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ABSTRACT
this study presents the first complete analysis of the chemical 
composition of the flowers of the species N. fragrans and N. micro-
chila. the compounds were extracted via distillation and simultane-
ous extraction and analysed using gas chromatography coupled to 
mass spectrometry. a total of 82 compounds were identified and 
the results reveal significant differences in the abundance of com-
pounds between the species. While N. fragrans has eugenol as its 
majority compound, N. microchila exhibits high concentrations of 
(E)-β-farnesene. in addition, remarkable concentrations of second-
ary compounds such as methyl-eugenol, β-bisabolene, germacrene 
d, 1-octadecene, hexadecyl acetate and ipsdienol were observed 
and are demonstrably related to the processes of attraction of pol-
linators, such as euglossine bees, by orchidaceae. the findings of 
the study offer valuable insights into the ecology and reproductive 
biology of the species studied, and also present taxonomic poten-
tial for the phytochemical data.
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1.  Introduction

Notylia Lindl. is a neotropical genus that belongs to the family orchidaceae and 
includes around 60 species (Chase et  al. 2005; Chase 2009). it is inserted in the sub-
tribe oncidiinae, which is widely recognised for its variations of sizes, shapes and 
colours of its flowers, in addition to offering floral resources such as oils, nectar, resins 
and perfumes to attract pollinators (neubig et  al. 2012; Castro and Singer 2019). in 
Brazil, 26 species of the genus are known, 16 of which are endemic, and these are 
distributed in all the regions of the country (Flora e Funga do Brasil 2024).

although Notylia is widely distributed and has an interesting pollination ecology, 
recent studies of this genus have been restricted to floristic studies (pessoa et  al. 
2022; Silva et  al. 2022). therefore, although it is known that Notylia species have 
notably perfumed flowers that attract males Euglossini bees (Karremans 2023), little 
is known about the chemical composition of the perfumes of the flowers of this 
species. Whitten et  al. (1986, 1988) indicated the presence of ipsdienol and (E)-nerol 
as the main constituents of the floral perfume of N. latilabia ames & C.Schweinf., 
while Gerlach and Schill (1991) identified p-dimthoxybenzene and (E)-β-ocimene as 
the major compounds in N. bunchtienii Schltr., N. venezuelana Schltr. and N. barkeri 
Lindl. these compounds are linked to the system pollination used by Euglossini; 
however, there is no complete record of the volatile compounds present in the per-
fume of any of the species of the genus, so a more thorough phytochemical study 
is necessary.

in this sense, the objective of this study was to create the first detailed report of 
the chemical composition of the floral volatile compounds for two species of the 
genus, namely N. fragrans Wullschl. ex H. Focke and N. microchila Cogn. thus, we seek 
to contribute to the expansion of knowledge about the chemical composition of the 
floral volatile compounds found in the orchidaceae family.

2.  Results and discussion

We identified 82 volatile compounds extracted from the four specimens analysed 
(table S2). analysis of the data revealed marked differences between the chemical 
composition of N. fragrans and N. microchila, indicating a taxonomic potential for 
perfumes. in N. fragrans, the predominant compound in the sampled specimens is 
eugenol, which ranges from 73.46% in Sam 1 to 35.99% in Sam 2. For N. microchila, 
(E)-β-farnesene is the most abundant compound, ranging from 32.97% in Sam 3 to 
46.61% in Sam 4.

the chemical composition of the floral aroma of N. fragrans in the samples Sam 
1 and Sam 2 differed in their concentrations and the amount of compounds (table 
S2; Figure S2 and S3). in sample Sam 1, eugenol (73.46%), (E)-cinnamon acetate 
(17.02%) and methyl-eugenol (7.28%) are the majority compounds, while sample Sam 
2 presented eugenol (35.99%), hexadecyl acetate (14.66%) and 1-octadecene (10.49%). 
However, eugenol was the majority compound found in both samples (Sam 1 and 
Sam 2) of N. fragrans and also in a low concentration in Sam 4 of N. microchila.

Eugenol (the aroma of cloves) is a phenylpropanoid present in the flowers of 
orchidaceae pollinated by Euglossini bees, as observed in the chemical analyses 
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carried out for the genus Aspasia Lindl., Catasetum Rich. ex Kunth, Cypripedium L., 
Dressleria dodson, Gymnadenia R. Br., Gongora Ruiz & pav., and Stanhopea Frost ex 
Hook. (Williams 1974; Hills 2012; Gupta et  al. 2014; Casique et  al. 2018; Braunschmid 
et  al. 2020; d’auria et  al. 2020; Engels et  al. 2020; Vasconcelos et  al. 2023); and this 
is its first report for the genus Notylia. the composition of floral perfumes is important 
for attracting different species that act in pollination systems involving male Euglossini 
bees (dressler 1982; Sazima et  al. 1993). different components may mediate such 
interactions, whereby males collect these perfumes as part of the ritual for attracting 
females, and certain species may have preferences for specific chemical compounds, 
without this being a potential proxy for reproductive isolation in closely related orchid 
species (dressler 1982; nunes et  al. 2016; Brandt et  al. 2020; opedal et  al. 2020).

the compounds methyl-eugenol, (E)-cinnamyl acetate, hexadecyl acetate and 
1-octadecene (table S2) have already been reported in orchidaceae for the genus 
Bulbophyllum, Dendrobium, Epipogium, Stanhopea and Zygopetalum and are known for 
being attractive to euglossine bees (Williams and Whitten 1983; tatsuka 1988; tan 
et  al. 2006; tan and nishida 2012; Jakubska Busse et  al. 2014; Casique et  al. 2018). 
However, they are cited here for the first time for the genus Notylia.

the composition of samples Sam 3 and Sam 4 of N. microchila also differed in 
their concentrations and the amount of compounds (table S2; Figure S4 and S5). 
Sam 3 consists mainly of the compounds (E)-β-farnesene (32.97%), β-bisabolene 
(14.96%) and germacrene d, while Sam 4 is composed of (E)-β-farnesene (46.61%), 
β-bisabolene (12.09%) and ipsdienol (7.48%). (E)-β-farnesene is a natural volatile com-
pound commonly found in essential oils of citrus plants and in the skin of apples, 
and is responsible for their characteristic odour (Sacchetti et  al. 2005; Bozin et  al. 
2006; Hazekamp et  al. 2016).

(E)-β-farnesene is a sesquiterpene found in large concentrations in Sam 3 and Sam 
4 (table S1), which has also been identified in the chemical analysis of Notylia bunch-
tienii (Gerlach and Schill 1991) and other genus of the orchidaceae family such as 
Catasetum, Gongora and Stanhopea (Gerlach 2013; milet pinheiro and Gerlach 2017; 
Casique et  al. 2018; Vasconcelos et  al. 2022, 2023), and is related to the process of 
attracting pollinators. therefore, the data found in this study add to the evidence 
that species of Notylia are pollinated by male Euglossini and Eulaema bees (Warford 
1992; Singer and Koehler 2003).

the compounds β-bisabolene, ipsdienol and germacrene d were present in signif-
icant amounts in Sam 3 and Sam 4 (table S2). ipsidienol is a terpene already described 
in the genus Notylia, and was identified in the analysis of N. latilabia (Whitten et  al. 
1986, 1988). it was also reported as a compound present in flowers pollinated by 
Euglossa (Eltz et  al. 2005). the compounds β-bisabolene and germacrene d are ses-
quiterpenes until recently only known for other genus of orchidaceae such as 
Catasetum and Stanhopea (Gerlach 2013; milet pinheiro and Gerlach 2017; Casique 
et  al. 2018) and are reported here for the first time for the genus Notylia.

Furthermore, a chemometric investigation of the samples was conducted employing 
multivariate statistical techniques (Figure S6) to ascertain the compounds with the 
greatest influence on the formation of the groups. as illustrated in Figure S6, the prin-
cipal component analysis (pCa) revealed that pC1 accounted for 50.4% of the total 
variance, while pC2 explained 29.7%. moreover, an analysis of the compounds with the 
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highest weights for group formation is feasible. as illustrated in Figure S7, the hierar-
chical cluster analysis (HCa) reveals the formation of three distinct groups. However, 
there is minimal overlap between the two sets of data. For instance, Group i, constituted 
by samples 1 and 2, exhibits a similarity of 27.84%, whereas samples 3 and 4 demon-
strate a similarity of only 18.83%, which is insufficient to form a group. the observed 
similarities between the specimens may be attributed to genetic factors, while the noted 
differences may be attributed to the collection sites. previous studies in the literature 
have reported that these factors can exert both qualitative and quantitative influences 
on the chemical composition of volatile compounds (tsusaka et al. 2019; Walia et al. 2020).

3.  Experimental

See Supplementary material.

4.  Conclusion

this study presents a comprehensive analysis of the chemical composition of the floral 
perfumes of two species of Notylia, with identified compounds demonstrating a clear 
link to the pollination process. these findings also indicate notable variations in the 
composition of the aromas observed in the species under analysis and in other previously 
studied species, thus providing potential for taxonomic classification based on phyto-
chemical data. the taxonomy of Notylia is complex due to the similarity of its flowers 
and the absence of a comprehensive revision. Consequently, phytochemical studies of 
this nature have the potential to serve as a tool for species delimitation, in addition to 
assisting in the comprehension of evolutionary processes associated with reproductive 
isolation, which are generated by variation in the chemical composition of aromas.

Acknowledgments

the authors would like to thank the Coordenação de aperfeiçoamento de pessoal de nível 
Superior (CapES) – Finance code 001, and the Fundação amazônia de amparo an Estudos e 
pesquisas (FapESpa) for its support via the project ‘Formação de Recursos Humanos para o 
desenvolvimento da Ciência na amazônia’ in the form of a grant to the first author (protocol 
no.: 2749.271222.0013). We also thank dr. mario augusto Gonçalves Jardim of the Horto Botânico 
‘Jacquer Huber’ at the museu paraense Emilio Goeldi for his assistance in the cultivation and 
preservation of the specimens, the Laboratório de Fitoquímica e Extração ‘adolpho ducke’ at the 
museu paraense Emilio Goeldi for the use of the infrastructure and their technical support, and 
Conselho nacional de desenvolvimento Científico e tecnológico (Cnpq, research grant no. 1220 
312486/2020-0). Edlley m. pessoa acknowledges the productivity grant from Cnpq (no. 
303556/2022-6). the author dr. mozaniel Santana de oliveira thanks pdpG-poSdoC—programa 
de desenvolvimento da pós-Graduação (pdpG) pós-doutorado Estratégico, as well as CapES for 
the scholarship (process number: (88887.852405/2023-00).

Disclosure statement

no potential conflicts of interest are reported by the authors.

https://doi.org/10.1080/14786419.2024.2448851
https://doi.org/10.1080/14786419.2024.2448851


natuRaL pRoduCt RESEaRCH 5

Funding

the author(s) reported there is no funding associated with the work featured in this article.

ORCID

miguel Sena de oliveira  http://orcid.org/0000-0002-4076-2443

References

Bozin B, mimica-dukic n, Simin n, anackov G. 2006. Characterization of the volatile composi-
tion of essential oils of some lamiaceae spices and the antimicrobial and antioxidant activ-
ities of the entire oils. J agric Food Chem. 54(5):1822–1828. doi:10.1021/jf051922u.

Brandt K, machado iC, navarro d, dötterl S, ayasse m, milet pinheiro p. 2020. Sexual dimorphism 
in floral scents of the neotropical orchid Catasetum arietinum and its possible ecological and 
evolutionary significance. aoB plants. 12(4):1–12. doi:10.1093/aobpla/plaa030.

Braunschmid H, Guilhot R, dötterl S. 2020. Floral scent and pollinators of Cypripedium calceolus 
L. at different latitudes. diversity. 13(1):5. doi:10.3390/d13010005.

Casique JV, Silva EF, andrade EHa, mastroberti aa, aguiar dias aCa. 2018. anatomical analyses 
of floral and extrafloral secreting structures indicate the presence of nectaries and colleters 
in Stanhopea grandiflora Lindl. Braz J Bot. 41(3):725–738. doi:10.1007/s40415-018-0469-5.

Castro JB, Singer RB. 2019. a literature review of the pollination strategies and breeding systems 
in oncidiinae orchids. acta Bot Bras. 33(4):618–643. doi:10.1590/0102-33062019abb0111.

Chase mW. 2009. Subtribe oncidiinae. in: pridgeon am, Cribb pJ, Chase mW, Rasmussen Fn. 
Genera orchidacearum: epidendroideae. oxford: university press. p. 211–391.

Chase mW, Hanson L, albert Va, Whitten Wm, Williams nH. 2005. Life history evolution and 
genome size in subtribe oncidiinae (orchidaceae). ann Bot. 95(1):191–199. doi:10.1093/aob/
mci012.

d’auria m, Lorenz R, mecca m, Racioppi R, Romano Va, Viggiani L. 2020. Fragrance components 
of Gymnadenia conopsea and Gymnadenia odoratissima collected at several sites in italy and 
Germany. nat prod Res. 36(13):1–5. doi:10.1080/14786419.2020.1851227.

dressler RL. 1982. Biology of the orchid bees (Euglossini). annu Rev Ecol Syst. 13(1):373–394. 
doi:10.1146/annurev.es.13.110182.002105.

Eltz t, Roubik dW, Lunau K. 2005. Experience-dependent choices ensure species-specific fra-
grance accumulation in male orchid bees. Behav Ecol Sociobiol. 59(1):149–156. doi:10.1007/
s00265-005-0021-z.

Engels mE, Rocha LCF, Koch aK, Gerlach G. 2020. the genus Gongora (orchidaceae, Stanhopeinae) 
from state of mato Grosso. Brazil Rodriguésia. 71:1–9. doi:10.1590/2175-7860202071068.

Flora e Funga do Brasil. 2024. Jardim Botânico do Rio de Janeiro. http://floradobrasil.jbrj.gov.
br/.

Gerlach G. 2013. Stanhopeinae mesoamericanae, V. El aroma floral de las Stanhopeas de mexico. 
Lankesteriana. 9(3):431–442. doi:10.15517/lank.v0i0.12105.

Gerlach G, Schill R. 1991. Composition of orchid scents attracting euglossine bees. Botanica 
acta. 104(5):379–384. doi:10.1111/j.1438-8677.1991.tb00245.x.

Gupta aK, Schauvinhold i, pichersky E, Schiestl Fp. 2014. Eugenol synthase genes in floral scent 
variation in Gymnadenia species. Funct integr Genomics. 14(4):779–788. doi:10.1007/
s10142-014-0397-9.

Hazekamp a, tejkalová K, papadimitriou S. 2016. Cannabis: from cultivar to chemovar ii – a 
metabolomics approch to cannabis classification. Cannabis Cannabinoid Res. 1(1):202–215. 
doi:10.1089/can.2016.0017.

Hills HG. 2012. taxonomic revision of dressleria (orchidaceae, Catasetinae). phytoneuron. 48:1–28.

https://doi.org/10.1021/jf051922u
https://doi.org/10.1093/aobpla/plaa030
https://doi.org/10.3390/d13010005
https://doi.org/10.1007/s40415-018-0469-5
https://doi.org/10.1590/0102-33062019abb0111
https://doi.org/10.1093/aob/mci012
https://doi.org/10.1093/aob/mci012
https://doi.org/10.1080/14786419.2020.1851227
https://doi.org/10.1146/annurev.es.13.110182.002105
https://doi.org/10.1007/s00265-005-0021-z
https://doi.org/10.1007/s00265-005-0021-z
https://doi.org/10.1590/2175-7860202071068
http://floradobrasil.jbrj.gov.br/
http://floradobrasil.jbrj.gov.br/
https://doi.org/10.15517/lank.v0i0.12105
https://doi.org/10.1111/j.1438-8677.1991.tb00245.x
https://doi.org/10.1007/s10142-014-0397-9
https://doi.org/10.1007/s10142-014-0397-9
https://doi.org/10.1089/can.2016.0017


6 m. SEna dE oLiVEiRa Et aL.

Jakubska Busse a, Jasicka-misiak i, poliwoda a, Święczkowska E, Kafarski p. 2014. the chemical 
composition of the floral extract of Epipogium aphyllum Sw. (orchidaceae): a clue for their 
pollination biology. arch Biol Sci. 66(3):989–998. doi:10.2298/aBS1403989B.

Karremans ap. 2023. desmistifying orchid pollination. Richmond: Kew publishing, Royal Botanic 
Gardens, Kew. p. 440.

milet pinheiro p, Gerlach G. 2017. Biology of the neotropical orchid genus Catasetum: a histor-
ical review on floral scent chemistry and pollinators. perspect plant Ecol Evol Syst. 27:23–34. 
doi:10.1016/j.ppees.2017.05.004.

neubig Km, Whitten Wm, Williams nH, Blanco ma, Endara L, Burleigh JG, Silvera K, Cushman 
JC, Chase mW. 2012. Generic recircum scriptions of oncidiinae (orchidaceae: cymbidieae) 
based on maximum likelihood analysis of combined dna datasets. Bot J Linn Soc. 168(2):117–
146. doi:10.1111/j.1095-8339.2011.01194.x.

nunes CE, peñaflor mFG, Bento JmS, Salvador mJ, Sazima m. 2016. the dilemma of being a 
fragrant flower: the major floral volatile attracts pollinators and florivores in the 
euglossine-pollinated orchid Dichaea pendula. oecologia. 182(4):933–946. doi:10.1007/
s00442-016-3703-5.

opedal ØH, martins aa, marjakangas EL. 2020. a database and synthesis of euglossine bee 
assemblages collected at fragrance baits. apidologie. 51(4):519–530. doi:10.1007/
s13592-020-00739-4.

pessoa E, Silva mJC, oliveira mS, Silva-Junior WR, Ferreira aWC. 2022. an updated checklist 
reveals strong incongruences with previous studies: insights after revisiting a regional orchid 
list. acta Bot Bras. 36:1–14. doi:10.1590/0102-33062020abb0487.

Sacchetti G, maietti S, muzzoli m, Scaglianti m, manfredini S, Radice m, Bruni R. 2005. Comparative 
evaluation of 11 essential oils of different origin as functional antioxidants, antiradicals and 
antimicrobials in foods. Food Chem. 91(4):621–632. doi:10.1016/j.foodchem.2004.06.031.

Sazima m, Vogel S, Cocucci a, Hausner G. 1993. the perfume flowers of Cyphomandra 
(Solanaceae): pollination by euglossine bees, bellows mechanism, osmophores, and volatiles. 
pl Syst Evol. 187(1-4):51–88. doi:10.1007/BF00994091.

Silva mJC, pansarin ER, pessoa E, Silva Eo, albuquerque pmC, oliveira mS, Silva-Junior WR, 
Santos Kn, Lima JF, Ferreira aWC. 2022. Synopsis of orchidaceae from Fazenda Sete irmãos: 
a fragment of amazon Forest in northwestern maranhão, Brazil. Rodriguésia. 73:1–19. 
doi:10.1590/2175-7860202273044.

Singer RB, Koehler S. 2003. notes on the pollination biology of Notylia nemorosa (orchidaceae): 
do pollinators necessarily promote cross pollination? J plant Res. 116(1):19–25. doi:10.1007/
s10265-002-0064-4.

tan KH, nishida R. 2012. methyl eugenol: its occurrence, distribution, and role in nature, espe-
cially in relation to insect behavior and pollination. J insect Sci. 12(56):56–60. 
doi:10.1673/031.012.5601.

tan KH, tan Lt, nishida R. 2006. Floral phenylpropanoid cocktail and architecture of Bulbophyllum 
vinaceum orchid in attracting fruit flies for pollination. J Chem Ecol. 32(11):2429–2441. 
doi:10.1007/s10886-006-9154-4.

tatsuka K, Kohama m, Suekane S. 1988. Floral fragrance components of Zygopetalum mackayi 
(orchidaceae). agric Biol Chem. 52(6):1599–1600. doi:10.1080/00021369.1988.10868877.

tsusaka t, makino B, ohsawa R, Ezura H. 2019. Genetic and environmental factors influencing 
the contents of essential oil compounds in Atractylodes lancea. pLoS one. 14(5):e0217522. 
doi:10.1371/journal.pone.0217522.

Vasconcelos Fm, andrade EHa, teixeira Loa, Figueiredo pLB, maia JGS. 2023. Volatile constitu-
ents from Catasetum (orchidaceae) species with occurrence in the Brazilian amazon. plants. 
12(4):703. doi:10.3390/plants12040703.

Vasconcelos Fm, andrade EHa, teixeira Loa, maia JGS. 2022. Volatile constituents of floral scents 
from Encyclia cordigera (Kunth) dressler and E. randii (Barb. Rodr.) porto & Brade (orchidaceae). 
J Braz Chem Soc. 33(1):96–101. doi:10.21577/0103-5053.20210127.

Walia S, mukhia S, Bhatt V, Kumar R, Kumar R. 2020. Variability in chemical composition and 
antimicrobial activity of Tagetes minuta L. essential oil collected from different locations of 
Himalaya. indus Crops product. 150:112449. doi:10.1016/j.indcrop.2020.112449.

https://doi.org/10.2298/ABS1403989B
https://doi.org/10.1016/j.ppees.2017.05.004
https://doi.org/10.1111/j.1095-8339.2011.01194.x
https://doi.org/10.1007/s00442-016-3703-5
https://doi.org/10.1007/s00442-016-3703-5
https://doi.org/10.1007/s13592-020-00739-4
https://doi.org/10.1007/s13592-020-00739-4
https://doi.org/10.1590/0102-33062020abb0487
https://doi.org/10.1016/j.foodchem.2004.06.031
https://doi.org/10.1007/BF00994091
https://doi.org/10.1590/2175-7860202273044
https://doi.org/10.1007/s10265-002-0064-4
https://doi.org/10.1007/s10265-002-0064-4
https://doi.org/10.1673/031.012.5601
https://doi.org/10.1007/s10886-006-9154-4
https://doi.org/10.1080/00021369.1988.10868877
https://doi.org/10.1371/journal.pone.0217522
https://doi.org/10.3390/plants12040703
https://doi.org/10.21577/0103-5053.20210127
https://doi.org/10.1016/j.indcrop.2020.112449


natuRaL pRoduCt RESEaRCH 7

Warford n. 1992. pollination biology the reciprocal agreement between Notylia and Euglossa 
viridissima. am orchid Soc Bull. 61(4):885–889.

Whitten Wm, Hills HG, Williams nH. 1988. occurrence of ipsdienol in floral fragrances. 
phytochemistry. 27(9):2759–2760. doi:10.1016/0031-9422(88)80657-5.

Whitten Wm, Williams nH, armbruster WS, Battiste ma, Strekowski L, Lindquist n. 1986. Carvone 
oxide: an example of convergent evolution in euglossine pollinated plants. Syst. Botany. 
11(1):222–228. doi:10.2307/2418960.

Williams nH. 1974. taxonomy of the genus Aspasia Lindley (orchidaceae: oncidieae). Brittonia. 
26(4):333–346. doi:10.2307/2805817.

Williams nH, Whitten Wm. 1983. orchid floral fragrances and male euglossine bees: methods 
and advances in the sesquidecade. Biol Bull. 164(3):355–395. doi:10.2307/1541248.

https://doi.org/10.1016/0031-9422(88)80657-5
https://doi.org/10.2307/2418960
https://doi.org/10.2307/2805817
https://doi.org/10.2307/1541248

	First comprehensive report on the chemical composition of the floral perfume of Notylia (Orchidaceae)
	ABSTRACT
	1. Introduction
	2. Results and discussion
	3. Experimental
	4. Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References


