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A procedure to detect whether carbon dioxide was added to French ciders has been developed. For this
purpose, an optimised and simplified method is proposed to determine 13C/12C isotope ratio of carbon
dioxide (d13C) in ciders. Three critical steps were checked: (1) influence of atmospheric CO2 remaining
in the loaded vial, (2) impact of helium flush, (3) sampling speed. This study showed that atmospheric
CO2 does not impact the measurement, that helium flush can lead to isotopic fractionation and finally,
that a fractionation occurs only 5 h after bottle opening. The method, without any other preparation, con-
sists in sampling 0.2 mL of cold (4 �C) cider in a vial that is passed in an ultrasonic bath for 10 min at room
temperature to enhance cider de-carbonation. The headspace CO2 is then analysed using the link Multi-
flow�-isotope ratio mass spectrometer. Each year, a data bank is developed by fermenting authentic
apples juices in order to control cider authenticity. Over a four year span (2008–2011), the CO2 produced
during the fermentation step was studied. This set of 61 authentic ciders, from various French production
areas, was used to determine a d13C value range of �22.59 ± 0.92‰ for authentic ciders CO2 bubbles. 75
commercial ciders were analysed with this method. Most of the samples analysed present a gas d13C
value in the expected range. Nevertheless, some ciders have d13C values outside the 3r limit, revealing
carbonation by technical CO2. This practice is not allowed for organic, ‘‘Controlled Appellation of Origin’’
ciders and ciders specifying natural carbonation on the label.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

CO2 bubbles in sparkling beverages can come from in situ sugar
fermentation in the bottle (so called natural carbonation), or from
exogenous carbonation by adding pressurised CO2. Natural carbon-
ation is not a fully controlled step and can sometimes take as long
as 3 months to reach a minimum internal carbon dioxide concen-
tration of 3 g/L�1 required for a cider to be commercialised (Légif-
rance, 1953). Exogenous carbonation, on the other hand, allows the
control of the pressure of the final product and accelerate the time
to market. Some ciders elaborated in France have their own ‘‘Con-
trolled Appellation of Origin’’ (A.O.C.), A.O.C. Cornouailles (Légif-
rance, 2000a) and A.O.C. Pays d’Auge (Légifrance, 2000b). The
A.O.C. specifications precisely define the cider elaboration process
and, for example, prohibit exogenous carbonation. Moreover, some
ciders specify natural carbonation on the label which is usually
associated with higher quality traditional cider. Therefore, a robust
method for control of natural or exogenous carbonation of CO2

bubbles will allow a better control of compliance with labelling
to the benefit of the consumers and protect quality products from
unfair competition.

CO2 authentication is not restricted to cider but also to some
other sparkling beverages such as sparkling wines and mineral
waters. One of the methods used to quantify of exogenous carbon-
ation is based on determining of carbon 14 isotope activity, as CO2

coming from petroleum does not present any 14C activity (Monge-
reau & Evin, 1993). As a result, exogenous carbonation leads to sig-
nificant 14C activity depletion. A second method consists in
determining 13C/12C isotope ratio (d13C) of carbon dioxide bubbles.
d13C value of CO2 coming from sugar fermentation of ‘‘C3’’ type
plants is in the range �26‰ to �17‰ (Dunbar, 1982; Gonzalez-
Martin, Gonzalez-Perez, & Marqués-Marcias, 1997). Carbon dioxide
sources used for exogenous carbonation come mainly from carbon-
ate sediments (�14 < d13C < +1‰) or combustion of natural gas
(technical CO2, �75 < d13C < �22‰) (Boner & Förstel, 2001;
Meier-Augenstein, 1999; Winkler, 1984). That said, the known car-
bon 13 isotope ratio can be used to detect exogenous carbonation,
even if a small overlap with technical carbon dioxide exists. Never-
theless this technique is not frequently used, as carbon dioxide
recovery requires complex manipulation that makes the analysis
difficult to apply for routine analysis (OIV, 2005). In most studies,
gas sampling is made by cork perforation with a needle, sometimes
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the gas is cryo-purified and then analysed using the dual inlet port
of mass spectrometer (Martinelli et al., 2003), by GC-C-IRMS,
(Calderone, Guillou, Reniero, & Naulet, 2007; Calderone, Holland,
Reneiro, Guillou, 2005; Calderone, Naulet, Guillou, Reneiro, &
Blanch Cortes, 2005) or with EA-CF-IRMS (Boner & Förstel, 2001).
Cabañero, San-Hipolito, and Rupérez (2007) proposed a new ap-
proach simplifying the process for the authenticity control of spar-
kling beverages (Cabañero & Rupérez, 2012). This two step method
requires transferring the sparkling beverage from the bottle to a
20 mL vial and then, 50 lL of this vial are poured in a helium con-
trolled atmosphere vial for online analysis using the GasBench�-
IRMS link.

In this paper, the experiments were performed using a Multi-
flow�-IRMS, system similar to the GasBench�-IRMS apparatus as
both use headspace analyser system. Some final simplifications
of the latest proposed pathway (Cabañero et al., 2007) are de-
scribed in order to set up a method fully applicable for routine
analysis. In addition, the main objective of the study is the applica-
tion of this optimised method to d13C value determination of cider
CO2 bubbles. A data bank, prerequisite for control applications, was
constituted with d13C values of authentic ciders. d13C values of car-
bon dioxide of commercial ciders were also examined and con-
fronted to the data bank values.
2. Material and methods

2.1. Reagents

Helium (Linde, 5.6) is the carrier gas, carbon dioxide (Linde, 4.5)
is used as the reference gas. Ethanol BCR 660 comes from the Insti-
tute for Reference Materials (IRMM).
2.2. Samples

Sixty-one authentic ciders elaborated in the laboratory by fer-
menting authentic apple juices provided by anti-fraud officers col-
lected in French cider houses over a 4 year period (2008–2011).
Seventy-five commercial ciders (10 organic, 6 A.O.C., 17 naturally
carbonated, 42 without CO2 specification) were analysed by the de-
scribed method.
2.3. Sample analysis

Cider bottles must be kept overnight at 4 �C as CO2 solubility in-
creases at low temperature. At the bottle opening, the beverage can
be divided in small vials with hermetic sealing for later analysis
and/or for the elaboration of quality control records. Then 0.2 mL
of the cider is placed into 3.7 mL vial (Labco limited, UK) sealed
with a Teflon/silicon septa cap. These vials are left for 10 min, at
room temperature, in an ultrasonic bath to force de-carbonation.
Then the vials are placed in the Multiflow� (Isoprime/Elementar)
tray for gas analysis. The tray is warmed at 40 �C and the online
headspace sampling of the CO2 gas is fully automated. The loop
injection is equipped with a 50 lL loop that sends the gas to a
gas chromatography (GC) column (Hayesep Q 60–80 mesh, 2.5 m,
ID: 2.0 mm, T = 80 �C) where CO2 gas is eluted to a Nafion� column
allowing gas drying. Unwanted compounds (alcohols, mainly) are
vented out with an automatic system of valves. Helium fluxes
are fixed at 30 mL min�1. This Multiflow� is linked, via an open
split system, to the isotopic mass spectrometer (Isoprime/Elemen-
tar). The IRMS current trap is set at 100 lA. The overall duration of
the measurement is 300 s. Sample d13C values provided in the
tables and graphs correspond to the average of two measurements.
2.4. Isotopic ratio computation

Isotope ratios are expressed as relative deviations d‰ against
the international standard, V-PDB (Vienna-Pee Dee Belemnite)
according to:

d13Csð‰Þ ¼ ½ðRs=RstÞ � 1� � 1000

where R is the 13C/12C isotope ratio of the sample (s) and the inter-
national standard (st). In the following, all isotope data, d13C, are ex-
pressed in ‰ vs. V-PDB.

CO2 reference gas calibration is performed by analysing interna-
tional standard (ethanol BCR-660, d13C = �26.72‰) and internal
standards using the link elemental analyser (VarioMicroCube�,
Elementar) with IRMS. A single pulse of CO2 reference gas is per-
formed at the end of each run for sample d13C value quantification.
The measured masses are m/z 44 and 45 corresponding to 12C16O2

and 13C16O2. In each sample series, a vial containing a cider previ-
ously divided in many sealed vials and with a known d13C ratio is
analysed and the measured d13C values are plotted on a graph for
quality control purposes. Isotope ratio computation is automati-
cally performed using the software Ion Vantage (V-1.3.6).
3. Results and discussion

The stable isotope ratios of cider has been seldom investigated
until now (Cabañero & Rupérez, 2012; Calderone et al., 2007).
However, compliance with several regulation items regarding the
definition and production of cider, natural carbonation being one
of them, can be controlled by such isotopic methods. The study
of cider bubble d13C values started as some previous works on
sparkling wines showed the pertinence of these data in authentic-
ity studies. (Boner & Förstel, 2001; Calderone, Holland, et al., 2005;
Calderone, Naulet et al., 2005; Calderone et al., 2007; Cabañero
et al., 2007, 2012; Dunbar, 1982; Gonzalez-Martin et al., 1997;
Martinelli et al., 2003; Meier-Augenstein, 1999; OIV, 2005;
Winkler, 1984) The first objective was to simplify the described
analytical methods and to make the measurement reproducible
and reliable. Therefore, three critical steps were examined: CO2

extraction from the beverage, CO2 atmospheric disturbance and fi-
nally the sampling at the bottle opening.

CO2 extraction could be a critical step as its liberation in the vial
can be related to the experimental conditions (time, temperature),
and the matrix itself (ciders, sparkling wines and waters). The best
way to be sure that no fractionation occurs during the natural de-
carbonation of sparkling beverages is to force CO2 extraction from
the matrix. Therefore, before analysis, the vials containing the sam-
ple are placed into an ultrasonic bath for 10 min at room temper-
ature. This step quantitatively extracts carbon dioxide as shown in
Table A (electronic supplementary material) that lists the global
carbon dioxide concentrations determined, according to the litera-
ture method (Blouin & Desenne, 1982), before and after ultrasonic
bath. Under these conditions, at least 91% of the global CO2 concen-
tration of the cider are extracted. Moreover, on a collection of 280
commercial ciders, pH values are found to be 3.83 ± 0.18 and at the
highest 4.13. According to the carbonate system diagram and a pH
lower than 4.5, no formation of carbonic acid (H2CO3) can occur.
The ultrasonic step, by forcing the extraction of at least 91% of
the CO2 gas, contributes to minimise isotopic fractionation.

The impact of atmospheric CO2 remaining in the vial on the
measured d13C value of sparkling beverage can be estimated.
Considering an atmospheric carbon dioxide concentration of
350 ppm, 1.6 lg of CO2 are encapsulated in the vial. An average
concentration of CO2 was found to be 5.8 ± 2.2 mg L�1 on a set of
150 ciders. The amount of CO2 liberated in the vial is found to be
1.04 mg considering an added volume of 0.2 mL, the CO2 average
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Fig. 2. Typical chromatogram of a cider CO2 sample analysis using the link
Multiflow-IRMS.
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content and a CO2 extraction of 91% by ultrasonic bath according to
Table A data. Thus, CO2 coming from cider de-carbonation repre-
sents 650 times the amount of atmospheric CO2 in the vial, i.e.,
the atmospheric CO2 impact on the isotope ratio value should be
negligible. The absence of contamination was also verified experi-
mentally on ‘‘empty’’ vials, containing only atmospheric air, on
which it was checked that no significant signal corresponding to
atmospheric CO2 was detected in these measurements conditions.
In each sample series, a blank vial is analysed for baseline control.
Helium flush of the vial, after adding cider, was also investigated.
This step is used to vent out the CO2 atmosphere encapsulated in
the vial. In Fig. 1 are presented the results obtained for various ci-
der carbon dioxide d13C according to two sample treatments: 5 min
of helium flush or not, both followed by 10 min of ultrasonic bath.
It appears that, for most of the samples, helium flush creates a
13C/12C fractionation: ‘‘light’’ CO2 (isotopic point of view) coming
from the beverage is flushed out of the vial and, as a result, the
measured d13C value presents an increase in the isotope ratio
compared to samples only submitted to the ultrasonic step. This
difference can be as high as 6‰. For these reasons, the helium flush
was not retained in our final experimental procedure.

The third critical point is the sampling at the bottle opening.
The common idea is that gas withdrawing is a sensitive step that
needs to be fast or even better, requires the use of a needle perfo-
rating the cork (Calderone, Holland, et al., 2005; Calderone, Naulet
et al., 2005; Martinelli et al., 2003; OIV, 2005). To observe d13C evo-
lution after cork opening, five cider bottles were left opened on the
bench (25 �C) and sampling were performed from 0 to 24 h.
Results, plotted on Fig. A (electronic supplementary material),
show that for all the samples, no significant deviation (<0.6‰) of
the carbon 13 isotope ratio is observed before 6 h after bottle open-
ing. Only a few minutes are for the sampling of several aliquots in
replicated vials, therefore the risk of significant isotope fraction-
ation during this preparation step can be considered as totally
negligible.

Summarising this discussion, the optimised method consists in
a forced de-carbonation with ultrasounds followed by an isotope
analysis of the headspace carbon dioxide by IRMS. A typical chro-
matogram obtained for such analysis is presented in Fig. 2: the first
peak corresponds to the sample CO2 signal while the second one
with a rectangular shape corresponds to the reference gas used
for d13C quantification. Repeatability and reproducibility of the
measurement have been achieved analysing two commercial ci-
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Fig. 1. Effect of helium flux de-aeration on CO2 d13C values for various ciders. },
5 min of helium flush followed with 10 min ultrasound bath; d, 10 min ultrasound
bath, only.
ders over a period of 8 days, each sample being analysed twice in
the same series. Repeatability was found to be 0.2‰ and reproduc-
ibility 0.6‰. The measurement of the same cider over a longer per-
iod of time confirmed these figures which are comparable to those
found for other applications of d13C isotope ratio in food control. In
addition to the bottles overnight cooling (4 �C), it takes around
16 min for a single sample analysis and only 65 min for 10 samples
as the ultrasonic step can be performed with a multiple-vials rack.

This method has been applied to authentic ciders. Since 1998, a
data bank of stable isotope values, ethanol (D/H)n and d13C , water
d18O, has been constituted in our laboratory from authentic apple
juices, sampled by official inspectors (DGCCRF) and from various
French cider production areas. Yeasts (1 g/L) are added to apple
juices for complete sugar fermentation (Guyon, Douet, Colas, Sal-
agoïty, & Medina, 2006). Due to the easy implementation and the
fast acquisition of the measurements, the method allowed to
investigate the evolution of d13C ratio of CO2 along with the time
of fermentation (Fig. 3). Fermentation leads to a density decrease
as sugars are transformed in ethanol and CO2. A previous study
on ethanol d13C ratios demonstrated that its isotope value is re-
lated to sugar’s isotope composition which varies with the produc-
tion year and geographical origin (Guyon, Gaillard, Salagoïty, &
Médina, 2011). The first observation from Fig. 3 is the difference
between the five samples d13C isotope ratio. It appears that the car-
bon dioxide isotope ratio is also characteristic of sugar fermenta-
tion. Moreover, results in Fig. 3 show that, for each sample
individually taken and within the measurement uncertainty, no
significant variation of CO2 d13C ratio is observed from the begin-
ning to the end of the fermentation. From these observations, it
can be seen that cider CO2 coming from natural carbonation cannot
have a d13C value too low with respect to the data bank
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Fig. 3. Evolution of d13C isotope ratio during five apples ‘‘must’’ fermentation. Each
symbol corresponds to different apple juices coming from various geographical
origins.
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(see below). Low d13C ratios cannot be the result of the residual su-
gar fermentation but of an exogenous carbonation. The relation-
ship between d13C values of CO2 and other cider components,
ethanol for example (as shown on sparkling wines, Boner & Förstel,
2001) can be a second step to ascertain the CO2 authentication
(unpublished results).

Over 4 years of production (2008–2011), CO2 d13C values of 61
authentic samples have been studied and the data listed in
Table B (electronic supplementary material) and plotted in Fig. 4.
An average is �22.59 with a standard deviation (r) of 0.92‰, the
minimum and the maximum measured being �24.87‰ and
�20.64‰, respectively. The range of variation is smaller than what
has been observed for other food compounds (Calderone, Holland,
et al., 2005; Calderone, Naulet et al., 2005; Simpkins & Rigby,
1982), which is probably due to the matrix itself (apples) and the
climate similarity of the areas of apples harvesting (north and
north-west of France). Considering twice the experimental stan-
dard deviation value, uncertainty is 1.5‰, symbolised in Fig. 4 by
the dashed line as well as the 3r value (solid line) corresponding
to the limit requesting a field inquiry if exceeded.

In Fig. 4 are also plotted the CO2 d13C isotope ratios of various
commercial ciders that have been ordered in four classes. Carbon
dioxide isotope ratios of Group 1 correspond to generic ciders with
no specific claim on the label with CO2 d13C ratios varying from
�35.16‰ to �20.82‰. These ciders have no obligation regarding
carbonation, thus some samples present values corresponding to
a natural carbonation and others, to an evident exogenous carbon-
ation with a much lower carbon 13 isotope ratio. Group 2 corre-
sponds to ciders labelled as natural carbonation; the d13C ratios
are in the range �34.56‰ to �20.71‰. The graph clearly shows
two distributions: one in the value range defined by authentic ci-
der for most of the samples, a second one with the ciders present-
ing carbon dioxide d13C ratios outside the limits. For the latter
samples an exogenous carbonation must be suspected. A similar
conclusion can be drawn for Group 3 of A.O.C. ciders as one sample
of the six studied is outside the limits with a value of �27.94‰.
Group 4 includes organic ciders where carbon dioxide is expected
to result from natural carbonation, a requirement extended from
organic food specifications. Four of the ten samples studied in
Group 4 are outside the authentic cider limits indicating a falsifica-
tion. Moreover within Groups 2–4, two distributions within car-
bonated ciders can be observed, one group with intermediate
values and a second one with lower d13C ratios. This difference
might be related to a higher level of exogenous gas carbonation
and/or to the isotope composition of the technical gas used for car-
bonation. Thus, carbon dioxide quantification must be performed
to verify this assumption and in order to tentatively establish a link
between d13C isotope ratio and the level of exogenous carbonation.

The detailed method is suitable not only for cider CO2 measure-
ments but also for any sparkling beverage (unpublished results) as
it allies simplicity to rapidity and results reliability. The described
protocol was used in an international laboratory analytical chain
(FIT-PTS) on a sparkling wine and a cider. A z-score of 0.11 (spar-
kling wine) and �0.67 (cider) has been attributed to the measured
CO2 d13C values indicating the validity of the method. Under these
experimental conditions and considering a 3r limit provided by
the authentic ciders’ data bank, commercial ciders specifying a nat-
ural carbonation on the label must have a d13C ratio higher than
�25.35‰ and lower than �19.82‰. It appears that some ciders
can be strongly suspected of an exogenous carbonation by techni-
cal gas as the d13C ratio was much lower. Until now, the informa-
tion provided with these data is qualitative thus the next step is to
determine the quantification potential of carbon 13 stable isotope
ratio.
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