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Coumarin is a hepatotoxic natural compound found in different Cinnamomum species such as Cinnamomum cassia, Cinnamomum loureiroi, and Cinnamomum burmannii; all commonly referred to as cassia.
Cassia contains high amounts of coumarin in contrast to the more expensive and less used Cinnamomum
verum, referred to as true cinnamon. Today, many commercially available food products are spiced with
cassia and consequently contain coumarin. The content of coumarin in speciﬁc food categories is
regulated in the European Regulation (EC) No 1334/2008. In this study, 74 food samples labeled with
cinnamon were analyzed with a validated UPLC-PDA method. The analyzed content of coumarin was
compared to the EU limits. The comparison showed that ﬁne bakery ware exceeded the EU limit for
coumarin in almost 50% of the cases. One sample exceeded the EU limit for coumarin with more than a
factor of three. A possible explanation for this exceedance is that manufacturers of food with cinnamon
lack information about the regulatory EU limits for coumarin and how to comply with the EU regulation.
As an addendum, we therefore propose a practical guide to the food industry and the national food
administrations. The guide describes the theoretical content of cassia that can be added to food products
without exceeding the EU limits for coumarin in 99% of lots produced.
Ó 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
The cinnamon used domestically and industrially in the preparation of food originates primarily from true cinnamon and from
cassia cinnamon (simply referred to as cassia). True cinnamon belongs to the species of Cinnamomum verum J. S. Presl whereas cassia
generally include the species of Cinnamomum cassia J. Presl, also
known as Cinnamomum aromaticus Nees, Cinnamomum loureiroi
Nees and Cinnamomum burmannii Blume (Ravindran, Nirmal-Babu,
& Shylaja, 2004; WHO, 1999). Cassia is cheaper and generally more
popular in Europe compared to true cinnamon (Blahova &
Svobodova, 2012; Lungarini, Aureli, & Coni, 2008). True cinnamon
and cassia taste different because of a different chemical composition. For example, cassia contains more of the aromatic compound coumarin (1-benzopyran-2-one) compared to true
cinnamon (Miller, Poole, & Pawloski, 1996; Sproll, Ruge, Andlauer,
Godelmann, & Lachenmeier, 2008). Coumarin was regarded as a
possible genotoxic carcinogen in the 1980th and 1990th and the
European Union set a general coumarin limit in food to 2 mg/kg
(European Council, 1988; Lake, 1999). In 2004, new scientiﬁc data
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on coumarin showed a non-genotoxic carcinogenic effect, but it
also showed that a subgroup of individuals was sensitive to a
hepatotoxic effect from coumarin (Abraham, Wöhrlin, Lindtner,
Heinemeyer, & Lampen, 2010). These data allowed the European
Food Safety Authority (EFSA) to derive a tolerable daily intake (TDI)
of 0e0.1 mg coumarin/kg body weight (EFSA, 2004). In 2005, a high
content of coumarin in cookies (BfR, 2006) initiated increased
authoritarian coumarin control and debate (Abraham et al., 2010;
VKM, 2010). This, in combination with a widespread and
increased use of cassia in food products, led the European Parliament and Council to evaluate the maximum coumarin limits
(European Council, 1988). In 2008, the European Regulation (EC) No
1334/2008 (European Parliament and Council, 2008) was enacted
with the following maximum limits for coumarin: 50 mg/kg in
traditional and/or seasonal bakery ware containing a reference to
cinnamon in the labeling, 20 mg/kg in breakfast cereals including
muesli, 15 mg/kg in ﬁne bakery ware, with the exception of traditional and/or seasonal bakery ware containing a reference to cinnamon in the labeling, and 5 mg/kg in desserts. Coumarin should
not be added as such to food products.
The content of coumarin varies considerable in cinnamon sticks
and in ground cinnamon. The contents of coumarin in cinnamon
sticks were reported to be as high as 12,180 mg/kg (He et al., 2005)
and 9900 mg/kg (Woehrlin, Fry, Abraham, & Preiss-Weigert, 2010),
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whereas the content in ground cinnamon was reported to range
between 1740 and 7670 mg/kg (Woehrlin et al., 2010), 2650e
7017 mg/kg (Blahova & Svobodova, 2012), and 5e3094 mg/kg
(Lungarini et al., 2008). This shows that the distribution of
coumarin in ground cinnamon is less heterogeneous than in cinnamon sticks. The very low contents (<100 mg/kg) of coumarin
observed in cinnamon sticks and in ground cinnamon might originate from Cinnamomum verum samples and not cassia (Lungarini
et al., 2008). The high variation of the coumarin content in cinnamon complicates an addition of cinnamon to food products that
complies with the EU limits for coumarin.
The content of coumarin in food products was investigated in
Germany in 2006e2007 (Sproll et al., 2008) and compared to the
former EU limits described in the Council Directive 88/388/EEC
(European Council, 1988). These limits for coumarin were 2 mg/kg
with the exception of special caramels and alcoholic beverages with
a limit of 10 mg/kg, and chewing gum with a limit of 50 mg/kg
(European Council, 1988). The investigation showed that 85% of all
cinnamon ﬂavored cookies exceeded the EU limit of 2 mg/kg (Sproll
et al., 2008). Another study found 100% of cinnamon cookies
(n ¼ 10) touching or exceeding the 2 mg/kg limit (Lungarini et al.,
2008). In 2012, an inspection program was initiated at the Danish
Veterinary and Food Administration (DVFA) to investigate if food
products on the Danish market complied with the higher and
current EU regulation (European Parliament and Council, 2008).
Despite its absence in the EU regulation, we included tea and crisp
bread with cinnamon in the investigation to examine its contribution to the coumarin intake.
Quantiﬁcation of coumarin is primarily performed with chromatographic techniques such as high performance liquid chromatography (HPLC) (He et al., 2005; Lungarini et al., 2008; Maggi,
Borfoni, et al., 2011; Martino, Ramaiola, Urbano, Bracco, & Collina,
2006; Sproll et al., 2008; Woehrlin et al., 2010), gas chromatography (GC) (Maggi, Martonﬁ, et al., 2011; Miller et al., 1996; Miller,
Poole, & Chichila, 1995; Ochiai, Sasamoto, Hoffmann, & Okanoya,
2012), and the more recent introduction of ultra performance
liquid chromatography (UPLC) (Wang, Avula, Nanayakkara, Zhao, &
Khan, 2013). UPLC has shown its advantage over traditional HPLC
and GC analysis with respect to the chromatographic separation
time. This paper describes an UPLC method and investigates the
coumarin content in Danish food products with cinnamon in
relation to the EU limits.
As an addendum, we present a practical guide for Food Administrations and food manufacturers. The practical guide describes the theoretical amount of cassia that can be added to
different food products without exceeding the EU limits for
coumarin (European Parliament and Council, 2008).
2. Materials and methods
2.1. Chemicals and standards
Methanol (99%) and acetonitrile (HPLC grade) were purchased
from Fisher Scientiﬁc (United Kingdom). Coumarin (99%) and 4methylumbelliferone (98%) (MUM) were purchased from Sigma
Aldrich (Denmark).
2.2. UPLC instrumentation and chromatographic conditions
The Waters Acquity UPLC H-class (Milford, MA) consisted of a
separation module and a PDA detector. The system was equipped
with a Waters ACQUITY UPLC HSS T3 Column 2.1  100 mm, 1.8 mm.
The chromatographic system consisted of eluent A and B. Eluent A
contained 5% methanol in demineralized water. Eluent B contained
acetonitrile. Eluents were ﬁltered through a 0.45 mm ﬁlter. The
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chromatographic gradient consisted of linear segments: Initial
eluent was 75% A followed by 20% A at 5 min, 20% A at 6 min, 75% A
at 7 min, and 75% A at 8 min. Flow rate was 0.6 ml/min, column
temperature 45  C and injection volume 5 mL. The column eluate
was scanned from 240 to 340 nm at a sampling rate of 80 points/
sec. Chromatograms used for quantiﬁcation were obtained at
278.1 nm. Sample vials were kept in the autosampler at 30  C and
injections were performed every 8th min.
2.3. Method validation
2.3.1. Linearity
Dilution curves consisted of six dilutions of coumarin in water
with concentrations of 0.1, 0.5, 1.0, 2.0, 5.0, and 10.0 mg/l (corresponding to 10 higher levels in samples, mg/kg). Dilution curves
were freshly prepared and analyzed on four individual days. Dilution curves showed an r2 > 0.9998 excluding 0.0 as a point on the
standard curve. The r2 in combination with a visual evaluation
showed a satisfactory linearity.
2.3.2. Precision
Three samples with a natural content of coumarin were named
validation sample VS1 (breakfast cereal), VS2 (brown Christmas
cookie), and VS3 (cinnamon roll). The validation samples VS1, VS2,
and VS3 contained approximately 1, 15, and 50 mg coumarin/kg,
respectively, and were treated like normal samples. Two technicians analyzed four freshly prepared replicates of each validation
sample on four different days. The content of coumarin in the
validation samples was quantiﬁed with comparison to a dilution
curve made from a different stock solution in each series. The
standard deviation of repeatability (RSDr) and intra-laboratory
reproducibility (RSDIR) were generated in accordance with the International Organization for Standardization (ISO) 5725 (ISO, 1994).
Results showed a precision with RSDr values between 0.8% and
1.6%, and RSDIR with values between 4.7% and 18.0% as shown in
Table 1.
2.3.3. Limit of detection (LOD) and limit of quantiﬁcation (LOQ)
A breakfast cereal (analogously to the VS1 used in the precision
study, Section 2.3.2) consisting of rolled oats, dried banana, raisins,
and cinnamon was homogenized. On four individual days, four
subsamples were freshly prepared and analyzed. LOD was then
calculated as 3  the relative standard deviation (RSDIR) and LOQ
was calculated as 6  RSDIR of the measured concentration. An
RSDIR of 18.0% corresponds to a LOD of 0.5 and a LOQ of 1.0 mg
coumarin/kg.
2.3.4. Recovery samples
Recovery samples (RS) consisting of two breakfast cereals (RS1
and RS2), plain wheat bread (RS3), and tea (RS4) from the local
supermarket were tested negative for their coumarin content (data
not shown). Recovery samples were homogenized and spiked to
25 mg coumarin/kg. Recovery sample 1 was analyzed in duplicate

Table 1
Results from the precision study of validation samples VS1, VS2, and VS3.
Validation parameter

Number of assaysa
Mean coumarin content (mg/kg)
RSDr (%)
RSDIR (%)

Validation sample
VS1

VS2

VS3

4
1.0
1.6
18.0

4
15.4
1.0
7.1

4
48.6
0.8
4.7

a
Each assay included four subsamples. RSD is relative standard deviation, r is
repeatability, IR is intra reproducibility.
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on four individual days. Two subsamples of RS2, RS3, and RS4 were
analyzed once in duplicate. The analyzed RS1 showed a mean result
of 25.3 mg/kg (SD 0.76) corresponding to a recovery of 101%. The
analyzed RS2 showed a mean result of 21.8 mg/kg (SD 0.27) corresponding to a recovery of 87%. The analyzed RS3 showed a mean
result of 22.1 mg/kg (SD 0.49) corresponding to a recovery of 87%.
The analyzed RS4 showed a mean result of 26.5 mg/l (SD 0.07)
corresponding to a recovery of 104%.
2.4. Statistics and interpretation of results
In addition to coumarin, all dilutions and sample extracts contained 20 mg/l of MUM. The retention times of MUM and coumarin
were used to calculate a retention time (RT) ratio that supported
the correct identiﬁcation of coumarin in samples. Evaluation of
numerous RT ratios (data not shown) has shown a variation of the
RT ratio of a maximum of 0.03 from any sample to any dilution
within one series of analysis. An RT ratio of 0.03 was, therefore,
used as a criterion for correct identiﬁcation of coumarin. In addition, a characteristic UV proﬁle obtained from 240 to 340 nm
supported correct identiﬁcation.
All samples were ﬁrst analyzed in single determinations. In case
the content of coumarin exceeded the EU limit (European
Parliament and Council, 2008), samples were re-analyzed in replicates of two (two separate portions of the same homogenate). In
this case, the mean ðxÞ of all three results were reported. The SD
from the three results was used to calculate the conﬁdence inpﬃﬃﬃ
tervals (CI). The CI (95%) was calculated as: x  tðs= nÞ, where t is a
value from the t distribution, s is the standard deviation, and n is the
number of samples. Results were classiﬁed as exceeding the EU
limits for coumarin if the mean result included the CI exceeds the
limits (European Parliament and Council, 2008). In other cases,
samples were classiﬁed as acceptable. Data were statistically
treated (Miller & Miller, 1993) with the MicrosoftÒ Excel 2000
software and evaluated according to standardized criteria (ISO,
1994).

from January through March 2013. Upon arrival at the laboratory,
samples were homogenized and frozen at 18  C until further
analysis.
2.6. Analytical procedure
From tea leaves, a concoction was prepared as prescribed on the
tea package. Depending on the prescription, 200e1000 ml of 80e
100  C hot water was added to 5.9e20.1 g of homogenized tea ingredients pr. liter and incubated for 3e6 min prior to ﬁltration. A
sample of pudding powder was added water and prepared as
described on the package label. Similar to the other food products,
coumarin was extracted from the ﬁltered tea concoctions and the
prepared pudding.
A slight modiﬁed extraction procedure of Scotter and Rees
(2010) was used. In brief, 5.00 g of a homogenized sample was
placed in a centrifugation tube and added 1000 ml of MUM with a
concentration of 1000 mg/l in 80% of methanol and 20 ml of 90%
methanol prior to mixing with ultra turrex for 30 s. The mixture
was shaken for 30 min and centrifuged for 5 min at 3500 RCF. The
supernatant was transferred to a 50.0 ml volumetric ﬂask. Five ml
of 90% methanol in water was added to the centrifugation tube and
30 s on a whirl mixer re-dissolved the pellet. Another round of
centrifugation was performed and the supernatant was added to
the volumetric ﬂask. Water was added to the volumetric ﬂasks to a
total volume of 50.0 ml. After shaking, an adequate amount of the
extracted sample was ﬁltered through a 0.2 ml PVDF ﬁlter directly
into HPLC vials. The sample content of coumarin was quantiﬁed
with comparison to a dilution curve consisting of six dilutions of
coumarin with concentrations of 0.1, 0.5, 1.0, 2.0, 5.0, and 10.0 mg/l
(corresponding to 10  higher levels in samples, mg/kg). The dilutions were prepared in water from a stock solution of 1000 mg
coumarin/l in 80% methanol. In each analytical series, two samples
of homogenized rolled oatmeal were spiked to 25 mg/kg prior to
extraction and included for quality assurance purposes.
3. Results and discussion

2.5. Food samples
3.1. Food samples

[Typ
e a

0,25
0,20
0,15
0,10

Coumarin - 1,611

MUM - 1,282

Coumarin was identiﬁed at a retention time around 1.58 min. The
RT ratio between MUM and coumarin (Fig. 1) was evaluated and
varied with no more than 0.03 from any dilution to any sample. In
addition, also the UV proﬁles (Fig. 2) were compared. In all samples,
the UV proﬁle of coumarin was consistent with literature data
(Maggi, Barboni, et al., 2011) showing a global maximum at 278.1 nm

AU

A total of 74 food samples were collected as a part of a
governmental inspection program at the DVFA. The program
involved samples labeled with cinnamon from local bakery stores,
supermarket storage facilities, and directly from importers. Sample
collection was distributed equally throughout Denmark, and
included Danish and non-Danish (Belgium, Germany, The Lebanese
Republic, The Netherlands, Poland, Spain, Sweden) food products
labeled with cinnamon. Samples (n) were included from the categories of traditional and/or seasonal bakery ware (n ¼ 18), breakfast
cereals (n ¼ 4), ﬁne bakery ware (n ¼ 35), desserts (n ¼ 3), crisp
bread (2) and tea (n ¼ 12). The distinction between the categories of
traditional and/or seasonal bakery ware and ﬁne bakery ware is not
speciﬁed in the current EU regulation (European Parliament and
Council, 2008). At the DVFA, bakery ware readily available to consumers all year round and not part of a traditional custom is placed
in the category of ﬁne bakery ware, and includes cinnamon bread
and cinnamon rolls (buns). Bakery ware that is not normally
consumed on a regular basis but consumed as a part of a tradition
and/or season includes traditional Christmas cookies, such as the
Danish brunkager and pebernødder. The DVFA regard the high
maximum limit (50 mg/kg) for traditional and/or seasonal bakery
ware justiﬁed in the limited consumption of bakery ware in this
category. The few commercially available desserts, breakfast cereals
and crisp bread that contained cinnamon, limited the number of
samples collected in these categories. Samples were collected from
December 2012 through February 2013, and subjected to analysis
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Fig. 1. A chromatogram from a cinnamon roll with a content of about 25 mg coumarin/
kg; obtained at a wavelength of 278.1 nm.
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Fig. 2. The UV proﬁle (240e340 nm) obtained from coumarin eluted at 1.58 min (see
Fig. 1).

and a local maximum at around 311 nm (the local maximum was
present in all samples but a value was not always assigned) (Fig. 2).
A total of 74 food samples were analyzed in a governmental
inspection program at the DVFA and compared to the EU limits for
coumarin (European Parliament and Council, 2008) (Fig. 3). In the
category of traditional and/or seasonal bakery ware, 18 samples
were analyzed and showed a content of coumarin ranging between
3.8 and 35.0 mg/kg with a mean coumarin content of 19.5 mg/kg. In
the category of breakfast cereals, 4 samples were analyzed and
showed a content of coumarin ranging between 0.9 and 10.0 mg/kg
with a mean coumarin content of 3.3 mg/kg. In the category of ﬁne
bakery ware, 35 samples were analyzed and showed a content of
coumarin ranging between 0.4 and 53.4 mg/kg with a mean
coumarin content of 16.5 mg/kg. In this category, 17 samples (49%)
exceeded the EU limits for coumarin (European Parliament and
Council, 2008). One sample contained 53.4 mg coumarin/kg and,
thereby, exceeding the EU limit with more than a factor of three. In
the category of desserts, 3 samples were analyzed and showed a
content of coumarin ranging between 1.0 and 5.1 mg/kg with a
mean coumarin content of 3.3 mg/kg. One sample showed a
coumarin content (5.1 mg/kg) close to the EU limit (European
Parliament and Council, 2008) and was therefore re-analysed. The
conﬁdence interval (95%) was 5.1  0.4 mg/kg. The sample did
therefore not exceed the EU limit for coumarin; see Section 2.4 for
statistics and interpretation of results. It should be stressed that
other EU member states could have categorized the food samples
differently and, therefore, obtained another degree of compliance.
With the exception of cinnamon rolls (buns) from Sweden, all
products that exceeded the EU limit for coumarin were placed in
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the category of ﬁne bakery ware, were manufactured in Denmark,
and collected at Danish bakery stores. Common products in this
category were cinnamon rolls (buns) and cinnamon bread. The high
level of coumarin in bakery ware is perhaps not an isolated Danish
problem; others have also reported high levels of coumarin in
bakery ware (eAGRI, 2010; Sproll et al., 2008).
Crisp bread and tea was also subjected to analysis despite the
lack of EU limits for coumarin in these food products. Two samples
of crisp bread with cinnamon were analyzed and showed a content
of coumarin ranging from 16.0 to 23.0 mg/kg with a mean coumarin
content of 19.5 mg/kg. Despite this relative high amount of
coumarin, crisp bread does probably not contribute signiﬁcantly to
the coumarin intake because of the low weight of crisp bread.
Twelve samples of tea (ready to drink) with cinnamon were
analyzed and showed a content of coumarin ranging from 0 to
12.0 mg/kg with a mean coumarin content of 2.2 mg/kg. Most of the
teas were labeled as chai tea. The coumarin content is less
compared to crisp bread, but the normal intake of tea might be
larger. In this context, not only the possible exceedance of the TDI
may be relevant but also the higher bioavailability of coumarin in
the case of a ﬂuid matrix, especially, if the peak level is the critical
parameter triggering the toxic effect (what is currently unknown)
(Abraham, Pﬁster, Wöhrlin, & Lampen, 2011). The limited number
of samples within tea, breakfast cereals, and desserts disables a
valid comparison of their coumarin content. Nonetheless, a daily
intake of tea, dessert, and breakfast cereals could be within the
approximate same quantity. It could, therefore, be interesting to
investigate the coumarin content in a larger number of tea samples
to evaluate the need for an EU limit for coumarin in tea.

4. Addendum
4.1. Advisory amounts of cassia in food products
Small bakery stores could have difﬁculties in keeping up with
the relevant EU regulations, and might therefore be unaware of the
EU limits for coumarin (European Parliament and Council, 2008).
However, even knowledge about the EU limits might not answer
the question on how much cinnamon that can be added to bakery
ware without exceeding the EU limits for coumarin (European
Parliament and Council, 2008). We, therefore, ﬁnd it appropriate
to provide food manufacturers with advisory amounts of cassia that
can be added to food products without exceeding the EU limits for
coumarin. The following describes how the advisory amounts are
calculated.

Fig. 3. The content of coumarin in food products compared to the European Regulation (EC) No 1334/2008.
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Investigations of the coumarin content in commercially available ground cinnamon samples are reported to vary from 5 to
7670 mg/kg (Blahova & Svobodova, 2012; Lungarini et al., 2008;
Woehrlin et al., 2010). However, coumarin contents below
100 mg/kg were considered to originate from Cinnamomum verum
(Lungarini et al., 2008) and are, therefore, not included in the
following calculations. Based on 29 ground cinnamon samples
collected in the EU (Blahova & Svobodova, 2012; Lungarini et al.,
2008; VKM, 2010), the average content was calculated to be
2793 mg/kg (median, 2636 mg/kg) with a standard deviation of
1333 mg/kg. Assuming that the coumarin content is normally
distributed in ground cinnamon samples, 99% of all samples will
contain m  2.58s. m is an estimate of the true value and s is the
standard deviation. 99% of all samples are, therefore, assumed to be
within the range of 2793  (2.58  1333) mg/kg with a corresponding maximum content of 6300 mg/kg (rounded up). With this
theoretically based maximum content of coumarin in ground cinnamon, we present a practical guide that describes the amount of
cassia that can be added to food products without exceeding the EU
limits for coumarin in 99% of the cases, see Table 2. The DVFA has
published a similar practical guide (Table 2) at their ofﬁcial home
page
(http://www.foedevarestyrelsen.dk/english/Pages/default.
aspx). Furthermore, the Confederation of Danish Industry (DI)
approved the practical guide and distributed it among their relevant members.

comply with the EU regulation (European Parliament and Council,
2008). National food administrations are advised to communicate
these possibilities to the food manufacturers of bakery ware in
order to limit further exceedances of the EU limits for coumarin. A
different strategy is to add true cinnamon to food products instead
of cassia; however, this will alter the perception of taste.
Tea is not included in the EU regulation (European Parliament
and Council, 2008). However, tea is an important consumable for
many people and might contribute to the overall daily consumption
of coumarin. In 2004, the European Food Safety Authority (EFSA)
recommended a TDI of 0e0.1 mg coumarin/kg body weight (EFSA,
2004). Children represent a sensitive group because of a low body
weight and a dietary habit towards sweet food with cinnamon. A
child of 30 kg that consumes 250 ml of tea with a content of 12 mg
coumarin/l has reached this TDI. In this case, all the TDI of coumarin
is allocated to tea, which could indicate that tea might have a
problematic high content of coumarin. It could, therefore, be
interesting to gather more data on the coumarin content in tea, to
consider its inclusion in a future EU regulation.
Acknowledgment
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