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Comparative Analysis of Volatile Compounds in Macadamia
Honey from Chinese and Western Honeybees
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Abstract: [ Purpose] To elucidate the composition characteristics of volatile compounds of macad-

amia honey from Chinese honeybees (Apis cerana cerana) and western honeybees (4. mellifera Lin-
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naeus), to reveal the volatile components and flavor characteristics of the same honey brewed by dif-
ferent honeybee species from the same region and nectar plant at the same flowering stage, and to
provide a theoretical basis for the exploitation and quality identification of macadamia honey.
[ Method ]| Macadamia honey derived from Chinese and western honeybees were detected and ana-
lyzed via headspace solid-phase microextraction (HS-SPME) and gas chromatography-mass spectro-
metry (GC-MS) technology. [Results | A total of 108 volatile compounds were identified in macad-
amia honey from both honeybee species, and 32 volatile components in common were found in the
two kinds of honey. Macadamia honey from western bees contains 72 volatile compounds (40 of
which were unique to western honey), mainly including (S)-linalool oxide, 5-vinyl tetrahydrofuran-
cis-a-5-trimethyl-2-furan-omethanol, and 3,7-dimethyl-1,5,7-octriene-3-alcohol. Macadamia honey
from Chinese bees contains 68 volatile compounds (36 of which were specific to Chinese honey),
mainly including ethanol, (S)-linalool oxide, and 5-vinyl tetrahydrofuran-cis-5-trimethyl-2-furan
methanol. A total of 18 aromatic substances were identified from 108 volatile compounds in the two
kinds of honey, among which 12 and 16 were from western and Chinese honey, respectively, all of
which were mainly alcohols. [ Conclusion] The volatile compounds of two kinds of macadamia
honey produced in the same region and flowering period differ greatly due to different bee species.
Honeybee species are important factors affecting the composition characteristics of volatile com-
pounds of honey. Alcohols and esters are the main volatile components of two kinds of macadamia
honey produced by different bee species. Alcohols are also the main contributors to the aroma of two
kinds of honey. The macadamia honey from Chinese bees has richer aroma than that of western bees.
Keywords: macadamia honey; Chinese honeybees (Apis cerana cerana); western honeybees (Apis

mellifera Linnaeus); volatile compounds; gas chromatography-mass spectrometry
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Tab. 1 Physicochemical properties of macadamia honey
from Chinese and western honeybees

EizE thigs  PHIEE

index CH WH
7KI31% water 21.73 19.27
11,2 colour and lustre 56 35
HH/% fructose 33.14 33.10
T %I H8/% glucose 27.70 28.89
JERE/% sucrose 1.67 1.85
2 57 H/% maltose _
FAG L fructose to glucose ratio 1.20 1.15
I8 JiF BE/% reducing sugar 60.84 61.99
¥4 F LS /(mg-kg ") hydroxymethylfurfural 5.19 3.85
JE WG/ [mL- (g-h) '] amylase value 7.14 25.00

TLC (5 RAEGER FE IR =)
TLC (high fructose starch syrup thin layer
method)

g SRBER/(U kg ") fructofuranosidase
KAKBEIAR E /% rice syrup marker
I SERE I IR EH/% beet syrup marker — —
EHSEREHR /% beet syrup

FEIRAR B /% detection of syrup markers
PUIR %/ (mg-kg ") tetracycline family — _
KIF WSS/ (ug-kg™") macrolides

ERE 4

negative  negative

W — Rft; CH. higE: WH. filgE: THE.
Note: —. not detected; WH. honey from western honeybees; CH. honey
from Chinese honeybees; the same as below.
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Fig. 1 Total ion chromatograms of GC-MS for volatile com-

pounds of macadamia honey from Chinese
honeybees (a) and western honeybees (b)
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Tab. 2 Volatile compounds and relative contents of macadamia honey from Chinese and western honeybees

= Z S LR B I [1)/min FHXS £ 8/% relative content
chemical name retention time g3 CH Phig 3 WH
£ (26F¥) alcohols (26 kinds)

Z.TE ethyl alcohol 1.62 27.28 5.62
CLfF 1-hexanol 5.74 0.45 0.55
7K H i benzyl alcohol 10.42 1.06 0.22
F5 4% 3,7-dimethyl-1,6-octadien-3-ol 12.42 0.72 0.95
2K I phenylethyl alcohol 12.78 0.93 0.63
2T &R lilac alcohol A 15.67 — 0.33
FAAN cedrol 25.43 — 0.86
(S)-A LTS A% EE 5-ethenyltetrahydro-cis-a-5-trimethyl-2-furanmethanol 11.56 10.73 11.88
=4 AL 5 AR cis-linaloloxide 12.04 5.86 5.16
3,7-—H%E-1,5,7- )\ =4-3-E% 3,7-dimethyl-1,5,7-octatrien-3-ol 12.52 0.59 8.69

2,2,6-= F 3-6- 2 )i 2 DY S -2 H-K i - 3- i

2,2,6-trimethyl-6-ethenyltetrahydro -2H-pyran-3-ol 14.65 o 322
(1R,5-Mi=C,6- MR x0)- ¥R [3.2.2] F-8-#i-6-F 15.97 - 293
(1R,5-cis,6-cis)-bicyclo[3.2.2]non-8-en-6-ol

2,6- —HI%E-2,7-3F T J#5-1,6- % 2,6-dimethyl-2,7-octadiene-1,6-diol 19.82 — 0.69
6,10- " 1 3:-5,9-+ B —J%-2-FF 6,10-dimethyl-5,9-undecadien-2-ol 2227 — 0.13
4-H - 1-[XF 4-methyl-1-pentanol 574 _ 0.55
3,7- = HJE-1,6-3F ZJf5-3-1% 3,7-dimethyl-1,6-octadien-3-ol 12.42 0.72 0.95
5- L FE Y S R - M K- -5 - = P - 2- PR i P 2 1156 1073 1188
5-ethenyltetrahydro-cis-a-5-trimethyl-2-furanmethanol

5t T I 2-methyl-1-propanol 2.15 0.71 —
3-FZE-1-T#F 3-methyl-1-butanol 3.16 0.78 —
2-H%£-1-T B¥ 2-methyl-1-butanol 3.22 0.83 —
J&EE 1-pentanol 3.64 0.13 —
FEE 2-furanmethanol 5.36 0.84 —
BRI heptanol 8.52 0.62 —
JR-FF I (E)-3,7-dimethyl-2,6-octadien-1-ol 16.79 2.80 —
T ethanethiol 1.75 2.61 —
3,7- = HJE-2,6- — H JE-1- 3,7-dimethyl-2,6-octadien-1-ol 16.79 2.80 —

%35 (13F4) aldehydes (13 kinds)

R furfural 4.88 0.40 0.81
ZX % benzaldehyde 8.30 0.42 0.67
2K £ benzeneacetaldehyde 10.72 1.63 3.15
2T % C lilac aldehyde C 13.89 0.12 4.05
24 decanal 15.56 — 0.41
2-(4-H JE-3-3F O 25 ) I % 4-dimethyl-3-cyclohexene-1-acetaldehyde 15.91 — 2.34
3-f% 3-furaldehyde 4.88 0.40 0.81
TR B lilac aldehyde B 13.89 — 4.05
TR D lilac aldehyde D 13.89 — 4.05
¥,v,2,3- 09 A -2 BRI - 1- T 1 20.96 — 1.69
v,¥,2,3-tetramethyl-2-cyclopentene- 1 -butanal

L% acetaldehyde 1.57 1.64 —
(E)-3,7- =W %£-2,6-3¢ —Jfil% (E)-3,7-dimethyl-2,6-octadienal 17.29 0.57 —

3,7- " H%E-2,6-3F J#i5 3,7-dimethyl-2,6-octadienal 17.29 0.57 —
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R2(8h)
ETA (-5 15 1) /min AT 2 /% relative content
chemical name retention time rhi& 2 CH PHig S WH
#4225 (1050 olefins (10 kinds)
2,4-C\ 475 2,4-hexadiene 2.24 — 0.57
¥ limonene 10.31 0.36 0.27
1,3,5-F B =% 1,3,5-undecatriene 14.94 — 1.03
1,3,5,8-F—HkPU 4% 1,3,5,8-undectetraene 15.04 — 3.91
5-(1-FEEIA)-1,3- TR I _ 1677 - o1
5-(1-methylpentylene)-1,3-cyclopentadiene
(E)-3-F13£-1,3- 1% —#% (E)-3-methyl-1,3-pentadiene 2.25 — 0.57
A5 eG4 D-limonene 10.31 0.36 0.27
(3Z,5E)-1,3,5-T—Hx =4 (3Z,5E)-1,3,5-undecatriene 14.94 — 1.03
(BE,52)-1,3,5- =) (3E,52)-1,3,5-undecatriene 14.94 — 1.03
2,3,4- = F3E_1,4-1% )% 2,3,4-trimethyl-1,4-pentadiene 20.96 — 1.69
R (7F1) acids (7 kinds)
. acetic acid 1.90 2.25 1.12
2-F%E-T R 2-methyl-butanoic acid 5.13 — 0.21
2-£.3%- R 2-ethyl-hexanoic acid 12.84 1.67 0.46
2-FI%E- U 2-methyl-hexanoic acid 5.13 — 0.21
2-5 FE-4- F HE-K R 2-amino-4-methyl-benzoic acid 6.39 _ 0.11
AR K H 158 0-aminobenzohydroxamic acid 15.15 — 0.33
=K triacetin 19.26 0.69 0.34
Y25 (127 alkanes (12 kinds)
%5t octane 422 1.67 0.60
2,2,4,4,-VUFH L I5% 2.2 4.4, -tetramethyloctane 10.24 0.49 0.17
~+ .t pentadecane 23.39 0.19 0.07
T =%t tridecane 23.39 — 0.07
[ %% dodecane 23.39 — 0.07
8- TN A FE-HIA LT 8-propoxy- cedrane 25.43 — 0.86
2,2,4,6,6-F. F H Bkt 2,2,4,6,6-pentamethyl-heptane 9.12 2.64 —
FP9%% tetradecane 20.95 0.24 —
J-2-(1,1-— R BE 2.08)-3- LR FR 4 2 e 316 0.78 o
cis-2-(1,1-dimethylethyl)-3-ethyl-oxirane
2,4- — FRFE-BiE 2,4-dimethyl-heptane 423 0.89 —
2,2- " FFE+4—§¢ 2,2-dimethyl-undecane 9.12 2.64 —
2,2- " FAFE-Z4 4 2 2-dimethyl-decane 9.12 2.64 —
fii 2% (5F) ketones (5 kinds)
2- T4l 2-nonanone 12.13 — 0.38
F M FE A geranyl acetone 22.18 — 0.12
1-(2-MRI%L)- 2B 1-(2-furyl)-ethanone 6.78 0.24 —
6,10- - F -5, 9-+ 5 —Jd-2- 6,10-dimethyl-5,9-undecadien-2-one 22.18 0.12 —
TE-3,5-Z 5L 2(3H)-Mk I dihydro-3,5-dimethyl-2(3H)-furanone 3.16 0.78 —
B2 (19F4) esters (19 kinds)
KGR H g 0-aminobenzohydroxamic acid 15.15 0.28 0.33
1,2- IR 2- B0 0 1-FR IR 4 o 20,96 o 160
1,2-dimethyl-2-cyclopentene-1-carboxylic acid ethyl ester
2,2,4-= FHE-3-FRAL R T HE IR IR 7 T 2R 24.98 - 0.06

2,2 4-trimethyl-3-carboxyisopropyl pentanoic acid isobutyl ester
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2 (4
2240 F {5 i [ /min AR /% relative content
chemical name retention time hig 2 CH Pilss WH
2-$42 - R H I 2-hydroxy-benzoic acid methyl ester 15.15 0.28 0.33
4- 2 FEFR R 2FERE 4-ethylbenzoic acid, hexyl ester 6.39 — 0.11
AR R T H+—hi kK phthalic acid, isobutyl undecyl ester 28.66 — 0.22
SRR Z H R 5 T - 3508 phthalic acid, isobutyl nonyl ester 28.66 0.81 0.22
AR R 2 I S T 35S phthalic acid, decylisobutyl ester 28.66 — 0.22
ZZMH R triacetin 19.26 0.69 0.34
LR .1 ethyl acetate 2.08 2.13 —
7K H R 2.1 benzoic acid, ethyl ester 14.52 1.23 —
ZFR-2-7 2. acetic acid, 2-phenylethyl ester 16.90 1.53 —
J2 3-4-Z8 )51 2.1 ethyl trans-4-decenoate 20.30 0.87 —
4T 2.1 decanoic acid, ethyl ester 20.76 0.85 —
S H 2 CUFE hexyl chloroformate 5.74 0.45 —
iR BE G formic acid, heptyl ester 8.52 0.62 —
2-HIHE- PR, 1-(1,1- 1R -2 I 1,3- 14 — A 24.98 035 o
2-methyl-propanoic acid, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester
AR ZHR ST L ¢ S phthalic acid, isobutyl octyl ester 28.66 0.81 —
SRR H R 7 T 2E-4-3F 1§ phthalic acid, isobutyl 4-octyl ester 28.66 0.81 —
)2 (4%h) phenols (4 kinds)
2,4- T FE-2R ) 2,4-bis(1,1-dimethylethyl)-phenol 23.48 0.50 0.24
2,5- T HIK W 2,5-bis(1,1-dimethylethyl)-phenol 23.48 — 0.24
3,5-FUT FEZK W 3,5-bis(1,1-dimethylethyl)-phenol 23.48 0.50 —
4,5- " HHE-1,3- K ) 4,5-dimethyl-1,3-benzenediol 15.02 0.26 —
HABHI BT (12F) other substances (12 kinds)

IR BE dimethyl sulfide 1.75 261 2.38
ZH SRR dimethyl disulfide 332 — 0.78
Z R % ammonium acetate 1.90 — 1.12
Z:;Te%h;f:(gﬁfm%e;i;ﬁgifgf;ﬁ 1j;fanemethanol 12.04 586 516
1,4 F 36 1H-BEIE 1 4-dimethyl-1H-imidazole 4.88 0.40 0.81
FP 4 - 25 5 fi5 3£ methoxy-phenyl-oximino 6.39 0.24 0.11
7K benzene 2.43 — 0.49
Xt 5 AR 2K p-isopropoxyaniline 21.16 — 5.10
4-F1EE-2- [ 4-methyl-2-pentyne 2.24 — 0.57
2- LR H Ji% 2-methyl-benzenemethanamine 16.90 1.53 —
2-9-1,3,5-= H 3£k 2-fluoro-1,3,5-trimethyl-benzene 15.02 0.26 —
[A]-53 P A 2L K % m-isopropoxyaniline 21.15 0.91 —

Jr 7 S R A R F [ — b ) A 301 B [ o 2 5
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Tab.3 Aromatic components of two kinds of honey from Chinese and western honeybees

TR £ B B[] /min HHXT 5 5/% relative content
chemical name retention time g 2 CH Vi WH

L% 1-hexanol 5.74 0.45 0.55
75 i benzyl alcohol 10.42 1.06 0.22
Fi Rl 3,7-dimethyl-1,6-octadien-3-ol 12.42 0.72 0.95
2K ZIE phenylethyl alcohol 12.78 0.93 0.63
HIAR cedrol 25.43 — 0.86
5t T 2-methyl-1-propanol 2.15 0.71 —
JX B 1-pentanol 3.64 0.13 —
HEE 2-furanmethanol 5.36 0.84 —
i furfural 4.88 0.40 0.81
ZX % benzaldehyde 8.30 0.42 0.67
4% decanal 15.56 — 0.41
6,10- - H13E-5,9-+ R — 4% -2-F 6,10-dimethyl-5,9-undecadien-2-one 22.18 0.12 —
K% I 0-aminobenzohydroxamic acid 15.15 0.28 0.33
L.FR LT ethyl acetate 2.08 2.13 —
7K H R £, 16 benzoic acid, ethyl ester 14.52 1.23 —
TR BE dimethyl sulfide 1.75 2.61 2.38
(S)-A A5 A% EE 5-ethenyltetrahydro-cis-o-5-trimethyl-2-furanmethanol 11.56 10.73 11.88
-4 55 IR cis-linalooloxide 12.04 5.86 5.16
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