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Abstract: The biological activities attributed to Lippia origanoides Kunth. vary according to the 

chemical composition of its essential oil, which can be related to weather factors. The aim of this research 

was the seasonal study of the essential oil chemical composition taken from L. origanoides accessions 

maintained in germplasm bank in vivo. The essential oil was extracted by hydrodistillation in Clevenger 

apparatus and identification of the components was done by GC-MS. We have identified 15 compounds 

of which carvacrol, p-cymene, thymol and methyl-ether-thymol were majority throughout the year for 

most accessions. In three accessions showed fluctuations in the production of the major compound during 

the year like the α-pinene, limonene and borneol. The essential oil showed variation in chemical 

composition throughout the year, the major compound in most of the accessions during the year is 

carvacrol. In some accessions, there are alterations of the majority component. 
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Resumen: Las actividades biológicas atribuidas a Lippia origanoides Kunth. varían según la composición 

química de su aceite esencial, lo que puede estar relacionado con factores climáticos. El objetivo de esta 

investigación fue el estudio estacional de la composición química del aceite esencial extraído de 

accesiones de L. origanoides mantenidas en banco de germoplasma in vivo. El aceite esencial se extrajo 

mediante hidrodestilación en un aparato Clevenger y la identificación de los componentes se realizó 

mediante GC-MS. Hemos identificado 15 compuestos de los cuales carvacrol, p-cimeno, timol y metil-

éter-timol fueron mayoritarios durante todo el año para la mayoría de las accesiones. En tres accesiones se 

observaron fluctuaciones en la producción del compuesto principal durante el año como el α-pineno, 

limoneno y borneol. El aceite esencial mostró variación en la composición química a lo largo del año, el 

compuesto principal en la mayoría de las accesiones durante el año es el carvacrol. En algunas 

accesiones, hay alteraciones del componente mayoritario. 
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INTRODUCTION 

Lippia origanoides Kunth. (Verbenaceae) is a 

medicinal plant native to Central America and north-

eastern South America (Pascual, et al., 2001). It has 

very aromatic and spicy leaves, which contain 

essential oil (Lorenzi & Matos, 2008). This species is 

used in cooking as a seasoning and infusions of  

leaves or flowers are traditionally used as a topical 

lotion for respiratory disease treatments, such as flu, 

bronchitis, cough and asthma, in treating 

gastrointestinal disorders, as a carminative and as 

mouthwash (Pascual et al., 2001; Menezes et al., 

2009; Mesa et al., 2009).  

The essential oil from Lippia showed activity 

against the yellow fever virus (Meneses et al., 2009) 

and was able to inhibit different human and animal 

viruses in vitro (Pilau et al., 2011) and also showed 

antiparasitic activity for cutaneous leishmaniasis 

(Neira et al., 2018).  

In addition, the essential oil of L. origanoides 

have bactericidal effect, fungicidal effect against 

Candida albicans, and fungistatic effect against 

Aspergillus brasiliensis and could safely replace 

preservatives currently marketed in orange juice, 

syrup and shampoo preservation. This preservative is 

safe from a toxicological standpoint, does not have 

allergenic potential and is not mutagenic (Hernandes 

et al., 2017). 

The essential oil obtained from L. 

origanoides leaves is a natural product that has a 

wide chemical diversity and often has, as main 

constituents, thymol and carvacrol (Oliveira et al., 

2006). This chemical diversity may be linked to 

genetic diversity (Vega-Vela et al., 2013) and also to 

the environmental factors associated with the time of 

year, temperature, precipitation and humidity indexes 

(Gobbo-Neto & Lopes, 2007). 

The medicinal and aromatic plant species 

constitute an excellent source of new molecules 

useful for the synthesis of new preventive drugs for 

several human diseases (Balunas & Kinghorn, 2005). 

The conservation of medicinal plant genetic resources 

is important, especially for those that are threatened. 

Thus, germplasm study and conservation is the best 

way to preserve and know the genetic diversity, as 

well as contribute to breeding programs, favoring 

plant selection (Melo, 2012). 

The aim of this research was to perform a 

seasonal study of essential oil of L. origanoides 

accessions maintained in an germplasm bank in vivo. 

 

MATERIALS AND METHODS 

Eight accessions of Lippia origanoides Kunth. were 

selected from the in vivo germplasm bank collection 

of the Institute of Agricultural Sciences Federal 

University of Minas Gerais (ICA-UFMG), Montes 

Claros, Brazil. The accessions are from locations in 

the State of Minas Gerais, Brazil, being from: Salinas 

(ICA 1), Turmalina (ICA 2 and ICA 3) Cristália (ICA 

6), Montes Claros (ICA 7) Glaucilândia (ICA 9) and 

Buenópolis (ICA 11 and ICA 12). Exsiccates of the 

species were deposited in the Agricultural Research 

Company of Minas Gerais (EPAMIG) herbarium and 

identified by Fatima Salimena under No 56524 and 

No 56526. Leaf collections were held monthly, in the 

morning, from June 2013 to May 2014 and stored 

under refrigeration (-4°C), at the Medicinal Plant 

Laboratory ICA-UFMG, until analysis time. 

Extraction of the leaf (40 g) essential oil from 

the selected L. origanoides accessions was carried out 

by hydrodistillation, monthly, in a Clevenger 

apparatus (2 h) in a round bottom flask containing 

500 mL of distilled water (Melo et al., 2011). The 

plant material resulting from the extraction was 

subjected to drying in an oven with forced air 

circulation at 60°C until constant weight to determine 

its dry matter. 

After extraction, the essential oil samples 

were weighed and dried with anhydrous sodium 

sulfate and stored (4°C) in amber flasks. The 

essential oil content (%) was calculated based on the 

oil mass value divided by the dry matter of the 

sample. 

To identify the compounds, present in the 

oils, the samples were submitted to individual 

analysis in a 7890A chromatograph (Agilent 

Technologies) coupled to a 5975C mass spectrometer 

equipped with a DB5-MS fused silica capillary 

column (30 m x 0.25 mm x 0.25 uM) and helium 

(99.9999% purity) as carrier gas (1 mL·min-1). The 

injector was maintained at 220°C, with flow split at a 

1:5 ratios, following the temperature program of 60 - 

240°C with increment of 3ºC min-1 and in the end 

maintained for 10 min. The interface temperature was 

maintained at 240°C. The system was operated in full 

scan mode with electron impact (70 eV), with a mass 

range of 45 to 550 (m/z). All compound retention 

indices were calculated from the retention time of a 

mixture of n-alkanes (C7-C40, Sigma USA) at 20 ppm, 

split 1:100. Generated data were analyzed using the 

MSD ChemStation software and organized according 

to the elution order. 

The relative abundance (%) of total ions was 
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calculated from the chromatogram (GC-MS) peak 

area and identification performed by comparing the 

mass spectrum with the library (NIST 2.0, 2009) and 

literature (Adams, 2017). The relative retention index 

(RI) was calculated according to Van den Dool and 

Kratz (1963). 

Pearsons correlation was calculed using 

statistical software R (R Core team, 2013) to 

determine the relation between climatic factors and 

the essential oil chemical composition. 

 

RESULTS AND DISCUSSION 

The annual average yield of essential oil varied 

(2.20% - 4.18%), accession ICA 6 (4.18% ± 0.91) 

being that with the highest average followed by ICA 

2 (4.10% ± 1.08) and ICA 7 (3.75% ± 1.01). 

Accessions ICA 11 (2.20% ± 0.39), ICA 3 (2.29% ± 

1.01) and ICA 9 (2.59% ± 0.79) had lower average 

values. 

A previous study by our research group 

(ICA-UFMG), with L. origanoides accessions from a 

germplasm bank presented, in a single season, 

essential oil yield between ICA 1 (1.92%) and ICA 6 

(7.78%) (Melo, 2012). L. origanoides plants collected 

from a natural habitat in Colombia showed similar 

yield of essential oil (1.5 to 4.4%) (Escobar et al., 

2010) to that obtained in this present study. 

Table No. 1 presents the climate data during 

the research period. Total rainfall (mm) was the 

climatic factor that varied the most during the year; 

the months of July and August had no precipitation 

and in December precipitation was 414.7 mm. 

L. origanoides is a deciduous species and 

during the research, some plants lost their leaves. 

Thus, there was no essential oil extraction from some 

accessions. In the month of July 2013 there was no 

collection due to lack of leaves in the accesses ICA 2 

and ICA 3. In the month of August 2013 there was no 

collection in the accesses: ICA 1, ICA 2, ICA 3, ICA 

6, ICA 9 and ICA 11 and in January 2014 there was 

no collection due to lack of leaves in the ICA 3 and 

ICA 9 accesses. The water availability for L. 

origanoides is an important factor for essential oil 

production. In a study by Lopes (2010), it was 

observed that the biomass and essential oil 

production responds positively to increased water 

depth.  

In the analysis of the L. origanoides essential 

oil chemical composition, throughout the year, 15 

compounds were identified, consisting mainly of 

functionalized monoterpenes (80%), and 

sesquiterpenes (20%). Thymol and carvacrol 

considered the main components of this species were 

not detected in some accessions at certain times of 

the year (Table No. 2). 

Carvacrol was the major component most of 

the year for most accessions (ICA 1, ICA 2, ICA 6, 

ICA 7 and ICA 9) and so it was considered, in this 

work, stable in relation to the essential oil 

composition. In accession ICA 1, major compounds 

throughout the year were carvacrol, α-pinene, thymol 

and methyl-ether-thymol; carvacrol being the major 

compound with the highest levels in every month of 

the year (Figure No. 1). Accession ICA 1 was 

considered stable, since it maintained the same major 

compounds during the year. 

Accession ICA 2 (Figure No. 1) showed the 

same major compounds as accession ICA 1: 

carvacrol, p-cymene, thymol and methyl-ether-

thymol. Carvacrol also showed the highest levels 

during the year. There was no oil extraction in 

January, February, July and August due to lack of 

leaves on the selected accession. Accession ICA 2, in 

the months in which the essential oil analysis was 

possible, had stable chemical composition, as the 

major compounds were the same during different 

months. 

Accession ICA 3 presented oscillation of the 

major compounds over the evaluated months, 

indicating instability in its essential oil chemical 

composition. The carvacrol was the major compound 

in April, whereas the α-pinene stood out in the 

months of February, May and November, verbenone 

in March, and eucalyptol in May and October (Figure 

No. 1). 

For accession ICA 6, p-cymene, thymol and 

the methyl-ether-thymol were also major compounds, 

carvacrol being the compound with highest content in 

the studied months. During the year, this accession 

was also stable for the major compounds, and, in 

November only carvacrol was major and in August 

there was no collection due to lack of leaves (Figure 

No. 1). 

Accession ICA 7 showed other major 

compounds, such as farnesol and farnesyl acetate that 

were detected only in the month of April. Carvacrol 

was the compound with the highest content during 

the year, except for the month of April. The p-

cymene, methyl-ether-thymol and thymol were also 

major (Figure No. 2). 

In Accession 11, the major compounds were 

eucalyptol, limonene, γ-terpinene, thymol and 

carvacrol. Eucalyptol was the compound with the 

higher content in most of the year and γ-terpinene 
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was the major only in September. In August there 

was no oil extraction as there were not enough leaves 

(Figure No. 2). 

In accession ICA 12, camphene, borneol, 

methyl-ether-thymol, carvacrol and caryophyllene 

oxide were detected as major compounds. Borneol 

was the major compound most of the year and 

carvacrol was major only in November (Figure No. 

2). 

 
Table No. 1 

Climate data during the research period (June 2013 to May 2014), at the Institute of Agricultural 

Sciences, Montes Claros, Minas Gerais, Brazil 

 

 

Month 

Total 

Insolation (h) 

Average 

Temperature 

(ºC) 

Average 

Relative 

Humidity (%) 

Total 

Precipitation 

(mm) 

Jan 271.8 24.86 62.32 25.1 

Feb 267.6 25.44 55.67 12.7 

Mar 214.2 24.9 67.81 76.8 

Apr 261.6 24.68 63.21 35.4 

May 281.8 22.96 57.42 2 

June 243.2 22.3 59.95 2.1 

July 287.2 22.01 53.82 0 

Aug 289.1 22.83 47.06 0 

Sept 226.8 24.66 49.35 37.8 

Nov 221.4 24.95 61.78 196.3 

Dez 128.7 23.89 80.74 414.7 

Source: http://www.inmet.gov.br/portal  

 

Table No. 2 

Average relative abundance (%) of major compounds detected in the essential oil of Lippia origanoides 

accessions from the in vivo germplasm bank (ICA-UFMG) 

Compounds RI Cal RI Lit ICA 

1 

ICA 

2 

ICA 

3 

ICA 

6 

ICA 

7 

ICA 

9 

ICA 

11 

ICA 

12 

α-pinene 931 939 12.67 - 8.63 - - - - - 

cafene 948 951 - - - - - - - 7.10 

p-cimene 1023 1025 - 7.16 - 11.18 11.30 10.29 - 0.52 

limonene 1027 1031 - - 3.78 - - 0.53 5.41 - 

eucalyptol 1030 1033 - - 5.61 - - 3.39 18.64 - 

v-terpinene 1055 1062 - - - - 0.13 - 2.58 - 

borneol 1170 1165 - - 0.71 - - - - 11.25 

verbenone 1217 1204 - - 11.75 - - - - - 

methyl-ether-

thymol 
1240 1235 2.43 4.89 0.24 6.92 6.62 0.74 - 8.37 

thymol 1289 1292 6.76 7.82 - 1.98 3.39 5.33 0.11 0.63 

carvacrol 1300 1298 64.23 37.82 15.63 51.04 50.35 43.65 2.93 6.64 

caryophyllene 

oxide 
1586 1583 - - - - - - - 6.49 

farnesol 1725 1722 - - - - 15.20 - - - 

farnesyl acetate 1827 1834 - - - - 16.40 - - - 

RIcal - Retention Index calculed, RILit - Retention Index Literature. Note: The compounds are shown 

according to retention time. *Only those compounds that were found as main compounds in the present 

study are shown. The number - indicates not detected 
 

http://www.inmet.gov.br/portal
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Figure No. 1 

Major compounds content (%) detected in the Lippia origanoides essential oil in accession ICA 1, ICA 2, 

ICA 3 and ICA 6 from the germplasm bank of the Institute of Agricultural Sciences, Montes Claros,  

Minas Gerais, Brazil 
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Figure No. 2 

Major compounds content (%) detected in the essential oil of Lippia origanoides in accession ICA 7, ICA 9, 

ICA 11 and ICA 12 from the germplasm bank of the Institute of Agricultural Sciences, Montes Claros, 

Minas Gerais, Brazil 
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Carvacrol, p-cymene, thymol, and methyl-

ether-thymol were the major compounds throughout 

the year in ICA 1, ICA 2, ICA 6, ICA 7 and ICA 9 

accessions. These accessions were considered stable 

in relation to the essential oil composition, as they 

kept the same major compounds throughout the year. 

Accession ICA 3 was considered unstable since it 

presented different major compounds throughout the 

year, such as limonene, α-pinene, eucalyptol and 

carvacrol. 

Accession ICA 11 presented limonene, 

eucalyptol, carvacrol and thymol as major 

compounds. The accession ICA 12 presented borneol, 

methyl-ether-thymol, carvacrol, camphene and 

carveol as major compounds during the year. 

Studies of the chemical composition of L. 

origanoides showed significant phytochemical 

variations according to the main constituents 

identified in their essential oil. Three chemical types 

have been reported previously described: p-cymene, 

β- and α-felandrene e limonene (chemotype A), or 

carvacrol (chemotype B) and thymol (chemotype C) 

(Rojas et al., 2006; Oliveira et al., 2007; Stashenko et 

al., 2010). Santos et al. (2004), studied the essential 

oil of three collections de L. origanoides and 

observed that the major was carvacrol (33.5 - 42.9%) 

together with γ-terpinene (8.0 - 10.5%), or thymol 

(5.1 - 8.4%), methyl-ether-thymol (6.1 - 8.7%) and p-

cymene (11.9 - 15.8%). Ribeiro et al. (2014), 

reported the occurrence of a new chemotype for L. 

origanoides, characterized by an essential oil rich in 

(E)-methyl cinnamate and (E)-nerolidol, with fruity 

woody odor, reminiscent of cinnamon, strawberry 

and wood. 

The chemical composition of essential oils of 

Lippia spp. it is also determined by genetic factors 

and can be influenced by seasonality (Silva et al., 

2006; Nogueira et al., 2007; Morais, 2009). In a 

study by Vega-Vela et al. (2013), with two 

populations of L. origanoides, shows that there are 

high levels of genetic diversity and low genetic 

differentiation, despite the great geographical 

distance between the populations. According to the 

relative quantity of the main compounds, six 

chemotypes have been proposed. Therefore, this 

study suggests a significant genetic diversity that can 

influence essential oil. 

Sarrazin et al. (2015), investigated the 

influence of seasonal variation on the yield and 

composition of essential oil of L. origanoides. The oil 

yield was directly proportional to increased solar 

radiation and temperature and inversely proportional 

to the air relative humidity rate.  

In this study the correlation between average 

temperature, insolation and average relative humidity 

and essential oil yield and chemical composition was 

not significant. Environmental factors did not have 

direct influence on the chemical composition in the 

germplasm bank accessions. The observed variation 

may be linked mainly to the genetic component, since 

the plants have the same age and are kept in the same 

climatic and soil conditions. Variation is a common 

feature of native plants not yet domesticated. This 

variability is important for breeding programs, 

allowing the selection of genotypes of interest to 

meet different demands. 

 

CONCLUSION 
There is variation in the essential oil yield of L. 

origanoides throughout the year. The essential oil 

from the leaves showed variation in chemical 

composition throughout the year, carvacrol being the 

major compound in most of the accessions during the 

year. In some accessions there is an alteration in the 

major component. Environmental factors were not 

related to the yield and the chemical composition of 

essential oil of L. origanoides.  

 

ACKNOWLEDGEMENTS 

This work was supported by the CNPq - Conselho 

Nacional de Desenvolvimento Científico e 

Tecnológico and FAPEMIG - Fundação de Amparo a 

Pesquisa do Estado de Minas Gerais. Thank you to 

support from SESU-PET- Programa de Educação 

Tutorial. 

 

REFERENCES 

Adams RP. 2017. Identification of essential oil components by gas chromatography/mass spectrometry. 4.1 th 

Ed. Publisher Allured Publishing Corporation, Carol Stream, USA.  

Balunas MJ, Kinghorn AD. 2005. Drug discovery from medicinal plants. Life Sci 22: 431 - 441. 

https://doi.org/10.1016/j.lfs.2005.09.012  

Escobar P, Leal SM, Herrera LV, Martinez JR, Stashenko E. 2010. Chemical composition and antiprotozoal 

activities of Colombian Lippia spp essential oils and their major components. Mem Inst Oswaldo Cruz 

105: 184 - 190. https://doi.org/10.1590/s0074-02762010000200013  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinghorn%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=16198377
https://www.ncbi.nlm.nih.gov/pubmed/16198377
https://doi.org/10.1016/j.lfs.2005.09.012
https://doi.org/10.1590/s0074-02762010000200013


 

de Sousa et al. Seasonal variation of essential oil of Lippia origanoides 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 723 

 

Gobbo-Neto L, Lopes NP. 2007. Medicinal plants: factors of influence on the content of secondary metabolites. 

Quim Nova 30: 374 - 381.  

Hernandes C, Pina ES, Taleb-Contini SH, Bertoni BW, Cestari IM, Espanha, LG, Varanda EA, Camilo KFB, 

Martinez EZ, França SC, Pereira AMS. 2017. Lippia origanoides Essential oil: An efficient and safe 

alternative to preserve food, cosmetic and pharmaceutical products. J Appl Microbiol 122: 900 - 910. 

https://doi.org/10.1111/jam.13398  

Lopes OD. 2010. Development, determination of crop coefficient (Kc) and a water use efficiency for Alecrim-

pimenta (Lippia sidoides Cham.) in Montes Claros, MG. Thesis, Universidade Estadual de Montes 

Claros, Mina Gerais, Brazil.  

Lorenzi H, Matos FJA. 2008. Medicinal plants in Brazil: native and exotic. Ed. Nova Odessa, Instituto Plantarum, 

Brazil. 

Melo MTP, Ribeiro JM, Meira MR, Figueiredo LS, Martins ER. 2011. Teor de óleo essencial de alecrim-pimenta 

em função do horário de colheita. Cienc Rural 7: 1166 – 1169. 

https://doi.org/10.1590/s0103-84782011000700010 

Melo MTP. 2012. Conservation of Lippia sidoides of northern Minas Gerais and Jequitinhonha valley: 

location, collection, ecogeography, growth, mode of reproduction and genetic divergence. Thesis, 

Universidade Federal de Minas Gerais, Montes Claros, Mina Gerais, Brazil. 

Meneses R, Ocazionez RE, Martínez JR, Stashenko EE. 2009. Inhibitory effect of essential oils obtained from 

plants grown in Colombia on yellow fever virus replication in vitro. Ann Clin Microbiol Antimicrobiol 8: 

1 - 6. https://doi.org/10.1186/1476-0711-8-8  

Mesa AC, Montiel J, Zapata B, Durán C, Betancur L, Stashenko E. 2009. Citral and carvone chemotypes from the 

essential oils of Colombian Lippia alba (Mill.) N.E. Brown: composition, cytotoxicity and antifungal 

activity. Mem Inst Oswaldo Cruz 104: 878 - 884. https://doi.org/10.1590/s0074-02762009000600010  

Morais LAS. 2009. Influência dos fatores abióticos na composição química dos óleos essenciais. Hort Bras 2: 

4050 - 4063. 

Neira LF, Mantilla JC, Stashenko E, Escobar P. 2018. Toxicity, genotoxicity and anti-Leishmania activity of 

essential oils obtained of four chemotypes of Lippia genus. Bol Latinoam Caribe Plant Med Aromat 17: 

68 - 83. 

Nogueira MA, Diaz G, Sakumo, L. 2007. Caracterização química e atividade biológica do óleo essencial de Lippia 

alba cultivada no Paraná. Rev Cienc Farmac Bas Aplic 3: 273 - 278.  

Oliveira DR, Leitão GG, Santos SS, Bizzo HR, Lopes D, Alviano CS, Alviano DS, Leitão SG. 2006. 

Ethnopharmacological study of two Lippia species from Oriximiná, Brazil. J Ethnopharmacol 1: 103 - 

108. https://doi.org/10.1016/j.jep.2006.04.018  

Oliveira DR, Leitão GG, Bizzo HR, Lopes D, Alviano DS, Alviano, CS Leitão SG. 2007. Chemical and 

antimicrobial analyses of essential oil of Lippia origanoides H.B.K. Food Chem 101: 236 - 240. 

https://doi.org/10.1016/j.foodchem.2006.01.022  

Pascual ME, Slowing K, Carretero E, Sánchez-Mata D, Villar A. 2001. Lippia: traditional uses, chemistry and 

pharmacology: a review. J Ethnopharmacol 76: 201 - 214. 

https://doi.org/10.1016/s0378-8741(01)00234-3  

Pilau MR, Alves SH, Weiblen R, Arenhart S, Cueto AP, Lovato LT. 2011. Antiviral activity of the Lippia 

graveolens (Mexican oregano) essential oil and its main compound carvacrol against human and animal 

viruses. Braz J Microbiol 42: 1616 - 1624. https://doi.org/10.1590/s1517-83822011000400049  

Rojas J, Morales A, Pasquale S, Márquez A, Rondón M, Imré M, Veres K. 2006. Comparative study of the 

chemical composition o the essential oil of Lippia origanoides collected in two different seasons. Nat Prod 

Commun 3: 205 - 207. https://doi.org/10.1177/1934578x0600100306  

Ribeiro AF, Andrade EHA, Salimena FRG, Maia JGS. 2014. Circadian and seasonal study of the cinnamate 

chemotype from Lippia origanoides Kunth. Biochem Syst Ecol 55: 249 - 259. 

https://doi.org/10.1016/j.bse.2014.03.014  

Santos FJB, Lopes JAD, Cito AMGL, Oliveira EH, Lima SG, Reis FAM. 2004. Composition and biological 

activity of essential oils from Lippia origanoides H.B.K. J Essent Oil Res 16: 504 - 506.  

https://doi.org/10.1080/10412905.2004.9698782  

Sarrazin SL, da Silva LA, de Assunção AP, Oliveira RB, Calao VY, da Silva R, Stashenko EE, Maia JG, Mourão 

https://pubmed.ncbi.nlm.nih.gov/?term=Hernandes+C&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Pina+ES&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Pina+ES&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Bertoni+BW&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Cestari+IM&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Espanha+LG&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Varanda+EA&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Camilo+KF&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Martinez+EZ&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Fran%C3%A7a+SC&cauthor_id=28055127
https://pubmed.ncbi.nlm.nih.gov/?term=Pereira+AM&cauthor_id=28055127
https://doi.org/10.1111/jam.13398
https://doi.org/10.1590/s0103-84782011000700010
https://doi.org/10.1186/1476-0711-8-8
https://doi.org/10.1590/s0074-02762009000600010
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Bol.%20latinoam.%20Caribe%20plantas%20med.%20arom%C3%A1t
https://doi.org/10.1016/j.jep.2006.04.018
https://doi.org/10.1016/j.foodchem.2006.01.022
https://doi.org/10.1016/s0378-8741(01)00234-3
https://doi.org/10.1590/s1517-83822011000400049
https://doi.org/10.1177/1934578x0600100306
https://doi.org/10.1016/j.bse.2014.03.014
https://doi.org/10.1080/10412905.2004.9698782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sarrazin%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Assun%C3%A7%C3%A3o%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calao%20VY%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stashenko%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maia%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mour%C3%A3o%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=25625681


 

de Sousa et al. Seasonal variation of essential oil of Lippia origanoides 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 724 

 

RH. 2015. Antimicrobial and seasonal evaluation of the carvacrol-chemotype oil from Lippia origanoides 

Kunth. Molecules 2: 1860 - 1871. https://doi.org/10.3390/molecules20021860  

Stashenko EE, Martínez JR, Ruíz CA, Arias G, Durán C, Salgar W, Cala M. 2010. Lippia origanoides chemotype 

differentiation based on essential oil GC-MS and principal component analysis. J Sep Sci 33: 93 - 103. 

https://doi.org/10.1002/jssc.200900452  

Silva NA, Oliveira FF, Costa LCB, Bizzo HR, Oliveira RA. 2006. Caracterização química do óleo essencial da erva 

cidreira (Lippia alba (Mill.) N. E. Br.) cultivada em Ilhéus na Bahia. Rev Bras Plant Med 3: 52 - 55. 

Vega-Vela NE, Delgado-Avila WA, Chacon Sanchez MI. 2013. Genetic structure and essential oil diversity of the 

aromatic shrub Lippia origanoides Kunth. (Verbenaceae) in two populations from northern Colombia. 

Agron Colomb 31: 5 - 17. 

Van den Dool H, Kratz PD. 1963. A generalization of the retention index system including liner temperature 

programmed gas-liquid partition chromatography. J Chromatogr 11: 463 - 467. 

https://doi.org/10.1016/s0021-9673(01)80947-x  

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mour%C3%A3o%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=25625681
https://doi.org/10.3390/molecules20021860
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stashenko%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=19950347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19950347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ru%C3%ADz%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=19950347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dur%C3%A1n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19950347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salgar%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19950347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19950347
https://doi.org/10.1002/jssc.200900452
https://doi.org/10.1016/s0021-9673(01)80947-x

