
CONCLUSIONS

Method Validation under ISO 17025 requirements

3 concentration levels 7.5-15-50 mg/kg

Data processed by ANOVA for Repeatability & Reproducibility (p-value>0.05)  

and by t-test for Recovery values (tstat<tcrit)
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Linear range Method LOD RSDr (N=6) Expanded 
Uncertainty (k=2)0.1-10 mg/kg 1.5 mg/kg 3-5%

Recovery Method LOQ RSDR  (N=12)
0.47-7.15 mg/kg

98-103% 5 mg/kg 3-6%

4.Temperature study
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II. Kinetics of the reaction at 160oC and 180oC / 

Incubation 1h
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1.Occurrence of coumarin in “tsoureki”   (N=26)

BOX PLOT 

Created from coumarin content in 26 samples of  

tsoureki

➢ 43% of  the samples over the EC permitted 

limit

➢ Among the packaged-commercial brioches 

(n=11) the 88% was below 15ppm

➢ Among artisanal brioches from craft 

bakeries  (n=15) the 60% was over 15 ppm

➢ 3 of  them 8-times higher coumarin 

content 

2. Average free coumarin content in raw mahaleb
Seeds (n=7) Ground (n=8)216 mg/kg 426 mg/kg

3. Coumarin content in mahaleb after processing

BOX PLOT 

Created from coumarin content in 

mahaleb and the study for, bound 

coumarin, yeast and temperature effect

➢ Free coumarin ranged from 131 

to 856 ppm (n=15)

➢ Total coumarin ranged from 1593

to 8804 ppm (n=7)

➢ Yeast did not affect coumarin 

content

➢ Baking conditions (yeast 37oC 

and baking temperature / 1h 

resulted to 2940-5637 ppm (n=8)

➢ Temperature alone at 180oC / 

1h30  resulted to 5093-9923 ppm 

(n=4)

Mahaleb, a spice with culinary use in Eastern and Mediterranean countries, is a natural source

of coumarin. To our knowledge, its presence in bakery products has not been studied till now.

A method for quantification of coumarin in raw mahaleb and bakery products was developed,

validated and applied for the first time on Greek commercial products.

Coumarin content in bakery ware tested (n=26) ranged from 1.6 to 110 mg/kg, exceeding in

some cases (n=3) 8-times the permitted limit set by Regulation (EC) 1334/2008. The

determined average concentration of free coumarin in seeds and ground mahaleb was 216

mg/kg and 426 mg/kg respectively. Bound coumarin in mahaleb, determined after acid

hydrolysis, was found to be 90% of total content. Parameters, like temperature increase and

presence of yeast, that could induce coumarin formation upon processing were also studied.

ABSTRACT

Flavor compounds and spices constitute an important part of our diet, despite their restricted

use due to their consistency. Coumarin, a well-known phytochemical, naturally occurring in a

wide variety of plants is categorized as “active principle” (Council of Europe, 1981) and

according to Regulation (EC) 1334/2008 is limited to 15 mg/kg in bakery ware because of

possible hepatotoxicity. While many studies focus in foods with cinnamon, mahaleb, a

common spice only in Eastern Europe and West Asia, is also a possible source of coumarin in

our diet.

In Greece there is a traditional sweet brioche, called “tsoureki”, that is mostly consumed during

Easter. The characteristic aroma and taste of this brioche is due to the intense flavor and aroma

of mahaleb. Studying its aroma profile, mahaleb owes its unique aroma mostly to coumarin.

Prunus mahaleb

Family: Rosaceae

INTRODUCTION

2Rychlik M. Quantification of free coumarin and its liberation from glycosylated precursors by stable isotope dilution assays based

on liquid chromatography-tandem mass spectrometric detection. J Agric Food Chem. 2008;56(3):796–801

**Chromatographic conditions
Column C18 (250mmx2μmx4μm) at 40oC

Gradient Program A [CH3COONH4 5mM / CH3COOH 0.2% B [MeCN / MeOH 1:2]

0-12 min 70-30% A gradient, 12-13min 30% A stable, 13-20min 70% A gradient 

Flow rate 0.25ml/min, tr=12min

Spectra acquisition for peak identity

▪ Incubation 37oC / 1h30

▪ Incubation 37oC / 30min & 180oC 

/ 1h (Baking conditions)

a) Yeast addition

▪ Incubation 180oC / 1h30

▪ Temperature that affects coumarin 

content from 25 to 180oC

▪ Kinetic study of  coumarin 

formation at 160oC and 180oC

b) Temperature

◊ Processing parameters upon preparation of  

“tsoureki” that could induce coumarin formation: 

Injection 5μL
HPLC-DAD

Detection 
275nm           

**

Filtration 
folded paper 

&          
Syringe Filter 
PTFE 0.2μm

Extraction 
50ml 

MeOH80% 
Magnetic 

stirrer-30min 
in ambient 

temperature

5g bakery 
ware

0.1-1g spices

◊ Coumarin extraction and analysis after optimization1

Acid 
Hydrolysis

2.5 M HCl

80oC / 1h30

Extracted 
Coumarin 
Solution

◊ Total coumarin extraction

Acid hydrolysis – chemical alternative to β-glucosidase2

1Raters M, Matissek R. Analysis of coumarin in various foods using liquid chromatography with tandem mass spectrometric

detection. Eur Food Res Technol. 2008;227(2):637–42
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RESULTS

Ground mahaleb higher coumarin content, 

possibly due to enzymatic reactions provoked 

from mechanical processing

2.

Yeast doesn’t affect 

coumarin formation

In raw mahaleb 

Coumarin is 

found 90% bound

In samples coumarin 

is not affected

Acid hydrolysis3.

Coumarin had been already 

released upon baking

10 to 40-fold raise in coumarin 

concentration of  mahaleb after 

1h30 baking

Temperature over 140°C  

provoke coumarin’s formation 

/ release in mahaleb

4.

Reconsider limits for coumarin 

in bakeries with mahaleb

Include “tsoureki” in the 

traditional / seasonal products of  

the Regulation (EC) 1334/2008   with 

limit 50 mg/kg

5.

Preparation of  2 “tsoureki” 

with mahaleb of  known 

coumarin concentration 

found 6 to 9-fold higher 

concentration than expected

Need of  continuous 

surveillance of  coumarin 

in bakeries with mahaleb

43% samples over 15 mg/kg
1.

Expected coumarin 

0.92 and 2 mg/kg

Measured coumarin

5.3 and 17 mg/kg


