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Abstract

This study was conducted to analyze ash content, mineral composition, hydroxy methyl furfural (HMF) content, stable
carbon isotope ratio, and SDS-polyacrylamide gel electrophoresis patterns to investigate the quality characteristics of vari-
ous honeys harvested from different sources and to identify differences useful for distinguishing honey sources. Ash content
was 0.046-0.012% in acacia honey, 0.565-1.318% in chestnut honey, 0.06-0.582% in polyfloral honey, and 0.237-0.893%
in native bee honey. Potassium content was high in order of chestnut honey>native bee honey>polyfloral honey>acacia
honey. The Na/K ratio was 0.92-1.97 in acacia honey, 0.02-1.59 in chestnut honey, 0.02-5.30 in polyfloral honey, and 0.22-
0.51 in native bee honey. The HMF content was 9.60-12.85, 10.15-25.75,9.7-33.5, and 6.25-21.5 mg/kg in acacia, chestnut,
native bee, and polyfloral honeys, respectively. HMF content was the highest in native bee honey. A 59 kDa protein band
was revealed in all samples by SDS-PAGE analysis. Protein bands of 32.1, 31.9, and 33.5 kDa were revealed in some chest-
nut honeys, and protein bands of 32.3 and 32.5 kDa were shown in native bee honeys. A protein band of 72 kDa was also
confirmed in some chestnut honeys.

Key words : honey source, mineral, hydroxy methyl furfural, sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
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sl Ao @dikal Wolsr] flal e Wie 2
b AMHE R =2 phenolicso|th. 2]Eo] ¥hEo] W<
phenolics= & &= EA)EHH phenolicse] F/<} 3
e Al mE FAQ a9l A AH F ez
Ao wet gepA, Eel =] A= polyphenol F-=
caffeic acid, chrysin, galangin, quercetin, acetetin, apigenin
ol on, ol5e] ¢ X5 Fg EHRE AARAL
$JTH(Jananthan and Mandal, 2009). Ak HEo)] &3l o
T2E o] 5(1971)°] EFEH gEE Fid opr=At
I} ol] A3 A L A F(1984)Y Eo] Ak=e} fEd,
diastatic activityol] 3+ A7} QoH, 3 51985 &
TEY FeEo FEoput g A A 2%k A%
71tell W2 diastaseZdWAstol] gk A7} ok gk ¥
T Holle mkY] dfdo] SiEo o, B At
Sof 93 elxlo] Yt} Anklam 5(1998) HE &=
22 (nectar), 3H&(pollens)d} 2]E-)|A] F2f3F o-amylase,
invertase, catalase, glucose oxidase, phosphatase®} 72
protein®] ©F 0.2% =AgH}al B 13} t}. Pontoh?} Low
(2002)= B-glucosidaseS Apis. mellifera®] 19} EFm4
oA A}l B-glucosidase”} SDS-PAGES]| 2J3 72 kDa
o] ¢l pandE TS UL HSFATE Sondgrass
9} Erikson(1992)2 #'89] 3}R1F 4l (hypopharyngel glands)
o o-glucosidase”} =45}l E2] a-glucosidase activityS}
S AdE o] 2loH, B-glucosidase= THA] shte] T
2 pandZ SDS-PAGEC] 93] EEH At sttt
Southwick(1992)= HE2] A 3}#ol| A B-glucosidaseS] &
sto MR 7S cellulosic materialo] t3F 4317} o}y
2} 2ol oJa)) HJHE glucoside toxine 7HE-8l3= A
olg}al 3FATE Lee 5(1998)y2 o]7d Aslel) 7]l &4
fre #49 TRV tEd o] Aikehe At a4
7o thiide gepBE EZEY JeEde ESHY
Fado] Bikshks Z2he] SolFQl &gt 7o) a4
o] EAahH ©]5 SDS-PAGER A5t}
mEbs 2 dAFeAe dedo] e Eo EAS FAksH
7| Sistel LB, BB 24, HME BFE Z5H
on, Fof| EAshs TlAS SDS-PAGER #2413}l
S ARt olEo] Fel del ol # & e
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Zol| A o}F}r]olE (Acacia honey, ACH) 77}, F3H=(Poly
floral honey, PFH) 97}, ¥4 (Chestnut honey, CNH) 57},
EZZ(Native bee honey, NBH) 5715 F-2I¢|2 Ad5}e]

oA 40-0097F s Agsiart.
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EH5 ¢ 914H] S (stable carbon isotope ratio, SCIR)
£ GC-IR/MS(VGISOTECH, Isochrom II, UK)E ©]-&3}o]
5190 & 2159 A A= HE SmgS tin capsule
| 25-3t] EA(elemental analyser)oll4] 3]3}stal CO,=
AF3IAA GCE H-2J5ke] He gas diluterZ 3]A3}e] IR/
MSZ Ce} BCE S8ttt olwl] EFEZAR] Pee Dee
Belemnite®] 5|14 Bl gk Al59] T4 viE
2 Z43le] ofehe] 4o 93] A&k EAY Lw =
712 oxidation tube; 1,030°C, reduction tube; 650°C, oven;
45°C, filament(TCD); 190°CZ 3}932 ™ He gas flowe=
Vent-R(reference He); 40 mL/min, Vent-M(measure sample);
80 mL/min, Vent-02; 25 mL/min®E 33t} IR/MS9] tune
source electronicst accelerating voltage; 3431.4, extraction
voltage; 80.55, half plate differential; 11.3, Z-plates voltage;
62.2, trap current; 400 pA, electron volts; 91.06, ion repeller

voltage; -2.15, magnet current; 3.40022 3}ATHCho et al.,
2002; Hawerer al., 1992).
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SBC = x 1000

Hydroxy methyl furfural (HMF) &2 &8

HE AE 5g8 25mLE 5 15% K, Fe(CN), &2
0.5 mL9} 30% Zn(CH;CO0)-2H,08- 0.5 mLE ¥l
2 7stel Aol somLsk HA Sck. FulE S
oAtste] Alg R Ik A1 &Y 2 SmLE Al
Holl FHahaL AlF&Aue: SHRTE, 3= 0.1%
NaHSO, &S tjx Ao =F 3} UV Spectrophotometer
(U1100, Hitachi-Technologies Co., Japan)& 284 nm®} 336 nm
oM Zztel FB=E S4skal v Al wEt HMFS
BRI o] AolX Ay Ay 7 oMY S8 =
A EEY-FAF LS 2 u]$H(Food Code, KFDA,
2002).
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t}A] 8)293}e] working solutions 232z} ZA|sle] HAs)
Act.

HNO;2 electronic gradeE ARSI, & &2 12 5
F % Millipore Q(Millipore Q system, Millpore Corporation,
USA) o] w215 FIAA ZAIZE 218 AH-8HT
71718292 ICP-OES(inductively coupled plasma-optical
emission spectrometry, PE/CIROS Vison, Varian Spectro,
Australia)S AFE3IATE 717] B4 248 power; 1.20 KW,
plasma flow; 15.0 L/min, auxiliary flow; 15.0 L/min, nebulizer
flow; 0.85 L/min, replicate time; 3.0 s, sample uptake; 30 s,
rinse time; 10 s, pump rate; 15 rpm, fast pump; on, analysis
mode; quantitative, wavelength; Cd 214.439 nm, Co 238.892
nm, Cr 267.716 nm, Cu 327395 nm, Mg 279.553 nm, Ni
231.604 nm, Pb 220.353 nm, Zn 213.857nm, Fe 238.204 nm,
K 766.491 nm, Mn 257.61 nm, Na 589.592 nm, P 213.618

nm, Ca 317.933 nmo.2 2435t}

2 cHHEo| SDS-PAGE pattern

Laemmli®] SDS-PAGE HM#(1970)8 o] &30,
molecular weight maker= BIO-RAD(Bio-Rad Laboratories,
CA, USA)2] A& o] 839t} Molecular weight maker=
myosin(200 kDa), B-galactosidase(116.25 kDa), phosphorylase
b(97.4 kDa), serum albumin(66.2 kDa), ovalbumin(45 kDa),
carbonic anhydrase(31 kDa), trypsin inhibitor(21.5 kDa),
lysozyme(14.4 kDa), aprotinin(6.5 kDa)y= AR5} HEA|
FEL IJEAAEZE 218 50% S0 Z AZH FH 10,000 g
2 107 ARSI daded 50% HEEA] s
A3} sample buffer(ddH,0 3.8 mL, 0.5 M Tris-HCI(pH 6.8)
1.0 mL, glycerol 0.8 mL, 10%(w/v) SDS 1.6 mL, B-mercapto-
ethannol 0.4 mL, 1%(w/v) bromophenol blue 0.4 mL)E 1:1=2
&3 3 10 uLE 12% SDS-polyacrylamide gel®] welloll <=
A F A7)9% 95840025 M Tris-HCI, 0.192 M glycine,
0.1% SDS, pH 83)°.2 H71%9%3F 5 gel 949 (ethanol:
acetic acid:water =9:2:9 &£3H 0 2 (0.25% Coomassie-
brilliant blue A|Z)0. &2 A & R ol (ethanol:acetic acid:
water = 25:8:65)0.2 SIS THLee ef al., 1998). T THl A
o] ExlERe 77]9% F molecular weight marker®] Rz}
BAF F5F ool Atk
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a
B0 3|8 HA
S G2l gokel Mo s)E gFe 9% 23
£ Table 13 2t} Wy EEEo P JJEFe 7+
7} 0.889%, 0.570%E o}l7tx|o}E = slFe] Ha 3|&E
Skl 0.076%, 0.228%K.TF =4 Vet on olgiajo} &
I FelEe] P 318 o] Wodth Kim 5(1994)

Table 1. Ash contents in various honeys of different sources

(Unit: %)

Sample" Ash content Sample" Ash content
ACH 1 0.046+0.0099? CNH 1 0.835%0.0006
ACH 2 0.060£0.0025 CNH 2 0.888+0.0940
ACH3 0.055+0.0028 CNH 3 0.565%0.0092
ACH 4 0.084+0.0064 CNH 4 1.318+0.0573
ACH 5 0.077£0.0085 CNH 5 0.838+0.0085
ACH 6 0.092+0.0035

ACH7 0.11940.044

PFH 1 0.090+0.0064 NBH 1 0.237+0.0092
PFH 2 0.069+0.0071 NBH 2 0.893+0.0233
PFH 3 0.060+0.0014 NBH 3 0.503+0.0601
PFH 4 0.106+0.0078 NBH 4 0.392+0.0177
PFH 5 1.016+0.1386 NBH 5 0.826+0.0601
PFH 6 0.093+0.0003

PFH 7 0.036+0.0001

PFH 8 0.003+0.000

PFH 9 0.582+0.0141

YACH, acacia honey; PFH, poly floral honey; CNH, chestnut
honey; NBH, native bee honey
?Data are mean+SD of triplicate analysis data for each sample

BAA NN T B A AFIA ETEY 3w
FFol 026-0.66%01N 3L, FeEY I FFS 0.15-
0.50%= Y, EFEo] EEol Hlgl 3 el =
A Yebgtia 31t} Chung 5(1984)& Al o
g AgollA opbrlokEe] B ko] 0.02%=E WS w
HHES 057%2 50 oY =2 FES vEhien,
A EE 0.10%, WEEE 0.12%, IZHELE 0.08%E
el & Fo i ke TR wE xbolrt Ak
1 3T Murat 5(2007)2 #322] & ko] 0.20%,
RhododendroZe] 3|3 k2 0.24%, WEe] 3% g
< 0.50%% Ueht #59] S ke SRl wet 2t
o7} i om uhHEe] 3 o] [JeEe| I TR
o 2.58) =Tk S £ A7 AT wHzo] F
shEo] S el BIs =AUt Chang 5(1987)9] A+
NME whEo] olFAolE B} 3t o] =qkvhal st
of B A3 At dAE3d

Mendes (1998 3] ko] 0.6% olsto]ld T
(molasses)ell 2Jg+ &]o] 9] A< HeEhdHaL &3
o} 23y Musa 5(2006)2 natural honey, saccharose
syrup honey(50% 28 0.8 LE 459 &<t Fse] A
AF3k ), inverted saccharose syrup honey(inverted syrup
0.8 LE 45 &<t Fodste] AAkeh £)9 32 s &
2%} Z3}, natural honey”} 0.177, saccharose syrup honey

-

= 0.216, inverted saccharose syrup honey= 0.498%2 HE.-F
0.6% o8tz Yehsttial sttt

T3 Ahmet 5(2007)2 pure honey, control honey
(water:sugar=1:1.52] A&l E 16 kgS 271L7F Foid}e]
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A2FeE &), adulterated honey(water:sugar=1:1.52] Adgke
F 100kgS 2B 3F Foiste] AR £)] 3 Tk
control honey”} 0.059%, pure honey= 0.052%, adulterated
0.039%% E5 0.6% ©]3F39.2, adulterated honey
ghgo] 7Y Witkar st o)de] A &
FFHto2E S ¥ EYS 7EE T jle
AR ofFpAlote} wHRe] I FHEE Aol
71521 5ol ugt gefsiA Uebdoe s dds
g gl A= A4En.
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gEo| 2|2 24
wglo] The 2izke] WEe) FAElo] Y FI1EL =

A5t A¥+= Table 2 X 30|A|e} Zo] ofFlr]o}Ee] F7]

[IASS
AR

52 Ca go] 7P E9kom, 1 T30 Z Na, K, Mg
i woF =T v A9= K el 7MY =%
a1, Ca, Na, Mg, P & =02 =9kl Fe $hafo] 714
ol 0.41-17.29 ppmo] At} F3}E-L Ca ko] 7M=&
SX31(1515.31-2644.18 ppm), Mn©] 0.05-9.54 ppm o= 713
Soith EFTES 9% Ca (1981.47-4072.69 ppm)}
K $+35992.17-3117.16 ppm)°] %L, Mn o] 0.35-
1948 ppmO 2 7P Witk ode] FrlE A4 K
F2 HHESESE>JSE>o Aol 02 FA] EA)
stom, WHEe] K 3ol olztrlolze] gull, AstES] 3
v A= @o] st 453 2olE UEP oW EFE
vz Zpol= AA Uehth B3 olpAlobE, WhE,
EZTE, J3kEY Ca FFx orloRE shEo] His

A

Table 2.The concentration of major elements in the acacia and chestnut honeys

(Unit: ppm)

Sample? Ca K Mg Na P Zn Mn Fe
ACH 1 1367.4140.002  239.12+0.10 217.98+0.09 472.70+0.19  23.56+0.01 13.75+ 0.01 0.72+0.01 3.06+0.00
ACH?2 1482.97£3.74 419.17£15.23 200.66+7.29 693.48+4.83  53.99£1.96 8.07+ 0.29 0.07+0.03 N.D?
ACH3 1997.96£9.01 345.90+£1.56 234.78+1.06 488.57+2.21 32.31£0.14 20.79+ 0.01 0.53£0.00 4.4340.02
ACH4 2083.65£3.66 554.21+£0.97 247.4410.44 507.28+0.89  52.24+0.09 35.34% 0.01 1.83+0.00 0.8610.01
ACHS5 1756.03£3.47 245.48+4.59 219.9244.11 466.1846.59  24.90+0.47 14.46t 0.03 0.33+0.02 N.D
ACH6 1617.91£46.63  251.57+4.85 232.88+4.49 477.76+9.21 27.76£0.53  4.73% 0.01 0.37+0.01 N.D
ACH7 1573.92+£15.52  282.51+2.79 218.92+2.16 450.53+4.44  31.46%3.11 5.48t 0.05 2.04£0.02 N.D
CNH 1 2413.89+11.08 2923.28+3.40 224.54+1.03 601.33£2.76 104.00£0.48 48.35+ 0.22 12.53+0.06 14.64+0.07
CNH2 1674.93+491  3738.39+0.95 221.46+0.65 651.52+1.91 83.46£0.24  6.03+ 0.02 14.50+0.04 2.2840.01
CNH3 2039.64£1.93  3258.70£3.10 335.31+0.32 664.60+£0.63  117.01+£0.11 33.78+ 0.03  27.46+0.02 2.77+0.00
CNH4 3409.20+5.96  4108.89+7.18 342.424+0.60 662.05£1.16  51.95£0.09 77.99+0.134  25.03£0.04 17.29+0.03
CNH 5 1800.73+1.27  4223.76+4.25 324.19+1.10 676.3442.29 676.34£2.29  9.65+0.032  23.50+0.08 0.41+0.01
DACH, acacia honey; CNH, chestnut honey

PMean+SD of triplicate analysis data for each sample

IND, Not detected

Table 3.The concentration of major elements in the poly floral and native bee honeys

(Unit: ppm)

Sample" Ca K Mg Na P Zn Mn Fe
PFH 1 1616.16£2.24”  387.11£12.67 154.75+5.06 463.59+15.18  65.79+21.53  28.1740.92  0.26%0.01 6.11£0.20
PFH2 1873.30+£17.38  364.86+13.27 196.80%7.16 8.48+0.31 37.71+1.34 7.3140.23  0.18£0.01 0.3140.01
PFH3 2644.1849.72  2274.0948.36  310.44%1.14 556.87£2.05 140.16+0.52 62.60+0.23  8.15£0.03  12.96+0.05
PFH4 1344.55£31.03  292.2746.75 169.34%£3.91 343.3247.93 22.16+0.51 22.23+0.51  0.7040.01 2.64£0.06
PFH5 1527.96+12.11 708.84+2.80  375.30£0.23 408.01£3.23  105.18+0.83 41.51£0.33  3.67+0.03  0.40+0.00
PFH6 1515314£26.60 2791.15+8.81  348.83£0.01 674.10£3.05 155.68+15.25 21.65£2.12  9.54+0.93  0.33£0.03
PFH7 1948.6319.93 487.59+2.49  248.83+1.27 538.33+2.74 54.73+0.28 39.40+0.20  1.1940.00 1.80+0.01
PFH 8 1832.50+16.83 166.08+1.53  251.50+2.3  565.41+5.19 6.44+0.06 7.8840.07  0.05£0.00 N.D¥
PFH9 2563.01+£5.92 92.07+0.21  268.56+0.62 487.98%1.13 33.59+0.08 41.16+0.10  1.4540.00 1.80+0.00
NBH 1 1981.47+2.87  2250.531£3.26  249.04+0.36  594.30+0.86 77.24+0.11 22.17+£0.03  8.3540.01 4.13+0.01
NBH2 2659.86+32.11 1379.59+16.66 243.60+2.94 543.4016.56 59.53+0.72 79.29+0.96  0.35£0.07 16.86+0.20
NBH 3 2345.36+34.25 2310.66+33.74 296.76+4.33 594.26+8.68 74.00+1.08 47.96+£0.70  9.88+0.46  12.94+0.19
NBH 4 2349.04+27.57  992.17+11.65 293.86+27.73 510.05+5.99 96.04+1.13 36.57+0.43 5.50+0.06 10.2840.12
NBH 5 4072.69+19.61 3117.16+11.65 348.89+11.17 680.15+21.79 143.67£3.59 103.42+3.31 19.48+0.62 16.87+0.54
DPFH, poly floral honey; NBH, native bee honey

YMean+SD

IND, Not detected
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Table 4. K/Na and Na/K ratio in honey of various floral
sources

Sample? K/Na  Na/K Sample! K/Na Na/K
PFH 1 0.84 1.20 ACH 1 0.51 1.97
PFH 2 43.03 0.02 ACH 2 0.60 1.65
PFH 3 4.08 0.24 ACH 3 0.71 1.41
PFH 4 0.85 1.17 ACH 4 1.09 0.92
PFH 5 1.74 0.58 ACH 5 0.53 1.90
PFH 6 4.14 0.24 ACH 6 0.53 1.90
PFH 7 091 1.10 ACH7 0.63 1.59
PFH 8 0.29 3.40 CNH 1 4.70 1.59
PFH 9 0.19 5.30 CNH 2 5.74 0.22
NBH 1 3.79 0.26 CNH 3 4.90 0.17
NBH 2 2.54 0.39 CNH 4 6.21 0.02
NBH 3 3.89 0.26 CNH 5 6.25 0.16

NBH 4 1.95 0.51
NBH 5 4.58 0.22

DACH, acacia honey; PFH, poly floral honey; CNH, chestnut
honey; NBH, native bee honey

SHAl dhretslar, wHET EFEo] BIsShAl UehuA] 2
el W& zol|= s SAIZE okl Azt
Kim¥} Rhee(1996)y= EFE2] F714E 5 Ko go] 7}
& =JTAL 3o, Chung S(1984)% flE, o}7kAlo}
=, 0N, e E, SENHEY T8-S A8 A9 Keoh
Na®] g}afo] 7P¢ #ohom Fr)14Ee] 247 ke &
o] FFoll wet AAg ZolE YERAL F718% Tl
A K9] ke ol7}alolFo] 13.35 me%s, HHEE 78.16
mg%s EHrate] sull A vl Bol ghEo] Atk
ST E3F Na2 ol7tAJogol| 2.93 mg%7} & H]
WA e S o wEY wdEe)] Zb7} 4843
mg%, 15.12 mg%2A 1 o] m>- =girha 3kt
o]2}oll A Rashed2} Soltan(2004)2] AG-ZAz}e}l o] H
o FUIE AR 8 Aiske e R Ao|(%
B EE)e] ot Flo] opd FH Wo] = o] A
Fohs Eoke] Aol ofdl Y-S v Zo= A7tH.
sH, ESEY FeE] Ko Na g9 Hl&o] tha
ztol7b e Bo= LA 9lol(Kim and Rhee, 1976),
o] z}7] thE E9] Na/K ratio ¥ K/Na ratio® FA}
gk A= Table 4ol A9} 2o oF5-E121 o}7A 0S| Na/
K ratio= 0.92-1.97, B2 0.02-1.59, &3S 0.02-5.30,
EZTELS 0.22-0.512 YEET Kim 5(1994)2 E5E3}
ORIl Na/K ratio’} 2+2}b 0.11-0.273 0.15-0.60.8 oF
5 Fo| EFERG #A Ueiger A He F EF
T} FeEs AT 5 e e sz A4 &
Atkar st ey, B APolM e EFE| eER
o} A UERERRE B 2, 3, 4, 59 JEEE 2,03, 5, 6
< EZEY vV o BA UeRA dle] SRy
ETT Feo Ml AEshldle FAEg ses A

ZEtt

IE3l K/Na ratio®] 73-9-% Table 40)|A)¢} o] olF}A|o}
3} EFE9] K/Na ratio’} 212} 0.51-1.099}F 1.95-4.58%
H A=A JeRtem, NaK ratioo] ®I&) Egich 12
U WHF9] K/Na ratios= 4.7-6.25%2 Y53 =4 YeEltS
o, Z3lEAE 0.19-43.030.2 YJER} 1 2ol 7p
Zit}. ool AyoA EFEY O] K/Na ratio?} =
Al YR Na BT K o] =325 ¢ & Ak
Kim¥} Rhee(1996)= EFEH-S K/Na ratio’} 10 oS X
Fom, EGA Y e ¥ 17069 =& FXE HY
O}, v 2 19 7R ratioE BYOEXN EF

S WA & Qe T8 AAZ o]§E F IS AL
=2 ddrEoka STk 1y B Addx e el of
Ao 0.51-1.09, W2 4.7-6.25, R8-S 0.84-
43.03, EFEL 1.95-4.58%2 FFEQ] olFpA|olET} 3}
e 3l 28 A9stal EFERG 9A YEigoy E
TE, F5 E EF 10 ot FeEQl S ESE
Ho} w7 vebgar JeEe] sk 2 43.0302 7H3
=A et 9@X] EEY oFeEENE whEE|de= F
=3t B0 g AZHET

Ho| HVIF &2

UYo] the zizhe] WEe] HMF &3-S =43 dae=
Table 59} 2t} o}7}A]o}Fe] HMF 3HS 9.60-12.85 mg/
kg, W&ol HMF &2 10.15-25.75 mgke® LERLS
HhE 3, 4= tE Al AlE R o) Z42F 2349} 25.75 mg/

Table S. The content of HMF in the mono floral, poly floral
and native bee honeys

Sample?  HMF (mg/kg) Sample?  HMF (mg/kg)
ACH 1 12.00+0.071? CNH 1 14.05£1.591
ACH 2 12.25%0.955 CNH 2 14.90£2.051
ACH 3 9.80+1.061 CNH 3 23.40£1.697
ACH 4 12.85£1.096 CNH 4 25.75%0.955
ACH 5 10.65+0.601 CNH 5 10.15£1.55
ACH 6 9.60+1.626
ACH 7 10.35+0.601
PFH 1 21.50£0.071 NBH 1 13.95+0.460
PFH 2 11.20+1.344 NBH 2 33.50£1.485
PFH 3 6.35+£0.318 NBH 3 13.75+0.813
PFH 4 11.05%0.742 NBH 4 9.70+0.566
PFH 5 12.2540.123 NBH 5 11.10£1.273
PFH 6 6.25+£0.318
PFH 7 11.45+0.106
PFH 8 6.65+0.601
PFH 9 7.70£0.106

DACH, acacia honey; PFH, poly floral honey; CNH, chestnut
honey; NBH, native bee honey

?Mean values obtained after duplicate determination of each sam-
ple£SD
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kgolth. EFEo] HMF $HF% 9.70-33.5 mg/kg® e}
HUed 1 T ESE 29 HMF &2 335 mgkgl®

2 AR gt w¢- w=gkow, Fsre] HMF &
< 6.25-21.50 mg/kg® & YERITE Kim 5(1994)9] A+
o= EFES HMF aFo] 0.25-0.68 mg/kgo]al <
HEZO (.15-0.33 mg/kgo]itiar st B A3o] Autw
o} vf-$- 2kTh Murat $(2007)2 WHEe] HMF 3heo]
28.6+1.9 mg/kgo| AL 31992, Mendes 5(1998)2 A
2 O 2559 &l tigh A7ellA] HMF o] 1.7-94.9
mg/kg® THFSHA YEFSRTIAL SFT Tosi 5(2002)
HMF7} Aol A Sehdo] g4 o A=Y Maillard
reactionol] 2J3jA AAAE T 51921, Lee2} Nagy(1990)
= &4, AF 259 45, 2 AF7IZE SOl HMFE 45
AZTkar 319tk Anklam(1998)8 HHE2] HMFS} AHe A}
olo AAHAZE AHsHH, vt 7Y =& whEellA
HMFSEE 71 ZobA AF=7t HMFO 93 5= &
?lo] & 4= riar skt 2t B AFoA Atwrt 7
4 ke v & 39 HMF 88 23.40+1.697 mgkge] L
AR AR T P =8 ARE UERA v 2(Jung
et al, 2008)2] HMF 32 14.90+2.051 mgkgZ T S
Al YFERHA Anklam(1998)9]] &+ HMFS}F & AHE Alo]
o FHIAE IR 5 k. 3 Donner(1997)= &
o] & fructose/glucose ratio’} TFshH dukzog Ak
921 #o] o] HMF AL o] wkgol vins HA <
S = 68H3? fructose®] acid catalyzed dehydration
o] Axtetar ot Lee?t Nagy(1990)= fructoses HHE A
enolize¥)| =& glucosel|A] HMF7} AAE= AR} fructose
ol HMF7} A== Ao A4l m=tal skt wet
Al & ARto] Aol whet o] Hojx|al HMF 3=
%= 37K "t o9} o] HMF] AL o] 247}
T AV e AeE Azbdnh

U AE T A ¥EY HMF 8% 7142 80 mg/kg
olglzZ Aslal Q2™ (Korean Food Code, 2002), 5
T Aol A= H2] H9- 80 mgkg ©J5tE
3haL 71 9] X9 BF 40 mg/kg ©]3tE HMFES A|8k3)aL
Q1] (Zappala et al, 2005) ¥ A3 X2] Zo] HMF gHF
2 FART 453 Yoty "Ee F2 ddFE oF
oJA aL 2Hdel7ldll ES 7Fetart AR Al F
™ hexoseZHE @ REg-o] doju HMF7} ATt
HMF §3o] =2 AFS HES A8 AY HMF
o] =& AHEslES HUks Be g 1 Eo] gty w
2 HMFgRe HEe] Ad=e}l #aEo] g)om(Kim
and Lee, 1996; Zappala e al., 2005), ©]¢} 2+o] HMF g}
FS Al AL Foll A’ E9doly 7HES A8t
7] S8AM AR E A= B 4 Qo

o)te] AZeA olFtrlolEe] it HMF 3H2 11.07
mg/kg, W] Hit HMF -2 17.65 mgkg, EFE2]

S

(<

B HMF S 16.40 mg/kg, F38E2] H HMF &
F2 1049 mgkeE UER} 25 574 Bk 9535 29k
om, EFEo| olFtAlo} &} FeEHT W HMF 3
Zo] T =A Ut Ze 1dol] sk Al g &
& BHO 11 SA7IME 2 B2 witole}t Az
o] =2 HMF k& YER A2 =2 fructose/glucose
ratio(Jung et al, 2008)°] 23t fructose?] acid catalyzed
dehydration®] Z32} AYztE]o] Zt} Han 5(1985)2] <
To|ME AE 23 o] HMF S ko] 0.029-0.059
mg%°| R EF Lol 0.015-0.135 mg%e| Atk stk
T3 7HEAEE Y A5} 7FEAYE A & AR
£ 20°CellA 120€7F AsIE A3 7H9AY Y =
2 z7)ol Zo] MU= FA1ES 0.029914 0.195
mg%= oFFFAJoEEo] 0.059%014 0.225 mg%= 1o 0.059
oA 0.135 mg%=E STt o™ AgapgollA 7Ha A ]
o] ol d#Eglel HMFZF S7bske 71e7le AY %
< AS Bt st oo AAEs AR &
] HMF g=vho g glo] 788 of g 2|vt, adulterated
bee honey2] 7% HFCS7} &Y= o] A HMFgo] &
YARE FELS IS o= AHETh

HEo| OIYEIAF 2|2 H|E(stable carbon isotope

ratio, SCIR) &4

ol7pAloHE T} FehEe] PetAE oA vES =4
St A¥= Table 60|49} o] olF}Ao}E2] SCIRS -18.6
~-255, AL -19.5~-25308 ERT

Hawer 5(1992)2] 372004 o}7x]o}Ee] SCIR®] -24.225 ~
26.152, RIS 26.464 ~-27.082, BAELS 11,136, 34
B}o] -11.430, E410] -9.709 ~-10.009, 123} A|HL 9,935
~-10.5682 YERIA 48 HEYSE SCIR gho] A4
et SRS AA HIES AR B A
olFlAloE, W, Rk, EFE UIFE0] -24.0~-26.1%0
o] BXE HY o oMol 29 Fsl=E 49 oM &

Table 6. Stable carbon isotope ratios (SCIR) in various hon-
eys of different sources

Sample" SCIR (%o) Sample" SCIR (%o)
ACH 1 -24.540.11% PFH 3 -24.940.14
ACH 2 -18.6+0.18 PFH 4 -19.540.16
ACH 3 -25.240.12 PFH 5 -25.310.11
ACH4 -25.440.10 PFH 6 -24.0+0.12
ACH 5 -25.540.11 PFH7 -24.840.11
ACH 6 -25.0+0.14 CNH 1 -25.240.27
ACH7 -25.540.11 CNH 2 -25.840.14

NBH 3 -24.740.18
NBH 4 -26.140.21

DYACH, acacia honey; PFH, poly floral honey; CNH, chestnut
honey; NBH, native bee honey
YMeanS.D of triplicate analysis data for each sample
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A FPAREC] v Wit ey wEY EFES
-24.7 ~-26.1%c YERAAT). SHekAEolda Hige
Holu} ALl we} tha &7t YA o 2E O
A% 27.0~-21.5 AEo) BEE el ARy &
g 7hested Aikd dgolu e -120~-9.0
T2 FAg zlo]E YRR wiel] HEY 55 5F
g 4 odar 31 cH(Cho and Ha, 2002).

Padovan 5(2003)& 4070¢] HapEAr &) g7fe] ol=3l
Eluat ;) 3709] vl=al #, 47he) sjycial Ee] SCIR
S =43 A3} -11.82 ~-30.47°]. 2.1, cane sugar syrup
7} high fructose corn syrup2] SCIRS =43t A¥l= Zt
Zt -11.33 ~-11.78%} -9.72 ~-9.78% UEl} <531 HEA
5 SCIRO] WA Uehstthar skaith. 3k 2ol 60%
sucrose syrup 0, 1, 2, 5, 10%Z 78k & SCIRS =
A5k Ao = Z42+e] SCIR®] 60% sucrose syrup®] 0%
U W= -27.64+0.14, 1% F7FAlol] -2740.18, 2%Y W+
-27.1140.19, 5% W= -26.11018, 10%Y W= -25.04+0.19
2 sucrose syrup®] o] T7IETE F2 S UERIA
o ek 28y Hawer 5(1992)2) Aol vehd
S8 #9] SCIR®] -24.225~-27.082F EF}, Padovan
5(2003)2] Aol e 1-10%2] sucrose syrupe] %
7He E9] SCIRES ®las) BEW FARE ghs 7HAR=E
sucrose syrupd] QYL FHT & Qe Ao 7 AAHT
W31 Bendar(1971)9} Smithe} Epstein(1971)2 carbon isotope
ratio®] X}o]= photosynthesis cycle®] }o]ojlA] WA=
= Calvin-Benson photosynthetic cycle plants(THA}F o]
2] phosphoglyceric acidS THEA] ==t phosphoglyceric
acide 379] &AE A 1o o]Hg AES 2
Eolg} she] BC/PC=5%0 F+ -21 ~-32%0°]1 L Hatch-
Slack photosynthetic cycle plants(%-’%’-?, AP 28 2]

EE58 YA A A oxalacetic acidE XS TF=+=4)
oxalacetic acid ©47} ) oemg A&} §he
BC/MPC=3%0 Fhe -12~-19%= TFEA Jepgtha ok
(Calvin et al., 1962; Hatch et al., 1967; Hatch and Slack,
1979). Ahmet 5(2007)2 carbon isotope ratio #%°] C,2)
0] CAERT 2 3hs Ueldlon HEe] deglo] &
= U £ 2 cAEEE CAEY FETT,
AP S s dle &Stk stk 1
U Anklam 5(1998)9] Aol e dere] 97 Al
F-(CA1E)2] carbon isotope ratio’} C,AE2] ST,
AFSET B dEe] Fido] He tiFEe] £ &
I} A} carbon isotope ratios WERA] C;21E90 AFR:

= o) ode s 2k skik. olde) At

=]
58 73| B u SCIRYIO.ZE HEo| 2 & o]9]e]
2 o, 53] ] FRHE e AL o¥€ugxn
D)=

2 chuZElo| SDS-PAGE pattern H| 12
Ao Apolef wp2 WEe| o] = TulEe ¥

A5 ApolE 2ALeEY] 98t & @i d o] SDS-PAGE
patterns A1 Z47ke] I A et Tl e} Sps-
PAGEY] 2]3F band9] #4135 5743 A= Table 7%
2t} o}7tAloE Tl o] SPS-PAGEY] ]3¢t band®] #
A} 46.1-89.6 kDaol 1AL, W] A bande] EA}
F& 31.9-117.9 kDa, EEE WA band2] FAFERS 32.3-
103.2 kDa, F3}2] A band2] FA}ES band7} A
UeRtA] ke F3l 8-S A3l 33.5-100 kDao 2 T}
oFsHAl YERATE Lee 5(1998) EEF = EXE T
FQ (56 kDa)ol, AE H(dpis mellifera)dl] ]3|
AL FeEelle FeEvre] T8 A (59 kDayo] 247}

Table 7. Molecular weight(MW) of proteins in honey of various floral sources by SDS-PAGE

Sample" Molecular weight (kDa) Sample" Molecular weight (kDa)
PFH 1 59.0, 89.6 ACH 1 59.0

PFH 2 58.7 ACH 2 59.0, 89.1

PFH 3 58.6 ACH3 59.4, 89.6

PFH 4 59.6, 33.5 ACH 4 59.6, 88.4

PFH 5 59.6,35.9 ACH 5 59.6

PFH 6 59.9,53.3 ACH 6 59.4,50.7

PFH 7 59.8,52.7 ACH7 46.1, 59.4, 67.5, 76.6, 86.9
PFH 8 ND? CNH 1 32.1,59.8

PFH 9 46.1,59.4,70.5, 88.1, 100 CNH 2 31.9,59.8,61.6
NBH 1 59.0, 89.6 CNH 3 33.5,60.3,71.8, 88.4
NBH 2 58.7, 89.1 CNH 4 46.7,59.4,77.6. 84.1, 117.9
NBH 3 57.3,70.6,91.0 CNH 5 46.1,59.4.71.9,79.3,92.9
NBH 4 32.3,57.6,65.3

NBH 5 32.5,59.4,71.9,85.8, 103.2

YPFH, poly floral honey; NBH, native bee honey; CNH, chestnut honey; ACH, acacia honey.

2ND, Not detected.



248 Korean J. Food Sci. Ani. Resour., Vol. 31, No. 2 (2011)

At ASE YUEPHThL st 2 AFelXE
E 7 5olZ2l Al 59 kDa2] ThiEo] a3 o}
zt HE Algeitt oftke] jolrt dlom, EFEME
56 kDa¥} AFSE 57.3, 57.6 kDao] T zlo] Yeldc)

o]# ztolE Lee 5(1998)0] T EFES Ast
W, B T ATe] WES IO SI90HE Deborzh
(2002)2] ArellX e} o] A 2ol o3k ety
2|1 Zpo] WERl Ao AZHET. EFE 12 59.0 kDa,
EZE 2= 587 kDa, EFE 5 & 594 kDa® YER} 5
79 BoldSs YEt vhE 1, vHE 2, v 3, EF
E 4, EFTE S5 FoE 79 5oldE Y= 59.0 kDa
A band 9]0l 242} 32.1, 31.9, 33.5, 32.3, 32.5 kDa2)
A band7} AT 28]l HHE 4= 46.7 kDa, W
T 59} 7Z3H2E 9ol M 46.1 kDaZS VFERE @l do] )
<5 18 4= 3JJr}. Leonhardt(1996)= immunoblotting
S ©]83} chestnut honey, forest honey, locust honey,
sunflower honey®] T¥1A-& He|st3=d Evlth 355
© Ty gE 9 FEEe 54 diEo] et
30 kDa/33 kDa2] double bandi= sunflower honey7Fe] £
©F chestnut honey, forest honey, locust honey®ll A<= UE}
UA] ekttt 2 A¥S Leonhardt(1996)2] A7} B us)
B, g 1, v 2, W 3, BESE 4, ESE 59 31.9-
33.5 kDa®] @A bande -F-2uie} WHERRY] S3)o|g) A
Zhet 4= ik fskE 82 oW WA bands YEREA] %
Rkom ole Fo] AgTGe Fdo] TR o A
T 7199] o] EAslA] ekom & Fo] oA ¥
dvke] B4 dlds He YehbA] @2 Zo= Azte
T} Pontoh®} Low(2002)2] A&l et A5 =2l
Apis. mellifera7} ZE31 Qe EWH 7199 g)xHQ] A5l
EA4F2 B-glucosidase?] 72 kDa2] © & band= WE
3(71.8 kDa), W 5(71.9 kDa), EZE 5719 kDa) o=
vEhA] ettt

ool AAE & wj ¥ &Hof Thilido] Aslel 7]9lY

= H

7
Aoz Y7EoRT. o= v F
= Ao|BR W0l He Heo] e Ao AAY
Atk wEpA] i ofuel, B9 A=) WEdE SDs-
PAGE patternol] 93-S F0] &
oJ3t band®] 2|9} EAFE A
ol-g3hH EFEI Fewel TEw oz 2dd 7
o] 7Fssh WHE Aol Ee] o] ofte] Hi: 7}
g Aow A7 oY

o OF
el =

WAL G TR Be] SH2 24 SAste] of
ANl TN, qBE o), WE TN, EEE H9 AR

£ olg3l, SE s, 5715 2437} HMF(hydroxy methyl
furfural)dsF 2 & ohFo] SDS-PAGES] 2J3F oz
RS AR doe o g2k S g ot
AloFEo] 0.046-0.119%0] 001, BHEL 0.565-1.318%, &
3HF 0.06-0.582%, EEE 0.237-0.893% ©|tt. ¥-71& &
Ao A Kt HHE>ESE>FSHE>oTAolE o2
EROH, Ca¥lde olFprlotEa FslEolA 7P =3k
t}. olFhAloHEY] NaK ratios 0.92-1.97, WHES- 0.02-1.59,
A3 0.02-5.30, EFE-LS 0.22-0.510]%]c}. =8 HMF
e LYo Fiol ARl TheFstAl YR, o7
olFo] 9.60-12.85 mg/kg, WS 10.15-25.75 mg/kg, B
2 9.7-33.5 mgkg, FeEL 6.25-21.5 mgkg ©|oH,
EZTA 718 =91t} SDS-PAGES] 98t Tl A band
o] BAbF AN FHEES 5olZQ] 59 kDa A o]
R ABolA Ueistth wER EFEAA FeEY 5
o]4d& YeE= 59.0 kDao] @A band ©]]ol] 31.9-
33.5 kDa ©hl 2] a7} 1Tt 72 kDae] whala
band® 2 F9] WHE(71.8, 71.9 kDa)ol|A] 1=t}

#Atel 2

P

o] =2 20109% A=dgtnl g3EA1] XU
°J3}
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