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Furan Fatty Acid Photooxidative
Degradation Products in Dried Herbs
and Vegetables

Isabelle A. Sigrist, Giuseppe G.G. Manzardo, and Renato Amado*

Abstract: The influence of light exposure of dried herbs and vegetables on the formation of dimethyl furan
fatty acid (DiMeFFA) photooxidative degradation products such as 2,3-butanedione, 2,3-octanedione,
3-methyl-2,4-nonanedione (MND), 3,4-dimethyl-5-pentyliden-2(5H)-furanone (bovolide) and 3,4-dimethyl-5-
pentyl-2(5H)-furanone (dihydrobovolide) was investigated. To our knowledge, the occurrence of these com-
pounds in tarragon, dill, basil, chervil, chive, leek, savory and onion has hitherto not been reported. The
flavour fraction was isolated by simultaneous distillation extraction and analysed by GC-MS. The flavour
compounds were determined in relation to the exposure time as peak area ratio to an internal standard.
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Introduction

Thefirst article on furan fatty acids as pre-
cursors of flavour compounds was pub-
lished by Guth and Grosch in 1991 [1].
These authors reported that 3-methyl-2,4-
nonanedione (MND) is a photooxidative
degradation product of dimethyl furan fatty
acids (DiMeFFA) and contributes signifi-
cantly to the light induced off-flavour of
soya-bean-oil. Shortly after, Sarelse et al.
[2] put forth the hypothesis that two bo-
volides (3,4-dimethyl-5-pentyliden-2(5H)-
furanone: bovolide; 3,4-dimethyl-5-pentyl-
2(5H)-furanone: dihydrobovolide) areform-
ed by photooxidation of DiMeFFA. This
was experimentally confirmed by Pompizzi
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et al. [3]. Recently, the flavour compounds
2,3-butanedione and 2,3-octanedione were
identified in model experiments as addi-
tional photooxidative degradation products
of DIMeFFA [4]. Inthe Fig. the five degra-
dation products with flavour characteristics
formed by photooxidation of apentyl DiM-
eFFA are shown.

MND is an important flavour com-
pound of green tea[5], dry parsey [6] and
dry spinach [7] with a straw and hay-like

odour [6][7]. In these plant species, 2,3-bu-
tanedione was detected as well. Bovolide
and dihydrobovolide have been identified
in several foodstuffs including dried green
parts of plants such asgreentea[8], lamb's
|ettuce, garden cress and woodruff [3] and
are flavour compounds with a celery-like
odour [9]. The sensory property of 2,3-oc-
tanedioneisreported to be caramel-like and
sweet [10] and sweet and fruity [11], re-
spectively. This diketone, the origin of
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Fig. Photooxidative degradation products of a pentyl diMeFFA
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which puzzled several authors (see eg.
[10][11] and the literature cited therein)
was identified for example in beef fat [10],
sheep meat [11] and in freshwater fish [12].

In thiswork, the occurrence of DiMeF-
FA photooxidative degradation products in
different dried plant materials is reported
and their relative change after light expo-
sureisinvestigated.

Experimental

Food Samples

Dried samples of tarragon (Artemisia
dracunculus), basil (Ocimum basilicum),
savory (Saturgja hortensis), chervil (An-
thriscus cerefolium), dill (Anethum grave-
olens), chive (Allium schoenoprasum),
onion (Allium cepi) and leek (Allium por-
rum) were obtained from J. Carl Fridlin
Gewlrze AG (Hunenberg, Switzerland) in
paper bags. The samples were stored vacu-
um-packed in light-protected bags.

Light Exposure of the Food Samples

Thedried sampleswere packed intrans-
parent PE-film bags filled with compressed
air. All samples were exposed to two 36 W
fluorescence lamps (BIOLUX 36®, Osram
AG, Winterthur, Switzerland) at 4500 Ix at
room temperature for 4 days. Samples be-
fore light exposure were taken asreference.

Extraction of the Volatile Fraction
Extraction of the volatiles was per-
formed in a micro-steam distillation appa-
ratus (Chrompack 16050, PH. Stachelin &
Cie. AG, Basdl, Switzerland) for 1 h (6 g
sample, 80 ml water, 2 ml diethyl ether,
11 pg ethyl valerate and 12 pg ethyl deca
noate asinternal standards). The extract was
dried (MgSO,) and concentrated to 1 ml by
means of a Kuderna-Danish concentrator
fitted with aVigreux column at 50 °C.

Gas Chromatography-Mass
Spectrometry (GC-MS)

GC-MSwas performed with the column
injection technique on a Fisons 8065 gas
chromatograph directly coupled to a Finni-
gan MAT SSQ 710 mass spectrometer.
A fused silica SW-10 column (Supelco,
60 m x 0.32 mm i.d., 0.25 pm film thick-
ness) with a deactivated fused silica pre-
column (2.8 m x 0.53 mm i.d.) was used
with helium as carrier gas (100 kPa). The

Table. Changes of the flavour compounds
during exposure to light (peak area ratio to the
internal standard ethyldecanoate)

following temperature programme was
used: 40 °C for 12 min, 40 °C to 240 °C at
6 °C/min, 240 °C for 15 min. Electron im-
pact mass spectra were recorded with an
ionisation energy of 70 €V in a mass range
of 40-440 amu. The compounds were iden-
tified by comparison of mass spectra and
retention indices (RI, calculated according
to Van den Dool and Kratz [13]) with refer-
ence substances. For the evaluation of the
ratio of the flavour compounds to the inter-
nal standard ethyldecanoate, the fragment-
ions at m/e 86 (2,3-butanedione), 99 (2,3-
octanedioneand MND), 124 (bovolide) and
83 (dihydrobovolide) were used.

Results and Discussion

The investigated herbs and vegetables
have been shown to have varying suscepti-
bility to light exposure (Table); onionswere
hardly affected at all whereas tarragon,
chervil and chive exhibited the most signif-
icant changes after illumination. Bovolide
was shown to be formed in considerable
amounts in amost all samples. It is inter-
esting to note that MND, the most promi-
nent photooxidative degradation product of
DiMeFFA, could only be detected either in
very small amounts or not at all in theillu-
minated samples, except for chervil. One
reason for this could be that the duration of

sample 2,3- 2,3-
butanedione octanedione
RI2 = 956 Rl = 1342

tarragon RP 2 trd

Le 4 1
basil R 1 tr

L 2
savory R 1 tr

L 1 tr
chervil R 5 1

L 6 4
dill R 1 tr

L 1
chive R 4 1

L 4 6
onion R tr tr

L tr tr
leek R 1 tr

L 1 tr
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light exposure used in the present set of ex-
periments (4 d) was too long. MND could
have been formed during the early stages of
illumination and reacted further during the
later stages. Preliminary results obtained
with green teaindicate a decrease of MND
after longer illumination times[14]. Anoth-
er possible explanation can be given con-
sidering the amounts of DiMeFFA in the
samples. Basil, savory and onion showed to
be very low in DiMeFFA with amounts of
7.5 ug/g dry matter and less[15]. Quantita-
tive analysis showed that only 1.3 % of the
methy! ester of a DiMeFFA was converted
into MND by photooxidationinamodel ex-
periment [1]. Therefore the concentration
of MND could be below the detection lim-
it. On the other hand, the significant in-
crease of MND in chervil after light expo-
sure corresponds to the high concentration
of DiMeFFA of about 100 pg/g dry matter
[15]. The poor formation of al flavour
compounds in onion could be the result of
the comparatively very poor concentration
of DiMeFFA (< 0.6 ug/g dry matter [15]) as
well as the lack of chlorophyll as sensitiser
in the photooxidation.

The present work does not give any in-
dication about the relevance of the oxida-
tion productsto theflavour or off-flavour of
theinvestigated herbs and vegetables. Stud-
iesrelated to this question are in progress.

MND bovolide dihydro-
bovolide
Rl =1728 RI=2164 RI=2192
nd® 1 1
1 7 1
nd 3 4
nd 4 4
nd 1 nd
nd 2 nd
nd 4 8
4 20 5
nd 1 1
nd 4 1
tr 2 tr
1 7 1
nd tr nd
nd tr nd
nd 1 1
tr 2 1

aretention index; P reference; ¢ exposed to light (4 d); 9 traces; © not detected
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Continuous Evolved Gas Analysis
and Thermal Analysis in Micro-scale
Roasting of Foods

Rainer Perren*, Roland Kiinzli, and Felix Escher

Abstract: In roasting processes of foods, non-enzymatic browning reactions lead to the formation of water
and carbon dioxide. Continuous monitoring of the evolution of moisture and carbon dioxide would offer an
interesting tool for determining reaction kinetics of non-enzymatic browning and optimising roasting process-
es. Isothermal and dynamic heating of small specimens of hazelnuts in a differential scanning calorimeter
which was linked to a non-dispersive IR gas analyser presents a possibility to simulate roasting processes
on a micro-scale. Formation of water and carbon dioxide was dependant on the initial moisture content of
the hazelnuts, heating rate and composition of gas atmosphere (nitrogen vs. oxygen). Depending on the heat-
ing conditions, evolution of carbon dioxide is not only caused by degradation of amino acids and sugars but

also by lipid oxidation.

Keywords: Evolved gas analysis - Lipid oxidation - Non-enzymatic browning - Roasting of foods -

Thermal analysis
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1. Introduction

Roasting of nuts, cocoa, coffee etc. is car-
ried out to develop flavour components
from sugars and amino acids by the non-
enzymatic browning reaction at increased
temperatures. Thereby, the moisture con-
tent is decreased to below 1% and a crisp
textureis devel oped. Non-enzymatic brow-
ing reactions at roasting temperatures of

120-200 °C lead to the formation of flavour
and colour compoundsaswell asto theevo-
lution of water and carbondioxide[1][2]. In
addition to the decarboxylation of amino
acids during the Strecker degradation, car-
bon dioxide is formed by thermal degrada-
tion of sugarsand ascorbic acid, and also by
lipid oxidation [3]. Finally, pyrolysis and
combustion of organic material occur at el-
evated temperatures. Aslong as a sufficient



