Iannarelli et al., 2018), antidepressant and anxiolytic (Benites et al.,
2013), anti-asthmatic (Hernández et al., 2018), anticonvulsant
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(Randrianarivo et al., 2016), antimicrobial (Kayode et al., 2018; Van
Haute et al., 2017), antiparasitic (Bandeira et al., 2017), mosquitocidal,
and pesticidal and repellent effects (Chellappandian et al., 2018).

The bioactivity of EOs depends on their chemical composition,
which in turn depends on several factors. Some EOs are associated with
the herb itself, such as the species, variety, section of the plant used,
geographical and climatic conditions of cultivation and/or collection,
and collection period (Gasparetto et al., 2017; García et al., 2017).
Other EOs are related to the extraction method employed, such as hy-
drodistillation, steam distillation, solvent-free, microwave-assisted,
ohmic-assisted, ultrasound or supercritical fluids (Ajayi et al., 2016;
Gavahian et al., 2016; Sodeifian and Sajadian, 2017). The resulting EOs
also depend on the parameters of each process, the sample size and
humidity (Shahsavarpour et al., 2017), the herb: solvent mass ratio, and
the time, temperature and power that are used (Thakker et al., 2016).
The technique of microwave-assisted hydrodistillation (MAHD) com-
bines microwave dielectric heating with hydrodistillation and has been
used by several authors for extracting EOs from herbs (Thakker et al.,
2016; Farhat et al., 2009); a previous study applied MAHD to Acan-
tholippia deserticola (“Rica rica”; RR), resulting in a higher yield and
bioactivity than the traditional hydrodistillation method.

In this work, the chemical composition of EOs extracted from RR
and Artemisia copa (“Copa copa”; CC) by MAHD was determined, and
the antioxidant capacity, toxicity and antibacterial activity of the EOs
against 32 bacteria were evaluated.

2. Materials and methods

2.1. Collection and identification

The aerial parts of RR and CC were collected in San Pedro de
Atacama, Región de Antofagasta, Chile (23°11′14.2656″ S,
68°0′16.9596″ W) in April 2017. The species was identified by Dr.
Roberto Rodríguez, and a voucher specimen was deposited at the
Botany Department Herbarium, School of Natural Sciences and
Oceanography, University of Concepción, Chile, under the herbarium
number CONC N°182473 and CONC Nº182475, respectively.

2.2. Essential oil extraction

A microwave-assisted hydrodistillation system (MADH) was used
based on that described by (Golmakani and Rezaei, 2008) with mod-
ifications. A 200 g sample of ground dehydrated herb (30 °C; 72 h) was
added to a flask with 1000mL of distilled water and microwaved (LG,
model S-1948 JL) for 90min at 700W. The extracted oils were sepa-
rated from the aqueous layer using ethyl ether and dried over sodium
sulfate, filtered, and then left in the oven for 1 h at 40 °C for evaporated
ethyl ether. The samples were stored in the dark in amber vials at -20 °C
prior to the analyses. The yield was calculated as the volume of oil
obtained per mass of plant used.

2.3. Composition

Gas chromatography–mass spectrometry (GC–MS) analysis was
performed on a Varian gas chromatograph series 431 (Agilent
Technologies, Inc., Santa Clara, CA, USA) fitted with a DB‐5 ms fused
silica capillary column (30 x 0.25mm; film thickness, 0.25 μm) using
split/split-less injection, and coupled to a series 220 mass detector
(Agilent Technologies, Inc.). The following conditions were used: in-
jection volume: 0.8 μL with split ratio 1:80; helium as a carrier gas at
1.5 mL/min in constant flow; injector temperature: 250 °C; oven tem-
perature: 50–260 °C at 2 °C/min. The mass spectra electron impact (EI
+) mode was set at 70 eV, with an ion source temperature of 260 °C.
The mass spectra were recorded within a range of 40–300 atomic mass
units. Identification of the EO constituents was accomplished based on
the following: the retention index (RI) determined with respect to a

homologous series of n-alkanes (C5-C28; PolyScience, Niles, IL, USA)
under the same experimental conditions; co-injection with standards
(Sigma-Aldrich) and standard isolates; identification using an MS li-
brary (NIST 05 and Wiley; NIST/EPA/NIH Mass Spectral Library with
Search Program (data version NIST 11; software version 2.0 g), avail-
able online at: http://www.nist.gov/srd/nist1a.cfm) and comparison
with previously reported MS data (Adams, 2007).

2.4. Antioxidant capacity

The total polyphenol content (TPC) and the antioxidant capacity of
the oils were determined by the ferric reducing antioxidant power
(FRAP) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) assays using Trolox
(53188-07-1, Sigma-Aldrich) as a standard, according to protocols de-
scribed below and adapted for 96-well microplates.

2.4.1. Total polyphenol content (TPC) estimation
The TPC method was based on the 96-well microplate

Folin–Ciocalteu method and adapted from (Ainsworth and Gillespie,
2007). A 20 μL sample of the diluted EO (500 μg/mL) was mixed with
100 μL of 10% (vol/vol) Folin–Ciocalteu reagent and shaken. The
mixture was left for 5min, and then 80 μL of sodium carbonate solution
(700mM) was added, and the mixture was shaken for 1min. After
60min at room temperature, the absorbance was measured at 765 nm
using a microplate reader. Gallic acid dilutions (0–1000 μg/mL) were
used as standards for calibration. The results were expressed as mg of
gallic acid equivalent per ml of essential oil. All experiments were
performed in triplicate.

2.4.2. FRAP assay
The FRAP assay was carried out with the following method adapted

from (Akter et al., 2016). The FRAP reagent consisted of 300mM
acetate buffer pH 3.6, 10mM 2,4,6-tris-(2-pyridyl)-s-triazine (TPTZ)
solution in 40mM HCl, and 20mM FeCl3.6H2O aqueous solution at a
ratio of 10:1:1 (v/v). The EOs were prepared at a final concentration of
500 μg/mL. The extract solution (10 μL) was mixed with 70 μL of
freshly prepared FRAP solution and incubated at 37 °C for 30min. The
absorbance of the solutions was measured at 593 nm. Trolox was used
as the standard solution to construct a calibration curve over a con-
centration range of 0–500 μg/mL. The FRAP results were expressed as
mg of Trolox equivalent per mL of EO. All experiments were performed
in triplicate.

2.4.3. DPPH radical scavenging activity assay
The quantitative measurement of the EOs’ radical scavenging

properties was carried out by the methodology described by (Mathew
and Subramanian, 2014) with some modifications. A 0.2mM solution
of DPPH in methanol was prepared, and 70 μL of this solution was
added to 20 μL of EO (0–1000 μg/mL). Trolox at concentrations of
0–1000 μg/mL was used as a reference antioxidant. Discoloration of
reaction mixture was measured at 517 nm after incubation for 30min.
The results were expressed as IC50 values (concentration of EO in μg/
mL required to inhibit 50% of DPPH radical present in solution). The
analyses were carried out in triplicate.

2.5. Antibacterial activity

2.5.1. Microbial strains
The antimicrobial activity of 2 oil samples of RR and CC were tested

against 32 bacterial strains: (Acinetobacter baumanii ATCC 747,
Aeromonas caviae, Aeromonas veronii, Alcaligenes sp., Bacillus cereus,
Corynebacterium diphtheriae, Enterobacter cloacae, Escherichia coli,
Enterobacter aerogenes, Enterococcus faecalis, Klebsiella oxytoca, Klebsiella
pneumoniae (bleomycin resistant), Listeria monocytogenes, Morganella
morganii, Providencia alcaligenes, Proteus mirabilis, Proteus vulgaris,
Pseudomonas putida, Pseudomonas aeruginosa, Serratia rubidaea, Shigella
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boydii, Shigella flexneri, Shigella putre, Shigella sonnei, Staphylococcus
aureus CECT 976, Staphylococcus aureus ATCC 25923, Staphylococcus
epidermidis, Staphylococcus xylosus, Salmonella typhi, Streptococcus vir-
idans, Streptococcus pyogenes (Group A), and Yersinia enterocolitica. All
strains were obtained from the collection of Laboratorio de
Microbiología, Departamento de Tecnología Médica, Universidad de
Antofagasta. Some bacterial strains were from the American Type
Culture Collection (ATCC). The strains were grown in Mueller Hinton
Agar and incubated at 37 °C.

2.5.2. Agar disk diffusion assay
The agar disk diffusion technique has been widely used to assay

plant extracts for antimicrobial activity. In this method, 6mm sterilized
filter paper disks (Whatman N° 1) were saturated with 10 μL of filter-
sterilized oil plant extract. The impregnated discs were then placed onto
the surface of a suitable solid agar medium, such as Mueller Hinton
BD®. The media was pre-inoculated with test organisms. A standard
inoculum size of 1× 108 CFU/mL of bacteria was used to inoculate the
diffusion plates, which is equal to the McFarland 0.5 turbidity standard.
The plates were incubated overnight at 37 °C, and the diameter of the
inhibition zone around each disk (diameter of inhibition zone plus
diameter of the disk) was measured in millimeters. A Sensydisc was
used as a positive control for Gram+ and Gram- strains (CLSI, 2012).

2.5.3. Microplate assay
The microdilution method was performed in ELISA plates according

to instructions approved by the Clinical and Laboratory Standards
Institute. For this purpose, the oil was added in 10-fold decreasing serial
concentrations into Mueller Hinton broth BD®. Fresh bacterial suspen-
sions (equivalent to 1× 108 bacteria/mL) were used to inoculate the
microplates and were incubated as described above (Morcillo et al.,
2004).

To enhance EO solubility, they were dissolved in 2% (v/v) dimethyl
sulfoxide (DMSO) (this amount does not affect bacterial growth) and
then added to the microplates. The inoculated microplates were in-
cubated as described above for agar plates, but for only 1 day. ELISA
readings at 600 nm were recorded to calculate the MIC values as de-
scribed by the Clinical and Laboratory Standards Institute (CLSI, 2012)
protocol. Control microplates of bacteria without the EO and without
bacteria were also included in these assays. To identify significant dif-
ferences between treated and untreated groups, data comparison by the
ANOVA test was performed using the GraphPad Prism 5 program.

2.6. Toxicity

2.6.1. Maintenance of Caenorhabditis elegans culture
The N2 wild-type strain of C. elegans was used to investigate toxi-

city. The nematodes were maintained on nematode growth medium
(NGM) agar plates, with an established layer of the E. coli OP50 strain.
The plates were maintained at 20 °C for 3 days. The gravid nematodes
were collected and treated for 5min in a chlorine solution (0.45 N
NaOH, 2% HOCl) to isolate eggs. The eggs were placed in plates with
OP50; once hatched they were left for 3 days to obtain synchronized
adult nematodes. These were collected in M9 saline solution (1.5 g
KH2PO4, 3 g Na2HPO4, 2.5 g NaCl, 0.5 mL of 1M MgSO4 and distilled
water for a final volume of 500mL) (Brenner, 1974).

2.6.2. Test preparation
The RR and CC essential oils were prepared at concentrations of 2.5,

5.0, 10.0 and 50.0 mg/mL and placed in a final volume of 100 μL in 96-
well plates. The control assays were performed with M9 and 1% DMSO.
Ten individuals of C. elegans/well were used in each trial. The plates
were incubated at 20 °C for 24 and 48 h. The experiments were per-
formed in triplicate and repeated twice. After incubation at 20 °C, all
the nematodes were counted at 24 and 48 h to determine their survival.
They were considered alive if they showed some type of motility and

were considered dead when they showed no movement, either from
their tail, head or pharynx, for 5 s of observation. The count was per-
formed to establish the degree of mortality (Skantar et al., 2005).

3. Results and discussion

The EO yields obtained using the MADH process were 2% for RR
and 1.5% for CC, and these differ from those reported by other authors
who extracted the EOs by hydrodistillation from the same herbs. For
RR, the reports range between 2.7% and 5.5% (Zarria et al., 2010;
Sampietro et al., 2016; Rojo et al., 2006), while for CC Lopez et al.
(2004) reported values of 0.375%. These differences can be due to both
the extraction method and to factors associated with the collection,
location, and season (Gasparetto et al., 2017; Lopez et al., 2004).

Regarding EO yields according to the extraction processes, using the
MADH method Torrenegra et al. (2015) reported values of 0.95% for
oregano, Leon et al. (2015) reported 0.51% for Citrus sinensis, Gavahian
et al. (2016) reported 2.27% for peppermint, and Thakker et al. (2016)
reported 2.44% for oil extracted from Cymbopogon martinii (Palmarosa).

3.1. Composition

The sample compositions obtained by MAHD (Table 1) indicated
that the Artemisia copa essential oil (CC_EO) contained 19 compounds,
while the Acantholippia deserticola essential oil (RR_EO) contained 13
compounds. The highest yielding compounds in RR were β-thujone
(45%), β-linalool (16%), and eucalyptol (9%), and the highest yielding
compounds in CC were butyric acid (38%), γ-terpinene (16%), and cis-
2-menthenol (12%). Rojo et al. (2006), reported that the RR_EO ex-
tracted by hydrodistillation (HD) contained 22 compounds, with α-
thujone (10.5%) and β-thujone (77.9%) being the highest, while
Sampietro et al. (2016) reported 24 compounds, most of which were
oxygenated monoterpenes (93%), where β-thujone (66.5 ± 0.2%) and
trans-sabinyl acetate (12.1 ± 0.2%) constituted the majority.

According to Lopez et al. (2004), for CC_EO extracted by HD, β-
thujone (42%) and chamazulene (6.5%) constituted the majority. Ajayi
et al. (2016) found more compounds in EOs extracted by MAHD (16)
than by HD (7) but found higher yields by HD (0.73%) than by MAHD
(0.64%) in Cymbopogon citratus. The reported differences in yield and
composition are due to different extraction methods.

In the current study, the differences in the yield and composition of
the RR and CC EOs compared to those in the literature could be due to
both the extraction method and the collection time (García et al., 2017;
Tohidi et al., 2017). The chemical composition of the oils affects their
bioactivity (Jordán et al., 2013; Jiao et al., 2012), even though their
bioactivity should not be attributed to a particular compound (Lopez
et al., 2004).

Biological effects are the result of a synergism of all molecules
contained in an essential oil, even if it is possible that the activity of the
main components is modulated by other minor molecules; however, the
activity of the isolated constituents is also notable (Bilia et al., 2014).

Some of the compounds found in this work, such as eucalyptol, a
major compound in RR oil and a minor compound in CC oil, has been
reported in other EOs, such as that obtained from the leaves of
Cryptocarya alba (peumo), demonstrating antifungal activity against
Nosema ceranae (Bravo et al., 2017). Linalool, present in RR_EO, has
been reported to show antitumor activity, and it has also been shown
that using it in nanoencapsulation inhibits cancer cells in a time-dosage-
dependent manner (Rodenak-Kladniew et al., 2017).

β-Thujone, present in RR oil, has been reported to decrease the cell
viability and exhibit potent anti-proliferative, pro-apoptotic, and anti-
angiogenic effects in vitro. In vivo assays have shown that α/β-thujone
promotes the regression of neoplasia and inhibits the angiogenic mar-
kers VEGF, Ang-4 and CD31 in the tumor (Quezada et al., 2016).
Bayramoglu et al. (2008) and Li et al. (2012) reported no significant
changes in the components of the obtained oils, but they showed
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differences in the percentages of some compounds depending on the
extraction method used. Okoh et al. (2010) reported a greater anti-
microbial effect of rosemary oils when extracted by MADH than by HD.

3.2. Antioxidant capacity

The CC_EO had an antioxidant capacity that was significantly
(p < 0.05) greater than that of RR_EO in both measurement methods
(Table 2), even though β-linalool, which is highly antioxidant (Jiao
et al., 2012), was the major constituent in RR_EO. Baschieri et al.
(2017) noted that some nonphenolic components of the essential oil,
such as linalool, act as antioxidants below a critical concentration (4%)
and while above this threshold they act as pro-oxidants, which would
explain the results obtained.

On the other hand, CC_EO contained γ-terpinene and terpinen-4-ol,

which reportedly have high antioxidant activity (Olmedo et al., 2013;
Guala et al., 2009). The IC50 (DPPH) of both EOs were significantly
higher than of the Trolox standard. For RR, Morales et al. (2008) re-
ported an IC50 of 18 ± 0.5 μg/mL (DPPH) in ethanol extracts (50%),
and Rojo et al. (2006) reported antioxidant capacities of 5600mg eq
Trolox/L (FRAP) and 222 μmol/L (Trolox equivalent antioxidant ca-
pacity (TEAC)-DPPH) for aqueous extracts.

Regarding CC, Altunkaya et al. (2014) reported values between 3.4
and 4.9 mM Trolox (2,2′-azino-bis-(ABTS)) for essential oils of other
Artemisia species extracted by HD. Youssef et al. (2015) reported dif-
ferences in the antioxidant capacity of Artemisia abyssinica depending
on the type of extract, with the best activity in aqueous extracts. No
reports of the antioxidant activity of RR or CC EOs obtained by MAHD
were found.

The TPC of RR_EO was higher than that reported by Rojo et al.

Table 1
Summary of compounds from CG- MS analyses of essential oil of A) RR (Acantholippia deserticola) and (B) CC (Artemisia copa) EOs and the respective calculated Kovats
index (KI cal) and from the literature (KI lit).

(A) RR essential oil

Fraction Number Retention time (min) CAS KI cal KI lit [M+] Fragment % Name

1 11.5 3387-41-5 – 976 136 93 (100) 91 (40) 77 (40) 7.40 sabinene
2 13.6 99-86-5 1088 1018 136 121 (100) 93 (85) 77 (359 0.58 α-terpinene
3 13.9 99-87-6 1043 1026 134 119 (100) 91 (15) 117 (10) 8.33 ρ-cymene
4 14.3 470-82-6 1024 1031 154 43 (100) 81 (65) 108 (55) 9.07 eucalyptol
5 15.6 99-85-4 1037 1062 136 93 (100), 91 (35), 77 (30) 3.40 γ-terpinene
6 17.8 78-70-6 1079 1098 136 71 (100) 93 (75) 55 (65) 16.70 β-linalool
7 18.4 1125–12-8 1026 1124 152 81 (100) 41 (90) 68 (70) 45.65 β -thujone
8 20.1 513-23-5 1057 – 154 43 (100) 55 (90) 93 (85) 0.08 isothujol
9 21.4 562-74-3 1065 1177 154 71 (100), 111 (50), 93 (45) 6.02 4-terpineol
10 22.1 98-55-5 1013 1189 154 93 (100), 59 (90), 121 (86) 0.45 terpenol
11 27.0 3228-02-2 1071 – 150 135 (100) 150 (35) 91 (15) 0.17 ρ-thymol
12 29.0 554-61-0 1026 1001 136 93 (100) 121 (90) 136 (55) 0.66 2-carene
13 34.6 5989-08-2 1481 1334 204 119 (100) 105 (55) 133 (45) 1.52 α-longipinene

(B) CC essential oil

Fraction Number Retention time (min) CAS KI cal KI lit [M+] Fragment % Name

1 14.4 470-82-6 – 1007 154 43 (100) 81 (65) 108 (55) 0.11 eucalyptol
2 15.2 13877-91-3 1067 1037 136 93 (100) 91 (50) 79 (45) 1.27 o-cymene
3 15.6 99-85-4 1020 1056 136 93 (100), 91 (35), 77 (30) 16.63 γ-terpinene
4 17.2 41519-23-7 1070 1385 170 43 (100) 82 (87) 67 (83) 38.00 butyric acid
5 17.9 1224-46-0 1747 – – – 1.46 2-(4-methylcyclohex-3-en-1-yl)propan-2-yl N-

phenylcarbamate
6 18.7 29803-81-4 1080 1040 154 43 (100) 93 (45) 139 (35) 5.87 trans-2-menthenol
7 18.9 29803-82-5 1014 1039 154 43(100) 93 (45) 139 (38) 12.83 cis-2-menthenol
8 20.1 1786-08-9 1048 1153 152 68 (100) 41 (55) 83 (54) 4.85 nerol oxide
9 21.4 562-74-3 1059 1177 154 71 (100), 111 (50), 93

(45)
1.58 4-terpineol

10 22.3 80-26-2 1269 1328 196 43 (100) 121 (91) 93 (83) 2.98 α-terpineol acetate
11 22.7 18309-32-5 1067 1116 150 107 (100) 81 (88) 39 (75) 0.59 D-verbene
12 22.9 16721-38-3 1017 1177 154 84 (100) 93 (24) 43 (28) 5.57 cis-piperitol
13 23.9 89-81-6 1048 1189 152 82 (100) 110 (72) 39 (35) 3.10 carvomenthenone
14 25.0 33522-69-9 1565 – – – 1.69 trans-verbenyl acetate
15 25.6 16750-82-6 1586 – – – 1.97 ρ-mentha-1,8-dien-3-one
16 25.7 16750-88-2 1503 – – – 0.44 methyl (3z)-3,7-dimethyl-3,6-octadienoate
17 29.6 123-35-4 1534 – – – 0.54 β-myrcene
18 37.2 77171-55-2 1564 1619 220 43 (100) 41 (68) 91 (43) 0.24 spathulenol
19 41.4 473-04-1 1489 1693 222 43 (100) 41 (65) 81 (59) 0.29 juniper camphor

NIST 2018.

Table 2
Total polyphenol content and antioxidant capacity, by FRAP and DPPH, of RR (Acantholippia deserticola) and CC (Artemisia copa) EOs obtained by MAHD.

TPC (mg eq gallic acid/mL EO) FRAP (μg eq Trolox/mL EO) DPPH IC50 (μg/mL)

CC (Artemisia copa) 25 ± 3* 730 ± 30** 3162 ± 22**
RR (Acantholippia deserticola) 20 ± 3* 310 ± 10* 6309 ± 45***
Trolox 56,2 ± 4*

Values are the mean ± SEM (n=3). Statistically significant differences: **p < 0.01, p < 0.01 and ***p < 0.001.

M. Larrazabal-Fuentes, et al. ,QGXVWULDO�&URSV�	�3URGXFWV������������������

�



(2006) (0.072mg/mL for aqueous extracts) and lower than that re-
ported by Morales et al. (2008) (725 ± 12mg/g of dried extract in
water-ethanol extracts (50%).

3.3. Antimicrobial activity

Rota et al. (2008) indicated that the antimicrobial effectiveness of
essential oils depends on the type of microorganism evaluated and
classified this effect into 3 categories: growth inhibition zone (mm, disk
diameter included): ⩾20mm inhibition zone is strongly inhibitory;<
20–12mm inhibition zone is moderately/mildly inhibitory; and<12
mm is not inhibitory.

The preliminary study results of antimicrobial activity (Fig. 1)
showed that CC_EO (extracted by MAHD) exerted a strongly inhibitory
effect (> 20mm) on 8 bacteria, particularly against L. monocytogenes, a
pathogen responsible for serious health problems, and S. aureus, known

for its virulence and resistance to antibiotics. Lopez-Arce et al., (2004)
reported a negligible antimicrobial effect (< 12mm of inhibition) of
the CC essential oil when extracted by HD, although in some cases it
was comparable to the gentamicin control.

Youssef et al. (2015) reported that n-hexane and aqueous extracts of
A. abyssinica showed strong antibacterial activity, with MICs of 32 μg/
mL for both E. coli and S. aureus, coinciding with Donato et al. (2015)
who reported the antimicrobial effect of oil extracted by HD from Ar-
temisia annua. On the other hand, Altunkaya et al. (2014) found lower
inhibition zone values (< 15mm) for oils from 2 Artemisia species.
Morales et al. (2003) found antibacterial and antifungal activity for
alcohol and chloroform CC extracts.

Regarding RR, an important antimicrobial effect (> 20mm) of the
essential oil extracted by MADH was observed for E. coli, a pathogen
associated with gastrointestinal diseases, with a significantly greater
effect than that observed with CC_EO. Rojo et al. (2006) found no

Fig. 1. Zone of Inhibition (mm) resulting from RR (Acantholippia deserticola) and CC (Artemisia copa) essential oils obtained by MAHD.
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antimicrobial activity for HD-extracted RR oil against S. aureus, E. coli,
or Candida albicans.

This was similar to the results of Sampietro et al. (2016) who re-
ported only a moderate antibacterial activity of this oil against Septoria
glycines and found an inverse correlation between the increase of the β-
thujone, trans-sabinyl acetate and trans-sabinol contents with the
MIC100 values.

The differences found in this work can be caused by the effect of the
location and time of collection (Palá-Paúl et al., 2004; Sá et al., 2016),
as well as by extraction methods, where MADH would promote the
extraction of certain compounds (Jordán et al., 2013; Ajayi et al.,
2016).

The antibacterial activity of monoterpenes (Jiao et al., 2012; Jordán
et al., 2013) is associated with the ability to break and penetrate the
bacterial cell membrane, with a greater effect on gram-positive than on
gram-negative bacteria, probably due to differences in their cellular
membranes (Okoh et al., 2010).

The presence of oxygenated monoterpenes in essential oils of other
Artemisia species extracted by HD, such as camphor, 1,8-cineole, and 1-
terpinen-4-ol in A. copa (Lopez et al., 2004) and 1,8-cineole, camphor,
1-terpinen-4-ol, linalool, α-terpinol, and borneol in RR_EO (Altunkaya
et al., 2014), are linked to this activity.

Watanabe et al. (2008) studied the effect of several monoterpenes,
demonstrating the antibacterial activity of eucalyptol against 28 strains
of S. aureus. Linalool and eucalyptol are compounds especially present
in RR oil, and the authors reported that these monoterpenes, present as
the majority in Myrtus communis L., showed bactericidal and bacterio-
static activity against the resistant clinical pathogen A. baumanii strains
(Aleksic et al., 2014). Sonboli et al. (2014) reported the activity of these
compounds against gram-negative bacteria, such as E. coli 25922.

Bouyahya et al. (2017) demonstrated the antimicrobial activity of
another compound present in RR oil, γ-terpinene, against pathogens
such as Bacillus subtilis, Listeria sp., and S. aureus. Other authors

(Marchese et al., 2017; Kisko and Roller, 2005; Ultee et al., 2002;
Rattanachaikunsopon and Phumkhachorn, 2010) have shown that p-
cymene, present in RR, could be responsible for the antimicrobial ac-
tivity of essential oils, especially against E. coli O157:H7, Bacillus cereus
and Salmonella enterica serovar Thyphi.

The different compounds present in the EOs can affect the bacteria
in different ways. In studies with rosemary EO, Jordán et al. (2013)
reported that eucalyptol and α-pinene strongly inhibited Salmonella
typhimurium and that α-pinene increases the effectiveness of the oil
against S. aureus. However, eucalyptol considerably decreased the ef-
ficiency of rosemary EO. The above findings justify the need to evaluate
compounds and/or groups of compounds, specifically on different
bacteria.

The development of natural antimicrobials will help to decrease the
negative effects (residues, resistance, and environmental pollution) of
synthetic drugs. In this respect, natural antimicrobials may also be ef-
fective, selective, biodegradable, and less toxic to environment.

However, the safety and toxicity of these compounds will need to be
addressed (Rattanachaikunsopon and Phumkhachorn, 2010). Donato
et al. (2015) found up to 10 times more antibacterial activity of A.
annua EO against Y. enterocolitica and Salmonella enteritidis compared
with the pure compounds. They reported lower MIC values for this
essential oil (17.6, 0.18 and 17.6 mg/mL) against E. coli, Salmonella and
Listeria, respectively, than the isolated compounds.

According to the classification of Duarte et al. (2007), the anti-
bacterial potential for both essential oils indicates that they would both
be strong inhibitors according to the MICs shown in Table 3. There was
a greater antibacterial effect of CC_EO against Corynebacterium strains,
with MIC values of 0.39 μg/mL. On the other hand, RR_EO showed
greater activity against S. viridans, with a MIC value of 6.25 μg/mL.

3.4. Toxicity

Both EOs showed low or no toxicity against C. elegans (Fig. 2).
RR_EO only showed toxicity at the highest concentration (50mg/mL),
with approximately 80% mortality, both at 24 and 48 h. CC_EO was
toxic at 24 h at 50 and 25mg/mL, with approximately 100% mortality.
However, at 5 mg/mL it showed toxicity at 48 h, with 55% mortality.

Although some level of toxicity was observed, it was only at the
highest concentrations, higher than those recommended for studies in
C. elegans (1 mg/mL) (Dal Forno et al., 2016), which demonstrates that
both oils have low or no toxicity.

Lei et al. (2010) reported nematicidal activity against C. elegans
from thymol and p-cymene, both present in RR_EO. Khanavi et al.
(2017) reported a greater toxic effect of p-cymene (present in RR) than
of γ-terpinene (present in CC). Furthermore, Morales et al. (2003) re-
ported high biotoxicity of alcohol and chloroform extracts of CC against

Table 3
MIC50 for CC_EO and RR_EO using M-MTT.

EO MIC50 (μg/mL) CC_EO MIC50 (μg/mL) RR_EO

S. viridans 1.56 6.25
L. monocytogenes 6.25 25
S. epidermidis 12.5 25
S. aureus 6.25 25
B. cereus 1.56 25
Corynebacterium 0.39 25
E. coli 6.25 25

ANOVA analysis including the Tukey test did not reveal significant differences
between CC and RR. The values were an average of 7 species, and the whole
experiment was performed in triplicate.

Fig. 2. Percent effect of RR (Acantholippia deserticola) and CC (Artemisia copa) essential oils against C. elegans.
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Artemia salina.

4. Conclusions

The essential oils of RR and CC extracted by MADH have a high
antioxidant activity and show strong inhibition against food-associated
pathogenic bacteria. In addition to their low toxicity, these findings
enable us to propose the evaluation of their use in the food sector, ei-
ther as a functional ingredient in food, as an edible carrier, or as a
natural sanitizer.
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