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Abstract

The volatile profiles of 43 authentic honey samples of different botanical and geographical origins were obtained by means of gas
chromatography—mass spectrometry. A qualitative analysis of the volatile compounds identified was performed in order to assess
the marker compounds (if/when existing) for both botanical and geographical origin. The results seem to indicate the existence of
certain marker compounds for the floral origins assessed (e.g. acacia, chestnut, eucalyptus, heather, lavender, lime, rape, rosemary
and sunflower). Also such compounds for two geographical origins (e.g. Denmark and England) seem to exist and possible marker
compounds could also be found for the honeys from The Netherlands, Spain and Portugal. © 2001 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

The composition and the manufacture of honey are
regulated by Community Directive 74/409/EEC (OJEC,
1974). In order to harmonise the common European
market, the European Commission has adopted a pro-
posal to amend this Directive. According to this amend-
ment, the name ‘honey’ has now to be supplemented by
information referring to the product’s floral and geo-
graphical origin.

Traditionally, the determination of the floral and
geographical origin of honey is achieved by analysis of
the pollen (mellisopalynology) present in honey (Maur-
izio, 1975; Sawyer, 1975). This method is based on the
identification of pollen by microscopic examination. It
requires a very experienced analyst, it is very time con-
suming and dependent on the expert’s ability and jud-
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gement (Howells, 1969). Other methods that could be
more widely used for characterising honeys have been
sought for many years.

The aroma profile is one of the most typical features
of a food product, for both organoleptic quality and
authenticity (Careri, Mangia, Barbieri, Bolzoni, Virgili
& Parolari, 1993; Virgili et al., 1994). Volatile sub-
stances are the main factors responsible for aroma
which, together with other factors such as taste and
physical factors, contribute to the flavour. This is parti-
cularly true for a flavour-rich product such as honey.
Owing to the high number of volatile components, the
aroma profile represents a “fingerprint” of the product,
which could be used to determine its origin. It has
already been pointed out that a careful analysis of the
volatiles in honey could be a useful tool for character-
isation of its botanical origin (Overton & Manura,
1994). While reporting the role of volatile compounds in
assessing honey’s floral origin, some authors actually
suggest certain specific compounds as being character-
istic for the honeys from a specific floral source
(Bonaga, Giumanini & Gliozzi, 1986; Serra Bonvehi,
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1988). Most of them report generally about groups of
compounds being indicative while not actually specify-
ing the volatile itself (Bonaga & Giumanini, 1986; Bou-
seta, Collin & Dufour, 1992; Tan, Holland, Wilkins &
Molan, 1988, Tan, Wilkins, Holland & McGhie, 1989,
1990). Although the existence of such compounds in
assessing the origin of honeys is extremely advanta-
geous, the present knowledge on this subject is rather
limited. Moreover, the determination of the geo-
graphical origin, on the basis of volatile compounds, did
not receive any attention in the past. For this reason,
honey samples covering a wider range of different bota-
nical and geographical origins were analysed. Further-
more, a simple qualitative evaluation of obtained data
was performed in order to assess the marker compound
(if/when existing) for either floral or geographical
origin.

2. Materials and methods
2.1. Honey samples

Authentic honey samples (43) were obtained from
various hive sites in different Member States. Standard
pollen analysis (Louveaux, Maurizio & Vorwohl, 1978)
was performed on all honey samples in order to confirm
their floral authenticity. The variety of unifloral samples
was limited by the collection scheme. Honey samples
were of nine different botanical origins (seven acacia,
nine chestnut, three eucalyptus, eight heather, two
lavender, four lime, four rape, two rosemary and four
sunflower) and from eight different countries (one from
Denmark, 10 from Germany, 13 from Italy, eight from
France, four from The Netherlands, two from Spain,
two from Portugal and three from England).

2.2. Honey flavour extraction

Portions of each honey sample (25 g) containing 5 ug
of 1-dodecene as an internal standard (added in order to
check extraction recoveries and instrumental perfor-
mances), were placed in a 200-ml Erlenmeyer flask at
45°C. Purified helium (60 ml min—!) was passed through
the system for 30 min and the entrained volatiles
adsorbed on a Tenax TA trap. The adsorbent was then
back-flushed with the purified gas for 5 min to remove
trapped moisture. The volatile compounds were subse-
quently thermally desorbed and transferred to the GC
by using a TCT thermal desorption cold trap (TD800,
Fisons Instruments, Milan, Italy). Desorption was per-
formed at 280°C for 10 min under a helium flow (10 ml
min~!) and the substances were cryofocused in a glass
lined tube at —120°C with liquid nitrogen. The volatile
components were injected into the GC capillary column
by heating the cold trap to 240°C.

The trap used for adsorption (Chrompack, Middel-
burg, The Netherlands) consisted of glass tubes (16x0.4
cm i.d.) filled with Tenax TA (90 mg, 20-35 mesh) and
pre-conditioned at 300°C for 8 h.

2.3. Gas chromatography—mass spectrometry

GC-MS analysis of the honey headspace was carried
out using a Fisons system consisting of a GC8000 gas
chromatograph, a MD800 quadrupole mass spectro-
meter and a Fox computer. The interface and the source
temperature were 230°C and 190°C, respectively. Elec-
tron impact mass spectra were recorded in the 35-250
amu range at 70 eV ionization energy.

Separation was performed on a fused-silica bonded-
phase capillary column DB-WAX (J. & W. Scientific,
Folsom, CA, USA) (30 mx0.25 mm, d.f.=0.25 pm).
The temperature program was isothermal at 30°C for §
min, then raised to 60°C at 4°C min—', to 160°C at 6°C
min~! and to 200°C at 20°C min~!; this temperature
was held for 1 min. Blank analyses were carried out with
the same trapping material and following the same pro-
cedure, starting from distilled water as the sample.

2.4. Data analysis and data evaluation

The identification of the isolated volatile compounds
was achieved through retention times, (Kovats retention
indices; KI) and mass spectrometry by comparing mass
spectra of unknown peaks with those stored in the
National Institute of Standards and Technology,
(NIST), US Government library and, where possible,
were confirmed by comparison with authentic sub-
stances used as references. Kovats retention indices were
determined by injection of a solution containing the
homologous series of normal alkanes (Cg—Csg) in a
temperature-programmed run, as described above, and
these values were compared with those reported in the
literature (Careri, Mazzoleni, Musci & Molteni, 1999
and references therein).

Volatile compounds identified in the volatile fraction
from each honey sample analysed (Table 1) were then
used for the qualitative data evaluation. The evalua-
tion was performed according to the following pat-
tern. For each sample, a value of 1 was attributed if a
compound was detected and 0 if absent. The prob-
ability of the presence of each compound in each sam-
ple analysed was then calculated, first versus honey
groups of identical botanical origin and second versus
honey groups of identical geographical origin. Marker
compounds for both botanical and for geographical
origin were then highlighted where appropriate (Tables 2
and 3). A compound was considered as a marker only
in cases where its presence/absence was confirmed in
all samples from the same floral/geographical origin
analysed.
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Table 1
Volatile compounds identified in 43 unifloral honeys analysed
No. Compound RT Klcale. ID? Occurrence®

Ch He Eu Lim Rs Sun Lav Ros Ac
1 acetone 297 808 MS,RT 9 8 3 4 4 4 2 2 7
2 1-octene 332 833 MS,RT 3
3 ethyl acetate 4.09 892 MS,RT,KI 8 7 2 1 5
4 2-methylfuran 4.17 898 MS 4
5 2-butanone 432 904 MS,RT 9 8 3 4 4 4 2 2 7
6 2-methylbutanal 4.59 909 MS,KI 9 8 3 4 3 4 2 2 7
7 3-methylbutanal 4.64 915 MS,RT,KI 9 8 3 4 3 4 2 2 7
8 3-methyl-2-butanone 5.01 918 MS 4
9 2-propanol 526 935 MS,RT 9 8 3 4 4 4 2 2 7
10 ethanol 5.54 944 MS 9 8 3 4 4 4 2 2 7
11 2-ethylfuran 5.67 949 MS,RT 8
12 pentanal 6.77 964 MS,RT,KI 9 8 4 4 2 7
13 2-pentanone 6.94 970 MS,RT,KI 9 8 3 4 4 4 2 2 7
14 N.L¢ (m/z 55, 67, 85, 97) 7.48 994 MS 1
15 2-methylpropanenitrile 7.67 1009 MS 1
16 a-pinene 8.61 1029 MS,RT,KI 4
17 chloroform 9.07 1038 MS, RT 9 8 3 4 4 4 2 2 7
18 short chain carbonilic compound 10.1 1067 MS 1
19 a methylbutenol 10.6 1069 MS 8 7 3 2 2 4 2 2 7
20 2,3-pentanedione 11.2 1083 MS 3
21 dimethyl disulphide 11.4 1086 MS, KI 9 8 3 1 4
22 hexanal 12 1099 MS,RT,KI 9 8 3 4 4 4 2 2 7
23 methyl-2-butenale 124 1107 MS 8 1 3 1 1 4 2 1 7
24 2-methyl-1-propanol 132 1124 MS,RT,KI 9 8 3 4 4 2 2 6
25 N.I. (m/z 91, 119) 13.6 1132 MS 4
26 N.L. (55, 83, 98) 144 1147 MS 1
27 3-methyl-2-butanol 14.7 1153 MS 4
28 2-pentanol 14.7 1153 MS 1 1
29 1-butanol 157 1173 MS,RT,KI 9 8 3 4 4 4 2 2 7
30 a-terpinene 16.4 1187 MS,RT, KI 4
31 1-penten-3-ol 16.4 1187 MS 3
32 2-heptanone 16.9 1198 MS,RT, KI 2
33 heptanal 17 1200 MS,RT,KI 9 3 4 4 2 2 7
34 2,3-dihydro-4-methylfurane 17.4 1212 MS 9 8 3 4 4 4 2 2 7
35 a terpene (m/z 91,119,134) 18 1229 MS 4
36 o-pinene oxide 18.2 1236 MS 4
37 3-methyl-1-butanol 183 1237 MS,RT,KI 9 8 3 4 4 2 2 7
38 a cyclic ether 18.8 1251 MS 3
39 a terpene (m/z 93,121,136) 19.2 1263 MS 4
40 bicyclo 3,2,1-octane-2,3-bis(methylene) 19.2 1265 MS 4
41 3-methyl-3-buten-1-ol 19.6 1277 MS,RT,KI 9 8 3 4 4 4 2 2 7
42 1-pentanol 19.8 1280 MS,RT, KI 8 1
43 2-methyldihydrofuranone 19.9 1284 MS 9
44 methyl isopropyl benzene 20 1287 MS 4
45 3-hydroxy-2-butanone (acetoin) 20.6 1304 MS,RT,KI 9 8 3 4 4 4 2 2 7
46 octanal 20.8 1312 MS,RT,KI 9 8 4 4 4 2 2 7
47 an aromatic hydrocarbon 20.9 1315 MS 4
48 hydroxyacetone (acetol) 21 1321 MS.RT,KI 9 8 3 4 4 4 2 7
49 2,2,6-trimethylcyclohexanone 21.5 1335 MS 1
50 1-pentanol-4-methyl 21.8 1347 MS 1
51 N.I. (m/z 91, 105) 21.8 1348 MS 2
52 methyl-2-butenol 21.9 1353 MS 9 8 2 3 4 4 2 2 7
53 S-hepten-2-one-6-methyl 22.3 1365 MS.RT,KI 4 3 1 1 2 2
54 3-hydroxy-2-pentanone 224 1368 MS 1 1
55 ethyl-2-hydroxypropanoate 22.5 1372 MS 1
56 1-hexanol 229 1386 MS,RT, KI 2 1 1

(continued on next page)
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Table 1 (continued)
No. Compound RT Klcale. ID* Occurrence®

Ch He Eu Lim Rs Sun Lav Ros Ac

57 2-hydroxy-3-pentanone 22.9 1386 MS 3 1

58 1-octen-3-ol 233 1399 MS 1

59 3-hexenylformate 23.7 1416 MS 1

60 3-hexen-1-ol 237 1417 MS,RT 9 5

61 nonanal 239 1423 MS,RT,KI 9 8 3 4 4 4 2 2 7
62 2-butoxyethanol 24.1 1435 MS 1

63 1,3,8-menthatriene 24.6 1453 MS 1

64 N.I (m/z 67, 85, 110) 24.8 1460 MS 2

65 N.L (m/z 43, 71, 114) 24.8 1460 MS 3

66 2-cyclohexene-1-one 248 1462 MS 1

67 dimethylstyrene 249 1465 MS 9 4

68 S-methyl-1-hexanol 249 1466 MS 1

69 N.I. (m/z 43, 55, 73, 114) 249 1469 MS 3

70 cis-linalool oxide 252 1477 MS 9 8 1 4 2 7
71 N.I. (m/z 43, 57, 85) 253 1482 MS 3

72 furfural 25.6 1493 MS 9 8 3 4 4 4 2 2 7
73 N.L (m/z 57, 69, 85) 259 1508 MS 3

74 decanal 26.5 1533 MS,RT.KI 9 8 3 4 4 4 2 2 6
75 2-acetylfuran 26.6 1538 MS 9 8 3 4 4 4 2 7
76 benzaldehyde 27 1555 MS,RT,KI 9 3 4 4 4 2 7
77 3,7-dimethyl-1,6-octadien-3-ol (linalool) 27.6 1583 MS 2 1 4 1 4
78 byciclo 2,2,2-octan-1-o0l-4-methyl 27.8 1590 MS 7

79 3-cyclohexen-1-ol-5-methylene-6-isopropylene 28 1597 MS 4

80 S-methylfurfural 28.2 1608 MS 9 3 3 4

81 cyclopentendione 284 1620 MS 4 4 2

82 2-methylpropanoic acid 28.5 1625 MS 1

83 2-cyclohexen-1-one-3,5,5-trimethyl 28.7 1632 MS 8 1 1

84 3-methyl-1-undecene 28.8 1638 MS 1 2

85 1,5,7-octatrien-30l-3,7-dimethyl 29 1648 MS 3 1 3 4 4 4 2 5
86 2(3H)-furanonedihydro-5-methyl 29 1648 MS 2 1

87 y-butirrolactone 29.4 1666 MS 2 8 1 4

88 2-allyl-4-methylphenol 29.4 1668 MS 2

89 4-acetyl-1-methylcyclohexene 29.5 1672 MS 1

90 phenylacethaldehyde 29.7 1680 MS 8 3 2

91 acetophenone 29.9 1689 MS 9 8 4 4 1 2 5
92 furfuryl alcohol 30.1 1698 MS 8 6 3 4 4 1

93 N.I. (m/z 70, 154) 30.2 1704 MS 8

94 Ethylbenzoate 30.2 1706 MS 5

95 N.L (m/z 56, 85, 125) 30.3 1709 MS 4

96 2-+ 3-methylbutanoic acid 30.7 1730 MS 9 8 3

97 4-oxoisophorone 30.8 1733 MS 9 8 3 4 4 2 5
98 N.L (m/z 60, 68, 96, 152) 30.8 1734 MS 1

99 N.I. (m/z 95, 145) 31 1747 MS 2 4

100 2,4-cycloheptadien-1-one-2,6,6-trimethyl 31.6 1775 MS 8 3 1

101 N.I (m/z 67, 91, 110) 31.6 1776 MS 8

102 4-methyl acetophenone 31.7 1778 MS 4

103 2-methyl acetophenone 32.4 MS 1

104 1,4-cyclohexanedione-2,6,6-trimethyl 32.5 MS 6

105  a-methylpropyl phenyl acetate 32.6 MS 1 4 1

106  a-methylbenzyl alcohol (sec-phenethyl alcohol)  33.1 MS 9

107  4-ethylphenylacetate 33.6 MS 7

108  benzyl alcohol 339 MS 9 7 3 4 4 4 2 2 5
109  3-aminoacetophenone 343 MS 8 3

110 phenylethyl alcohol 34.4 MS 5 8 1 2 4 4 2 4

2 Method of identification: MS, identification by comparison with mass spectrum stored in NIST library. RT, identification by comparison with
retention time of authentic reference compounds. KI, identification by comparison with literature data.

® Botanical origin: Ch, Chestnut (nine samples). He, Heather (eight samples). Li, Lime (four samples). Sun, Sunflower (four samples). Eu,
Eucalyptus (three samples). Rs, Rape (four samples). Lav, Lavender (two samples). Ros, Rosemary (two samples). Ac, Acacia (seven samples).

¢ N.I., not identified.
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Marker compounds typical for certain floral and geographical origins
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Botanical/
geographical origin

Marker compound

Presence of

Absence of

Both phenylacetaldehyde
and dimethyl disulphide

3-methyl-1-butanol

4-oxoisophorone
2-methyl-1-propanol

2-acetylfuran

Both heptanal and 4-oxoisophorone

3-methylbutanal

Acacia Both cis-linalool oxide and heptanal
Chestnut 2-methyldihydrofuranone or a-methylbenzyl alcohol or
both 3-hexen-1-ol and dimethylstyrene
Eucalyptus 1-octene or 2, 3-pentanedione or a-cyclic ether or N.I.* (m/z 43, 55, 73, 114)
or N.I.* (m/z 43, 71, 114) or N.I.* (m/z 43, 57, 85) or N.I.* (m/z 57, 69, 85)
Heather N.L.# (m/z 70, 154) or N.I.# (m/z 67, 91, 110) or byciclo-2,2,2-
octan-1-ol-4-methyl or 4-ethylphenyl acetate
Lime 2 methylfuran or N.I.2 (m/z 91, 119) or a-terpinene or
a-pinene oxide or a-terpene (m/z 91, 119, 134) or terpene (m/z 93,121,136)
or bicyclo-3,2,1-octane-2,3 bis (methylene)
or methyl isopropyl benzene or an aromatic hydrocarbon
or 3-cyclohexen-1-ol-5-methylene-6-isopropylene or 4-methylacetophenone
Lavender Heptanal
Rape Dimethyl disulphide
Rosemary -
Sunflower a-pinene or 3-methyl-2-butanol
Denmark -
England 1-penten-3-ol

2 N.I., not identified (characteristic fragment ions in parenthesis).

Table 3
Possible marker compounds for certain geographical origins

Geographical origin Possible marker compound

Presence of

Absence of

The Netherlands N.I.2 (m/z 91, 105) or N.I. (m/z 67, 85, 110) -
Portugal N.I.2 (m/z 55, 67, 85, 97) or 2,2,6-trimethylcyclohexanone -
or ethyl-2-hydroxypropanoate or 3-hexenylformate or
N.I. (m/z 60, 68, 96, 152)
Spain 1-octen-3-ol or 2,4-cycloheptadien-1-one-2,6,6-trimethyl Pentanal or cis linalool oxide

2 N.I., not identified (characteristic fragment ions in parenthesis)

3. Results and discussion

3.1. Characteristic aroma profiles and compounds of
honeys

In this section, characteristic aroma profiles of honeys
analysed will be described and the marker compounds
resulting from qualitative data evaluation will be given. In
cases where the figures are superfluous to the described

data, they are not given. The marker compounds and
the possible marker compounds identified are sum-
marised in Tables 1 and 2 respectively.

In general, linear and branched aldehydes, ketones,
short-chain alcohols were found in most or all of the hon-
eys analysed. Seven acacia honey samples (France 1, Ger-
many 2 and Italy 4) were analysed by means of GC-MS.
Acetone, furfural and benzaldehyde were the principal
aroma components detected by headspace analysis. 6-



516 B.S. Radovic et al. | Food Chemistry 72 (2001) 511-520

Methyl-5-hepten-2-one was detected in two Italian
samples; 3,7-dimethyl-1,6-octadien-3-ol (linalool) occur-
red in one honey sample from Germany, in two Italian
samples and in one French sample. It is to be noticed
that dimethyl disulphide, which was detected in most
samples of other floral sources, was not found in any of
the seven acacia honeys analysed.

According to the qualitative data analysis performed,
acacia honeys could be identified (Fig. 1) if the presence of
cis-linalooloxide and heptanal and the absence of dime-
thyl disulphide and phenylacetaldehyde in a honey sample
can be confirmed. As can be seen in this figure, the pre-
sence of cis-linalooloxide excludes the presence of euca-
lyptus, lime, and rosemary honeys while the presence of
heptanal rules out sunflower and heather floral origins.
Further, the absence of dimethyl disulphide eliminates
chestnut, and rape honeys and the absence of phenyla-
cetaldehyde excludes lavender honeys.

Nine unifloral chestnut honeys from three European
countries (two from France; two from Germany and
five from Italy) were analysed. Fifty volatile substances
were isolated and identified in the samples analysed. A
variety of furan-related compounds were detected, i.e.
furfural, 5-methylfurfural, 2-acetylfuran, 5-methyl-2(3H)
dihydrofuranone, (y-valerolactone) (pentanoic acid, 4-
hydroxy-,lactone), furfuryl alcohol and the dihydroxy-
furanone vy-butyrolactone. 5-Methyl-2(3H)dihydrofur-
anone (y-valerolactone) (pentanoic acid, 4-hydroxy-,
lactone), and y-butyrolactone were detected only in two
chestnut honeys (coming from France and Italy). In
addition, 2-methylpropanoic acid was identified only in
one Italian sample. Among carbonyl compounds, 6-
methyl-5-hepten-2-one, which is derived from the
oxidation of carotenoids (Belitz & Grosch, 1987), was
found in three Italian samples and in one German sam-
ple. 3-Aminoacetophenone, which is reported as possibly
specific to chestnut honey (Bonaga & Giumanini,

Acacia

1986a), was detected in six out of nine chestnut honeys
analysed and in most cases it was present in trace
amounts only.

Qualitative data evaluation suggested (Fig. 2) that the
presence of either 2-methyldihydrofuranone or o-
methylbenzyl alcohol or both 3-hexen-1-ol and dime-
thylstyrene seem to be characteristic for chestnut
honeys. While the presence of the first two compounds
could confirm the authenticity of this floral origin inde-
pendently, the presence of both 3-hexen-1-ol and
dimethylstyrene seems to be needed in order to exclude
the presence of heather and lime honey, respectively.

Three (two from Italy and one from Spain) unifloral
eucalyptus honey samples were analysed. The GC-MS
analyses revealed that the three samples had a common
profile characterised by the presence of fifty volatile
compounds. 3-Hydroxy-2-butanone, known as acetoin,
2-pentanone and two not identified compounds with the
characteristic fragment ions m/z (43, 57, 85) and m/z (57,
69, 85), respectively, were the major volatile components
of these samples. High concentrations of acetoin and
other hydroxy ketones have already been reported to be
characteristic of eucalyptus honey (Graddon, Morrison
& Smith, 1979). Acetoin was, however, found in all
honey samples analysed.

Qualitative data analysis showed that the presence of
any of the following volatile organic compounds was
characteristic for eucalyptus honeys: 1-octene or 2,3-
pentanedione or a cyclic ether. In addition, the presence
of either of the following not identified volatile com-
pounds with the characteristic fragment ions listed in
parentheses is typical for eucalyptus honeys: m/z (43-55,
73, 114) or m/z (43, 71, 114) or m/z (43, 57, 85) or m/z
(57, 69, 85).

Eight (three from England, one from France, two
from Germany and two from The Netherlands) uni-
floral heather honeys were analysed and exhibited more

® ' cis linaloo] oxide
~ heptanal

dimethy] disulphide
i phcnyiacc!aldehyde

- Discarded honey type by volatile compound presence and absence

Fig. 1. Marker compounds for acacia honey.
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Chestnut

P Discarded honey type by volatile compound absence

2-methyldihydrofuranone
3-hexen-1-ol }

" dimethylstyrene
4 -methylbenzyl alcohol

Fig. 2. Marker compounds for chestnut honey.

than 50 peaks in each of their chromatograms, many of
these corresponding to alcohols, carbonyl compounds
and esters. Among other alcohols, 1-penten-3-ol and
bicyclo-2,2,2-octan-1-0l,4-methyl were found only in
honeys of this floral source. However, 1-penten-3-ol was
found in only three heather samples (from England)
analysed. Among carboxylic acids, 2-methylpropanoic
acid, which was also found in chestnut honeys, was
detected in the German samples, in one Dutch sample
and in one sample from England. Although a high con-
centration of phenyl lactic acid (above 200 mg/kg)
(Steeg & Montag, 1987) was reported already as being
characteristic of this floral origin, it was not identified in
any of the samples analysed. Another characteristic
compound in heather samples analysed was phenylace-
taldehyde, isolated also from eucalyptus honey samples.
Even though Tan et al., (1989) suggested the presence of
degraded carotenoids (3,5,5-trimethyl-cyclohex-2-ene
derivatives) as being characteristic of heather honey, no
such compounds were identified in the samples ana-
lysed. The explanation for this could be the different
geographical origin of samples analysed; e.g. our study
was limited to European honeys only, while the heather
honeys analysed by Tan et al. originated from New
Zealand.

According to the qualitative analyses performed, the
presence of one of two unidentified volatile compounds
with the fragment ions: m/z (70, 154) and m/z (67, 91,
110), respectively, seems to be characteristic of heather
honeys. In addition, the qualitative data analysis
showed that the presence of bicyclo-2,2,2-octan-1-0l-4-
methyl and 4-ethylphenyl acetate could be characteristic
for this floral origin, as the probability of appearance of
these two compounds was rather high (it was identified
in seven of eight heather samples analysed).

Several alcohols were identified in the two (one from
France and one from Portugal) unifloral lavender honey
samples analysed; in particular, ethanol, 2-methyl-1-
propanol, 3-methyl-1-butanol, 3-methyl-3-buten-1-ol,
3,7-dimethyl-1,5,7-octatrien-3-ol (hotrienol) and fur-
furyl alcohol were the largest GC peaks in the chroma-
togram of the honey sample from Portugal while
hexanal, heptanal, 1-hexanol, furfural, phenylacetalde-
hyde and benzaldehyde were the principal aroma com-
ponents detected by headspace analysis in the French
lavender sample. Bouseta et al., (1992) pointed out that
hexanal and heptanal appeared to be characteristic of
this floral source, which we could confirm for the
French sample but not for the Portuguese. This could
be attributed to the geographical origin, especially since
Bouseta et al., (1992) only analysed lavender honeys of
French origin.

Qualitative data evaluation showed that the presence
of heptanal and the absence of 4-oxoisophorone is
characteristic of lavender honeys. As exhibited in Fig. 3,
the presence of heptanal rules out sunflower and heather
honeys while the absence of 4-oxoisophorone excludes
the rest of the floral origins analysed, e.g. acacia, chest-
nut, eucalyptus, lime, rosemary and rape.

A more complex pattern (more than 60 compounds
were detected) was obtained in the case of four (two
from Germany and two from The Netherlands) uni-
floral lime honey samples analysed. 2-Pentanone was
one of the major compounds of one German sample;
also, other carbonyl compounds, such as acetoin and
furfural, contributed to the flavour of this sample. 4-
Methylacetophenone was found in all of the four sam-
ples analysed; it was identified only in honeys of this
floral source. Aromatic hydrocarbons, among which
methyl isopropylbenzene and dimethylstyrene, together
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Lavender

4-oxoisophorone

heptanal

B Discarded honey type by volatile compound presence or absence

Fig. 3. Marker compounds for lavender honey.

with different terpenes, characterise the volatile fraction
of lime honey samples.

According to the qualitative data evaluation, the
authenticity of lime honeys could be confirmed if the
analysis of the volatile fraction confirms the existence of
any of the following compounds: 2 methylfuran or o-
terpinene or o-pinene oxide or bicyclo-3,2,1-octane-2,3
bis (methylene) or methyl isopropyl benzene or aromatic
hydrocarbon or 3-cyclohexen-1-0l-5 methylene-6-iso-
propylene or 4-methylacetophenone or a-terpene with
the fragment ions m/z 91, 119 and 134 or terpene with
the following fragment ions m/z 93, 121 and 136. The
presence of an unidentified volatile compound with the
fragment ions m/z 91 and 119 is also typical for lime hon-
eys. In addition, the absence of 3-methyl-1-butanol seems
to confirm the authenticity of this floral type as well.

Acetone, ethanol, nonanal, benzaldehyde and benzyl
alcohol were the largest gas chromatographic peaks in
the volatile fraction of the four (one from Denmark,
one from France and two from Germany) rape honeys
analysed. It is interesting to note that, differing from
rape honeys of other geographical origin (e.g. Germany
and France), in the Danish sample branched aldehydes
(2- and 3-methylbutanal) and branched acids (2- and 3-
methylbutanoic acid) were not detected. Methyl-2-bute-
nol and the sesquiterpenoid-related compound, 5-hep-
ten-2-one-6-methyl, were detected only in the French
sample, whereas only the Danish sample contains cis-
linalooloxide.

According to the qualitative data analysis performed,
the authenticity of rape honeys could be confirmed by
the absence of 2-methyl-1-propanol (Fig. 4). However,
as this compound was found to be absent in one of
seven acacia samples analysed, the simultancous pre-

sence of dimethyl disulfide is necessary in order to con-
firm the authenticity of rape honey.

The volatile fraction of the two (one from Portugal
and one from Spain) unifloral rosemary honey samples
analysed exhibited different profiles. While methyl-2-
butenal and 2.4-cycloheptadien-1-one,2,6,6-trimethyl
(eucarvone) were found in the Spanish sample, acetoin
and furfural were present only in the rosemary sample
from Portugal. In general, carbonyl compounds, such as
acetone, 2-pentanone, benzaldehyde and 4-oxoisophor-
one were the most abundant compounds. Analogously
to acacia and sunflower honeys, no sulphur compound
was found in rosemary honeys analysed.

Qualitative data evaluations performed showed that
the absence of 2-acetylfuran is characteristic of rosem-
ary honeys.

Headspace of four (two from France and two from
Italy) unifloral sunflower honeys showed them to be
mainly characterised by alcohols (e.g. 1-butanol-3-methyl,
3-methyl-3-buten-1-ol, methyl-2-buten-1-ol, benzyl alco-
hol) and aromatic aldehydes (e.g. benzaldehyde and fur-
fural). Acetoin was one of the principal components of
one Italian sample.

According to the qualitative data analysis, a-pinene,
3-methyl-2-butanol, heptanal, and 4-oxoisophorone are
marker compounds for sunflower honeys. As shown in
Fig. 5, the presence of either a-pinene or 3-methyl-2-
butanol alone could confirm the sunflower floral origin.
On the other hand, the absence of both heptanal, and 4-
oxoisophorone is needed in order to confirm this floral
origin.

Qualitative analysis, following the same pattern
described in the previous section and applied so far, was
performed to characterise the geographical origin of the
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2-methyl-1-propanol

dimethyl disulphide

B Discarded honey type by volatile compound presence and absence

Fig. 4. Marker compounds for rape honey.

Sunflower

4-oxoisophorone

heptanal

-pinene

- Discarded honey type by volatile compound presence or absence

Fig. 5. Marker compounds for sunflower honey.

honeys analysed. According to this analysis, English
honeys could be identified if the presence of 1-penten-3-
ol in honey samples can be confirmed. Furthermore, it
seems that the absence of 3-methylbutanal confirms the
authenticity of Danish honeys. However, one should
bear in mind that only one Danish honey was analysed.

Table 2 shows that aroma profiles are more suitable
for the determination of floral origin than geographical
origin. Marker compounds for only two geographical
origins could be found. For honeys coming from The
Netherlands, Portugal and Spain, marker compounds
are possible only as their presence/absence was con-
firmed, not in all but in at least half of samples analysed.
We feel that these possible marker compounds could be

useful as a starting point for some future study and they
are therefore listed in Table 3.

4. Conclusions

This study suggests that volatile compounds play an
important role in assessing the origin of honey. Further-
more, the results seem to indicate the existence of certain
marker compounds for the floral origins assessed (e.g.
acacia, chestnut, eucalyptus, heather, lavender, lime,
rape, rosemary and sunflower). Also such compounds
seem to exist for two geographical origins (e.g. Den-
mark and England) and possible marker compounds
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could also be found for the honeys from The Nether-
lands, Spain and Portugal.

Although the results obtained should be confirmed
with a broader set of samples, we believe that they
represent a valuable contribution for the determination
of nine different floral origins of honey and a possible
determination of the geographical origin of two.

Acknowledgements

The authors wish to thank DG Enterprise for finan-
cial support of this work, to Mr Harald Russmann
(Wierz-Eggert-Joerissen GmbH, Hamburg, Germany)
who did the pollen analysis in order to prove the floral
authenticity of honey samples used in this study and to
Mr Andrew Burke (EC, DG JRC Ispra, Italy) for
proof-reading.

References

Belitz, H. D., & Grosch, W. (1987). Use of carotenoids in food pro-
cessing. In Food chemistry. (pp. 196-197). Heidelberg, Germany:
Springer-Verlag Berlin.

Bonaga, G., & Giumanini, A. G. (1986a). The volatile fraction of
chestnut honey. J. Apicultural Res., 25, 113-120.

Bonaga, G., Giumanini, A. G., & Gliozzi, G. (1986b). Chemical com-
position of chestnut honey: Analysis of the hydrocarbon fraction.
Journal of Agricultural and Food Chemistry, 34, 319-326.

Bouseta, A., Collin, S., & Dufour, J. (1992). Characteristic aroma
profiles of unifioral honeys obtained with a dynamic headspace GC-
MS system. J. Apicultural Res., 31, 96-109.

Careri, M., Mangia, A., Barbieri, G., Bolzoni, L., Virgili, R., &
Parolari, G. (1993). Sensory property relationships to chemical
data of italian-type dry-cured ham. Journal of Food Science, 58,
968-972.

Careri, M., Mazzoleni, V., Musci, M., & Molteni, R. (1999). Effects of
electron beam irradiation on cork volatile compounds by gas chro-
matography-mass spectrometry. Chromatographia, 49, 166—172.

Graddon, A. D., Morrison, J. D., & Smith, J. D. (1979). Volatile
constituents of some unifloral Australian honeys. Journal of Agri-
cultural and Food Chemistry, 27, 832-837.

Howells, V. W. (1969). Some reflections on the pollen analysis of
honey. J. Association of Public Analysts, 7, 88-93.

Louveaux, J., Maurizio, A., & Vorwohl, G. (1978). Methods of
melissopalynology. Bee World, 59, 139-157.

Maurizio, A. (1975). Microscopy of honey. In E. Crane, Honey: A com-
prehensive survey. Vol.2 (pp. 240-257). London, UK: Heinmann.

OJEC. (1974). Official Journal of the European Communities. L 221,
12 August 1974.

Overton, S. V., & Manura, J. J. (1994). Flavor and arome in com-
mercial bee honey: a purge and trap thermal desorption technique
for the identification and quantification of volatiles and semi-
volatiles in honey. American Laboratory, 26, 45-53.

Sawyer, R. W. (1975). Melissopalynology in the determination of the
geographical and floral origin of honey. Journal of the Association of
Public Analysts, 13, 64-71.

Serra Bonvehi, J. (1988). Propriétés physicochimiques, composition et
spectre pollinique des mieles de Lavandula latifolia Med. Produits
en Espagne. Sciences des Aliments, 8, 295-307.

Steeg, E., & Montag, A. (1987). Nachweis aromatischer Carbonsiduren
in Honig. Zeitschrift fiir Lebensmittel-Untersuchung und-Forschung,
184, 17-19.

Tan, S. T., Holland, P. T., Wilkins, A. L., & Molan, P. C. (1988).
Extractives from New Zealand honeys. 1. White clover, manuka,
and canuka unifloral honeys. Journal of Agricultural and Food
Chemistry, 36, 453-460.

Tan, S. T., Wilkins, A. L., Holland, P. T., & McGhie, T. K. (1989).
Extractives from New Zealand unifloral honeys. 2. Degraded car-
otenoids and other substances from heather honey. Journal of Agri-
culture and Food Chemistry, 37, 1217-1221.

Tan, S. T., Wilkins, A. L., Holland, P. T., & McGhie, T. K. (1990).
Extractives from New Zealand honeys. 3. Unifloral thyme and wil-
low honey constituents. Journal of Agriculture and Food Chemistry,
38, 1833-1838.

Virgili, R., Parolari, G., Bolzoni, L., Barbieri, G., Mangia, A., Careri,
M., Spagnoli, S., Panari, G., & Zannoni, M. (1994). Sensory-che-
mical relationships in Parmigiano-Reggiano cheese. Lebensm.-Wiss.
U.-Technol, 27, 491-495.



