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Quality Evaluation of Korean Honeys

by Headspace Analyses

Jong—-Pil Kim
Department of Food Science and Technology, Graduate School

Pukyong National University

Abstract

Honey has been widely known as a natural sweetener from bee and its
quality 1s mainly determined by color, isotope of carbon and other
components. Flavor quality of honeys are thought to depend on the kind of
honeys. The chemical compositions of the used Korean honeys were the
ranges of 183~25.6% moisture, 67.8~71.1% invert sugar, 1.8~3.2%
sucrose, 85~40.7mg/kg HMF, 12~16% F/G. In addition to these
components, flavor qualities of such Korean honeys as chestnut, acacia,
tangerine and Korean traditional honeys could be evaluated by measuring
the headspace volatile compounds isolated with purge & trap and solid
phase microextraction(SPME).

By purge and trap, one of the most dynamic headspace flavor isolation,
the numbers of headspace volatile compounds identified from chestnut,

acacia and tangerine honeys were 67, 44 and 41 compounds, respectively.



Ethanol, Z2Z-furancarboxaldehyde, ethylacetate and benzaldehyde were
abundant compounds in chestnut honey and the amounts of these
compounds were increased by 130, 19, 16 and 8 times for 1 vyear,
respectively. The number of compounds identified from aqueous layer
during honey processing were 17 including 8 alcohols.

For the SPME, another isolation method of headspace volatile
compounds, the optimum condition for extraction of volatile compounds was
studied by surface response method, and its optimum condition was 60°C,
40min and 60m{/min. The most abundant compounds among headspace
volatile compounds isolated from Korean honeys by SPME were 21.4% and
20.1% 2,6,10-trimethyl pentadecane in acacia and chestnut honeys,
respectively, and 15.8% octacosane in traditional Korean honeys, and 25.3%
hexadecanoic acid ethyl ester in tangerine honeys. While the main volatile
compounds from Korean honeys by purge and trap were the compounds
having lower temperature boiling points, those by SPME were higher in
boiling points.

The chemical compositions and headspace volatile compounds of honeys
provide a reliable index for the evaluation of qualities of honeys. The
modified sampling device using a magnetic bar for isolating headspace
volatile compounds from viscous honeys was proved to analyze the flavor

compounds of honeys as a better analytical isolation method.
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2.1.2 HMF $3EA
HE 50g€ 50ml W2FeaAe] FHske] 15% potasium ferrocyanide( ] 2
AlQFstZHE) 0.5meet 30% zine acetate(ZAboled)g-of 05mE Y1 &3 v}

& B Jhstel EANAA Ae F ofste] HG ot WD e o
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Table 1. Moisture content and refractive index of honey

=2HE(20C) (%) IZEEQ0C) TE(%) [ZEE(20C)| =E(%)
1.4992 15.0 1.4905 18.4 1.4820 21.8
1.4987 15.2 1.4900 18.6 1.4815 22.0
1.4982 15.4 1.4895 18.8 1.4810 22.2
1.4976 15.6 1.4890 19.0 1.4805 22.4
1.4971 15.8 1.4885 19.2 1.4800 22.6
1.4966 16.0 1.4880 19.4 1.4795 22.8
1.4961 16.2 1.4875 19.6 1.4790 23.0
1.4956 16.4 1.4870 19.8 1.4785 23.2
1.4951 16.6 1.4865 20.0 1.4780 23.4
1.4946 16.8 1.4860 20.2 1.4775 23.6
1.4940 17.0 1.4855 20.4 1.4770 23.8
1.4935 17.2 1.4850 20.6 1.4765 24.0
1.4930 17.4 1.4845 20.8 1.4760 24.2
1.4925 17.6 1.4840 21.0 1.4755 24 4
1.4920 17.8 1.4835 21.2 1.4750 24.6
1.4915 18.0 1.4830 21.4 1.4745 24.8
1.4910 18.2 1.4825 21.6 [I  1.4740 25.0

- 11 -




< APEStnh o, YNE AFL FILY stete A AT, A= No. 2
filter paper& AM&-stth o] & 2z} 5mE 2709 Ald ol Halm A8l
TBoll= = OmE, TAFEY HolE= 02% olFAFAUYEF S 502 Yol
T EUT GF ANPEAL B, TAFLAL 01% olFASFLUYEZ LAY
Hzel o2 st 284nme} 336nmoll A Z+zte) &3 Zxsiu).

Ay — Ay X 149.7x5
S

A A2 0 HMF(mg/kg)=

Ame ~ Ams © ZF Sl M) FAEX(AH AT AL o)
S D AR A

213 84

Standard &2 2% frutose, 2% glucose, 0.2% sucrose, 0.2% maltose-&-
Ao2 Mgt Sample £HE HWE oF 3g8 AU o} 100m WAZ
&3] & 25mlZ 59 &3, oMHMEYELDZ THAX MY Ad3045m o
e & HPLC(Waters 600E, Waters Co., US.A)Z %435 sample & o
T B EET+HT) © AT Fg A4EdEt oo HPLC BAM %

& Table 23} 2o
H v W
AGH 1 BO) = S X % X100

pH, pH'  : A% Standard®le] Eo] Ei=

ar

]
v, V! D A Y3 Standard} o] A 2k (mi)

w, w! S A % Standardg e A H 2(g)
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Table 2. HPLC Condition for honey analysis

items Conditions
Detector RI detector (Waters M410)
Column Carbohydrate column(300mm X 3.9mm X 10m)
Attenuation 64
Conterol Program Millenium (Waters, Ver 1.25)
Inj. volume 20 0(Auto sampler : Waters M600)
Mobile phase Acetonitile : Water = 80 : 20
( 0.5.m FH type Filterate )
Flow rate 1.5 mf/min
Quternal temp. 45T
Internal temp. 40C

_13_



22 3y AE 4

22.1 Purge and Trap ZXE o] 83 Jubg A& B4

Purge and Trap A& @UstAZ] dynamic headspace sampler(DHS, L.SC3000,
Tekman Co, USA)E GCell H-ZAIA ARSI AEE 188 AElZ 60TAA &

w7 7hshAN, davkags Boldo] purgerl7]) T, Tenax chemical columnell 3]t
7 Aol FHAAY FAE LA HEELS -120TE $-45%E caryogenic focussing
interface® &2 31, Aol 180C7HA] $-2A1A GColl Fs]o] EAJo] o] Fojzu).
ZpAgE 2215 Fig. 13} Table 39l vFeRAITH

2.2.2 Solid phase microextraction'§ & o] &3 3 wrA B BN
A Adwe HH2AE dotry] A8 25 9 AxAT Npbkeo] fake 23
of HH2UE AU ARHE A 30cm X Eo] 80cmeol zHzte] BES 10g
A H3t3L magnetic bar(2em)9} A Yal BES 9o, Fig 201MA8 ApTsHESR
Fel ZUAE =M glolw(fiber assembly 100gm polydimethylsiloxane coating for
manual holder red)7} ¥} 2.2 Q%% 1AHI & headspace’ 0.8 3 228 1R
Aol FH - FEAG olw, WY AE F29 58
29 60ntH FEFAT 44 Az 2 3 ZUAE O 92 &9 slonr &

o7k GCFie] neos 49d $ Fesigith $U oA wuks Aaahy A

Mz

de detgdeh 2ERAL A0, 50, 60, 80, 10T o], AJ7He N
olm, Np7bo] {2 23 20, 40, 60, &0, 100mE zHz} PR3l gr)42e £33
U GCEAell oJ8] @of2l peak areadl 2J8 SPME®] ## xyzAg A5} o
af AH8¥ SPME fiberi= polydimethylsiloxane coating (100gm coating thickness, Supelco
Co., USA)TE o] 2o 33] uhd sy},
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/Plunger

{ ___ Adijustable needle
Guide/depth gauage

Septum—piercing needle

Fiber—attachment
needle

T Coated SPME fused silica
—_— fiber

Sample
vial

_/

PVOO

Stirrer/hot plate

Fig. 2. Solid phase microextraction procedure.
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2.2.3 Gas chromatography-flame ionization detectore] 9)3+ X4

SPMEH e 2 324 422 needle FH FHA §F, thgo] GCxAL
2 sttt GCoBe 2% £1& 272X 50CoA 3C/ming £
S7Fstohot 240Cel A 2082 MFE o2 FEol WEh Columne polarid &
7Fd HP-INNOWax(30m X 0.25mnL.D. X0.25um film thickness)& AFg-stgith o] o,

carrier gas® %2 5m{/min ©|%lt}

2.3 GC-mass selective detectoro] 2|3 3wA Ao =3
GCo FdFeol Fdd F 32 AEL GC-MSD 9z g - %43}
Al GC(HP-5890 plus, Hewlett Packard Co., U.S.A)9} MSD(HP-5972,
Hewlett Packard Co., U.S.A)9] #F Z31-& Table 3o el Ao}

24 A A+

824 29 designe HAolgty FAHE ANHE 7|&Hog FUs ¥
el range® Gt U2 vldsle] M E A (ridge of maximum response)

& st HAHol HEAE TRZE MHIY
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Table 4. GC—MS conditions for flavor analysis

ltems Conditions
Column HP-INNOWax(Crosslinked Polyethylene
Glycol), 30m X 0.25mm X 0.25:m
Carrier gas He, 1tml/min.

Heated zones

inj. port temp

Det. port temp

Mass range

lon voltage

Mass spectrum library

Purge off time : 0.00min
Initial temp : 30TC

Initial time : 5min

Rate : 3T/min

Final temp : 200T

Final time : 5min

Total time : 66.7min
180T

'230C

33.0-300.0m/z
70eV
Willey/NBS
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HEe FEFZFE 715, AL A, AHFY BE F 9 8919 dFgs we
v S aE FEATE Y] HEg 433 3 RES e 18-21% o8t
7F abEh 2 AFolM e FREEHE 18-21%2N EFEY AzbEo] 7242t 180,
205%2 HluA FEg AA FHE Ao dehkth B oprel B 217} 210,
HWezA vl FDA T4 IRl 5%elle Adsht Codex 2 3l AF, 3718 74
715 21%5 sk slog JeRd) olefdt Auks AlEAle 7)1 A7) Fo] Bl
F00A gk Zo] LI =3

HES T2 GFRE o)FolA] Qla ckdolr] uhEell A& TRIET AARY AsAl HH

kg

frutoseSh 24 hexoseRE] B wkgo] 2oL} HVFZF AEICk o), HVFao) 40
ngkg MO Z 8 A8 ekl WS Azl A HVFE g0l 28 AR

W 0w @A) el Q) B gl IVFEES 293 49} 25 dng
kg olak2A] BAje) S ek AR 2 ARSI T 2ok Table 501 VeI,
MBS A9 AF FoM K BEe 9 SUESA guosed} fctose’t TR0
HPLCZ o83}l EZ%o| 3d ol89) g ¥A% A% Table 69 2h
TAES] Ay P fructose 292-387%, glucose 21.3-287%= A& Zho)
Aolg YeEhhIch White(198) 5 B Fo) 22 I fructose 36.1-383%
fructose 294-41.4%, glucose

glucose 231-336%°0% B uslHon, Chang(1R7) 52
B9-422960) AT 1l vl B AY Zle} ujsgt Ao vehdr) WEe] AA sl
M= 19102 fructose®t ghicose®] 7} S4% 1 4v) Leiinkn BaEic

ol H|Fo} -, opzhAlolEe] AME £} HlwH =¥ Roz AW
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Table 5. Contents of moisture and hydroxymethyl furfural
in honey samples

Honeys Moisture(%) HMF(mg/kg)
Acacia 25.0 14.2
Chestnut 21.0 8.5
Native—bee 18.0 13.1
Tangerine 20.5 18.0

- 22 -



Table 6. Composition of fructose, glucose and sucrose in

honey samples (unit: %, w/w)
Honeys Fructose Glucose Sucrose F/G"
Acacia 38.70 24 .81 1.80 1.56
Chestnut 30.80 23.51 3.00 1.31
Native—bee 29.20 21.31 2.20 1.37
Tangerine 35.30 28.70 3.20 1.23

"Fructose/Glucose ratio
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2. Purge and Trap ZX& o] &3 3|aA AR A

21 WE] FHol mE Huy 4B B

& 29 ¥ $AE g 23 Fig. 4-59 Table 79 Yehiidn). Fig.
4-58 EW, 4a7kx]9] ME Fof Eo LA A¥o HF Be AL & F
AR &2 EFECIAL, oyt olE S ARES $AE ste]7] FE5A
ot vE7EAI R, Table 89 Ao Ax Wzl i 4R FH7F 3642

N

P oBe Aoz vehgeh A obsiAlold 5%, WEd AL 77}

2370, 197K, 1970 & =& AE vdeldld, o AR ES AHud, ofglA e}

woll A& ethanole] 7} B33, B8 2-methyl-1-propanol® acetaldehyde?}
AR et on, WrEo A& benzene A ¥-9 %ol thE olW HERULE Ed|u}
B Ao® YEisa, 1 MAubrtEEe] hexanes E sl Q1 ow acetone,
2,3-butanedione°] A o™, EFEL o}F}Alo}E I} npF IR R ethanol A E o]
7 Bk, ethyl acetate, 2-methyl-1-propanol, #}x|8to g wzt&o

octane, benzene, 2,3-butanedione®] Tolt}. 1|1, Ztzte] o WHo) 93

by

AHF o] of f27] w &l Table 70 A3 & 45712 9] Fjuta A8
s T 4FFY HEo o o] FFsln Y HEES E 107FX=E, hexane,
octane, acetone, ethyl acetate, 2,4-dimethyl-heptane, benzene,
2,3-butanedione, 2-methyl-1-propanol, 1-butanol, 3-methyl-1-butanol %

of 13lelth. o] B 2 P EF ¥e Aow Ut} o= Axe) Ay

HA Folgk A2 vu| A 3% WE = ethanol A ¥o] 2 S A

2 uEled, ddEdA e de veivgd 2.

il

D)
=
P
lo
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Table 8. Comparisions of volatile compounds identified from
chestnut honeys for storage periods

(unit: peak area X 10%

Chemical names”" RT? 1 year 2 years
Pentane 1.8 0.3 -3
Hexane 1.9 279.2 9.9
2—Methyl-1—butanol 2.2 8.0 -
Ether ‘ 2.2 - 17.3
Cyclohexane 2.3 3.9 -
2—Methyl propanal 2.8 - 5.8
Octane 2.8 21.8 -
Acetone 3.2 41 .4 -
Carbon tetrachloride 3.5 5.9 -
Ethyl acetate 3.7 8.5 80.7
2—Butanone 3.9 6.3 -
2~-Methyl—butanal 4.1 52 -
3—Methyl-butanal 4.2 9.4 28.4
Benzene 4.6 567.5 15.6
Ethanol 5.0 16.2 1261.3
2,3—Butanedione 5.8 41.4 -
Decane 6.1 7.2 10.3
2,2—Dimethyl-heptane 8.0 11.5 -
2—Methyl-3-buten—ol 8.3 3.5 -
2—Butanol 8.6 - 11.2
1-Propanol 8.7 1.6 24.5
3,8-Dimethyl-undecane 9.1 3.8 -
2,2, 4-Trimethyl-heptane 9.3 2.0 -
Butylester acetic acid 9.6 0.5 -
Hexanal 10.0 3.2 -
Hexanone 10.0 - 9.4
Undecane 11.2 1.6 -
2-Methyi-1-propanol 11.6 10.9 164.3
Ethyl benzene 12.0 1.9 1.1
p—Xylene 12.6 1.5 -
1-Butanol 13.2 2.5 4.3

continued to next page
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Continued

2—-Pentanol 14.2 0.9 -
1,2-Dimethyl-benzene 15.2 1.6 1.7
1,3-Dimethyl-benzene 15.4 2.7 4.3
2—-Heptanone 15.7 2.5 -
Heptanal : 15.8 4.4 -
(E)-2-Pentenal 16.3 0.8 -
3—Methyl-3—butenal 16.7 1.5 -
3—-Methyl-1-butanol 17.6 21.8 75.0
Styrene 19.3 3.3 2.2
3—Methyl-3—-buten—1-ol 19.7 6.1 3.4
1-Ethyl-3—methyl-benzene 20.3 0.4 -
1,2,3-Trimethyl-benzene 20.5 1.6 1.5
Octanal 21.3 0.8 -
2—Hydroxy—2—-butanone 21.5 1.9 -
2—Methyl-butene—1-ol 23.4 3.6 2.9
2—Furancarboxaldehyde 29.9 2.2 193.4

" Chemical names stand for the compound identified tentatively by MS only.
DRT means retention time.
v _v means that the peak area is not detected or less than 1.0x10°.
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Table 9. Volatile compounds identified from acacia honeys
and aqueous solution in honey processing

(unit: peak area X 10°%

Chemical names" RT? Acacia___ Aqueous
Hexane ' 1.9 16.7 = —
Ether 2.2 8.3 17.0
Aqetaldehyde 2.3 52.7 -
Octane 2.8 18.9 -
Ethyl acetate 3.7 22.6 281.2
2.,4-Dimethyl-heptane 3.9 14.7 -
3-Methyl-butanal 4.3 1.5 5.3
Benzene 4.6 321 51.8
Ethanol 4.8 345.2 1370.2
2.3-Butanedione 6.0 3.3 -
Undecane 10.4 1.4 -
2-Methyl-1-propanol 11.8 55.9 438.6
p—Xylene 13.7 - 2.6
1,3-Dimethyl-benzene 14 .4 1.1 -
1-Butanol 14.0 2.0 9.8
2—-Butanol i4.9 - 48.3
1-Penten—3-ol 15.0 1.6 -
2—-Pentanol 16.6 0.8 -
3—Pentanol 17.4 - 10.2
2-Methyl-1-butanol 17.6 42.0 -
3-Methyl-2-butanol 17.9 - 7.9
3-Methyl-3-buten-1-ol 19.7 7.1 6.1
3-Hydroxy—-2-buten-1-0l 23.5 3.1 -
1-Hexanol _ 24.8 1.8 2.1
Acetic acid 30.4 2.8 -
Benzaldehyde 32.5 - 1.6

“"Chremical names sianc fcr the cecmocund (centified tentatively by MS cnly.

2V e ’
=1 means retentiocn time.
-

Ne_* means that the ceak area 's not cetected or less than 1.0x10%

_35._



SPMEE o] §3te] M2 714 #4e) A3 218 dotursl daA

AL FAARY aga o] 5N f4 o] Al 7HA A e &

SEel By 23E dotny] fEAM FF LEE A0THEH 10CHdew
100C7HA 2 A1718A F71 459 Wals dolr gkt Fig. 8ol4 YEld A
Ad FAZEZE 27 40CHE 60C7AAE 71389 Fol MAM3 F71EHS
7] &o] ehubghg o = 9ldr). o
Atz FEa 2 23 SPMEE o83 FH259 AHLLE 60T Ao
= gddstdu. Fig. 99A e FFA] tig A-3s S48 Jdegdy. &
ZAIZEE 2070l A 108 HA o2 12087129 Ajzhe] Z7F WY e] &y

el WatE dolusith FRA] 0RAXE IR Wl 2o

HL
©
I
N
~
o
(]
S
o,
T
1
o
rir

F714

Mo
1o
o|N

S 4 5 AUTE 408 o] F X EE 0% Alolol M= okzk Zol= AL A9
stile Aoz Hold Hd& vetdAch 408 oo FEAzkl ol

79 vElA] ekgkrh Fig. 99lA o] F2243 SPMEe] #

A FAAREE OFclEhs e ¢ F AN Fig. 102 SPMES i@ o)%

ANl e 554558 et 7139 384555 w99 wey
O}

FE AIEEHA 40ml/min®] FE&EZAAE AAME F7HEE B ubdo)
60ml/minoll A= H& 2~ AR FUtE G ¢ ddou, 23
60ml/min o] F-ol M= ol droh Fr|gEe] dol MAME Fadte FAHAE R

e AS &+ UUY. o] Fig. 100049 243 SPMES ©]% 7] A

_36_



i)

SEFE 60ml/min7t 7HE A xoletn ddeldith Heo AnE #Has)
BAd 359l FH4A9 Aot 254 A0S F7MAE A48 7}
A7t A9 FohsA e FAE Hold o|FrAe) Fwwe HYEAL
dolMw tE zziwe de) o) ARnd o pastt FAE o
Ae & F AATE ol2HA 919 Fig. 8 9, 108 dAE Fs) 2 o)
SPMEE ©|83 HEe] A F3 2x9 A7k aga oF7)A9
0Col M 40%7 F23tT F4< 60mU/min 27 A /AE Ze

pel

PYEE LAY F FAsE ol 44 2doldE 4L %+ o

ARelA FAR e G2 g,

3.2.2 SAS9| wgxd A
SASOIA UERH= ANOVA tableol 98t 49 F-ratio’} 56.197¢0]1
AT 16255, FHAIRE 2710] 28092 40| MY Vot ko

ol FF2Eoln FFATre] M FAErt B2 factorZ Q1A o H ).

iy

_37._



AN Foll gk probability7} F&&59 foll QlojA 002 Vo7 wi
o FRLE 20W f4 20 28 2 Ho)F wolAE ¥E AOE WS
CNESHEY FA e o3 39 F4L 23S o gho] 0.9462Y W tlL

o] Aol HH s} Hojzi,

y = 0028696 + 0.008761x; - 0.001406x2 + 0.033212x3 - 0.000036420x,> +

0.000015972x,* - 0.000298x4* - 6.16791 - 10 ¥x;xz + 0.000020139x:x3 +
0.000015104x2x3

e F
FE2A ol B4 2t YHel TAEE un ol &% WYY W ¥
WP gz seus § e

shel st Hi= Aotk 3744 29 FoA F4A @o] A oty =

dolmg 37k digh vbg g B2 A¥A M9 (coded range)dl A

pd

o At FelA HAsEHE Rer FHAJNEY 2 #ge 137.17T
k

ol 4 15.3 minoll A 60.8 mL/min°l A 1.63¢] peak area®] A3} g+ 7}z,

- 38 ~



1.2

o
@
1

Peak arca(X 107)
o o
H» o

0.0 - . - : : :
10 50 60 70 20 %0 100
Absorption temperature (T)

Fig. 8. Optimization by SPME on the absorption
temperature in the headspace analysis

_39_



N
@

7
Peak area(x 10")
O O O =+ = = = =4 N N NN
A M © O N & OO0 W O N & O
) 1 1 L 1 A1 1 1 s 1 i 1
-

e
N
1

o
o

0 20 40 €0 £0 1c0
Flow rate (mé/min)

Fig. 9. Optimization by SPME on the absorption time
in the headspace analysis

_40_



1.6

1.4

(o] (e} — —_
[+ ) @ o N
A e Il 3

Peak area(x 107)

o
H
L

o

N

1
~—

0.0 ,
~ 0 20 TG

3

< z0

<y
C.

Ay
O

Absocrption time (min)

Fig. 10. Optimization by SPME on the flow rate in
the headspace analysis

_41_.



(A)

(3}

(&)

Fig. 11. Peak area as a relationship of N, flow rate
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