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22F I HPLCE o] 4-3dlo] AAtx12} o] izl 55 ¥ F FAF-L ¥4 g A
b 738 sy} o) F5 FA L fructose, glucosed o, 152 Fol| A= sucrose”}
aeF A EEgdc) A, Y9y 2 o §ekg vt o Fructose / glucose 31l 0.99~1.55
W2 Fgzta) 4k o 218}k Principal components analysis(PCA) plot-2& AFx]®, 2 134
2 #ad3] FEE 24 857 AAGTE G gredo] £ 93 fructose / glucose gl 3
A= ok shabAlael Ao L A8 G4 A& vlawsts FA90E 9 Fa33) gl
F&-stgd

Abstract : Chemometric technique was applied to the sugar composition in five honeys of
known botanical or geographical origin following HPLC. Fructose and glucose were predomi-
nant carbohydrates in honeys, and small amount of sucrose was also detected in one sample.
Sugar contents in honeys samples were compared by the geographical or botanical origin. Fruc-
tose/ glucose ratio ranged from 0.99 to 1.55 was obtained and these results are in good agree-
ment with the ratio of literature. The plot of principal components analysis(PCA) showed
that different honey samples grouped into distinct cluster by the geographical or botanical ori-
gin. Increasing the first or second principal component score, higher amount of sugar or less
fructose / glucose ratio was observed in PCA plot. Chemometric approach was very useful to
provide pattern recognition of sugar profile or quality indices of honey sample and to detect
adulteration.
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2 ¥ (Apidae)oll &3l EH(Apis mellifera
Linne, Apis indica Radoszowski)e] Z-2] A S-of 4]
A7 7o) Eu) -2 Ao Hol ¥& AL a3
g Aotk B AA AA A 28 PN F mE
olefg2e2 oFf AHE AEHe| g} $l vl
Az Aot 2 M A (Rl elet sto] T3l AAts
71 % &ted ot oF 800933 M BB s ek o) Srql w4
oFgo] FolvhAl it ¥& o 7l FL A7E
A2l & (Apis indice Radoszowski)e] ¢ 7}-&3 &
ol 2}=] oFAlut AfFEg Eul wof 9l°"4 o]
vt 7 b 4~59 Ao b F& L thek A3
o} Fo] AL A, 71§, A9, “Q{J‘IJ F59}
Nz 45, A3 e fAE, oL shkale] 8o
FI & AdF,E ok e el A e AR, o)
Alot, #] B& UAF2LE 3o v o5 &
Ak At won, o E vlUEL 2R A
A% 7L Falel oAk viFa Avitlelire 2
207} 3 Y)Fo] v, alfalfa, alsike, kiawe, tulip,
poplar, sunflower, gallberry 5ol X1 X AJAtE]o] Fof
Abs} 2 1 o] 2}e)r} T3t}

7}#} E(adulterate honey)o] A}3]% FA|7} 7] %
sl 713 B At gbEst A b gl FAgs)
E HsiAM= %91 Aol @yt FAo] Ay olok g
o} dAE FALES FA5] il AAFeR
eg ARG AV E st A& 7HEAA
28 A zslr| % Pk Al B 2
25.45%. glucose 25~37%, maltose 2~12%, sucrose
0.5~3%& &+-4-8c}) Donert E9] FA ] B3l
araralel A 2o =48 97 ek fructose 38. 2%,
glucose 31.3% ¥ 17.2%2 )92 Cane, beet
sucrose = 5-E] 9+E invert syrup, high fructose corn
syrup o] lEAQ 7i5t B, o] ©rHE
e QA Bt ol § fabsithd 78 ASAA
whE 9z BL A slpdsiel s AA=EE -
(hydroxy methyl)-2-furfurald &%-3} 28 resorcin
Alefe) oa) F4g Jehie A4 E F9 fructose®
A5 o) 92}t 5-(hydroxy methyl)-2-furfural-d 4433}
o resorcin A2} nlggithd bt Beo) HEuby e
2% G5 LCY, TLCTe| &% 384, 92§78
o) ©)% Na/K g ¥4, dosishy 24, gel

Z43 8- fructose
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electrophoresisel] 2]%F chifal B4, pollen ¥ proline
¥4}, calorimetry, turbidimetry, colorimetry,
BC/R2C FHYa B4 Fo) 4A slgi-10 29
2] «FZ¥ Tomas-Barbean E!'¢] honey flav-
onoids& HPLCZ $-A#}¢%, Swallows} Lowlé:
o) =2s} sivke} X ol A ALY Fe| G2 o2
817 2] 3} pulsed amperometric detector& AH8-3}od
HPLCZ ¥438}o] fructose/glucose W& B3
sl

Fj ol A= B El] i o]3hebd A4 47N, A
nl g Hol B AFY, §7140 AL B Q)
B3g ul glevth, o A6 gt sleAi ke A7
7} ob2l gl Aotk E AfdAe FHdA %
e T F2xAe ARE AN EH 22 amine
= FHEHS7]E o143 HPLCE E9] FA3ES
Aerateic). a3 AbAiel g el Mg g EE
9] Y 24 A--g vwslr] g FAE FA
o 2J&t #}elA eFst(chemometrics)® ILa-§ A %3}
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2. AlEuly

2.1, Alet 9 "B

A& A}-88} fructose, glucose, sucrose, maltose
XZEAL Sigma(US.A) 5F AFS AHe-sidct
HPLC% acetonitrile® chromatographic grade2}
Merck(US.A) A E-& AH&3lgc). B8 £8 255
2 go]23A171 ¥ E-pure water purification sys-
tern(Barnstead, USA.)22 AAMsH 02 mi-
crometer Anodisc membrane filter(Anotec, U.S.A.)
2 Ziotod gt 2e5ahg AHstd s Sl 55
= e uEelg B3 A Felele A& AAxst
7] $isted BAS A Eof slve B3] sk A4
72} A g@o] M2 o} Al AGHE, detx o}
Fhalel A E, HalE hFE, P oot E
A} AE5 @ AEdedelolal Halcion orange WA E-&
APAER A48t

2.2. NBZ=A|

3 EFEAE HPLC olEA44
water(83 : 17, v/v%)el o Z}zt dmg /ml FX2}
BEgo g 23 el upe} slMste] U &

acetonitrile :
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F49g wtgT 2t7t 2048 HPLCH| F8le] 5
T Wife] @& Az WA HAFANE A stgcl
E 1g8-€ 10mL volumetric flaskol] A &3} A 2ks)l
2542 0] sonicationA]| A == 9= A glx}
£ AMAst7] 918 0.45.4m membrane filter £ o}
83 2452 FAARA] A 2 F 20,48 HPLC
2 et

2.3. HPLC =71

HPLC X & LCIYA 24 (Shimadzu, Japan)& A}
4893, 6-A RI 29 (Shimadzu, Japan)2] 3 &
ZHAE718& olg4dld 8x10¢ RIUFSZ 733o
CR-6A integrator(Shimadzu, Japan)2 7] &3}ic}.
#e]-4 #AY-& carbohydrate analysis column(Wa-
ters, 3.9mm 1i. d.xX300mm, 10gm)& A}&3}g
acetonitrile : water(83:17, v/v%)& o|¥Al2 & ¥}
o #E45 1.0mL/min®2 3}sic}. CTO6A oven
(Shimadzu, Japan)E& ol4-#l4] A¥Y L% E 3BTE
2 A% 2w, A|E+ Rheodyne injector 7125% 204

£ Fdskch

24. SEAlety #y

i EAE Fo| 3488 35 pll 52 FH nx
p Y& THER o] WPBHE A4 FEA Y, 2
-3t (eigenvalue), /gt WE, 7| &, FH 74, p
R FAARHLE ol ABEE Aax e Ak
Ao & A7 24 AdgE MVSAP (multi-
variate statistical analysis program, version 3.1) &

AHg-3tdct.

3.3 o oy

3.1 SRolEJW 3 HYTM

Agugel gl 32383 $ HPLCE ¥2i% 2
#} Fig. 13} & azeleadd-§& A9} & A
A}-8-8t carbohydrate column amorphous silica®l]
amino propylmethylsilyle]l A%t A2 dfal
fructose, glucose® o}ue}l o] 354l sucrose, maltose
7hA FAEe ol A gelgdch APy el Folal =7
ol A ¥-2]%F 2.17~35328 5% HelE vyrt 4
Aol A A4} o) FAF Atolell A Fol Hald of @
o] 249 amino7| 2} FAZAYE FAsHE A

S

10 20 30

Retention time (min)

Fig. 1. Chromatogram of sugar standards : S, solvent:
1, fructose. 2, glucose: 3, sucrose: 4, maltose. Column:
Carbohydrate column(Waters, 3.9mrn i. d., 300mm, 10,
m), mobile phase: acetonitrile/water(83:17v/v%s),
flow rate: 1.0mL/min, column temperature: 35%¢,
sample size : 20zL.

A o 5ol o7} vette 22 F2H ¥4}
go] HAFE HF-FAI7HE o] 292w Honda 5'¢
o] AgAe} dAR S2EAE Hepd gt o) 54
F B ulgo] AAFE Exlepo] & G o] we
fels FFe] Bert ofsigch #RbaFe] A2

fructose2} glucose?] 7% furanose3 ]l fructose’}
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1.2e+6
O Fructose
O Glucose
1.0e+6 - A Sucrose

B.0e+5
8
< 6.0e+5 -
&
4.0e+5 -
2.0e+5
0.0e+0 J‘f‘ 7 T T T ‘i
0 1 2 3 4 5
Concentration(mg / mi)

Fructose y=2.784x10°X - 2.320x10' (r=0.999)
Glucose y=2.175x10° X - 2.867x10° (=0.999)
Sucrose y =2.815x10° X - 5.728110° (r=0.999)

Fig. 2. Calibration curves.

pyranose3 2! glucoseR c} Flujdo] of 2Us}e] A
R apatke] e atge] AlA oz Aol WA felE =
Aoz M.

2 BEgdel A A% Aa 025~
4mg /mL M ol A r=0.999 ola}e] AL B}

Table 1. Amount of sugars in honeys detemined by HPLC.
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(Fig. 2). 1% o #AE0(S/N)=28& 71422 H&
TAE T AH 6.2/ ml o) 3Helow, AR A (Al
EFHa})-L 3.56~9.55% A}

32. & B P4E Mo ik, Weiy vim

AAEA 9} o] o} 5% B2 AYuplel upe}
HPLCZ ¥Asle] Q& agvlea9e Fig 33 3
o A Alme| A3 308 2o ] F-BA|7b A
g 2te Mae glage d&xd, 39 o
A B2 fructose®} glucosed o, Hep e A yhjpa
& A3 sucrosex= AEHA Wtk A9
ol 2ls) AFet A2 & ¥4-L Tuble 15} Zghr}. =
e A eA g Eel 7h Wska, AU E ozt
AlobE, Aete ojzlAlol WA R, Auls YU FEE &
olgich & F4 Ll WA T 3 FaFe it A
el E 3 o] 53% AR i Fopo) ¥R S
7} k3tt}. Fructose/ glucose §Heu] & o Ea9
7F AREZ o4 HEdl, 354 2317 Ml Ee] 1648
7HE 23 AU % olFhAlobE, el uhRE, A
T ol7lrlo} WAE, N4l AGNE £o8 Fep
o} vt x4t AldelFol fructose/ glucose=0.
V2 7P FelA9 fructose e FTFAEe] 1.54)
o4t 2A vebhdcl Swallow S122] ¥ wo) 2w v
=F Ohio locust clover®9] fructose/ glucose®}~} 1.80
o], sttt} Alberta canolaZe] 0.910]5 ¥n]F =
4 AF &9 fructose/ glucose &egu]i= 1.1~1.6 A &}

Geographical origin Amount of sugar (mean+s.d.) Fructose / glucose
(Botanical origin) ratio
Sample Fructose Glucose Sucrose

A Chullado-1 18.8+1.5 17.2+0.2 nd. 1.096
(Acacia)

B Chullado-2 17.7+14 159+0.3 37+1.0 1.110
(Nut)

C Jirisan 252+19 25510 nd. 0.989
(Azalea)

D Kangwondo 20.5+1.8 156105 n.d. 1.310
(Acacia)

E Australia Halcion 16.2+0.4 10.4£0.6 n.d. 1.544
(Orange)

Unit=g/100g (n=3)
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Fig. 3. Chromatograms of honeys samples: A, Chullado-1(acacia): B, Chullado-2(nut): C, Jirisan (azalea): D,

Kangwondo(acacia): E, Australia Halcion(orange).
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2171, A3 el wtE gepiajo] ero@ 27} gy
Ao FAYsE w5 A F9€ 298 =29
 glege AlgH)

3.3. et e s g
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ARE ek FAE TG 2 ANy FAE) #
ERrHE #xidle dle Kaiser 3 %3} Scree gr-
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£ A3 Abe] HEgic) o Wol AAE dE 5
= F4EE F 813k 3 Fnblolch. Scree graphis
eigenvalue numberdl] W&}t eigenvaluegte] ArskabA)
E 413 AHolc), dukrl 2 @ Scree grapht 3F41o)
7l F 2 A8 S eled, 5 FARY T o
Adatel A AY L& a2 AT o)) FAE B4
S AN ARFez e qEAH FAY AR} 5
955 4% 843t Ayeirh aeld £ Al
A AL Fig. 45 A2F A7 QA AR E 9 w3}
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vﬁ'ig. 4. Scree graph for honeys samples.
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A1FAE Hpdl M2FAE- el ARAAE =
A1 PCA plot Fig. 59t 23kr}. &9 g4tx ==
AAEE R F3% A el ot A=l 2ide)
E(C)& 3F4 2AAE(E)H A2 HdgA F&
Holoh A1FAE H R A2FAE- Hpe) by, F
fructose, glucose, sucrose 33F(%;)42] AZ WA E
2 A8} Zlo] Fig. 63} Fig. 7Tolth. Fig. 6& A1FA%
A7} E4-8 fructose ¥ glucose o] Atk 7
& on|Rc}. 34, Fig. 72 A2 R Aot B45
fructose, glucose® ohg} sucrose §#7IA%E =
= 7 3%& Jepiich delbA Fig. 5¢] PCA plotol A
REF A2 ALE 7 ¥he) Axke Ag 2wy
o}

Fig. 8 9 Fig. 99l =A%l v}8} 7ro] fructose/glu-
cose ekl AIFAE BEy T A2FAHE FH o)
AdA QA ARPAE LAk FHAERFT AMTH
fructose/glucose vl 74 TS Bgov,
fructose/ glucose §Fv|7} ¥ FAYs oy
o] ¢ fFasiohe AE AST Aolel wekElnh o]
of| A a3t wpe} o] Zpzbe] RMAEE SHH o2
B3¢ de 4 T g ArHe nw Sl A
BEE 2% 4 dslc) setAladshy e gof
24 A" v, FAMA), FAs) A, S fapA

o .20
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1st principal component score

Fig. 5. PCA plot for the honeys samples : A, Chull-
ado-1(acacia); B, Chullado-2(nut); C, Jirisan(azalea):
D, Kangwondo(acacia) ; E, Australia Halcion{orange).
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Fig. 7. The relationship between the second principal
component score and fructose, glucose, sucrose(%) for
the honeys samples.
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Fig. 8. The relationship between the first principal
component score and fructose/glucose ratio for the
honeys samples. A, Chullado-1{acacia); B, Chullado-2
(nut): C, Jirisan (azalea); D, Kangwondo(acacia): E,
Australia Halcion(orange).
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