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Determination of volatile compounds in honey using static headspace-gas
chromatography-mass spectrometry and chemometrics
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Abstract : To explore volatile markers in honey from différent sources and to distinguish these honey effectively,a static head-
space-gas chromatography-mass spectrometry/ ( SHS-GC-MS) method was optimized for detecting volatile compounds in hon-
ey,and the aroma compounds of 38 honey samples from four kinds of sources including rape,linden tree, chaste and acacia,
were analyzed by this method combined with principal component analysis (PCA) and cluster analysis (CA). The results
showed that a total.of 23 compounds were detected by SHS-GC-MS and the volatile components of the four kinds of honey
samples had significant differences in types or contents. Among them, Benzenepropanoic acid, ethyl ester is the typical meta-
bolic substance of rape honey, Benzene, 1-methyl-3-( 1-methylethenyl ) -and trans-Rose oxide are the typical metabolic sub-
stances of linden honey ,and the typical metabolites are not found in the chaste honey and acacia honey. Four kinds of honey
can'be distinguished well by PCA , and the accumulative contribution rate of PC1,PC2 and PC3 reaches 77.3% , indicating
that the’model is effective. When the critical value was taken as 10, the honey samples from same source can be well clustered
by CA. Therefore, SHS-GC-MS combined with chemometrics can be used to distinguish honey of different sources and the re-
search results provide theoretical basis for the traceability and identification of honey.

Key words: honey ; volatile compounds ; static headspace-gas chromatography-mass spectrometry ( SHS-GC-MS) ; chemomet-
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Table'l  Honey sample information
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Honey Number of samples Areas
H3%% Rape honey 17 LA
HtA 8 Linden honey 2 BRI T
B 48 -Linden honey 3 T TR
He# % Linden honey 3 FME  LRE
3| 4% Chaste honey 4 WveE KT
3| %% Chaste honey 4 ks AFKE
ML Acacia honey 3 BEVi e
YRR Acacia honey 2 ks T
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Fig. 1  Effects of different experimental conditions on the number of peaks of volatile components in honey
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Table 2 The volatile composition”of different honey samples by SHS-GC-MS

AT &
22 Relative percent( % )
2 U o
RT Chemical KI
No. Compounds b bt e
formula HHE(n=17) BWEMR=8) HFEEON=8) FMlE(n=5)
Rape honey Linden honey Chaste honey Acacia honey
Zz " 15.30 ~ 20.48 ~
1 2.45 C,HgO 612 13.60 ~79.90 (9 ND
s Ethyl acetate ) 46.45 (2) 28.83 (2)
Va7
2 2.71 C,H,0, \/ . 622 0.70 ~28.42 (5) ND ND ND
Acetic acid
- a,b
3 2.74 CsH,0 2R TRE 659 2.40 ~3.40 (2) ND ND ND
Butanal ,2-methyl-
. 2 I TR 6.20 ~ 2.15 ~ 1.89 ~
4 3.73_ CsH,0 663 ND
Y 1-Butanol ,2-methyl- 24.96 (12) 12.34 (2) 8.30 (2)
- Jezab
5 466 Gl 3- P 800 1.28~3.33 (2) ND ND ND
Heptane ,3-methyl-
72y La
6 5.70 C,H{,0, RO 853 0.30 ~0.48 (3) ND ND ND
Formic acid, hexyl ester
1 g alb
7 6.07 CgH, fa — A 871 0.20 ~0.30 (3) ND ND 0.16 (1)
Benzene,1,3-dimethyl-
i I g 0.87 ~ 0.28 ~
8 8,04 CH,O AR E 968 0.30 (2 ND
T Benzaldehyde 2) 3.26 (5) 11.65 (5)
i 1 g a.b
9 9.23 CgH,0 RF P HEA Y i 1027 ND ND 0.95~1.01 (2) ND
Benzene, 1-methoxy-4-methyl-
w7 b 0.31 ~ 1.27 ~ 1.11 ~ 2.20 ~
10 9.74  CgHgO L 1053
$ Benzeneacetaldehyde 74.72 (6) 5.50 (3) 81.25 (8) 3.95 (2)
S) - ALFF 0.69 ~ 2.56 ~
11 10.26 CoH0, ¢ 107 D 7.93 (1
026 Cioths 02 cis-Linalool oxide 078 N 93 (1) 5.49 (4) 10.65 (3)
1- S P -3 - T e 4.50 ~
12 10.58 CyHj, Benzene, 1-methyl-3- 1 095 ND 30"70 (8) ND ND

(1-methylethenyl) -
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%3¢ 2 ( Continued Tab. 2)
AHXT & i
ot Relative percent( % )
5 fert o
No RT  Chemical Compounds K1
' formula ) MEE(n=17) BWE(R=8) HFEEGR=8) HFHE(H=5)
Rape honey Linden honey Chaste honey Acacia honey
2, 4-ZHUERZ I 0.1 ~
13 10.59 G, Hy, Benzene, 1-methyl-4- 1 096 ND ND 5 ;‘7 (4) ND
(1-methylethenyl ) - '
Lt
14 10.84 CgH,O 1110 2.45 (1 ND ND ND
87142 3 Hexen-1 -ol ,acetate, (Z) - (D
I S AR 6.46 ~ 1.58 ~
C,0H\cO
15 1086 Liofhs Hotrienol 1110 ND 11.85 (3) 6.25 (4) p
CHC AL 3.85 ~
16 10.98 C,yH;g0 LEN 1117 ND ND ND
107718 trans-Rose oxide 24.20 (6)
. b — mera,b 0.62 ~ 0.24 ~ 2.50 ~
17 1113 CgH,0 AR 1123 ND
s Benzeneacetaldehyde 7.90 (4) 0.85 (4) 3.21 (2)
KR 2, g 0.10 ~
18 12,18 CyH,0 AR R L 1193 ND ND ND
902 Benzoic acid , ethyl ester 0.40 (7)
SETR 7 ba
19 12.58 CyoHy0, LR 1201 0.10 (1) ND ND ND
Octanoic acid, ethyl ester
2R 2 1,30 10.88 ~ 0.85 ~
20 13.74 C,yH,0 1 266 ND
10712720 cetic acid,2-phenylethyl ester 3.20.(8) 18.60 (2) 4.32 (2)
3N B 0. 30%
21 15.32 C;H,,0, Benzenepropanoic 1359 I 7.] (14) ND ND ND
acid , ethyl ester ’
(18,4 4aR) 4-F -1 ,6-
22 19.39  CisHyy —HIFL-1,2.3 4 44 T-REAZE 1623 2.04 (1) ND 2.05 (1) ND
Cubenene
AR IR T g 0.28 ~ 4.02 ~ 0.55 ~ 0.87 ~
23 22.84 CsH, 041 ,2-Benzenedicarboxylic.acid , 1 883
bis(2-methylpropyl) ester 12.51 (11) 4.44 (2) 4.50 (7) 26.13 (5)

TE:a: GC-MS %5 ;b NIST 5 PRG3R MUE s KT ARYE A BRIt 50 O B 15 500 ND L RAGIN 1 5 45 -5 P EUE D B i AR A B

Note : a: Identification by GC-MS;b:Identification according to NIST Mass Spectral Library; KI:Kova’ ts retention indices calculated by n-alkanes; ND :not

detected ; The value in brackets indicates the.number of samples detected.
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Fig. 2 Score plots ( (A) principal component PC-two-dimensional, (B) PC-three-dimensional ) and loading plots (C)

of 38 honey samples from 4 different honey sources by principal component analysis
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