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Abstract
A common recommendation in the field of animal chemosignaling is to store and transport scent samples frozen, since
they are likely to change with time and degrade due to bacterial activity inside the sample containers and the loss of the
most volatile compounds. However, we still ignore the exact pattern of change or degradation for these types of samples.
Here we experimentally tested the stability of primate scent samples during analytical procedures. For this purpose, we
used swabs of naturally deposited glandular secretions from captive tamarins (Neotropical primates) analyzed by headspace gas chromatography-mass spectrometry. We successively extracted the samples by solid-phase microextraction,
while controlling for the delay between extractions, and compared the number of compounds detected in the samples
under each condition. We found that compounds were lost and transformed over time inside the sample vials. Such
natural decay of scent signals is likely to contribute to the long term information transmitted. We found no evidence that
long delays at room temperature affected sample chemical composition more than short delays. Nonetheless, we showed
that repeated extraction of a sample increased the loss of compounds. The changes in sample chemical composition
observed over time in this experiment support standard recommendation to avoid storing samples for long periods at
room temperature and to extract each sample only once, in order to ensure optimum results.
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1 Introduction
Olfactory communication in animals involves semiochemicals, which can provide conspecifics with information on
an individual’s identity, as well as its social, reproductive,
and health status. Volatile, semi- and non-volatile organic
compounds produced by the signaler are liberated into
the environment, either via passive exudation of body
odors or excretions, or via active deposition of scent gland
secretions during scent-marking, and can constitute interand intra-specific cues and signals [1]. To this day, the most
commonly used method for the collection and analysis
of animal semiochemicals is to collect odor samples on

swabs made of cotton or viscose, which are then stored
in air-tight chromatography vials [1, 2]. Other collection
methods include thermal desorption and portable devices
able to detect the chemical components of an odor in situ
[3]. Compounds are then generally extracted from the substrate by contact with a solvent or an absorbent material.
The latter can have a range of polarities, such as non-polar
polydimethylsiloxane (PDMS) and the more polar divinylbenzene (DVB), and can be incorporated into a solid-phase
microextraction (SPME) fiber. Analysis by gas chromatography-mass spectrometry (GC–MS) commonly follows.
The existing literature on animal chemosignaling commonly recommends researchers to store and transport
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swab samples frozen [2, 4, 5]. The reason for this lies in
the fact that at room temperatures, the high volatilities
of some of the compounds present makes them susceptible to loss by evaporation; and the microbiological
activity inside the sample container produces its own
volatile components, which can contaminate the original
sample. Nevertheless, the exact pattern of degradation
for these scent samples is not known [6]. Here we experimentally tested patterns of sample decay, using swabs
of naturally deposited glandular secretions from captive tamarins (Callitrichidae, Neotropical primates). We
repeatedly extracted the headspace above the samples
and controlled for the delay between extractions. We
compared the effect of different numbers of successive
extractions, and different time periods at room temperature between extractions, on sample chemical richness,
i.e. the number of compounds detected in the samples.
Our objectives were: (1) to confirm that scent samples
degraded over time and repeated extractions at room
temperature; (2) to examine whether either the number
of extractions or the time spent at room temperature
had a greater effect on sample degradation or change;
and 3) to describe the pattern of degradation for this
type of sample.

2 Materials and methods
2.1 Scent sample collection
We collected naturally deposited scent-marks and urine
from two captive emperor tamarins, Saguinus imperator,
and four cotton-top tamarins, S. oedipus, at Drayton Manor
Park (Staffordshire, UK), as part of a project investigating
chemosignaling in these primates [7]. Sample collection
was performed by swabbing the branch (usually a wet
mark was visible), using a clean 1 cm2 square of viscose
gauze held by clean forceps. Swabs were kept individually in clean 4 mL glass chromatography vials closed by a
screw-top polytetrafluoroethylene septum lid. Both vials
and swabs were washed in HPLC-grade methanol and
pentane (ACROS Organics™, London, UK), then baked at
130 °C for 30 min prior to use, as recommended by Birkemeyer et al. [2]. After collecting the secretion, the swab
was quickly returned to its vial and closed, and the forceps were wiped on clean gauze with pentane. Sample
vials were kept in an insulated cool box filled with frozen
gel packs at a temperature close to 0 °C, then transferred
to a freezer onsite (−15 °C) within two hours, where they
remained for up to two months. Samples were then transported in the cool box to Anglia Ruskin University, where
they were stored at −80 °C until analysis.
Vol:.(1234567890)

| https://doi.org/10.1007/s42452-021-04455-1

2.2 Chemical analyses
We analyzed samples using headspace solid-phase
microextraction (SPME) and gas chromatography-mass
spectrometry (GC–MS). Each sample was retrieved from
the freezer immediately before analysis, and placed in a
heat block at 40 °C for an equilibration period of 10 min.
Samples were extracted using a 65 µm PDMS/DVB StableFlex™ SPME fiber (Supelco, Bellefonte, PA, USA) for a
period of 30 min at 40 °C. The sample-coated fiber was
then manually injected at 250 °C into the injection port
of a Clarus 500 GC (PerkinElmer), fitted with a Thermogreen® LB-2 pre-drilled septum, and a splitless 1 mm
liner. A flow of helium of 1 mL/min was used as carrier
gas. Splitless mode was applied for injection. A nonpolar
capillary column, coated with 95% dimethyl- /5% diphenyl-siloxane (30 m × 0.25 mm × 0.25 µm film thickness,
Equity™ 5, Supelco) was used. The oven temperature
program started at 40 °C, held for 2 min, followed by an
increase of 6 °C/min to the final temperature of 200 °C,
held for 8 min. A cool-down ramp was added, decreasing
the temperature to 40 °C at 20 °C/min, and then held for
4 min. The total run lasted 43 min. The electron ionization Clarus 500 MS (PerkinElmer) was equipped with a
quadrupole, and set to scan for mass-to-charge ratios
between 41–300 m/z after a 2 min delay. These scanning
parameters were set after a refining process aimed to
reduce baseline noise to a minimum. Before each sample was analyzed, the fiber was conditioned for 1 min at
250 °C in the injection port of the GC–MS; then a blank
run (in which nothing was injected) was performed, to
ensure the GC column was clean.
We analyzed the samples by SPME–GC–MS under three
different experimental conditions. Each sample was analyzed between two and five times and was kept at room
temperature (ca. 20 °C) between each analysis. Under the
first condition, samples were analyzed five times, with
short intervals between, at times 0 h, 1.5 h, 3 h, 4.5 h, and
6 h. 1.5 h was the shortest time interval possible between
analyses. Under the second condition, samples were analyzed five times, with longer intervals between, at times
0 h, 10 h, 24 h, 48 h, and 72 h. Under the third condition,
samples were analyzed only twice at the maximum time
interval, i.e. at times 0 h and 72 h. Samples from the different individuals were blindly assigned to one of the three
experimental conditions tested; six samples were run
under each condition. We treated each scent-mark collected as an independent sample because we assumed
that two marks from the same individual may differ in their
amount and chemical composition. Moreover, the amount
of secretion left by the animals was usually too small to
take more than one swab per mark.
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For each GC–MS chromatogram, automatic peak detection, integration, and tentative identification using the
National Institute of Standards and Technology (NIST)
mass spectral library [8] was performed in ChemStation™
(Agilent, Santa Clara, CA, USA). Only peaks with a minimum
height of 1% of that of the largest peak were selected,
in order to limit the inclusion of background noise. All
detected peaks were listed using the information of retention time, peak area and height, and mass spectrum. Tentative names were assigned to compounds after NIST mass
spectral library search if the identity match was over 80%.
The identities of seven compounds were further confirmed
by comparison of their retention times with those of commercially obtained compounds, analyzed under identical
conditions.

2.3 Statistical analyses
All statistical analyses were performed in R v.3.5.1 operated in RStudio [9]. A generalized linear mixed model with
Poisson family and log link function (glmer function in R
package lme4 [10]) was built to assess the effect of experimental conditions on sample chemical richness. The fixed
effects in the model were delay between extractions and
number of extractions; and the random effects were the
individual tamarin sampled and sample ID (nested into
individual), to account for repeated extractions of the
same sample. Determination of the variance inflation factor (vif function in R package car [11]) revealed collinearity

Fig. 1  a Variation in the number of compounds detected in
samples tested under three experimental conditions: samples
extracted five times at short (1.5 h), and long (10–24 h) intervals,
and samples extracted twice at maximum interval (72 h). Boxes
indicate the median and interquartile range (IQR); whiskers give the
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when adding interaction terms between the two fixed
effects; for this reason interactions were removed from
the model. Visual inspection of residual plots, produced
using simulateResiduals and testResiduals functions in R
package DHARMa [12], did not reveal any obvious heteroscedasticity or overdispersion in the data.
Looking solely at changes in sample chemical richness
would fail to take into account the possible appearance
over time and repeated extractions of new compounds,
resulting from bacterial activity or other chemical reactions inside the sample vial at room temperature. Therefore, we subsequently recorded, from the total compounds
detected in the different experimental conditions, the lost
compounds, i.e. compounds present in the sample at first
extraction but absent at any of the following extractions;
and the gained compounds, i.e. compounds not present
at first extraction and appearing at one of the following
extractions.

3 Results
We observed a decrease in sample chemical richness, i.e.
the loss of compounds, after first extraction, and at each
following extraction, under all three conditions (Fig. 1a).
The generalized linear mixed model showed a significant
effect of the number of extractions on sample chemical richness, even at the second extraction (1st–2nd
extraction: Z = −4.51; P < 0.01; Supplementary Table S1).

smallest value ≥ lower hinge—1.5*IQR, and largest value ≤ upper
hinge + 1.5*IQR; b Cumulative proportion of compounds gained
(positive values), and lost (negative values), at each successive
extraction for the three experimental conditions
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Conversely, we found no significant difference between
experimental conditions, i.e. the total number of extractions or delay between extractions (5 extractions short
delay–2 extractions maximum delay: Z = 0.73; P = 0.47;
5 extractions short delay–5 extractions long delay:
Z = −0.25; P = 0.80; Supplementary Table S1).
While up to 41% of compounds (n = 138 and n = 166
for samples extracted five times at short and long interval respectively) present at first extraction were lost over
time, new compounds represented over 5% (n = 17 and
n = 32 for samples extracted five times at short and long
interval respectively) of the total compounds detected
in the samples (Fig. 1b). Measures of gained and lost
compounds when only two extractions were performed
were probably overrepresented, since it was not possible
to distinguish between genuinely gained or lost compounds, and possible artifacts from the analyses.
We tentatively identified a number of the compounds
having been gained, or lost, at second or third extraction (Table 1). Identities of hexanal, butanoic acid,
1,2-dimethylbenzene, heptanal, 6-Methyl-5-hepten-2one, hexanoic acid and octanoic acid were confirmed
by comparison of their retention times with those of
commercially obtained compounds analyzed under the
same SPME–GC–MS conditions.

Table 1  Subset of the compounds lost and gained at second or
third extraction of the same samples. Tentative names were given
by NIST mass spectral library search, with identity match ≥ 80%
Lost / Gained

Average retention time
± SD (min)

Tentative identification

Lost

6.16 ± 0.01
9.00 ± 0.00
9.35 ± 0.01
12.00 ± 0.01
13.11 ± 0.00
14.88 ± 0.01
17.63 ± 0.00
6.45 ± 0.02
7.55 ± 0.03
12.13 ± 0.05
13.47 ± 0.01
14.74 ± 0.01
17.14 ± 0.01
21.73 ± 0.00

Hexanal*
1,2-Dimethylbenzene*
Heptanal*
6-Methyl-5-hepten-2-one*
D- or L-Limonene
2-Methoxyphenol
Methyl salicylate
Butanoic acid*
4-Hydroxypentan-2-one
Hexanoic acid*
3,3,5-Trimethylcyclohexanone
Heptanoic acid
Octanoic acid*
2,6,10-Trimethyldodecane

Gained

Identity of the seven compounds marked with an asterisk was confirmed by comparison of their retention times with those of commercially obtained compounds
SD = standard deviation
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4 Discussion
In this experiment we observed the loss of over 40%
of compounds in tamarin scent samples over time. We
found no evidence that long delays at room temperature (ca. 20 °C) affected sample chemical composition
more than short delays, which implies that temperature
may not directly impact sample quality to a damaging level, as was previously thought. Nevertheless, the
delays at room temperature used in this experiment
did not exceed 72 h. This amount of time might be sufficient for transporting animal scent samples between
the collection site and the laboratory when these are in
the same geographical region. In the case of many field
studies, however, the duration of sample storage and
transportation can often stretch to several weeks or even
months, which constitutes an important challenge [5]. In
this case, resorting to on-site freezing and temperaturecontrolled shipment (e.g. dry ice), thermally stable sampling methods, or field-based chemical analyses remains
a requirement for high-quality results [3].
We also showed that repeated extraction of a sample
enhanced the loss of compounds. Reade et al. [13], in a
thorough methods optimization of SPME–GC–MS analyses of murine and human fecal volatile organic compounds, have similarly reported a significant decrease
in the number of compounds after successive extractions of a single sample. The fact that some compounds
were undetectable after first or second extraction may
be explained by the very small amount of scent sample removed and the low concentrations of compounds
within the sample. Moreover, as the SPME desorption
method requires the sample to be heated to 40 °C for
10 min at each extraction, it is likely that a number of
highly volatile compounds were lost from the sample
at successive extractions. Such findings highlight the
importance of using particularly sensitive analytical
methods when investigating animal scents, as many
compounds of high volatility and/or low concentration
might be missed [5].
Samples also gained new compounds over time, with
over 5% of compounds newly appeared after successive
extractions. These new compounds are likely to derive
from the degradation of existing compounds at room
temperature, and the action of microorganisms inside
the sample container [4]. Some of the newly gained
compounds appeared to be derived by chemical reaction from other compounds also identified in the secretion. For instance, while hexanoic acid and heptanoic
acid appeared at the second extraction, hexanal and
heptanal disappeared. It is probable that hexanal and
heptanal have been oxidized to their corresponding
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carboxylic acids via bacterial activity inside the vial when
left at room temperature. Other compounds, such as
2-methoxyphenol, are quite reactive when exposed to
air and light, and would have naturally degraded when
left at room temperature [14]. Although these changes
occurred in the laboratory, it is likely that such changes
will contribute to the natural aging of samples, which
could itself be of semiochemical importance [6]. In the
wild, the progressive change in chemical composition of
a secretion would be reflected in an altering odor profile
and would relate to the time elapsed since the signaler
animal was physically present in the area [15].
Our results showed that repeated sampling of the headspace above a sample has a more deleterious effect on
the quality of the sample than storage at room temperature for periods up to 72 h. Nonetheless, the changes in
sample chemical composition observed over time in this
experiment support the recommendation made by many
researchers in the field of animal chemosignaling to avoid
storing samples for long periods at room temperature and
to extract each sample only once.
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