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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)-B-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)-B-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)-B-farnesene (32.97%), B-bisabolene
(14.96%) and germacrene D, while SAM 4 is composed of (E)-B-farnesene (46.61%),
B-bisabolene (12.09%) and ipsdienol (7.48%). (E)-B-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)-B-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 B-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 B-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 |, 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.
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