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Scent releasing silicone septa: A
versatile method for bioassays
with volatiles

Franz K. Huber and Florian P. Schiestl*

Institute of Systematic and Evolutionary Botany, University of Zurich, Zurich, Switzerland

Volatile organic compounds are of greatimportance for communication within
biological systems. For the experimental investigation of the functions of
volatiles, methods for experimental manipulation are needed. Based on scent-
release methods from pheromone research, we describe a simple and cheap
method for scent manipulation using silicone rubber (i.e. a silicone septum).
Volatile compounds are applied to the septum by soaking the septa for Lhina
solvent/volatile solution. After removal of the septum from the solution and a
drying period of 1 h to allow for evaporation of the solvent, the silicone emits
the volatiles at a continuously decreasing rate for a minimum of 24 h. In this
study, we measure the variability of the emission and quantify the emission
of 22 common floral scent compounds at four different time points and in
four different soaking concentrations. Our results show that for the same
compound and soaking concentration, variability of volatile emission was low,
showing the method leads to repeatable emission rates and can be fine-tuned
to the desired emission rate. We provide a calculation tool based on linear
regression to allow an experimenter to calculate soaking concentration for
each of the 22 compounds to achieve a desirable emission from the septa,
as well as to estimate the emission rate of a volatile from the septa after a
given time.
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Introduction

Volatile organic compounds (VOCs) are a large group of chemicals with a low boiling
point and thus high vapor pressure and variable degrees of volatility. These volatiles
play important roles in chemical communication within many biological systems. They
act as synomones, kairomones, pheromones, or chemical defense compounds in a huge
range of organisms (Birch and Haynes, 1982; Schiestl, 2010; Wyatt, 2014; Raguso, 2020).
Despite a lot of research on the functions of volatiles in the last decades, much still
needs to be learned. For volatiles, manipulative experiments are demanding because of
the obvious difficulties in applying or removing compounds that evaporate constantly.
Recently, protocols for gene silencing have been developed and successfully used in
planta to remove specific volatiles from blends (Kessler et al., 2008, 2015). These
approaches are powerful as they leave the biological matrix unchanged; however, they
are technically demanding, expensive, and only applicable in a few model systems.
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Also, genetically manipulated plants cannot be assayed in the
field in many countries, and in cases where such experiments
are legal, labor-intensive flower emasculation may be needed
to avoid the spread of mutant genotypes (Kessler et al., 2008).
Other, more simple methods present volatiles dissolved in
mineral oil or other solvents during bioassays (Shuttleworth
and Johnson, 2010; Campbell et al., 2016). This method has
the disadvantage that volatiles are emitted in a blend together
with the solvent, making interactive effects between volatiles
and solvent compounds unavoidable. Mineral oil consists of a
blend of alkanes, which are known to serve manifold function
in chemical communication, for example, sex pheromones or
cast recognition signals in many insects (Howard, 1993; Ayasse
et al, 2001), and thus should not be used in bioassays with
insects. Applying diluted volatiles to filter paper or directly to
flowers and testing those after the solvent has evaporated (Larue
etal,, 2016) comes with the problem of rapidly evaporating scent
compounds, leading to strong changes in volatile concentrations
during the test period. The use of nonadsorbing materials such
as plastic beads for bioassays comes with similar problems
of rapid evaporation and is only advisable for low-volatile
compounds (Schiestl and Peakall, 2005; Vereecken et al., 2007).

A simple but efficient way of releasing semiochemicals
in an experimental setup is to apply the compounds to a
silicone rubber carrier (e.g., a gas chromatography septum),
which slowly releases the VOCs to the ambient air. In
pheromone research, septa of natural rubber are often used
to release pheromone compounds for bioassay and application
of pheromones in agricultural fields (Butler and McDonough,
1979; Baker et al., 1980; Heath et al., 1986). The silicone rubber
we use in this study is a highly inert, stable, and resistant polymer
consisting of a silicone (or polysiloxane) backbone, contrasting
it to natural rubber which has a carbon backbone. Using silicone
rubber as a carrier for volatile compounds has several advantages
over alternative methods, such as an aerosol sprayer or sol-gel
polymers (El-Sayed et al., 1999; Zada et al., 2009), as it is cheap,
small size, and easy to use. Because septa are dried after soaking,
volatiles can be assayed without any solvent being present,
which is a great advantage over methods involving low-volatile
solvents, such as mineral oil. Scent-releasing silicone septa have
already successfully been used for many experiments, proving
its versatility for many biological questions (see Discussion for
more details).

In this study, we provide data on emission rates of 22
common floral scent compounds (Table 1) from commercially
available silicon septa, at different concentrations and at
different time points. Based on this data, we provide a calculation
tool based on linear regression that allows the calculation of
soaking concentration and emission rates after a given time,
for all 22 compounds investigated. We did not test different
solvents or different temperatures (all values are for 20°C),
despite these parameters may influence evaporation rates. Thus,
despite our tool may not provide exact evaporation rates for
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any experimental parameters, we hope that our data can serve
as a workable protocol for some experiments or provide a
starting point for researchers that may wish to fine-tune the
methodological parameters of their experimental needs.

Materials and methods

As septa, we used gray gas chromatography (GC) inlet
silicone rubber septa (GR-2), with a 5-mm diameter (Supelco,
Bellefonte PA, USA, product no. 20712). Twenty-two volatiles
were quantified for their emission rates from these septa by
headspace sorption followed by GC-MS analysis. For soaking
septa, each compound was prepared in four concentrations:
1, 10, 100, and 1,000 png ml~!, in dichloromethane
(highperformance liquid chromatography (HPLC) grade)
as solvent. For an initial assessment of the variability of the
emission rates, five silicone rubber septa, and afterward for
the main experiment, two to three septa were soaked in each
solution for 1h in 4 ml glass vials at 20°C. After soaking, the
septa were removed from the solution and air-dried in a fume
hood on a metal grid for 1h (at 20 £ 1°C). Emission of volatiles
from septa was measured directly after drying (0), as well as 1,
4, and 24h after drying. To do so, one septum was positioned
on a metal grid in a glass cylinder (Figure 1, diameter 30 mm),
which was closed with a polytetrafluoroethylene (PTFE) clasp.
Volatiles were collected for 30 min from inside the glass cylinder
via a glass tube attached to the cylinder (Figure 1) using
glass tubes (external diameter: 4 mm; inner diameter 2.3 mm)
filled with 20 mg Tenax® TA (60/80 mesh; Supelco) attached
to a vacuum pump (type DC06/04/20F, Fiirgut, Tannheim,
Germany). The incoming air was cleaned with a charcoal filter
and fed into the upper arm of the glass cylinder, representing
a largely closed system (push-pull system) of airflow at a
rate of 200 ml min~!. Glass vials were previously coated with
Sigmacote? siliconizing reagent (Sigma-Aldrich Co. LLC)
followed by washing with acetone and water, and oven dried at
60 °C for several hours before use. Septa were stored at room
temperature (20 = 1°C) for the total duration of the experiment.

Volatile compounds included in the experiment were chosen
from a list of floral volatiles of the genus Lithophragma
(Saxifragaceae), representing a rich blend of floral volatiles
(Friberg et al., 2013). For details of the compounds (Table 1).

VOC analysis

For the analysis of volatiles, gas chromatography with
mass selective detection (GC-MSD) was used. Samples were
injected into a GC (Agilent 6890N; Agilent Technologies,
Santa Clara, CA, USA) using a Gerstel Thermal Desorption
Unit (TDU; Gerstel, Mithlheim, Germany) with a Gerstel
Cooled Injection System (CIS-4). Although we used injection
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TABLE 1 Volatiles included in the experiment.

10.3389/fevo.2022.958982

Compound name CAS number Source and purity of compound Boiling point [K] Molecular weight
Benzaldehyde 100-52-7 Sigma-Aldrich; >99% 451 106.12
(Z)-3-Hexen-1-ol-acetate 3681-71-8 Givaudan (purity unknown) 447 142.2
Acetophenone 98-86-2 Givaudan (purity unknown) 475 120.15
2-Phenylethanol 60-12-8 Fluka; >99% 494 122.16
(1S)-(-)-Camphor 464-48-2 Fluka; >99% 482 152.23
1,4-Dimethoxybenzene 150-78-7 Givaudan (purity unknown) 486 138.16
Methyl salicylate 119-36-8 Sigma-Aldrich; >99% 495 152.15
2-Phenylethyl acetate 103-45-7 Givaudan (purity unknown) 511 164.2
Indole 120-72-9 TCL >99% 527 117.15
2-Amino benzaldehyde 529-23-7 Sigma-Aldrich; >98% 531 121.14
B-Ocimene (mixture of isomers) 13877-91-3 Sigma-Aldrich; >90% 449 136.23
Decanal 112-31-2 Sigma-Aldrich; >98% 481 156.27
Methyl 2-methoxybenzoate 606-45-1 Sigma-Aldrich; 99% 523 166.17
(£)-Linalool 78-70-6 Sigma-Aldrich; 97% 470 154.25
Methyl anthranilate 134-20-3 SAFC; >98% 529 151.16
Methyl benzoate 93-58-3 Givaudan (purity unknown) 472 136.15
Cinnamyl alcohol 104-54-1 Fluka; 97% 523 134.18
Eugenol 97-53-0 Givaudan (purity unknown) 527 164.2
p-Methyl anisole 104-93-8 Givaudan (purity unknown) 448 122.16
Benzyl butyrate 103-37-7 SAFC; >98% 513 178.23
Benzyl acetate 140-11-4 Givaudan (purity unknown) 485 150.17
(4)-a-Pinene 80-56-8 Sigma-Aldrich; 98% 428 136.23

by thermodesorption, solvent-based injection methods should
be equally suitable. For the thermal desorption of the trapped
volatiles, the TDU containing the Tenax® TA filters was heated
from 30°C to 240 °C at a rate of 60°C min~! and held at
a final temperature for 5min in solvent venting desorption
mode (delay time: 0.50 min; initial time: 1.00 min; Peltier cooling
with UPC plus; TDU transfer temp: 300°C; transfer temp
mode: fixed). The CIS was used in solvent vent mode (vent
pressure: 7.6 psi; vent time: 0.01 min; purge flow: 60.0 ml/min;
purge time: 1.51 min) and was cooled with liquid nitrogen
to —150°C for cryo-trapping of eluting compounds from the
filters in the TDU. For the introduction of the sample onto
the column, the CIS was heated to 250°C at a rate of 12°C
s71, and the final temperature was held for 3 min. The GC
was equipped with an Agilent HP-5 column (0.25mm ID,
0.25um film thickness, 15m length), and helium was used
as carrier gas at a flow rate of 2ml min~!. The GC oven
program was 1 min isothermal at 50°C, then 10°C min~! to
250°C and finally 6 min at 250°C. Compound determination
and quantification were completed using a mass selective
detector (Agilent MSD 5975). Compounds were identified by
comparing the spectra obtained from the samples with those
from a reference collection (National Institute of Standards
and Technology (NIST) mass spectral library). Agilent MSD
ChemStation (version E.02.02.1431, Agilent Technologies, Inc.)
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was used for quantitation. For the quantitation database,
calibration samples for all studied compounds at three different
amounts (1, 10, and 100 ng) dissolved in dichloromethane
were analyzed on the GC-MSD system using the same thermal
desorption setup as with the volatile samples.

Statistical analysis

For all compounds, soaking concentrations, and time points
after drying, we calculated the coeflicient of variation in emission
rate by dividing the standard deviation by the mean. We used
linear regression to test for the association between soaking
concentration and emission rate at time point 0 (after solvent
evaporation, i.e., 1 h after removal of septa from the solvent),
as well as the association between emission rate and time for
all of the soaking concentrations. For the latter association,
volatile emission showed an exponential decay with time, thus,
In transformed values were used for linear regressions.

Results

We document all emission rates from septa for
all compounds in Supplementary Table SI  (all values)
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FIGURE 1

septa. Arrows indicate the direction of airflow.

Experimental setup for measuring emission rates for different volatile organic compounds. (A) Airpump, (B) Tenax® TA filled glass tube, (C) air
filter filled with activated charcoal, (D) glass cylinder, (E) polytetrafluoroethylene (PTFE) clasps, (F) metal grid for holding, and the (G) silicone

and Supplementary Table S2 (mean values per soaking
concentration). The variability in emission within compounds
was low, especially for higher soaking concentrations (Figure 2,
Supplementary Table S2). For example, for benzaldehyde,
coefficients of variation in scent emission across time points
were 0.31, 0.08, 0.10, and 0.16 for soaking concentrations 1, 10,
100, and 1,000 g ml ™!, respectively (Supplementary Table S2).
The compound with the lowest mass, benzaldehyde (106
g/mol) had a high initial emission of 1.7 pg/l (20.8 pg/h), and
the one with the highest mass, benzyl butyrate (178 g/mol)
showed a comparably low emission of 0.3 pg/l (3.0 pg/h) at
the highest concentration used. Some compounds, especially
those with higher boiling points (~ above 510 K), showed an
unexpected temporal volatile emission pattern for the strongest
concentrations used. Those compounds (e.g., eugenol) showed
a marked initial increase in the emission rate, with the expected
decay in emission occurring only after the first few hours
(Supplementary Table S2).

Our statistical analysis with linear regression showed
that both the soaking concentration and emission at t0
(after drying of the septa) and the emission rate and time
after the start of the experiment had a highly significant
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association, and a linear association explained most of the
variance, with most R> above 0.9 (Supplementary Tables S3,
S4). For two compounds, methyl 2-methoxybenzoate and
benzyl butyrate, the association between emission rate and
time was not significant (Supplementary Table 54). These results
suggest highly predictable volatile emissions with given soaking
concentrations and time after soaking for most of the tested
compounds in this study. To enable researchers to find
appropriate soaking concentrations for their desired emission
rates, and to let them assess the emission after a given
amount of time, we have built a calculation tool allowing
to assess these parameters, based on our regression analyses
(Supplementary Table S1).

Discussion

Using correct amounts in bioassays is important because
odor concentration can change the perception of volatiles as
odors (Wright et al., 2005) and thus influences the attractiveness
of an odor bouquet. Our experiments showed that the silicone
septa method can be used to achieve reproducible volatile
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FIGURE 2
Volatile emission rate from silicone septa for benzaldehyde. Five trials were done for each soaking concentration and time points after drying.

emission rates, as shown by the low variability of emission, and
a highly predictable change in emission rate with decreasing
concentration in the soaking solution and decline in emission
over time. Only a few compounds showed an unexpected
increase in emission after some time, but only at the highest
concentration used. We believe that this pattern of emission is
an artifact of the glass vials used for scent collection. At the
start of the experiment, compounds may have been adsorbed
by the glass surface and thus retarded, and fewer amounts were
collected than were actually emitted. After the glass surface had
been saturated, the entire amount of the emitted volatile finally
exited through the tube and was collected; hence, the increase in
collected volatiles amount after a given retard time.

In terms of predicting emission amounts from septa,
concentration in the soaking solution, and time after soaking,
were very good predictors with linear and exponential
regression. Our calculation tool, based on the regression
analysis, may be helpful for researchers to apply soaking
concentrations for desirable volatile emission amounts, and to
estimate the change in emission over time. It may also serve as a
starting point to determine the experimental conditions for tests
with compounds that we did not test, such as sesquiterpenes, or
for compound blends.

The artificial scent release method described in this study
has already proven its versatility for a range of biological
questions and experimental approaches in the context of plant—
insect communication. Small silicone septa can be easily added
to sticky traps or to real or artificial flowers (or any other
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items), they can also be used in an experimental maze. For
example, Huber et al. (2005) and Steinebrunner et al. (2008)
used scent-emitting septa placed on sticky traps to catch
pollinator insects and fungi-visiting flies in the field over
several days, using synthetic copies of previously identified
electroantennographically (EAD) active volatiles. Knauer et al.
(2018) tested the attractiveness of individual floral compounds
of Biscutella laevigata (Brassicaceae) flowers for crab spiders
using Y-tube bioassays with scented silicone septa in field
experiments. Scent (B-ocimene) emitting septa were also directly
applied to Biscutella flowers to test their attractiveness to bee
pollinators. Cozzolino et al. (2015) added scented silicone septa
to Silene latifolia (Caryophyllaceae) inflorescences to mimic and
examine the effect of increased emission of two volatiles after an
herbivore attack.

A powerful feature of the septa method is the possibility
to relatively precisely adjust the amount of emitted scent, by
varying the concentration of scent in the soaking solution.
Knauer and Schiestl (2015) made use of this opportunity by
adding different amounts of individual scent compounds to
artificial flowers that held variable amounts of sugar reward in
a greenhouse experiment, to create a population of honestly and
dishonestly signaling flowers, and examine the learning behavior
of bumblebees in response to them. Desurmont et al. (2020)
used scented septa to add different amounts of floral volatile
blends to herbivore-invested plants, to test the interference
of variable amounts of floral volatiles with parasitoid-wasp
attraction in the wind tunnel. Schiestl et al. (2014) tested the
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attractiveness of floral volatile blends of herbivore-infested and
noninfested Brassica rapa plants to bumblebees in flight cage
experiments. They used septa to mimic the low emission of
infested- and the higher emission of noninfested plants. Using
precise emission of a scent also allows the manipulation of
natural scent variability. As an example, Salzmann et al. (2007)
added uniformly scented septa to orchid inflorescences to mask
their intraspecific variability in scent and to test the fitness value
of natural fragrance variation, and Balbuena et al. (2022) added
linalool-emitting septa to polymorphic Oenothera flowers to
test the effect of linalool emission on pollinator attraction and
oviposition by herbivores. Another study tested the importance
of interspecies variability in two species of Silene; Waelti et al.
(2008) added phenylacetaldehyde emitting from septa to the
species that normally lacks this compound, to test its importance
on ethological floral isolation between two species.

Overall, we feel the scented silicone septa method has great
potential for research in various aspects of chemical ecology
research. It allows for solvent-free testing of scent compounds,
application of precise amounts, and an easy adding/removing of
a scent source to any test item.
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