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A B S T R A C T

A SPME protocol was optimised for the characterization of odorous migrants coming from baby bottles.
Considering this, a Plackett–Burman design to select variables and a central composite rotatable design to define
the optimal conditions were used. The method proposed by Derringer and Suich was used to simultaneously
optimise the responses. After validation, the analytical method was used to characterise volatile migrants from
baby bottles made of polypropylene, Tritan and silicone using 50% ethanol as a simulant. 2,4-di-tert-butylphenol
was identified in all samples. Forty-five compounds were identified, of which thirty-eight were odorants in
silicone baby bottles. Aldehydes were mainly responsible for the unpleasant odour of silicone. Moreover, silicone
showed slightly higher volatile organic compounds (%) than recommended. Odours from ketones, benzophe-
none derivatives and alcohols were also detected by GC-O-MS, however below the LOQ obtained in the MS
detector. All migration data were below the specific migration limits.

1. Introduction

In 2011, the European Commission (EC) and Brazil banned the sale
of baby bottles containing bisphenol A (BPA). This decision was based
on the precautionary principle, as there is a lack of robust data that
supports the safety of BPA for babies and there are many uncertainties
in the reports presented by the World and Health Organisation (WHO),
as well as the European Food Safety Authority [1–4].
Thereafter, many baby bottles manufactured with different plastic

materials appeared on the market, among them polypropylene (PP),
Tritan™ and silicone. However, these materials should be evaluated
regarding the migration limits to ensure that the utensil is used safely.
Since babies have a lower body weight and a less developed metabolic
detoxification capability, the negative effects of migrants from food
contact materials (FCM) are much greater than those induced in adult
organisms. Due to this, special attention must be paid to such aspects
[5].
Migration analysis from baby bottles to food can be performed in

the foodstuff itself or in food simulants. The food simulants are liquid

solutions or solid compounds (Tenax) that simplify the analytical work
required when working with real foods. Migration analysis from baby
bottles was reported using 50% ethanol as a milk simulant followed by
liquid-liquid extraction and GC-MS analysis. However, this technique
requires a large volume of solvents and may present low selectivity
[6–8].
Many studies have aimed the development of fast, miniaturised and

eco-friendly sample preparation techniques such as solid-phase micro-
extraction (SPME), which has great potential to reduce solvent usage.
SPME has been used to identify, quantify and characterise volatile or-
ganic compounds (VOC) followed by gas chromatography-olfacto-
metry-mass spectrometry. Many of the VOC are derived from de-
gradation processes and may emit an odour. Odorants can modify the
organoleptic properties of food and produce a negative effect on the
quality of the product. For this reason, attention should be paid to VOC,
as well as the formation of odorant compounds [9,10].
Although many of them have been described in the literature [11],

there are no reports on the migration of these compounds from silicone
baby bottles [12–14]. On the other hand, compliance assessment of
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silicone food contact materials is mostly based on limits for volatile
organic compounds set by the Bundesinstitut für Risikobewertung (BfR
– German Federal Institute for Risk Assessment) at 0.5% [15].
Successful implementation of SPME requires careful evaluation and

optimisation of factors that influence extraction efficiency (such as type
of fibre coating, ionic strength, time and temperature of extraction
among others) of the analytes. Multivariate statistical tools, such as
Plackett-Burman (PB) and central composite rotatable design (CCRD),
can determine which parameters should be evaluated, as well the si-
multaneous optimisation of the factors studied. Moreover, considering
optimisation involving a high number of responses, it is very unlikely
that the optimum region for all of them will be the same. In this case,
the method proposed by Derringer and Suich [16] becomes a valuable
statistical tool as it allows the simultaneous optimisation of all re-
sponses [17,18].
To the best of our knowledge, there are no studies that address

multivariate optimisation of the extraction of VOC from baby bottles by
SPME. Additionally, data regarding the sensory impact of the migration
of VOC from baby bottles are scarce. In view of this, in this work an
analytical protocol to determine VOC from baby bottles by SPME was
optimised, followed by GC-MS and GC-O-MS analysis. Once optimised,
the method was used to analyse 36 baby bottles made of PP, Tritan and
silicone.

2. Materials and methods

2.1. Reagents

Standards of 2-nonanone (99%, CAS 821-55-6), n-undecane (99%,
CAS 1120-21-4), camphor (95%, CAS 76-22-2), trans-2-nonenal (97%,
CAS 18829-56-6), 1,3,5-triethybenzene (97%, CAS 102-25-0), 1-de-
canol (99%, CAS 112-30-1), 2-6-ditetrbutyl-1,4-benzoquinone (95%,
CAS 719-22-2), diisobutyl phthalate (DIBP) (99%, CAS 84-69-5), me-
thyl palmitate (99%, CAS 112-39-0), 4-heptanone (CAS 123-19-3), oc-
tanal (99%, CAS 124-13-0), isomentol (98%, CAS 89-78-1), isobornyl
acrylate (98.5%, CAS 5888-33-5), diphenyl ether (99%, CAS 101-84-8),
2,4-di-tert-butylphenol (99%, CAS 96-76-4), 3,5-Di-tert-4-butylhydrox-
ytoluene (BHT) (99%, CAS 128-37-0), 3,5-di-tert-Butyl-4-hydro-
xybenzaldehyde (99%, CAS 37942-07-7), benzophenone (99%, CAS
119-61-9), ethyl 4-(dimethylamino)benzoate (99%, CAS 10287-53-3)
and n-alkanes (C8 to C20) were purchased from Sigma (Madrid, Spain).
Ethanol (HPLC grade) was from Scharlau (Barcelona, Spain). Ultrapure
water was obtained from a Milli-Q system (Millipore, Billerica, MA,
USA).

2.2. Samples

Thirty-six baby bottles, from 12 different models (Table S1), in-
tended for children between 0 and 12 months were used in this study.
The baby bottles were purchased from distributors located in São Paulo,
Brazil and were made of Tritan™ (n= 9), polypropylene (n= 24) and
silicone (n= 3).

2.3. Determination of VOC (%)

VOC was determined only in silicone baby bottles, in triplicate,
according to Helling, Seifried, Fritzsche and Simat [19]. To do this, 3g
of the silicone baby bottle were cut into 1× 2 cm pieces and condi-
tioned over dried CaCl2 for 48 h. Thereafter, 3g were weighed into a
glass bowl and heated for 4 h at 200 °C, conditioned in an exicator and
weighed again. The loss of weight, calculated as the percentage, gives
the amount of volatile organic compounds.

2.4. Migration tests

Initially, the baby bottles were boiled for 5min as recommended by

the manufacturer. Next, the samples were submitted to migration tests
at 70 °C/2 h using 50% ethanol as the milk simulant. Since baby bottles
are materials for repeated use, migration tests were carried out 3 times
in the same sample as recommended by Regulation 2011/10/EC and
the Brazilian Health Regulatory Agency - ANVISA [20,21]. Between the
tests, the baby bottles were rinsed with ultrapure water and boiled
again for 5min.

2.5. Extraction optimisation

2.5.1. Fibre choice
Ethanol can negatively influence the adsorption of other volatile

compounds as it competes directly with the analyte for adhesion sites in
the SPME fibre. For this reason, the amount of organic solvent in
samples should be kept to a minimum. Typically, for optimal extraction
efficiencies, organic solvent should not exceed 1–5% of the sample
volume [22].
In view of this, previous tests were carried out to reduce the organic

solvent content and optimise the extraction of odorous compounds from
50% ethanol. To do this, 5g of the solution, obtained after the first
migration test with silicone baby bottles, was used. First, the content of
ethanol was removed with nitrogen stream at 40 °C followed by head
space solid-phase microextraction (HS-SPME) at 60 °C/30min using
DVB/CAR/PDMS (50/30 μm). Second, 0.5g of the sample was diluted
10-fold with 4.5g of water, resulting in a sample with 5% of ethanol,
followed by the extraction at 60 °C/30min with DVB/CAR/PDMS (50/
30 μm).
The first approach showed low reproducibility and a large loss of

volatile analytes compared with the sample dilution. On the other hand,
the dilution of the sample in water can reduce the matrix effect, fa-
vouring a greater extraction of the compounds of interest. Thus, dilu-
tion was the best alternative for SPME analysis.
After this, three types of fibres with different polarities and thick-

nesses were evaluated in the extraction process: PDMS (100 μm), DVB/
CAR/PDMS (50/30 μm) and PDMS/DVD (65 μm). The selected fibres
have different polarities, which provide different extraction capacity of
the analytes.
For this purpose, 5g of a mix containing 7mg kg−1 of 2-nonanone,

n-undecane, camphor, trans-2-nonenal, 1,3,5-trimethyl benzene, 1-de-
canol, 2,6-ditertbutyl-1,4-benzoquinone, diisobutyl phthalate and me-
thyl palmitate in 5% ethanol was prepared in triplicate. These sub-
stances were selected based on the representativeness of the classes of
compounds which had already been reported in PP, Tritan and silicone
materials [7,11]. After extraction, the samples were injected in GC-MS
Agilent 6890 equipped with a CTC Analytics system (Madrid, Spain).

2.5.2. Experimental design
After choosing the SPME fibre, a Plackett-Burman (PB) design was

used as the methodology to select variables that could affect the ex-
traction of volatile compounds from the mix (Table S2). The sig-
nificance level used to assess the effect of a variable was set to 10%, to
minimise the risk of excluding any important variables of the method in
the following step [23].
Next, a central composite rotatable design (CCRD), based on a 23

factorial design with six axial points and three repetitions of the central
point, was used to determine the extraction conditions. Finally, the best
extraction condition for each mix compound was determined using the
simultaneous response optimisation technique proposed by Derringer
and Suich [16]. This method is based on defining of a desirability
function to each response, with values restricted to the interval [0,1],
where “zero” means an unacceptable value and “one” the most desir-
able value.
Since the desirability function has been set for all the responses,

they should be combined into an overall desirability, normally given by
the geometric average of “n” individual desirability. The individual
desirability was defined to maximise the ion abundance (by GC-MS) of
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each compound. The mathematical models were evaluated by variance
analysis. The proposed condition by the algorithm was experimentally
validated and used to extract the odorous compounds from baby bot-
tles.

2.6. Chromatographic analysis

2.6.1. HS-SPME-GC/MS analysis
The volatile compounds were analysed using the Agilent 6890 series

GC system coupled to the 5973 series mass selective detector. The in-
jection was performed in a HP5 MS column, in splitless mode, at 250 °C
and, helium was used as carrier gas at 1 mLmin−1. The ionization was
performed by electronic impact at 70eV. The chromatography started at
60 °C for 5min, increasing 10 °C. min−1 to 300 °C in which it was held
for 5min.
For fibre selection and identification of volatile compounds, the

SCAN mode (40–400 m/z) was used. Moreover, compounds were
identified by matching their mass spectra vs. NIST14 and Wiley library,
observing a coincidence of at least 80%. Identification was confirmed
using the temperature programmed retention index (LTPRI) which was
calculated using a commercial mixture of hydrocarbons (C8-C20).
On the other hand, the SIM mode was used to quantify the com-

pounds identified. For this purpose, 2 ions were monitored: one to
quantify and the other to confirm the compound identified. Therefore,
the stock solution containing the following reagents: 4-heptanone, oc-
tanal, trans-2-nonenal, isomenthol, 1-decanol, isobornyl acrylate, 2,4-
di-tert-butyl phenol, BHT, benzophenone, ethyl 4-dimethylamino-
benzoate, 3,5-di-tert-butyl-4-hidroxybenzaldehyde, DIBP, methyl pal-
mitate, each at 1000 μg kg−1, were prepared in 5% ethanol. Six-point
calibration curves were made, each in triplicate and were analysed
following the same methodology described above.
The analytical procedure was validated in terms of linear range

(μg.kg−1), regression coefficient (r), limit of detection (LOD), limit of
quantification (LOD) and reproducibility. LOD was determined as 3
times the noise signal. The LOQ was established as three times the LOD.
Due to the lack of standards, some compounds were quantified using
similar standards.

2.6.2. HS-SPME-GC-O/MS analysis
SPME-GC-O/MS analysis was performed in Agilent 7890B GC-MS

coupled to a Phaser olfactory detection system and a quadrupole op-
erating in scan mode (40–400 m/z). The extraction was carried out
according to the method optimised in the first step. Injection was car-
ried out using SPME manual injector where DVD/CAR/PDMS fibre was
used. Odorous compounds were identified by comparing the LTPRI
determined by HS-SPME-GC/MS with those obtained in the HS-SPME-
GC-O/MS. Moreover, characterization of the aroma of each compound
was performed and confirmed using Flavornet and Pherobase.
The aromas were described by six trained sniffers, who sniffed the

migrant sample eluted from the chromatographic column and char-
acterised them by their intensities and odour. The odour strength scale:
1–3 (1 was very weak, hardly recognisable note and 3 was very strong,
intense note) was assigned to each smelled compound. Fractional va-
lues were also allowed.
After this, modified frequency was calculated according to the

equation: = ×%FM [F(%) I(%)]0.5 ; where F (%) is the percentage of the
sniffers that detected the smell and I (%) is the percentage of intensity
calculated by the average of the values of the intensity given by all the
sniffers. The MF (%) permits to select the most important odour com-
pounds from the samples. The compounds with MF (%) higher than
60% can be considered as the base of the aroma of the analysed sam-
ples. This methodology allowed us to check compounds which were not
detected by mass spectrometry. This fact is very important in the study
of compound migration to food since the organoleptic properties of
food could be affected by the packaging [9,10].

3. Results and discussion

The main aim of this work was to develop a method by HS-SPME to
determine the migration of the volatile compounds from baby bottles
into food simulant. They were identified and quantified by GC-MS.
Additionally, the volatiles were characterised regarding the odour by
HS-SPME-GC-O/MS. The baby bottle samples under study were manu-
factured using PP, Tritan and silicone.

3.1. Determination of VOC (%)

Compliance assessment of silicone food contact materials is de-
termined mainly by the limit of VOC(%). Originally, studies focusing on
the amount of volatile organic compounds were performed as an in-
dicator of potential high migration. A limit of 0.5% for the release of
volatile organic compounds was introduced to distinguish between
tempered and non-tempered materials and to avoid excessive migra-
tion. In silicone baby bottles, the release of VOC was slightly above
(0.54 ± 0.02) the limit established by the Bundesinstitut für
Risikobewertung [15]. Many toxic compounds might be present in the
profile of volatile migrants from baby bottles [24]. Moreover, this mi-
gration might result in a change in the sensory properties of food, as
well as early exposure of babies to chemical contaminants. For this
reason, it is important to identify and quantify such compounds in order
to mitigate the routes of exposure.

3.2. Fibre choice

Previous to the extraction of VOC from baby bottles, the fibre se-
lection was performed. The choice of coating extraction phase is the
first and arguably most important step in the development of any SPME
method. Various coating extraction phases are available commercially.
Depending on the extraction phase polarity and thickness, a given class
of analytes may be favoured during extraction [25].
In this study, PDMS (100 μm), DVB/CAR/PDMS (50/30 μm) and

PDMS/DVD (65 μm) (Supelco, Bellefonte, USA) were evaluated for their
suitability towards the determination of the classes of compounds of
interest. They present different mechanisms of extraction. In liquid
SPME coatings (PMDS), the extraction occurs via partition into the
extraction phase where the analyte molecules are solvated by the
coating molecules. Since the diffusion coefficient of analyte is suffi-
ciently high within the liquid coating, analyte molecules can penetrate
the whole volume of the coating within a reasonable extraction time.
On the other hand, in solid coatings (CAR and DVB), the analytes mi-
grate into the pores of the adsorbent during the extraction process, and
the extraction occurs only on the surface via an adsorption process
through various interactions such as pi-pi bonding, hydrogen, or van
der Waals interactions. Consequently, shorter extraction times are
needed, since diffusion of analytes into the bulk of adsorption-type
coatings does not occur [25].
Probably, for this reason, the PDMS fibre has shown the lower ex-

tractive capacity (Fig. 1). Since all fibres were exposed for the same
time, due the mechanism of extraction, the liquid coating extracted less
than the solid coating. Nevertheless, the better extraction of apolar
compounds, such as DIBP and methyl palmitate, was obtained with this
fibre. Fibre selectivity for an analyte of interest is determined on the
basis of the principle ‘like-dissolves-like’. Therefore, single-polymer
coatings such as nonpolar PDMS is highly efficient for the extraction of
nonpolar target analytes [26].
PDMS/DVB showed better extraction than PDMS fibre. However,

DVB/CAR/PDMS showed better results for the extraction of all com-
pounds except for ethyl palmitate and diisobutyl phthalate. This fibre
combines the properties of solid (CAR and DVB) and liquid coatings
which can extract a wide range of molecules of different sizes. Solid
coatings can retain an analyte that is about half the size of its diameter.
Carboxen comprises of many micropores, with opening diameters
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ranging from 2 to 20 Å. Consequently, it does not adsorb and/or desorb
large molecular weight molecules efficiently. Conversely, DVB presents
a high degree of mesopores (ranging from 20 to 500 Å), and therefore
does not satisfactorily adsorb small molecules. For this reason, it is
important to pay attention to the degree of pore distribution and pore
size in the solid coating. Hence, efficient extraction of compounds with
molecular weight ranging from 40 to 275 Da can be obtained
[17,25,26].

3.3. Method optimisation

3.3.1. Plackett-Burman design
PB is a saturated design that assumes there are no interactions be-

tween the different extraction variables, and each variable is tested at
two experimental levels: a high level (+) and a low level (−) [27]. The
NaCl concentration (%), incubation time (min), extraction time (min),
extraction temperature (°C) and stirring rate (rpm) were evaluated re-
garding the impact on the extraction process of the mix compounds by
HS-SPME (Table S2). The statistical significance of the NaCl (%), ex-
traction time and extraction temperature were confirmed by ANOVA,
with (p > 0.1) (Fig. 2).
The NaCl concentration showed a positive effect for the compounds

with low molecular weight. On the other hand, for methyl palmitate,
the NaCl concentration had a negative effect. Salting out can increase or
decrease the amount extracted, depending on the compound and salt
concentration. In general, the addition of salt modifies the ionic
strength of the medium and allows the extraction of more polar ana-
lytes through the salting out effect [26].
HS-SPME is an equilibrium extraction technique, and as such, op-

timisation of extraction time is a critical factor to ensure method effi-
ciency because when the extraction time increases, the extraction effi-
ciency also increases, until reaching a maximum (equilibrium). The
extraction time showed a positive effect for the heaviest compounds of
the mix. Ideally, extraction time should be chosen as the time interval
that allows equilibrium to be reached for all analytes [25,28]. For this
reason, this factor was also included in the next step.
Conversely, the extraction temperature had a negative effect on

compounds of lower molecular mass and a positive effect on com-
pounds of higher molecular mass. The temperature affects the extrac-
tion, decreasing the viscosity of the sample and increasing the diffu-
sivity of the analyte, which in turn increases the quantities extracted in
pre-equilibrium conditions. The increase in the temperature of the
sample can also favour the release of analytes bound to the matrix in its
free form in aqueous medium. On the other hand, an increase in

temperature adversely affects the distribution coefficient of the analyte
(Kfm) between the fibre coating and the sample. However, this will be a
problem only in extractions at equilibrium conditions [26,28].
In a saturated design, such as PB, the central points may present

values higher or lower than the other test conditions, indicating the
possible existence of a curvature. Once there are no degrees of freedom
to evaluate a second-order model, if the curvature is not evaluated, the
standard error increases, as well as the p-value, masking the statistically
significant factors. For this reason, all responses were evaluated taking
into account the curvature. Thus, the standard error decreases, as the
tcal and p-value, enabling the visualisation of significant effects [23].
The curvature was significant for trans-2-nonenal and 1-decanol

(p < 0.1). The compounds showed r2 higher than 0.92 indicating a low
error associated with the experiment. Moreover, the factors which
showed a significance for both compounds are in consonance with the
other compounds of the mix. For this reason, only NaCl (%), extraction
time (min) and extraction temperature (°C) were evaluated in the
CCRD.

3.3.2. Central composite rotatable design (CCRD)
After selecting the factors that interfere in the extraction by HS-

SPME, a central composite rotatable design (CCRD) was carried out
(Table 1). For this purpose, the levels of the variables studied were
modified taking into account that all factors showed positive or nega-
tive effects in the mix compounds. Hence, the levels were reduced in
order to find the least NaCl concentration, extraction time and extrac-
tion temperature necessary to extract all compounds from the mix.
The significance of the factors studied was determined through the

analysis of variance (p < 0.05). A model was set for all compounds,
except for trans-2-nonenal and 2,6-ditertbutyl-1,4-benzoquinone (Table
S3). Both compounds have already demonstrated a negative effect re-
garding the extraction temperature. Probably both compounds reached
equilibrium in the range of time and temperature studied. Given that
the extraction process is of an exothermic nature, an increase in tem-
perature at equilibrium could lead to a decrease in the distribution
coefficient (Kfs) of the analyte between the fibre coating and head-
space, generating models with a lack of fit. On the other hand, the re-
duction in extraction temperature could compromise the extraction of
compounds with higher molecular weight. This situation is common in
the development of extraction methods whose multi-residue covers a
broad range of polarities. Considering this, the focus must be the overall
quality of data, keeping in mind method sensitivity [26,27].
For the other compounds, optimisation showed that the linear and

quadratic effects of the studied factors can affect the extraction.

Fig. 1. Effect of coating type on extraction capacity of the mix compounds by HS SPME-GC/MS.
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Fig. 2. Pareto diagram for each compound present in the mix.
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Considering several responses and different predicted extraction con-
ditions, the Derringer and Suich [16] tool was used for simultaneous
response optimisation and to find the best capable condition to extract
all the compounds of the mix. A condition with desirability of 0.58 was
found. The optimal extraction condition proposed was 15% NaCl,
37min extraction time and 61 °C extraction temperature.
Three confirmatory tests were performed to experimentally evaluate

the best condition given by the model. Table 2 shows a good agreement
between the predicted values (for extraction and response conditions,
such as peak areas) and those obtained experimentally for all the
compounds.

3.4. Identification and quantification of odorants by HS-SPME-GC-O/MS
and HS-SPME-GC/MS analysis

The optimised condition for HS-SPME was used in the extraction,
identification and quantification of odorous compounds from baby
bottles by GC-MS and GC-O-MS. This approach allows us to evaluate the
impact that the migrants from baby bottles could have on the food, as
well the compliance regarding the specific migration limits (SML) es-
tablished by ANVISA [1,29].
Forty-five compounds were identified in baby bottles made of PP,

Tritan and silicone (Table S4). Most of them were detected come from
the silicone baby bottles (Fig. 3). The compounds were quantified after
the method validation using standard or similar compounds (Table S5).
The method showed LOD ranging from 7 μg kg−1 up to 100 μg kg−1,
LOQ between 22 μg kg−1 and 295 μg kg−1, RSD (%) below 11% and r2

between 0.985 and 0.999. The obtained values are of relevance for the
expected use.
2,4-di-tert-butylphenol was detected in all samples, however, it was

detected at concentrations above the limit of quantification only in
samples 4 and 9. For the last one, 2,4-di-tert-butylphenol migrated only
in the first contact (55.50 ± 5.03 μg kg−1). On the other hand, in si-
licone baby bottles, the compound migrated in the 3 tests with a con-
centration varying from 50.62 μg kg−1 up to 543.16 μg kg−1. This
compound might be formed through the degradation of Irgafos 168, an
antioxidant widely used in polyolefins. Moreover, it has already been

reported in baby bottles, but it is not included in the positive lists of
ANVISA or the European Community [6,8,21,29].
Aldehydes saturated and unsaturated such as octanal, nonanal, de-

canal, (E)-2-decenal, 2-undecenal and tetradecanal, were also quanti-
fied in silicone baby bottles. Octanal and decanal migrated in the first
and second contact reaching concentrations of 1840.47 μg kg−1 and
1037.4 μg kg−1, respectively. Notwithstanding, nonanal, (E)-2-decenal,
2-undecenal and tetradecanal migrated in the three contacts, but non-
anal was the most abundant odorous compound reaching up to
5874.80 μg kg−1. Nonanal already has been reported as the most
abundant odour compound in LDPE [9]. Since there is no information
about the impact of migration of these volatile compounds from the
silicone, only the silicone bottle has been submitted to GC-O-MS ana-
lysis.
Thirty-eight odour compounds were identified in the silicone baby

bottle (Table 3). Compounds with FM (%) higher than 60% can be
considered as the basis of the aroma of the sample analysed. The
identification was confirmed by LTPRI and by the characterization of
the aroma of each compound, using the Flavornet and Pherobase da-
tabases.
As observed in the GC-MS analysis, aldehydes were the main com-

pound with odour detected in the silicone baby bottles. Among them
octanal, (E)-2-octenal, nonanal, (E)-2-nonenal, (E,E)-2,4-decadienal,
(E)-2-decenal, undecanal, (E,E)-2,4-dodecadienal, 2-undecenal, dode-
canal and tetradecenal presented FM (%) varying between 62.36(%) up
to 91.29 (%). Sniffers characterised these compounds as citric, fat,
unpleasant, insect and plastic. These descriptions are in consonance
with those reported in the Flavornet and pherobase databases.
Moreover, these compounds have been widely related as odour in
plastic materials [9,12–14].
The saturated or unsaturated aldehydes are not used directly in the

processing of silicone. However, they can be formed after the oxidation
of polyunsaturated fatty acids used in previous steps of the silicone
elastomer processing. The reaction occurs after activation of the hy-
drosilanes, which are then added to carbon-carbon multiple bonds
using a transition metal complexes as a catalyst such as Pt(0). The bond
C]C found in the polyunsaturated fatty acids is the main place of ac-
tivation as it is more reactive than that of the internal ones (C-C) [30].
On the other hand, the silicone elastomer might be produced from

liquid silicone (PDMS). For this, the liquid silicone is subjected to the
curing process using a photoinitiator. The most used are benzophenone
(MF% 74.61) and derivative such as 2-hydroxy-2-methyl-1-phenyl-
propanone (Darocure 173) (MF% 76.45). For this, benzophenone is
subjected to UV radiation and hemolytic division generating many
peroxyl radicals responsible for the elastomer cure. Nonetheless, per-
oxyl radicals are a propagator of lipid oxidation, increasing the alde-
hyde generation [31,32].
The odour compounds from benzophenone and derivatives have

also been described in the GC-O-MS analysis. Interestingly, resin, pig-
ment and bullet paper were described by sniffers in the benzophenone
characterization. Sensory descriptions are made due to many factors,
among them the personal acuity of the sniffer to describe familiar
odours. Since the olfactometric analysis was performed with specialists
in food packaging, it is normal to use packaging materials to describe
the odour from another packaging material. In this case, benzophenone
was used in UV curable print inks widely applied in candy wrappers. On
the other hand, the floral, spicy, sweet odour from 2-hydroxy-iso-bu-
tyrophenone might be associated to phenyl ketons, such as benzophe-
none, which was described with a slightly sweet geranium-like odour
[33]. Although this compound has shown an apparently pleasant odour,
efforts are still made towards reducing the unpleasant odour of cured
formulations, such as spicy. An unpleasant odour is caused by peroxide
decomposition products such as cumyl peroxides generated from ben-
zophenone and derivatives [31].
1-hepten-3-one, 2-nonanone and 3-nonen-2-one have presented FM

(%) varying between 60.18 and 76.38%. Ketones have been reported as

Table 1
Experimental domain applied to a central composite rotatable design (CCRD).

Variables −1.68 −1 0 1 1.68

X1 NaCl (%) 3.34 6.64 11.50 16.36 19.66
X2 Extraction time (min.) 5.00 13.10 25.00 36.90 45.00
X3 Extraction temperature (°C) 50.00 55.06 62.50 69.94 75.00

Table 2
Predicted values after optimisation by the Derringer and Suich tool.

Variable Predicted valuesa Observed valuesa

(n=3)
Lower
limits

Upper
Limits

NaCl (%) −1 1 –
Extraction time −1 1 –
Extraction Temperature −1 1 –
2-nonanone 19.95 46.65 29.35 ± 3.25
N-undecane 26.24 66.75 30.97 ± 1.69
Camphor 7.13 15.08 9.86 ± 0.88
Trans-2-nonenal 31.56 73.85 33.97 ± 2.82
1,3,5-triethyl benzene 101.17 298.19 139.91 ± 13.05
1-decanol 102.00 216.15 107.93 ± 10.37
2,6-ditertbutyl-1,4-

benzoquinone
55.66 108.18 52.94 ± 4.56

Diisobutyl phthalate 11.16 95.10 59.02 ± 4.98
Methyl palmitate 84.18 227.73 151.27 ± 11.95

a Values divided by 106.
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catalyst inhibitors for silicone curing. These compounds are also formed
as oxidation products in polyolefins, originating from the formation and
decomposition of hydroperoxide [13,31]. The descriptions of ketones
are in consonance with those reported by other researchers. The
mushroom odour from 1-hepten-3-one was reported in wine cork
stoppers [34], while 2-nonanone was reported as fruity/floral notes in
wine [35]. Moreover, 3-nonen-2-one, one of the main odours in
strawberry vinegar, was described as river water/vapour [36].
1-dodecanol, 3-hydroxy-2,4,4-trimethylpentyl 2-methyl propanoate

and, 4-tert-butylcyclohexyl acetate, were detected with MF (%) higher
than 70%, and similar descriptions (fatty, fresh and floral, respectively)

have already been reported [37–39].
Alcohols have also been used as inhibitors of the curing process. On

the other hand, acrylates and derivatives, such as 3-hydroxy-2,4,4-tri-
methylpentyl 2-methyl propanoate and 4-tert-butylcyclohexyl acetate,
are widely used as cross-linkers for silicone [31].
Carvone and 1-methoxy-4-methylbicyclo[2.2.2]octane were de-

tected with MF (%) of 83.7 and 62.3. They are components of the oils
extracted fromMentha spicate and Cynara scolymus L. Surprisingly, these
compounds might be used for elastomersynthesis after ring-opening
transesterification polymerisation followed by post polymerisation
functionalisation, which might clarify its detection [40,41].

Fig. 3. Chromatographic profile of polypropylene, Tritan and silicone samples obtained by HS-SPME-CG-MS.

Table 3
Odorous compounds identified in silicone baby bottle by HS-SMPE-GC-O-MS.

Nº TR Compound Identified Aroma LTPRI Cal LTPRI Tab % M F

1 8.38 (E)-2-Heptenal opium, incense, pungent <1100 959 40.82
2 8.87 1-Hepten-3-one mushroom, unpleasant, fat < 1100 1001 76.38
3 9.29 Octanal green, chemical, lemon <1100 1038 79.79
4 9.93 Eucalyptol Sweet, strawberry <1100 1062 23.57
5 10.47 (E)-2-Octenal unpleasant, green, insect < 1100 1070 74.61
6 10.83 1-Octanol mushroom, oxidized, green <1100 1091 68.72
7 11.12 2-Nonanone flower, fruity, tea 1107 1102 74.54
8 11.32 Nonanal fruit, lemon, citric 1129 1128 52.70
9 11.7 n-Octyl formate plastic, sweet, flower 1142 1141 33.33
10 11.99 3-Nonen-2-one spoiled water, wet earth 1162 1162 60.18
11 12.04 D-(+)-Camphor green, plastic 1172 1172 57.74
12 12.21 (E)-2-Nonenal sintetic, herbal, dry, almonds 1178 1178 89.81
13 12.43 1-Nonanol shoe polish, resin 1193 1190 52.70
14 12.45 p-Menthan-1-ol oxidized 1203 1186 40.82
15 12.73 2-Decanone sweet, chemical 1211 1209 55.26
16 12.88 Estragole burned 1210 1208 33.33
17 12.97 Decanal fruit, lemon, bin 1251 1255 44.16
18 13.11 (E,E)-2,4-Dodecadienal spoiled, insect, fat 1263 1263 91.29
19 13.58 Carvone green lemon 1285 1278 83.27
20 13.76 (E)-2-Decenal citric, chicken soap, condiment 1295 1295 91.29
21 14.08 2-Hydroxy-iso-butyrophenone flower, spicy, sweet 1309 1309 76.45
22 14.26 2,4-Decadienol wet earth, anise 1318 1318 57.74
23 14.42 Undecanal plastic, soap 1341 1339 62.36
24 14.58 (E,E)-2,4-Decadienal fat, insect, unpleanant, green 1341 1346 78.17
25 14.89 4-tert-Butylcyclohexyl acetate green, cream, flower 1364 1361 72.65
26 15.05 1-Methoxy-4-methylbicyclo[2.2.2]octane sweet, vanilla, honey 1382 1381 62.36
27 15.25 2-Undecenal insect, unpleasant, flower, coriander 1428 1420 76.38
28 15.41 3-Hydroxy-2,4,4-trimethylpentyl 2-methylpropanoate apple, fresh, cucumber 1479 1478 78.17
29 15.99 Dodecanal oxidized, flower, fat, wet earth 1516 1515 81.65
30 16.63 1-Dodecanol french fries, wet earth 1540 1520 72.72
31 17.09 2,4-Di-tert-butylphenol oxidized, lavander, unpleasant 1579 1549 62.36
32 17.44 2-ethoxy naphthalene yellow fruit, cashew, banana 1616 1614 40.82
33 17.82 6-Tetradecanone pigment, oxidized, lavander 1649 1655 40.82
34 18.51 Tetradecanal wet earth, green, fresh, plastic 1678 1676 81.65
35 18.68 Benzophenone resin, pigment, bullet paper 1710 1687 74.61
36 19.12 1-Tetradecanol oxidized, spicy, lavander 1787 1774 37.27
37 19.38 4-(1,1,3,3-tetramethylbutyl)-phenol parfum, flowers, yellow flower 1879 1871 40.82
38 20.10 3,5-di-tert-Butyl-4-hydroxybenzaldehyde clean product 1976 1970 33.33
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The result of the GC-O-MS analysis in silicone baby bottles is wor-
rying matter of great concern. The German Federal Institute for Risk
Assessment recommends avoiding the use of FCM with an intensive
smell. In general, smells related to material emissions have hitherto
been rarely investigated on a molecular basis and little is known about
the exposure of consumers to such substances. Moreover, there are no
data on odorous contaminants in baby bottles [14].

4. Conclusion

In this work an extraction method by HS-SPME was developed to
identify and quantify volatile migrants from baby bottles. To do this,
multivariate statistical techniques were successfully used. The method
showed to be reliable to identify and quantify a great number of
odorous compounds from baby bottles. Forty-five compounds were
identified, of which 84% were from silicone baby bottles. Aldehydes
were the main compounds responsible for the unpleasant silicone baby
bottle odour. Odours from ketones, benzophenone derivatives and al-
cohols have also been identified by GC-O-MS analysis, however they
were detected in concentrations below the LOQ of the method devel-
oped. Moreover, VOC (%) was investigated in silicone baby bottles and
values higher than those recommended were found. This emphasises
the importance of olfactometry analysis, because even at a low con-
centration, odorous compounds from baby bottles could affect food
properties and lead to rejection of the product.
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