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ABSTRACT

The beeswax sample was collected from the beehives, isolated and then refined. The first step of
producing beeswax was to separate honey from beehives. The beehives which were cut put in hot

water. The upper layer was crude beeswax, which was treated with phosphoric acid. The crude
beeswax was purified through the bleaching. The objectives of this study are to identify headspace

volatile compounds and to know the contents of @—carotenes and f-carotenes of korean beeswax.

Headspace volatile compounds of Korean beeswax were measured by using the combination of

dynamic headspace sampler (DS 5000, Donam System Inc.), gas chromatography and mass
selective detector (HP5890 & 5971, Hewlett Packard). Seventy five compounds identified from
about 100 peaks by analyzing the purified beeswax were 60 hydrocarbons, 8 carbonyls, 4 essential

oils, 3 esters. Carotenes of Korean beeswax were analyzed by using High Performance Liquid

Chromatography (Waters Inc.). As a result, the content of @—carotenes and B-carotenes were

0.07ppm, 0.011ppm individually.
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=& (beeswax) ol & A+ 59 A5 604
55 80t AA Us AU A
-7} F2 o]FoR o}, 28] JelelME A9
A7 ¥} o

Column chromatography®], TLC, GLC® IR, MS,
NMR spectrometry®-& ©]-&3led Stranskye &'
o] intact beeswax® 8 R ¥4I} 2 AEE
€ gz, B3A AHE 22 saturatedst

unsaturated monocar-boxylic acids, hydroxyal -
kanes, monocarboxylic monohydroxy acid,
dihydroxyalkanes, saturated®} unsaturated alkyl
ester, unsaturated alcohols ©]Fo1d lciz §
o}, Holloway 5-& kieselgel G9 aluminium
oxide G TLCE 7FA 2 6099%9 natural wax<]
T4 AEE Fd3d ek Tulloch 592 canadian
yellow beeswax®] €23 - 8t3td A4A-& £A3)
e Warth”E yellow beeswax®] #4 33+
€ 1,5-dr hydroxyflavone24 32 0.3%2}3
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¥ 1359l Tulloch®+ GLC$ TLCE AA
natural wax¥ ¥+43c Ud$ &Y
Lawerence 572 GC/MS¥ ol &3tof Alz}e] 37-
9 wax® #4393, Giles'"v GCE AH&3lod
wax®} greased] T4 A1 ¥A3HA =¥
Hawthorne 5'"& supercritical fluid chrom -
atography-mass spectrometric method (SFC-MS)
£ AHg-8ted g v RE comm- ercial wax¥E
FA48te) 2 F84F 22 high-molecular-weight
esters, di-and triglycerides, carboxylic acids,
alcohols®} alkanes®- o]FA 182 el
28l Nazir 5'2-& molecular sieves ©]-8-3H
commercial paraffin wax& 45} ct.
Ferber 5'?-& GC-MS-odour assessment® ©]-
3t Ay Fo AF R 57 AP ALEE A
Tagen o A 48740 AL AR,
HPLCE AH&-# carotene® 4% o= AF F
olAE Hteu YHE carotened FAI A%
= A7 g2iAl vt gllet
A e A1 8lA Y carotene THHE 4
# 89 Celentano 'Y Sep-Pak Cis SPE
cartridge® AH88 ZF 2" F carotenoid¥
HPLC-DAD&E ¥43}5ict Ooi 52 palm oil ¥
transesterification methodell &8l carotenocid® ¥
A3g e}t Micali ' butter®} margarinell 4] B~
carotene 52 #4311 Leseller 5”& SFCHY
< o] &3 carotene® ¥2Fct. Chase 5%
margarineli 4, Manzi ' cheeseoll 4 carotene
5% AA43 94 HPLCE ol &8 FA4sgc
Etoumnand 5”& saponification method& ©]-§-3}
fatty food -9 B-carotene® A}t Mingues—
Mosquera £2"- virgin olive oilell 4] carotencid&
F A3 Warg 522 citrus oil 5] B-carotene
< 2433
?'4-101] carotenoid®] isomers2 21371 A% o
o] APt &, Emenhiser 572
polymeric Cso stationary phase HPLC column-& A}
£3) cis-9} trans isomerg< ¥+ P2 =3 Jinno
™€ polymeric® monomeric octad ecylsilica
columns AHé-# carotenoidd ¥4 g 29l
Van Breemen™-& Cso column2.2 LC-MSE o] 4

R {tRa

8 carotenoid& ¥4 85t
E ATl H3F HE4 1] sl AES
FAlol 2], £4%7] Y3 Purge & Trape] 9472
" GC/ MSD¥E AHg-3le d=4F dike] 374
58 A EA 5o =3 e Y fcarotened
%, Feshe e via, A2 92 high
performance liquid chromatograph(HPLC)ll <&}
TR EE o]F B3R} Fir},

I. Mg W aEHUy

I-1. #5280 Al

3 FE8 AHE-HE a, fcarotene-& Sigma Chemical
Co.(U.S.A)A & methylene chlorideo ¥ A
B Rsglon 3|4 sted A FEr} A do
AL-g-3H5l et

HF gl ZA Y WY A5 &8, FA A0
2|3 &2 &g} HPLCE &) 52 J. T.
Baker(U.S.A) Al & AH&-3tgict F3HA1 2 A3
Sep-Pak C" cartridge®™ Waters(U.S.A.) A=
methanol® hexane 22 washing&}ed AH&-3}4c}.

[-2. 24 217 9 &x|

I-2.1. Purge & Trap/GC/MSD

¥ g7l AHE-" 7171+ Donam Systems Ins.2
DS5000 Purge & Trap® Hewlett-Packard(HP)
5890 Series I gas chromatograph (GC)ell direct
interface”} 7% HP 5971 Series mass selective
detector (MSD)& AH&-3t3ict. 4 A& § 7]
23 data systemeZ HP 59944C MS Chem
Station System software® °©]&3tg o™ Wiley
138K database (HP, U.S.A.) library & AH&] 4
¥ #Jd¥Ud. Capillary columnoE+ HP-
5(crosslinked 5% phenyl methy! silicone) 24 2]
50m, 7 0.2mm, film 77 0.5me] A& A18-3}
Az i 71A2 25= AF 1A S AHE

1-2.2. HPLC
¥ A7 AHE-® HPLC= Waters#A 2 Waters™
600 controller2} Waters™ 600 pump® AHE3
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detector® £ Waters™ 996 photodiode
array(PDA) detector® AH&-3h. Data system.2
2 MillenniumTM 2010 Chromatography
Manager (Millipore, U.S.A.)E AH&§lo,
column-2 #NOVAPAK C18 604 (3.9X300mn, 4
i) AHg-3H3i et

1-3. &Y 4y

[-3.1. 93A8 : +49% dAee ETES
AAG F <4t My FHFE AX A= Y=
£ A8l gAA7) A2 skgle

I1-3.2. 4% 5 44 AL ¥4 @ 4/ s
F A A AR o A4 B4 A
3 A7 A5 12g% on-line systemd] Purge &
Trapell 7}tz 7}d 3} camier gas flowoll <& 3
A A F43 A 3488 whel GC/MSD
2 39, gqldgict

(Table 1). GC/MSDE AH&-¥ wioll& WA mass
calibration tuning-S- sled of 3l ¥ 7

o] AH8-¥ MS systeme perfluorotributylamine
(PFTBA)®] mass spectrum® 7|F22 s+

Table 1. Identification of Volatile Compounds in
Beeswax

Alcohols :
hexanol
benzy! alcohol
2-phenylethyl slcohol
3-phenylpropy! alcohol
4-phenylbuty!l alcohol
@ ~terpineol
hotrienol

Esters :
methyl benzoate
methyl phenylacetate
ethyl benzoate

ethyl phenylucetate
phenylethy! acetate
cthy! decanocate
Carbonyls ©
benzaldehyde
compound, mol. wt. 162
acetophenone
methyl accetophenone
p-anisaldehyde
Others :
limonenc
S-membered linalol oxides

autotune program-< ©]-83}e] A" MS =48 ¥
3=t i 7IAE 25 % 0.6mL/min.
2 233 ARL3gdc GC 24 A 2y 2
£+ 35CE 1083 7518 #F 3¢/mn. & 52
A7 150C7A €3 ¥ o4 ST/min.Z 200C
A 52412 o SEZ FA e EA3sct
MSD transfer line? <%+ 300CZ 3l
Electron-lonization(El) energy+= 70eVelx &4A
mass range< 15~450a.m.u.& Ak,

34 3o He4 A3 Carotene ) $AEE o)A FEEe] B¥Monte Carlo A4 3

1-3.3. & & carotenefe] £4

[-3.3.1. HPLC =4 : Cis A4 L& AH8-3}
of o]FA4 &viZ methanol¥ ¥4 1.6mL/minE
*+435 ok PDA detector® AHE#14 UVmax.
450nmell A FABH R, A8 FYFL 204E
et

1-3.3.2. A& A : A& 0.1g& <o} n-
hexane 1mLell §-#1417]1 ¥ methanol 3mL B =
He o A FElE SE AREE R ¥
Aedg T Fado] 2o 23] WHE-slo
AEA-g¢ 22 F 30°C rotary vacuum evaporator
2 558 ¥ nhexane 1.0mL= 5o HPLCel| &
s +43hglct.

I. a3 3 af

I-1. YRS HWA 42| Fel
7} Algd H3 5 A A £8E AR,
7+ iy z Balsin, 3T EES AR

Table 2. Operating Conditions of Purge & Trap

Purge gas flow 40st/min. { Cryo standby temp. 150T
Line temp. 180T Cryo focus temp. -150C
Valve temp. 180T Cryo inject temp. 200T
Purge ready temp. 28T Desorb temp. 180T
Purge temp. 28T Desorb time 4min
Sample temp. 60T Bake temp. 190T
Purge time 10min. | Bake time 20min

on-line system<l purge & trap 3% capillary gas
chromatograph (GC)-mass selective
detector(MSD)& ©]-&-3t ¥43lod AoE oY
15 & 20f vepligict, 27ol|A] Bsvle} 7o)
AL Yol A 10049F o]4ke 3jhE-o] -2,
AE= 3} Ferbers'”o] 4R FHolAE F
Ae] &+& GC capillary columne-2 #A43% 23}
43%3} 47F Aol ¥8, AEHUS 2 TIC
peak] mass spectrum3 MSD computerel] W%+
H reference spectrum®}2] library searching®}4]
tentative identification & 3353} 2.2 matching
purity S 8413 =2} 2 TICY abundancedke] A
4 & 34! 1,3,5-trimethylbenzene (retention time
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Fig 1. Tolta ion chromatogram of volatile Table 3. identification of Volatie Compounds in

compounds separated from beeswax

Beeswax samples

Peak No Identified compounds

Aot
:nun-: )
2000008 -
1000808~
X .
e S f'nu@ f. E)
2 a ] [} [ 2 ) ) E)
Tume fain)
Aountanse
fo

(tr) 35.1min)°)*} decane(tr 36.1min)el ®]#H
abundancegtel 50% °lAtelx quality purity”}
90% ol AE 22 hexane(tr 8.8min),
methylbenzene(tr 19.3min), 1,4-dimethyl -
benzene(tk 27.0min), nonane{tk 29.8min), 2,6~
dimethyloctane(tr 31.5min), camphere(tr
32.9min), 3-methylnonane(tr 34.5min), 1,3.5-
trimethylbenzene(tr 35.1min), decane(tr
36.1min) ¥ undecane(tr 41.7min)°] 1=}
o}, peak abundance@te]l 50% oldhe] F-& 343}

CESRE PR BBIRRIAIIIRIBRIRIRB2ERIRHARBBIFLIDR 22U BREVBIRRNIBEES

pentane
2-methylpentane

butanal

hexene

tetrancurin-¢
methylcyclopentane

benzene

cyclohexane

2-pyrrolidinone
3-methylhexane

pentanal

5-methyl-1-bexane

heptane

ethylcyclopentane
methyl-benzene
2-methylheptane

hexanal

octane
hexamethylcyclotrisiloxane
ethylcyclohexane
ethylbenzene
1.4-dimethylbenzene
4-methyloctane
3-methyloctane

heptanal
1,5-dimethyl-4,5-dihydro-1H-pyvazole
1-ethyl-4-methylcyclohexane
nonane
{1-methylethyl)benzene
octahydra-1H-indene
actylcyclohexane
233-trimethyihexane
gumma-terpinenc
2,5~dimethyloctane
1-bromo-3-methykcyclohexane
mropykyclohexane
2,6-dimethyloctane
propyibenzene
camphene
25-dimethyldecane

135~tri 2
5~methylnonsne
4-methyinonane
2-methylnonane
1-ethyi-2-methylbenzene
3-methyinonane

1,35- trimethytbenzene
1-ethyl-1H~1-2,4-triazole
decane
octamethyicyclotetrasiloxane
1,3 5-trimethyibenzene
3,524-trimethyltetraacontane
1-fluorodecane
1-methyl~4-(1-methylethyi)cyclohexane
1,3-diethylbenzene
butyicyclobexane
5-ethyi-5-methyldecane
pentylcyclopentane
1-methyl-3-propylbenzene
(1-methylpropyl)benzene
1-methyl-4-(1-methyiethyl)benzene
ethyl-dimethvl derv.-benzene
N-terpinenyl n-pentancate
-alpha ~terpinolene

nonanal
1-ethyl~4-methylcyclohexane
undecane
2-ethyi-1,4-dimethylbenzene
decshydro-2-methylnaphthalene
2-methylundecane
5-methyl-5-propyinonane

camohor
3-ethvl-12-dimethyl-1 4-cvclohexadine
dodecane

[Retention time Identification
e Qualiy

Zol At 29 matching purty”} QP S 2 SHE et w0189, 67, i
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Fig 2. UV Spectra of Standard Carotenes by

T34 Ao HeY A¥H Carotene ol FHEGN oA FEZ ol F¥Monte Carlo A1 EHo|A S

Fig 2. UV Spectra of Standard Carotenes by

HPLC-PDA HPLC-PDA
; Ca i
/ / . "1 Hydrocarbons’ 3-methyinooane
4 pentane ‘decane *
/ v 2-methylpentane 35.24trimethyl
/ » 3-methylpentane 1-fi e
/ . - hexanc 1-methyl-4-(1-methylethy-cyclobexane
v butykyclohexal
: A peatylc
X 3-methylhexane 1-ethy
;"W"' . _[2-methylundecane
el y — - 5-methyl-5-propylnonane
- 2-methylheptane pentyl-cyclohexane
octane 3-cthenyl-1,2-dimethyl-1,4~cyclohexadine
o000 axetane 4-methyiundecane
- 3-methyloctane 2. b
S NS —— bicyclold3, Inonane benzene
e 1-ethyl-2 methylbenzene
nonane ethylbenzene
g B Fo] identification quality ™ ol 4] AlwjA  AEEew e~
o] wretw Aetsigich Fl® HUA AT E e e TE——
. = bromo-3- 1,3,5-trimethylbenzene
55 7z 247 9 3ol AL YAE FHY 5 i o T
21 = - - 26-di 1-methyl-3-
ﬂﬂ%i ‘E*!aT‘t}'tﬂ E— 33"} QB}-- %3] % Cd?-oﬂ 25-dimethyldecane (l-met.:ylu'opyl)benzene
35-th 2-octadecyl methyl-4-(1- -
A T AEezA gl Fldshs HEES e ;Qﬂ,ﬁmy_l o
A8 essential oilF 4%, carbonylf 8%,  rrmmme o [HES
ester® 3%# hydrocarbon & 60%F 58 ¥ e : o -
_‘_Or s]_ 1 9’1%4. 4.Hydrocarbons:essential oils i6.cstors

H-2. HPLColl 2|3t beeswax & carotene2| £44
I-2.1. a, Bcarotene®] ¥2]:PDA detectors ©]
48] -2 carotene®] UV spectrume Fig.29} %
o, webd o F43-E 7R 450nmell A
data 42 4333t HPLCel 2J 3§} carotene®]
BFF 9| peakt Fig.30l viehd vls} 7o) ag} B~
carotene®] HAZ E]7} o] Fo A A EP &

Fig 3. Chromatogram of Standard Carotene by
HPLC(UV:450mm)

6.006—]
]
0.005-]

¢.00¢]

QT

go.m—i !
3 1
E ! [
0.002— [
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1,5-dimethyl-4.5-dihydro- | H-pvrozale
1-ethyl-1H-1-2,4-triazole
N -

gamma-terpiene *

alpha

camphar [7.0-or N ini
5.Carbonyls 1-ethy!-1H-1,2,4-triazole
butanal i

2-pymolidinane ftetraneurin-¢

pentanal h Y
4-methyl-2 joctahydro- 1H-indene
hexanal i
heptanal

a : ientification of the same as Ferber's volatile components

A Ae] C*a columng AHE-¥Fd carotene
isomer7tA] F-2] 3 Wby ol 2ol A=
A P2 o] £ANA v F-E A7}, peak
area?] NP4} capacity factor(k )+ Table 4ell
Vel iet

II-2.2. Beeswax®l ¥4 :Beeswax % carolene<
aH oz FA437] $3te o7 wE A=)
33tel A 8o+ saponification method® % o] &
e Alg Fol| dA FE9 a, f-carotene
standard¥ 718 3l4-&S U3 A AA 3
T&°] B 15%°7HRSD=5.11%, n=3)°|3}
t}. o]+ beeswax A& ZF9 Eol3 A4 ufF
d Aoz F5HA wepy £ AT o
ol A3FalA] ghohxn Aks]e] Sep-Pak C18
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Table 5. Reproducibility of Retention Time and
Peak Area and Capacity Factor(k’)of
Carotene (n=23)

Retention Time Peak Area
Av.(min) RSD(%) Av. RSD(%)

28.03 0.50 4.58¢4 1.85 19.1
30.83 0.59 5.95¢5 1.32 211

C

a -Carotene

B ~Carotene

Table 6. Standard Calibration Equations and
Coefficient of Determinative Values of

Carotene
Compound Calibration Equation R
a -Carotene Y = 1.16e4 X + 4.15e3 0.9999
B -Carotene

Y = 1.31e5 X + 3.06e3 0.9995

Table 7. Recover(%) of Carotene Added to
Beeswax Sample (n=3)

Added Conc.

Compound 1 a n Av. RSD(%)
(ppm) B
a -Carotene 426 6.7 68.2 66.8 682 2.13
B8 ~Carotene 4.80 80.7 816

78.1 80.1 227

cartridge 3 AH8-31] hexane2 & £-&A17 44
34&& AT A A7 84%(RSD=2.04%)
9} 94%(RSD=1.33%) ¥ |t 28y o] ¥
4 23 24 AFEo] 8ol oz M o
7} o} glcta s glth StandardE ©]8-# 1
ml4 ol B8] AS-& A#E A7 80%°14de] 2
mivlol £%59v} Standard® calibration curve
£ & 7 3= Table 59 2¢] 99.9% °l4<] R
e deich & 4Y A4S AA deojA sl4&
73} Table 65} 2] a-Carotene®] 73-%- 68%°l
I B-Carotened] 7l 80%% At o %
W2 Sep-Pak Cis cartridge s AH8-&F RB.ct 34~
£ dojAAe} & AFES 0% Y
T sict. A 24 g o8-8 beeswax Al
5E A% 543 73} ecarotene2 0.07ppm
o] Bcarotene 0.01 1ppme2 Pl ot

V.28

34 ARF HAidA /7] o1 3PS A
of 22, ¥+4%7] A& Purge & Trape] 42"

Bl { P

GC/ MSD¥ AH&-3led =4t Ushe] r|A4EE
£ AAQEA3% o £] o Y Bcarotened F
£, g whl s vz, A EF o HPLCO
o8 #4137 A o3 2,

1. Beeswax®] organic volatile compound- Purge
& Trap® GC/MSDE o|-8-3t] £A43 A F
A ¥-& hydrocarbonfF2 609F°] HEHJL
carbonyl§+ 8%, ester 3%, essential oilf+ 45-°|
Fslgdeny 219 alcoholF Fo& FA =] A
+& 3.

2. 4305 24 el 938 carotened recovery
£ £A4Y AF} acaotened] AF 68%°lx, B
carotene] 73-%-oll& 80% % Adith.

3. & Q7oA oA HE Al e-carotene©]
0.07ppmel 2 Bcarotene®} 0.011ppmel i ct.
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