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Methyl salicylate is a compound currently used in the creation of many flavors. It can be obtained by
synthesis or from two natural sources: essential oil of wintergreen and essential oil of sweet birch
bark. Deuterium site-specific natural isotope abundance (Ai) determination by NMR spectroscopy
with the method of reference ERETIC (2H-ERETIC-NMR) has been applied to this compound. Ai

measurements have been performed on 19 samples of methyl salicylate from different origins, natural/
synthetic and commercial/extracted. This study demonstrates that appropriate treatment performed
on the data allows discrimination between synthetic and natural samples. Moreover, the representation
of intramolecular ratios R6/5 as a function of R3/2 distinguishes between synthetics, wintergreen oils,
and sweet birch bark oils.
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INTRODUCTION

Methyl salicylate is widely used in the flavor industry to
create several aromas, such as strawberry, raspberry, banana,
tomato, cocoa, mint, cherry, fig, peach, and tea. This molecule
can be obtained by synthesis or from two natural sources:
essential oil of wintergreen (Gaultheria procumbensL.) and
essential oil of sweet birch bark (Betula lentaL.). The natural
extracts are∼5-7 times more expensive than the synthetic
product (also known as “nature identical”). Because consumers
are more and more demanding natural origin of foodstuffs and
traceability, it is important to differentiate between these origins.
To our knowledge, no study, and especially no isotopic study,
has been published on the authentication of methyl salicylate.

Quantitative deuterium NMR allows routine determination
of site-specific natural isotopic distribution (1). This method,
also known as site-specific natural isotope fractionation by
nuclear magnetic resonance (SNIF-NMR), measures significant
variations of deuterium isotopic distribution according to the
origin of the molecule (2). It has been applied to the authentica-
tion of product origin, such as wines (3), spirits (4), vanilla (5),
and sugars (6). Although using a classical internal reference is
not a drawback, the ERETIC reference is a useful alternative
to avoid adding an exogeneous compound in a precious sample,
available only in a limited quantity. We have shown in previous
work (7-9) that the total experimental time of such analysis
could be dramatically reduced by using the ERETIC method
(2H-ERETIC-NMR). In the present study, we applied this
approach to distinguish natural and synthetic methyl salicylates
and between the two essential oils.

MATERIALS AND METHODS

Methyl Salicylate Samples: Origin and Extraction. Nineteen
methyl salicylates from various origins (four sweet birch bark oils, nine
wintergreen oils, and six from synthetic origin) were analyzed. Some
samples were from commercial origin (purchased from Acros, Aldrich,
Alfa Aesar, Berjé, Citrus and Allied Essences, Clariant-Lancaster, Fluka,
Rhodia, Roth, and Polarome); others were extracted in the laboratory
from raw materials, as detailed inTable 1.
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Table 1. Nature, Origin, and Deuterium Distribution (Averaged Ai in
Parts per Million and Its Standard Deviation σi in Parts per Million,
from Three 2H Spectra) for the 19 Samples Studied

sample
nature/
origina A2 σ2 A3 σ3 A4 σ4 A5 σ5 A6 σ6

1 W co 130.1 2.3 158.1 2.9 151.4 3.5 137.2 2.6 135.6 1.3
2 SB co 136.3 3.7 138.9 3.7 137.1 2.9 146.2 4.6 146.9 1.2
3 W co 120.2 2.3 150.6 1.9 144.2 0.6 131.1 3.1 131.0 1.3
4 W co 125.8 1.5 159.8 1.9 147.9 3.3 139.0 1.8 136.9 0.7
5 W co 119.6 2.3 148.2 5.6 136.2 2.8 125.5 1.8 126.4 0.3
6 W co 123.4 4.5 155.2 5.9 146.7 1.0 132.1 2.7 134.0 0.9
7 W co 118.7 2.3 153.0 2.0 143.6 4.4 131.8 1.1 129.2 0.4
8 W co 121.3 2.7 152.7 1.3 146.6 5.9 132.4 1.8 131.6 0.3
9 S co 148.4 2.3 147.3 1.3 126.7 2.3 122.2 2.0 138.2 0.6
10 S co 141.2 1.7 138.7 1.3 134.1 4.6 141.8 4.2 149.1 0.3
11 S co 132.3 0.9 131.3 2.0 134.0 6.0 137.4 5.6 128.7 0.6
12 S co 153.9 4.4 155.4 3.2 141.4 2.2 139.8 2.8 133.4 0.7
13 S co 158.4 0.6 159.8 3.1 131.2 1.6 134.8 2.5 144.2 0.7
14 S co 171.3 3.5 171.0 2.5 143.1 1.2 141.5 3.1 154.0 1.6
15 SB lab 129.1 1.0 161.2 1.7 141.1 8.2 119.7 9.0 131.3 1.2
16 SB lab 116.6 2.6 143.3 3.9 123.2 4.6 109.1 4.1 120.5 0.1
17 SB lab 122.1 6.7 151.5 5.5 145.1 6.6 119.9 3.5 144.1 0.4
18 W lab 117.0 3.8 150.2 3.6 135.1 2.3 127.0 3.2 120.8 0.8
19 W lab 120.0 3.6 141.9 7.9 139.6 9.3 113.8 3.8 114.2 0.9

a W, wintergreen oil; SB, sweet birch bark oil; S, synthetic; Co, commercial;
lab, extracted in the laboratory.
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When extraction was performed, raw material was dry wintergreen
leaves or ground sweet birch bark. One kilogram of raw material was
left to soak overnight with 10 L of warm water. Such maceration causes
hydrolysis of the primeveroside of methyl salicylate (also known as
monotropitin or gaultherin) and frees methyl salicylate, the chief
constituent of wintergreen oil and sweet birch bark oil (95-99%). In
fact, methyl salicylate does not occur in the plant in the free form, but
as a glycoside (10). The distillate obtained over 6 h was separated by
condensation. Distillation was ended by the addition of 40 mL of
cyclohexane. The aqueous phase was extracted two times by 50 mL of
cyclohexane. Cyclohexane phases were combined and concentrated
under N2 flow. The purity of samples was checked by1H NMR.

The molecule of methyl salicylate presents five sites that can be
used forAi measurement by2H NMR (Figure 1 and see ref9 for the
2H spectrum of methyl salicylate), because hydrogen (and deuterium)
atoms in site 1 undergo exchange with those of the extraction medium.
The tube composition was 2.5 mL of methyl salicylate, 1.5 mL of
tetramethylurea (or TMU, a classical internal reference introduced for
another study), and 100µL of lock C6F6.

2H NMR Acquisitions. A Bruker DRX 500 spectrometer, with a
500.13 MHz nominal frequency in1H, was used with a probe dedicated
to 2H measurement (10 mm2H-1H probe, lock19F). The spectrometer
was equipped with three radio frequency channels, permitting the
observation of2H nuclei, the1H decoupling, and the generation of the
ERETIC signal (11).

Similar to those previously described for ethanol (12-14), 2H
measurement parameters were as follows: flip angleR ) 90°, repetition
time TR) 6 s (TRg 5 × T1max ), sampling period AQ) 4 s, number
of scans NS) 500, spectral range SW) 1230 Hz, TD ) 9842,
temperature TE) 308 K. Longitudinal relaxation times were deter-
mined by inversion-recovery (eight inversion delays between 5 ms
and 8 s);T1max ) 1.1 s (9). The usual pulse sequence was modified
only to introduce the electronic signal ERETIC in the spectra.

1H NMR Acquisitions. Quantitative1H NMR spectra of samples
were performed on the same tubes, with the same probe, from the
decoupling coil, following the2H spectra. Principal acquisition
parameters were as follows: pulse width duration1H PW ) 1 µs, TR
) 12 s, AQ) 4 s, NS )12, TD ) 60058. The short pulse width is
adapted to the high analyte concentrations to avoid FID truncation and
receiver saturation, as detailed by Fauhl et al. (15). The flip angle is
also minimum, and quantitative acquisition conditions are guaranteed
for a pulse interval of 12 s. The pulse sequence was modified to
introduce the electronic signal ERETIC in the spectra.

Data Processing.After exponential multiplication (line broadening
) 1 Hz for 2H spectra, 2 Hz for1H spectra) and Fourier transform on
32K, the peak areas were determined by fitting the spectrum to
Lorentzian shapes with the PERCH NMR software (University of
Kuopio, Finland).

For each tube three2H spectra and four1H spectra were measured.
Data from the four1H spectra were averaged. Then data from the
corresponding three2H spectra were used in the calculation ofAi and
standard deviationσi.

Principal componant analysis (PCA) was performed by the Statistica
6.1 software (Statsoft, Inc., Maisons-Alfort, France).

ERETIC. The ERETIC method uses an NMR-like electronically
produced signal (“pseudo-FID”), transmitted by a secondary antenna,
added to the probe, and received simultaneously with the natural FID
of the sample (11,16). After Fourier transform, the signal gives an
additional peak in the spectrum. When variations of sensitivity arise,
the global intensities change in the same way for the sample peaks
and the ERETIC peak. The ERETIC peak can therefore be used as a
reference, like a classical internal reference.

Its amplitude and frequency position can be freely chosen from the
spectrometer (7,17, 18).

Ai Calculation. 2H and1H NMR spectra were obtained on samples
and on a reference tube, called a “calibration tube”, containing the
analyzed compound, the isotope abundancesAi

cal of which were known
(9).

In this study, sample 8 was arbitrarily chosen as the reference tube.
It contained methyl salicylate from wintergreen oil, the isotopic
abundancesAi

cal of which were 121.3( 2.7, 152.7( 1.3, 146.6(
5.9, 132.4( 1.4, and 131.6( 0.3 ppm for sites 2-6, respectively.
This was determined by a classicalAi measurement, using TMU as
reference (3).

RESULTS AND DISCUSSION

The use of a line broadening of 1 Hz for2H spectra (which
have broad lines) and 2 Hz for1H spectra (which have narrow
lines) can be surprising. However, the line broadening in2H
spectra was restricted to 1 Hz to avoid peak overlap, especially
for sites 4 and 5, which were only 8 Hz distant. On the other
hand, the line brodening of 2 Hz for1H spectra was not optimal
in terms of signal-to-noise ratio; however, it was not a restrictive
parameter, and the influence of magnetic field inhomogeneity
on peak shape was minimized.

The results of the NMR determination ofAi, calculated
according to eq 1, are given inTable 1.

At each site, the standard deviationσi depends essentially
on the corresponding signal-to-noise ratio. The range ofAi

variation (difference betweenAi,max andAi,min) observed for the
natural samples is 30.6 ppm, whereas for synthetic samples a
slightly narrower range of 21.7 ppm is found. Sample 2
(commercial sweet birch bark oil) has a lower range ofAi

variation than the other natural samples. For synthetic samples,
A2 andA3 are always very similar.A4 andA5 seem also more
comparable for synthetic samples than natural ones.

Recently, Breena et al. (19) reported a detailed investigation
of the 2H isotope pattern of salicin and salicyl alcohol of
different origins, using suitable derivatives. These molecules
are very close to our molecule of interest (o-hydroxybenzyl
alcohols) and are synthesized in nature according to the same
metabolic pathway. It has been proved that the2H distribution
along the aromatic ring in phenylpropanoids is strongly influ-
enced by the2H labeling of the sugar fragments providing
shikimic acid (20-23). Their data showed that for natural
samples the deuterium enrichment on the aromatic ring follows
the trendApara> Ameta3∼ Ameta5> Aortho (positions are referred
to the alkyl chain). It is different from the trend observed on
natural phenylpropanoids:Apara> Aortho > Ameta. This inversion
cannot be explained by a NIH shift during hydroxylation, as
for para-hydroxylated propanoids, but is explained by an
equilibrium with water at some time of the compound history.
If these positions are converted to our numeration by decreasing
chemical shift, it brings for natural ortho-hydroxylated pro-
panoidsA3 > A4 ∼ A5 > A2. In contrast, the same compounds

Figure 1. Methyl salicylate molecule and numbering of 2H sites.
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of synthetic origin displayed very similar deuterium contents
in all positions.

Among our samples, these from wintergreen oils show the
trendA3 > A4 > A5 > A2 except for sample 19, which had a
quite similar profile: A3 > A4 > A5 ∼ A2. The samples from
sweet birch bark oil follow the trendA3 > A4 > A5 ∼ A2 except
for sample 2: A3 ∼ A4 ∼ A5 ∼ A2. For synthetic methyl
salicylates, the deuterium enrichment is equally distributed on
all positions: A3 ∼ A4 ∼ A5 ∼ A2 or A3 ∼ A4 > A5 ∼ A2. A
clear distinction is also observed between the compounds of
different origins, and sample 2 is ambiguous, very close to
synthetic ones. Furthermore, our results are consistent with data
previously published by Breena et al. (19).

A PCA was carried out on the 19 samples (13 naturals and
6 synthetics) in the space of the five variablesAi. The plan of
the two principal components is presentedFigure 2. The first
component, C1 (which expresses 61.2% of the variance), is
mainly derived fromA2 andA6, and the second component, C2
(17.8% of the variance), depends mainly onA3 andA4. In this
graphical representation of the data, samples are divided into
two groups: the first one contains all of the synthetic samples

9-14 and sample 2 (commercial sweet birch bark); the second
contains all of the natural samples 1, 3-8, and 15-19, except
sample 2.

The clear-cut way of determining the naturalness of methyl
salicylate has been indicated by a separation line. Synthetic and
natural samples are clearly differentiable except for the ambigu-
ous sample 2, which was our only commercial sweet birch bark
oil. It should be noted that the botanical origin of samples
obtained by extraction in the laboratory is sure, whereas it could
be uncertain for commercial samples. Furthermore, for com-
mercial samples, only the raw material is declared, but not
details about the conditions of extraction or geographical origin.
Therefore, results on commercial samples must be carefully
interpreted.

Unfortunately, the two natural origins of essential oils are
not distinguished here. Ten intramolecular2H distributions were
therefore calculated,R3/2, R4/2, R5/2, R6/2, R4/3, R5/3, R6/3, R5/4,
R6/4, R6/5, and for the 19 samples studied:

One of these parameters shows a clear rule to determine the
origin of methyl salicylate:R3/2 (Figure 3). ConsideringR3/2,
samples are again divided into the same two groups: synthetics,
samples 9-14 (plus sample 2) with 0.95< R3/2 < 1.05, and
naturals (samples 1, 3-8, and 15-19) with 1.15< R3/2 < 1.30.
Actually, for synthetic samples,A2 and A3 are always very
similar, thus meaningR3/2 is close to 1 (mean) 0.997; SD)
0.011). In the case of natural samples (except sample 2),R3/2

average is 1.247 with SD) 0.029. TheR3/2 parameter seems
to give, in the simplest way, the same information as a PCA
performed on theAi data: separation of natural samples from
synthetic ones. Unfortunately, the two botanical origins of the
natural molecule were never distinguished.

Couples ofRi/j were graphically reported. The representation
of R6/5 ) f(R3/2) is the most interesting (Figure 4). Data are
now divided into three groups. As previously observed, natural
samples (R3/2 > 1.15) are distinguished from synthetics (R3/2 <
1.05), but sweet birch bark oils (R6/5 > 1.07) are separated from
wintergreen oils (R6/5 < 1.07). A direct way of distinguishing

Figure 2. Representation of the PC plane of PCA carried out on 19 methyl
salicylate samples and with the five isotope abundances Ai measured:
[, wintergreen oil; 2, sweet birch bark oil; 0, synthetic.

Figure 3. Parameter R3/2 for the 19 samples studied: white bar, synthetic; dotted bar, sweet birch bark oil; dashed bar, wintergreen oil.

Ri/j ) nj
c × Ai

c

Aj
c

(2)
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synthetic samples, wintergreen oils, and sweet birch bark oils
has therefore been found.

Within the circle of synthetics, one can observe two groups:
samples 11, 12, and 2, on the one hand, and samples 9, 10, 13,
and 14, on the other. Unfortunately, the information at our
disposal on commercial samples was not sufficient to interpret
this observation.

PCA was then performed on the 19 samples with the 10Ri/j

as variables. The first two dimensions of the graphical repre-
sentation explain 85.9% of the overall variance. The first
component, C1 (which expresses 62.4% of the variance),
depends mainly onR3/2 and R4/2, and the second component,
C2 (23.5% of the variance), depends mainly onR5/3 andR5/2.
PCA was therefore performed with the 10Ri/j as variables, but
only for 12 natural samples: 1, 3-8, and 15-19. The first two
dimensions of the graphical representation explain 74.2% of
the overall variance (first component, C1, 43.9% of the variance
and second component, C2, 30.3% of the variance). Finally,
no more information in terms of authentication was obtained
with two successive PCA than with the simple representation
of R6/5 ) f(R3/2).

This study shows the application of the2H NMR method in
determining the naturalness of an important flavor, methyl
salicylate. PCA performed from isotopic abundanceAi allows
the discrimination between natural samples and synthetic ones.
A simpler method is to observe theR3/2 parameter: a value
lower than 1.05 indicates a synthetic origin, whereas when it is
higher than 1.15, a natural origin is indicated. The three origins
of methyl salicylate (synthetic, wintergreen oil, and sweet birch
bark oil) are distinguished by the graphical representation of
R6/5 ) f(R3/2). A combination of compositional and isotopic
analytical variables (2H, 13C, 14C, etc.), computed in a larger
databank, could improve the performance of methyl salicylate
authentication. Further work is now underway to quantify
potential adulterations.
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