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ABSTRACT

To confirm basic nutrient contents of Korean honey as a food material, we assessed New Zealand Manuka honey by
measuring proximate components, vitamin C and minerals of 16 kinds of honey harvested in South Korea. The proximate
composition of each honey sample was as follows: moisture content 18.45~29.84%, crude protein 0.10~0.95% (vs Manuka
honey 0.23%), crude fat 0.02~0.60% (vs Manuka honey 0.34%y), crude ash 0.01~1.52% (vs Manuka honey 0.24%) and
carbohydrate 67.90~80.94% (vs Manuka honey 79.39%), respectively. In the case of free sugars analyze by HPLC, fructose
showed a content of 26.12~49.84% which was highest in acacia honey and lowest in sorbus honey. Content of glucose was
19.38~36.12% and lowest in chestnut honey, whereas sucrose, lactose, maltose were absent. Total sugar contents were 64.16%
which was less than Manuka honey (70.23%) and vitamin C was not detected in all samples. Minerals were detected 15~25
kinds, including K, Ca, Mg, Zn, Fe, Cu, Mo and so on. Ca was high in order of linden > canola > codonopsis > hedysarum
honey, and K was higher than in Manuka honey in order of chestnut > hedysarum > codonopsis > jujube honey. Especially,
these results suggest that Korean honey have a better nutrient content profile than Manuka honey.
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7} vl 5714 9] o] 7hA] mlEkldE =
e w50l o8l ohFet okelAbgo] e Fo R dEA|a
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B Zo] feloln| At f714F 2 ol tigkE a1, Chung
WC 5(1984)°] =4t o] HMF, freld, F71d 8o &
Q7 Han G 5(1985)9] Frelopv]ictt, 44713kl e die
astase AT B HMF & Wiglol] tigtia 5ol vt &
@ Zlo] TEClE ool U BHEEC] tale] 2
xR E 20 518k 5o B3 AF(Lee SW er al 2001)
9 zegesdd Bold Behuols HyEe Fus
g 2 Wb Wl g3 ol #3F B vt 9l o W(Park HY
et al 1995; Lee SW et al 2002; Rhim JY et al 2002; Jeong
CJ et al 2003; Son TR 2003; Park HK et a/ 2008; Han SM
et al 2013), U4k Mol FAEA(Kim JY ef al 2014)3}
gt &/d(Park HY et al 1995; Chung DH & Baek SH 2002)
o Wizt His 01 Atk
HEo] e AL B Sy AF3HAA F520%
°]3h), BE-E1(0.5% ©lah, AsH(60% ©17d), (7% ©l
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Table 1. Harvesting area and production year of 16 Ko-
rean varieties of honey

. Production
Sample honey Harvesting area

year

Canola (F-3]&H)?
Snowbell (W SUHE-%)
Chestnut (343)

Cherry (H1UH7-)
Acacia (°}7HA]o1)
Hovenia (U123

Jeju-do 2011. 08
Gokseong-gun, Jeollanam-do 2012. 05
Gokseong-gun, Jeollanam-do 2012. 05
Gokseong-gun, Jeollanam-do 2012. 05
Gokseong-gun, Jeollanam-do 2012. 05
Gokseong-gun, Jeollanam-do 2012. 05
Seocheon-gun, Chungcheong-

Hairyvetch (3]]©] 2]l x| &) namdo 2012. 06
Acanthopanax (22T %) Donghae-si, Gangwon-do  2012. 08
Buckwheat (W2 %) Jeju-do 2012. 10
Sorbus (EH|UF-) Mt. Bugaksan, Seoul 2013. 05
Jujube (th3=2) g;i‘_’zﬁd"'g‘m’ Gyeongsang- 3 6
Mandarin ("27HE) Jeju-do 2014. 06
Linden (JU5%) Inje-gun, Gangwon-do 2014. 07
Cactus (19173 Jeju-do 2014. 08
Codonopsis (T]5%) Danyang-gun, Chungcheong- -

buk-do

Hedysarum (371%) Jeongseon-gun, Gangwon-do 2014. 09

) Korean name.

2. detd#

B AR AR B AR AR SEAA glol
otz Sgeislon, AFeadel V1 B A FetE
ok A Al #12013-203

JAtEHREHOR 105C A F FFS =3
gfo] A&t e, 23582 500C FH3|sHor e
oh Z2ed e A5l AAe] 9 FE S AAHA Kjelte
8400 Analyzer unit Foss(Denmark) AF572| 5 o]-835fo] &
A3l a1, ZA S L9 FE7X| 2 FOSS Drive unit 2050
(Sweden) AHZE 8w 2 =, S5tk 18|21 g3}
B2 10094 8, Z3|F, 2ohd 220 gekg gt
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Felda vl co) B 2H1-E Table 29 2t} f2
5% (fructose, glucose, sucrose, lactose, maltose)ell Tt -
& EFEL A]arKSt.Lois, MO, USA) Al ES ALg-slo] A
23103, 2t e AP RE A Foto] 50% AT 30T
b 289 5 %3590 x g2 2087 YA (CR-22N,
Hitachi, Tokyo, Japan) ¥ &% 0.2 pm membrane filter
(Minisart RC, Sartorious)® <]¥}s}3ith. £47]7]+= HPLC
(Nanospace SI-2, Shiseido, Tokyo, Japan)$} =4 E 47|
(RI-201H, Shodex, Tokyo, Japan)& A3ttt 4 42
Imtakt Unison UK-Amino(250 x 3.0 mm, 3 pm)= #213}3]
3, ZRLEE 60T, TUDFS 10 uL, ©15%4 &7l 90% of
AEYEL S 9 04 mLE &8 4083 43131t vlet
Hl CE AR 1 goll 5% wIEF] A Metaphosphoric acid, Wako)
20 mLE A|EE & 3HUltra-Turrax T25, IKA Labo, Ger-
many)3dte] E3F 50 mL7}A] %8 &, refrigerated centrifuge
(5804R, Eppendorf, Germany) 12,500 x g= 1083t U4+
3k 5 A5NS Fske] o3 F HPLC(Nanospace SI-2, Shi-
seido, Tokyo, Japan)Z EA3}itt. EAZ+7-2 Shiseido
Capcellpak MG 120(250 x 4.6 mm, 5 pm)S AH&-849] 1L,
B32 0.05 M KH,PO49} acetonitriles 98 : 22] H| &=, &
oL 254 nmell M, A BFUFS 5 L, ZHEE 40T,
42 0.5 mL/minZ A48k ch

(<
=

4. 2I|H Hd=7

FALe 2128 ¥(Jeong CJ et al 2003)°) whe} 233}
o] 100 mLE %83+ T3 ICP(Inductively coupled plasma)
Optical Emission Spectrometer(Model Name: Optima 2000DV,
PerkinElmer, USA)& &A1 o 7|7]1 84 27 forward
RF power; 1,300W, pump flow rate; 1.5 mL/min, plasma flow;

15 L/min, auxiliary flow; 0.2 L/min, nebulizer flow; 0.65

L/min®| 21t}

T 16% W] AWHR, T, Vel ¢ B 21 BA 869

5. SAIXz|

BE 32 Ha 3R T A (mean=S.D.) 2 YER S
™, SPSS 21.0(Statistical Package for Social Sciences, SPSS
Inc., Chicago IL, USA) program= °©]-&3}] 521448 AZS3}
Aot =izt 2ol it Y virTkE ko] o vlae
ttestE AAISFIAL, A Ee FHYE AR Hlals ANOVA
A % 1 a7t gk AF- p<0.05 oA Duncan's

multiple range test® AHE-dte] AMEHA S HAISHATH

T

Tl FAWELA nFETHE(19.79%)
Hr} E=gkon) foldk Aole Sl ole FUAt vt
To| FEE Yol Whete] IUlat A& AE A= Aol
2 Bty SulE 7he] Fi SR vlf- folgh AfolE B
AEd, FE o] 7P 2o & UIHH(25.06%)°] AL,
7 AL B oA oHE(18.75%) = A A THp<0.001).
B 747 Kim HK 5(2010)9l] 9J& Hug wivie
(18.4%), 1EH(20.8%)H Tt i FF =9kor,, ol7A|
o1#(19.5%) B AFollA] g ghe 2 Yeldth T3 Kim
JY 5(2014)0] =4t o] 4 dhako] A’ 18.12~19.70
%= Hagh Aot i ko] Merh WAl vEeha, 7]
2 ATH(Hawer WD et al 1992; Kim ES & Rhee CO 1996)°]]
A I SRl 20% Wel2 BasEe A Ble) & el
T o] A JERTh i e o) SR uet
71EA o2 tav, AEAY], FeAge] 72 B S
FEe] dFeor mid gebd F e Aew deA Ut
(Yanniotis S er al 2006). &+ A3 o] A= & uf HLA|7]

Table 2. HPLC operation condition for free sugars and vitamin C

Free sugars

Vitamin C

Instrument Nanospace SI-2, Shiseido, Tokyo, Japan
Detector RID (RI-201H, Shodex, Tokyo, Japan) PDA (Thermo fisher, USA)
Wave length Refrative Index 254 nm

Imtakt Unison Uk-Amino
(3.0 mm x 250 mm, 3 um)

Analytical column

Column oven temperature 60C
Flow rate 0.4 mL/min
Injection volume 10 uL

Mobile phase 90% ACN, 100

Shiseido Capcellpak MG-120
(4.6 mm x 250 mm, 5 um)

40C
0.5 mL/min
5 uL
0.05 M KH,PO, : ACN, 98:2
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Table 3. Chemical compositions of Korean varieties of honey

colgE - H s

1a73 - A%%

b

HOoFA o} RATHEETE

Sample honey Moisture Crude ash Crude protein Crude fat Carbohydrate
Korean honey
Acacia (o}7HA]oHE)Y 18.74+0.42%29 0.060.01% 0.10+0.03" 0.44+0.01% 80.65+0.40°
Acanthopanax (223 %) 21.22+0.18° 0.04+0.00" 0.43+0.01¢ 0.36+0.02% 77.95+0.15°
Buckwheat (W2 &) 242140.17° 0.09:£0.00% 0.95+0.01° 0.02:£0.00" 74.730.16°
Cactus (A1) 24.54+0.35% 0.1340.00°® 0.30+0.008 0.04+0.01" 75.010.34°
Canola (-713) 22.64+0.08° 0.01+0.01¢ 0.23+0.00' 0.10+£0.01%" 77.012£0.07%
Cherry (HU7-%#) 21.53£0.11° 0.47+0.32° 0.34+0.00 0.15+0.08 77.52+0.29"
Chestnut (%) 29.74+0.14* 1.50+0.02° 0.61+0.01° 0.19+0.01° 67.97+0.10°
Codonopsis (55 &) 22.28+0.88° 0.57+0.03" 0.36+0.01° 0.11£0.01%" 76.69+0.87°
Hairyvetch (3o 2] # x| &) 21.37+0.43 0.260.02%" 0.28+0.00" 0.57+0.04" 77.52+0.10"
Hedysarum (37]%) 22.45+0.14° 0.65+0.04° 0.28+0.00" 0.06+0.01%" 76.56+0.20°
Hovenia (317§U57%) 22.19+0.15° 0.36+0.23° 0.30:£0.008 0.34+0.13¢ 76.81£0.21%
Jujube (%) 23.47+0.19¢ 0.70+0.17° 0.27+0.01" 0.26+0.00% 75.30£0.22°
Linden (I Y5%) 22.53+0.35° 0.24+0.08%" 0.15£0.01' 0.06+0.02¢" 77.04+0.14%
Mandarin (2 7%) 25.06+0.53° 0.07+0.00% 0.1240.00™ 0.02+0.00" 74.72+0.53¢
Snowbell (W =UH-%) 22.7740.14° 0.17+0.00°' 0.18+0.00' 0.45+0.02° 76.43+0.11¢
Sorbus (BHF-E) 23.92+0.43% 0.25:0.02%1 0.54+0.00° 0.29+0.00" 75.0120.02°
Mean+S.D 23.04+2.3279 0.35+0.38"" 0.34+0.21™" 0.21+0.18™ 76.06+2.60""
Range (18.45~29.84) (0.01~1.52) (0.10~0.95) (0.02~0.60) (67.90~80.94)
Manuca honey 19.79+0.71 0.2420.00 0.23+0.00 0.34£0.10 79.39+0.03
F(p)® 1.655(NS)® 2.644(NS) 2.009(NS) 1.724(NS) 1.451(NS)

Y Korean name.

2 MeantS.D. (% based on fresh weight) (n=4).
% Means with different letters in the same column were significantly different at p<0.05 within Korean honey by Duncan’s multiple range test.

sokok

9 Significant by ANOVA test = p<0.001.
% Significant by #-test of Korean honey and Manuca honey.

9 NS: Not significantly different among Korean honey and Manuca honey.

A3 Tl g &4 F = wetr S E = TR T
z2tol7F & Aoz AztE;

Z3] % e Uk AdE 100 ¢ 0.01~1.52%% &
T 0.35+0.38% 2 YERY, o] thZTQ vFF71(0.24%) =
o E=kon, fFolgh atel= flATHp>0.05). Z=3]&o]| 7HE
e H2 WE(1.50%)°1 L, tHFE(0.70%), 3713(0.65%),
TY3(0.57%), HUHEE0.47%), SNVHEE(0.36%), 3o
2] Wl X1 3(0.26%), B HFE(0.25%), 3 UH-E(0.24%) 52
TR wpE7lE R ETh Eg 23 E e fAE
(0.01%)°] 7P F¥skan, FallES 23ste] w2 E(0.09%),
ol7IA0}H(0.06%) S PHF7IE R Z3]H o] B

=2 =tk Kim BN 5(1994)0] 7% F Aol Ade 3
3He] %38 kS 026% % B3k AnpEct =9k} ®
g+ Chung WC 5(1984)¢] =iuj4t ol7prjote] 23| shaF
°] 0.02%= & WHH, W 0.57%, FAE 0.10%, WY
0.12%, E71&%E 0.08%= Vel HE Fo] 3)igde &=
o] F5ol wet ztol7} AR Bt 71E A9} fAMS
78S BT Jung ME 5(2011)2] B9} Zo] & A|5%
o] 3| o] Aolx Lo FHU oy FFzH Sol
upel theket Jfo] e Aoz Ay7iErh

SUAE E 100 g 2 FHEE2 0.10~0.95%= HE
0.34+0.21%= t&2Ql vhr7hE(0.23%)Het w3to, 1
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z2to] 7F folsiA] = skt el geke Uik E1tell
A E 5 2 Aozt 7P frefet Ao L}E}kkttﬂ(ﬁ
3118.36, p=0.000), =t Jtefo] 71 £ &S WEE
(0.95%)°1 31, WHE(0.61%), BHIUT-E(0.54%), 24T E
(0.43 %), TIEE(0.36%), HUHF%(0.34%), N7 A
7E(0.30%), F71E7 o o 2w X]E(0.28%), tHFE(0.27
%) Lo g Eolt) FohilA ke [132e] FHo] At
7R R T ol o] B2 nhybEe] vlE| mdeke] &
il h B2 A7l fElskl e o R Hlth
SHA, frAlEe] 2dhilde nhErHEER FE0.23%)01 0,
o}7FAloH(0.10%) A 7Hd @A FHrEATh Kim BN &
(1994)2 U4t HEo Zohild Sligo] EFEHLS 024~
0.34%, FEEE 0.11~0.16% oleta B1gk v} e, &
ATellA] iAo ghefo] 25 U & S HIlo
3] B Ago] AFAF v Ee 2hA gifo] dA3] =
Aoz =4 vk
Ae o] zA)vb sheke it 0.21+0. 18(0 oz~o.60)%o191
], el u}Tﬂ%(o 34%) et @& Aoz ZH =
, L Afole frofaiAl = it le W gl 7w
€L E‘n%ﬂr W E(0.02%)°1 2L, AJ178E(0.04%), &
7123} I UF-E(0.06%), F-30E10.10%), T1EE0.11%), Ht
FE(0.15%), HE(0.19%), NFE(0.26%)2] £ 2 ST
ol IRt HESo] £t nirrbE Y A ko]
vrol dke] Fgo] Ao 1A 1o felstA 28 A
2 HRlth &, AW o] 7MY =2 B dojeA]
#(0.57%)°10 L, WF1H-E(0.45%), oM 0FE(0.44%), &
29 E(0.36%) 5% PFF7HEEET B4 EE] SU 165
B T 4F0] nE7HERET 22 ko] Eqten, 1 ¢
o] & v o 22 o] v Zlow U
EPTE Jeong CJ 5(2003)2 SFaAstE 5 Uit =22
gl XM ghaFo] 86.41%°]8ka Hargk ul Qi)
AP gsls dE2 A 100 g 67.90~80.94%
olAEH, H 76.25+2.60% = hZTQ vF7HE(79.39%)
Hop 2 vepk o, {8 Atol= gt eerstE g
o] 7b4 A& Be WHH67.97%)°1 AL, BE(74.72%), 7
UE(74.73%), NFTH(75.30%), WEUFE(76.43%), B71E
(76.56%)°] = 2 werom nphr7Har ot ghrshE ghgo)
EL L o7 o} (80.65%) 1F 2 YERiT) ol& I
Ab o] mirrHR R BhpstE ghefo] Yol mpEghRd]
H|sto] A d ko] &R 2Folzta sHlth

fo Jm r

2. welgt A dHIER C ezt
7t Als Bo| fEld 2% S HPLCE 4% A%
+= Table 49} 2t} /2|32 fructose, glucose’} 2] ¥ &

#2l%, HE ¢ 3 R

= 871

“e

AE oM, sucrose, lactose, maltose= e A] Fe Ao
vebgth HEe] 144 2 A8 9IS F= =
4E A, 71522, B Sl whet thEu, dek o
fructose 22.1~41.3%, glucose”} 13.5~36.0% S Ao
LA A=d(Ozcan M et al 2006), ¥ A A}2] fructose
26.12~49.84%} glucose 19.38~36.12%% 71& Hi1o] M9
of 2g=]o] AaS &1E 4 ATk Kim ES & Rhee CO
(1996)= HEe] 7| o] A, = 59 Tl 71
ga e, AEEELS it 37.32+5.15% fructose2}
26.84+4.33% glucose S T3t o] mFF7FEQ] fructose
39.07%, glucose 31.16%¢°l H|al Z& WA vehston, 1
ztol 7t o) 3kA = &th IulE 5 fructose TEe] 7H
£ B2 oMo (48.53%) 01 AL, 7 e Ee Bl
T3(26.81%)°10 21, o}FtAlo, fAlE, wsubrES Al
9t 13F2] ¥ vhETFE(39. 07%)&5} o Ao e
St Glucose 3o 71 B2 Z2 HAA74E(35.87%)°1 A
a7 e Ewe H%(m 66%)°1 o, A&, F
=, A7ES A Qe 13 wPFIHE(G1.16%) R} $eko] v
2 Ao 2 Yelt) Kim HK $5(2010)2] H. 1A sucrose
A Bo] BIUTE(2.7%), ZEE2.0%), oFH o 2.0%) S
oA FEE o] B AA Ao|7} AT, o= AHE-s7tel
A EloAl AleE ARgRe] Al E 27 o
g = gltka AZHE Jeong CJ 5(2003) FEAAHE
Z At 2 ZE| 20 fEd 4 —fO] sucrose 152mg%, glu-
cose 114mg%, fructose 6mg% -5 oo Hargh v} ik
A 165 HEY T T TFFS 46.86~74.37%, BT
64.16+6.64% % WFFTHE(70.23%) e}t whe dhako|glom
zfol7b folsiAlE ¥UTh I Al5E F T ol 7t
T e Ee uMT%(n 68%), O} 0}(72.82%)°1 91 2L,
7 Ae e BuluEE47.221%)0]0 o, vupEE, o}
FhA o, DHE(70.96%)S A Qg 1359 Be npegtE
(70.23%)Er} @& Ao 2 Yepgth sE 1639 F 9 &
g = gl u- fel g Aol 7t A=l (p<0.001), vt
T8 139 glucose, OFFMAloFE2 1EEFe] fructosel]
E4e 7Ilske Aoz Azt
HEH Ce & 79 BE Ul Al5EH nhrrbEoA
HEE A el Zo] vghl co] B3 Rus A gle
™, RDA(2012)9] 2011 FF2EFAEEAA = & 100 g(F+
ek 14.3~24.2%)°l HIEFT C7} 2~4 mg E3HE o] 7| =
stal, EFHE, opproHs, W, AElEde EAl] &=
Aoz Huy vk
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Table 4. Contents of free sugars of Korean varieties of honey

Free sugar (g/100g)”

Sample honey

Fructose Glucose Total sugars
Korean honey

Acacia (o}7}A]obE)Y 48.53£1.86" 24.29+0.34° 72.82+42.20™
Acanthopanax (223 &) 32.38+1.77° 25.25+1.47% 57.63+3.25%
Buckwheat (W] 2 %) 38.63+0.83% 27.16+0.87% 65.78+0.04¢
Cactus (AQ174E) 31.10+0.03° 35.87+0.35 66.97+0.33%
Canola (+71%) 44.11+0.48° 22.72+0.08" 66.83£0.57"
Cherry (HU-7-%) 37.05+0.47°% 27.28+0.51% 64.33+0.04%
Chestnut (%% 37.50+1.58°* 19.66+0.40¢ 57.16+1.19°
Codonopsis (C19#) 36.67+1.43° 27.27+1.10% 63.93+2.53%
Hairyvetch (3o 2] 1] %] &) 35.3145.98%f 26.97+0.35% 62.28+6.33%"
Hedysarum (37]3%) 33.85£0.91° 27.00+0.15% 60.85+0.76%"
Hovenia (317]U53%) 38.6140.04% 28.76+0.86° 67.37+0.90%
Jujube (HF%) 37.48+1.87°% 25.2242.03% 62.69+3.90°*
Linden (3u5-%) 39.62+0.15% 34.07+0.13 73.68+0.28"
Mandarin ("2 7%) 39.29+0.03 31.67+1.30 70.96+1.27%

Snowbell (W] FU5-%) 40.23+1.26*

25.88+1.11% 66.11+2.37%¢

Sorbus (BHj ) 26.81+0.97¢ 20.42+0.46¢ 47.22+0.51¢
Mean+S.D 37.32+5.15™ 26.84+4.33™" 64.16+6.64™"
Range (26.12~49.84) (19.38~36.12) (46.86 ~74.37)

Manuca honey 39.07+2.40 31.16+0.86 70.23+1.54

F(p)® 0.750(NS) 1.381(NS) 1.650(NS)®

Y Korean name.
? MeantS.D. (n=4).

3 Means with different letters in the same column were significantly different at p<0.05 within Korean honey by Duncan’s multiple range test.

4 Significant by ANOVA test ™" p<0.001.
% Significant by t-test of Korean honey and Manuca honey.

9 NS: Not significantly different among Korean honey and Manuca honey.

7 Sucrose, lactose and maltose were not detected.

o] Bad thek Z71A L Ca, Mg, K, Na 5°] #=H]ch
(Table 5). = WAF &9 Z T2 HF 0.29+0.16 mg/100g
© 2 0.03~0.68 mg/100g] HMAA=T, »Fr7H=9] 0.22 mg/
100gHth 25 =kov, foldk Afol= flAThp>0.05). =
b #o] Zg e ol wEt wl$- 28t 2tol 7} gl
AEH (p<0.001), I UFZ(0.68) > F+31E(0.59) > §0.41)
> TY#(0.37), B71#(0.37) 52 £ 2 w3, BuuF
=, d5E, 2A49E, HuriEs 236ty 959 ol nhr

7H(0.22 mg/100g) 2.t} =4 YEFSATE Chung WC 5(1984)
2 T8 I 16.7~22.4%2] Tt HEo|A Ca TS 0.87
~12.34 mg/100go.= H st =, o]= & A3 Alg A
2o] S ko] 18.45~29.84%21 xlo|7} z+ Br1A o 3
55 Jo] UUS Ao R AlEHTh T3 Hase S &
(1978)2 A&AF HEd digh AFedlA] Cao] 0.13~4.28
mg/100g HM$Z2 FA4 Hug b i, 2 A7 2434E §
slo] F714 Ao 297 o] o] FRel wet 2ol 7t
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Table 5. Comparative analysis of the macrominerals of Korean varieties of honey

Macrominerals (mg/100g)

Sample honey Na/K
Ca Mg Na K
Korean honey

Acacia (o}7HA]oFE)) 0.03+0.00>" 0.05+0.00% 0.45+0.04% 0.310.02’ 1.47°
Acanthopanax (223 %) 0.22+0.01° 0.07+0.00% 0.62+0.03" 1.4240.08* 0.44°f
Buckwheat (W2 %) 0.1740.01" 0.06+0.00°" 0.33+0.02°" 0.61+£0.01' 0.55%
Cactus (AA74E) 0.22+0.01° 0.04:0.00° 0.28+0.01° 0.06:0.00% 448°
Canola (F3l%&) 0.59+0.01° 0.12+0.00® 0.72+0.00® 0.14+0.00 497°
Cherry (HU7-%#) 0.22+0.01° 0.09+0.01° 0.51+0.03% 0.98+0.07'® 0.52%
Chestnut (%) 0.41£0.04° 0.13+0.02° 0.79+0.18" 5.32+0.46° 0.15¢
Codonopsis (G5 &) 0.37+0.01¢ 0.11+0.00° 0.58+0.00°¢ 2.46+0.07° 0.24%
Hairyvetch (3] o] 2] W X] &) 0.21+0.02°® 0.070.00% 0.59+0.02°¢ 0.88+0.03¢" 0.67%
Hedysarum (37]%) 0.37+0.01¢ 0.11+0.00° 0.6120.00° 2.93+0.00° 0.21%
Hovenia (87|52 0.20+0.01%" 0.08+0.00% 0.59+0.02°¢ 1.07+0.03% 0.55%
Jujube (%) 0.24+0.00° 0.080.02% 0.48+0.13% 1.6620.05¢ 0.29"
Linden (3JU-5-%) 0.68+0.00° 0.13+0.00" 0.84+0.01° 1.38+0.02° 0.61*
Mandarin ("2 7H%) 0.18+0.01%" 0.04:0.00¢ 0.23+0.03" 4D -
Snowbell (W] FUF&) 0.21+0.03°® 0.06+0.00°" 0.50+0.08° 0.66+0.02" 0.76"
Sorbus (BuLHF-&) 0.37+0.01¢ 0.090.00° 0.79+0.10° 1.174£0.03% 0.67*

Mean+S.D 0.29+0.16™ 0.08+0.03"" 0.56+£0.18™ 1.32+1.33" 1.11£1.48™
Range (0.03~0.68) (0.04~0.15) (0.21~0.91) (0~5.65) (0.0~5.02)
Manuca 0.22+0.02 0.06+0.00 0.56+0.03 1.19+0.04 0.47+0.01
Fp)® 2.890(NS)® 5.228(0.029) 2.080(NS) 1.691(NS) 1.734(NS)

" Korean name.

2 MeantS.D. (n=4).

% Means with different letters in the same column were significantly different at p<0.05 within Korean honey by Duncan’s multiple range test.
9 Significant by ANOVA test ™" p<0.001.

% Significant by t-test of Korean honey and Manuca honey.

9 NS: Not significantly different among Korean honey and Manuca honey.

7 Not detected.

th= Rashed MN & Soltan ME(2004) 2 Jung ME &
(011)e] A=7E gAed 4 Sk

vk g U4 Eoll A T 0.08+0.03 mg/100g(0.04~
0.15 mg/100g)°|A=Hl, PFF71E2] 0.06 mg/100gXt} -2
A=A et (p<0.05). A 16F 2 2ke] Mg &
2 - Rl o]zt AAE(p<0.001), ¥HE(0.13) > I
UEE(0.13) > F31540.12) > HEE(0.11)9] co & =3ko
o, W2HE0.37)2F AQE(0.42)0] WA UehgTh W7,
A1, oMok, MEE 452 Alstae Juiit Fol

v R Mg o] A UERTh B Ao sk
o] Mg &2 Chung WC 5(1984)2] 0.41~17.82 mg/100
g, Hase S 5(1978)2] 0.08~2.70 mg/100ge] H.a1ol H]af
< s BT

UJEFS 7 0.56+0.18 mg/100g(B$] 0.21~0.91 mg/100
@)L & mE7H29] 0.56 mg/100g2 Bl S8l Yebith =)
AHE T UEF @] 7MY 22 AL JUFER 0.84 my
100go] 1 3L, ¥HE(0.79) > BuuH7E(0.79)2] ol Na
Shao] vre #o W7 0.23) < AlQ17E(0.28) < WY
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(0.33) < °o}7}eA1E(0.45) < HIFE(0.48) T 7%°] wHF7tE
o} v yebstth @Ee] YEF 32 Shallenberger RS
F(1975)°] 13572 HEoA 0.8~5.8 mg/100gC2 5%
B3 vh gl B Aoxs 2R v WA A5
At

HEo] ZHE-S Hase S 5(1978)°] 1.33~3.85 mg/100g(0.04
~0.15 mg/100g) 2.2 K33t v} gl=t), & AFolre P
1.32+1.33 mg/100g(0~5.65 mg/100g) -2 vF+7}2(1.19 mg/
100g)# frAFSFATE uist o] ERER 25 T v
S frol gk zpo]7h 9ol (p<0.001), WELS 532 mg/100gS &
frote] Z4F el 7MY B Zo® YEida, O vggo
2E 37]3(2.93) > YUY E(2.46) > HFE(1.66) > L4 E
(1.42) > I TE3(1.38)9] <o & nplr7lE ) ko] =9t
th UEE gl vls] KAwe] A e HES Aol
A o &322 Na HlE2Hgo2 18t dio] mgo] 9
Aoz BHeltt mu B Aol optAlolE, faiEat
ARNAGEe] ZF ol BA JEhgon, WitEdA = &
Fol AEHA ekdrh =g ] Aol A de] dEslE o]
FEE L e oMot WHEET K ko] waker),
°]= Jung ME 5(2011)2] A7Zzlel Ldx)3kth Chung
WC 5(1984) & Jung ME $(2011)& &2 7|4 A& &
g2 Aol 7t AA sk, 53] #7145 Kok Nad| ghe] 7}
Ee AR AT Husidied, & A7 A%E ok
=

A 165 AES] NaK HlE 0~5.029 HA=
L11Z Ve, vpe71e] 04750 F2l8kR] = 20X
2 Aoz Yepyth sulat HEe] NaK H&2 29
2} o] 7t F9) 3k =l (p<0.001), Na/K H]&©| 7} v
2 Kol 7P =9k WHH0.15)0] 3, 11 thEe R
7130.21) < TE(0.24) < thFE(0.29) < 2243 F(0.44)<]
To 2 wpRF7HH0.47)0l Blal A e, NaK o el A]
Y $5eEE & F AATE FAEE.96) T A (4.49)2
NaK H|&°] 163 & 5 7P 37 velyith £ Z3= Chang
HG 5(1987)9] WH(0.042) % o}7FA[o}H2(0.198)Erh %2
Ho R, ol AE LR ESF T s aR1e] Apold] 7]
Aek Aoz AAdrt HEe] Fr|d RS B85 Yibshe
o] FHol 9g Ao] opd FH o] H& Fo] st
© B A 9fdl] @S weths B3t 9lth(Rashed
MN & Soltan ME 2004).

7t Alg EelA AEE v 7714 g Z 3= Table
6 % Table 73 #©°] Fe, Zn, Cu, Mn, Se, Mo 5 11577} &
=5t e H 25.40+10.39(7.3~48.2) pg/100g°] A=
tl, PFE7HES] 16.50 pg/100g0] B8] A vERsko) o
gk 2tol= Itk SUliA A 2ke] A e uig- felgh

O
et &

B

&
ul

QA - A%

B

& KMo} ferkin

[}

2te] 7} A= (p<0.001), 22T E(46.05) > 'HE(36.50)
> U7HE(34.80) > AQ13E(33.30) > UFE(31.90)9] &
o= =gk3 go] 2] H| X 2(8.00) MU F(15.85)2] 235wtk
7R B Ao 2 YERTE Hase S 5(1978) %
o] A 3k 80~1,350 pg/100g & B33k vl gt 2 o
TAT= o] B} BHA| UERTh Sulak AJEe] ofdd ke
1 66.82+88.27(4.1~385.8) ng/100g 22 w}F7He] 26.65
ug/100gell Hal =A1 Yelsdth(p>0.05). miAt A& 7He] of
A ke v frol gk 2hol7t AA=T(p<0.001), 7HE =2
B o ul X E(317.80)2 LFERE L, wlEUEE(149.85)
> o}7}Alo}4(148.20) > WHE(140.55) > th5E(133.25)9] <
© & =9k} Hase S 5(1978)0] H.agh 2o] ofdAdteko] 20
~660 pg/100gdel vlal i Aye e S Bk <
AW He] 59 o]l v FET Hi 8.25+47.32(0~
21.9) pg/100g= YR, whRF7HE9] 3.45 pg/100gE T -] 8t
A=A GEFETHp<0.05). UlAF & 2he] el 1o
gk Zo]7F AR (p<0.001), A Q17E(20.95)°] 7 =2
om, UZE(19.60) > FAE(18.35) > o] 2] H]| x| (15.65)
5o £o 2 Ve, urE, vdEs Xt 5T
T AEHA @gen, TV AEE B BF npEat
FRU} ghefo] odth ¥ A= Hase S 5(1978)0] =743t
0~100 pg/100g FHT}F Fe ZAakS Hth

ke U AE Boll A Ht 6.15+6.30(0~32.6) pg/100g ©]

U], Rzl = HEo] HA sk TuliAk #3te]
YRS ok Aozt AAEH (p<0.01), 7 E=SE
o

T2 WHE(23.75)°10 a1, MEE(10.85) > F-A1E(8.90) >L 7t
(8.85) 9 wollem, i, HurE, o49E, s
Yo AEEA gtk Adls2 it Bollae 3
Tt 9.11£12.72(0~29.1) pg/100g -2, PFF7HE2] 29.0 ng/100g
Ho}d FofsiA @A Helsth(p<0.05). dalE ol &

2 Q. 79]3(29.00) > th5-%(28.70) > HU}F-2(28.65), 3
NHT2(28.65)2] o2 VEhtom, IR B gE|A]
B HEEA L3 g we B4 A 3d 5= gle, o
ek o] 2 AFS zka glo] B AT ICP Wl A A%
71a F e Aol glom, AyEe 535 El wet
skako] zfol7F 2 Fr1® 2 BaE il vk (Korean Nutrition
Society KNS 2010). =2]Hul-2 4t ol A Hat 4.2842.32
(0~6.3) ng/100go- 2, wHF7HEe] 1.70 pg/100gHth 2]t
A=A GRSt p<0.05). 218l gefo] 71 w2 B
glojelul X = (6.20)01M o™, A&, Wik, AdgEedA
= AEHA FUrh

U4t o] AF(Cr) TFe H 7.51£12.19(0~27.4) pg/
100g0- & mFE7HE2] 27.30 pg/100gell Hlal felatA SHA
el tHp<0.01). Z52 o439, WuyiE, s/iusE,

.

o
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Table 6. Comparative analysis of the microminerals of Korean varieties of honey
Trace minerals (nug/100g)
Sample honey
Fe Zn Cu Mn Se Mo
Korean honey
Acacia (°}7HA] o} 22.55+0.50%%f 148.20£19.66°  11.85+1.77¢ 1.10+0.14% 1.70£2.40°  5.55+0.35
Acanthopanax (9. Z-9]%) 46.50+2.40° 23.90+4.67° 8.35+0.78° - 29.00+0.14°  1.55+0.07°
Buckwheat (W) 36.50£0.99™ 8.5540.21° £ 10.85+0.07° - 5.50+0.14°
Cactus (A7) 33.3041.13%¢ 4.1540.07° 20.95+1.34* 8.80:£0.00° - A
Canola (+713%) 16.80+8.63%" 12.10:£0.00° 18.35+0.07° 8.90:0.00° - -
Cherry (HU-7-%) 15.85+0.21° 15.15+1.06° 6.350.78° - 28.65£021°  5.60+0.28"
Chestnut (&) 23.95+10.39™%T  140.55+16.19° 7.3040.14°  23.75+£12.52°  14.30420.22°  5.55+0.35°
Codonopsis (515 &) 24.7042.12%% 9.85+0.64° £ 5.80+0.14™ - 5.50::0.00°
Hairyvetch (3] o] 2] Wl X] &) 8.00£0.99" 317.80£96.17*  15.65+3.32° 4.60+0.14™ 8.50+0.71*  6.20+0.14°
Hedysarum (37]%) 21.80+0.00%¢" 8.65+1.20° g 5.90:£0.00™ - 5.45+0.07°
Hovenia (BI7NV5-5) 21.95+7.71%%f 29.10:+0.42° 6.50+£0.14°" - 28.65+0.21°  5.50+0.00°
Jujube (%) 19.50+2.12%f 133.25+4.45° 5.90:£0.00" - 28.70+0.00°  5.50+0.14°
Linden (3JU-5-%) 31.90+9 .48 21.05+0.07¢ - 5.50+0.00* - 5.50+0.00°
Mandarin ("2 7H%) 34.80+1.27%¢ 26.90+32.10°  19.60+£0.00°  8.85+0.07° -
Snowbell (W &UH-3) 22.50+19.45%%0  149.85+17.04°  11.25+0.64¢ 6.70£0.42"  6.20+1.27*  5.55+0.07°
Sorbus (B8 25.80+1.84%% 20.10+7.92° £ 7.60+0.14% - 5.50+0.00°
Mean+S.D. 25.40+10.39" 66.82+88.27"" 825732 6.15+6.30"  9.11+12.72""  4.28+2.32™
Range (7.3~48.2) (4.1~385.8) (0.0~21.9)  (0.0~32.6)  (0.0~29.1)  (0.0~6.3)
Manuca 16.50+1.98 26.65+3.61 3.45+0.07 0.00£0.00  29.00:£0.00 1.70£0.14
F(p) 2.85(NS) 3.090(NS) 4.452(0.043)  1.407(NS)  6.603(0.015)  4.532(0.041)

Y Korean name.
? MeantS.D. (n=4).

% Means with different letters in the same column were significantly different at p<0.05 within Korean honey by Duncan’s multiple range test.

ok

9 Significant by ANOVA test ™ p<0.01, ™ p<0.001.
% Significant by r-test of Korean honey and Manuca honey.

9 NS: Not significantly different among Korean honey and Manuca honey.

7 Not detected.

5E, T 5 53R AEEAh FLECo)E Ht
11.82+13.03(0~27.3) pg/100g2 2 vwl7H22] 26.85 ug/100g
o vlal felsiAl SA VERSTHp<0.001). Cox S/NFZ
(27.25), WUF-E(27.00)0014 =4 HrElo] A, I
T 5 8T HEHRA Frh AN FUit Eo
ME HTF 2.50+2.89(0~6.2) pg/100ge & e, whET}
BollA = HAEHA LAk vhE (V)2 Sl EollA Fe
4.68+5.53(0~13.6) pg/100gC & wlFF7122] 2.35 ng/100gX
o} G| VEbdth B-4B)E T 120.18+90.75(32.4~390.2)

ug/100g .2 wHF7HE(175.35 pg/100g) Bt frolaiAl =4
WERATHp<0.01).

AT A BoM e gFe & 75 dTFE F= a
(Sl) 52 st 71Ee] F7] AR S| HEE AT Table

20| F(Al), H|4A(As), HHE(Ba), HE E(Be), 7F=H(Cd),
a%(Li), wH(Pb), QFE]RU(Sb), TFA(SD), 22EZE(Sr), EJE
H(T) & 11FTFE B389t w710l vl3| Ba, Be, Li,
Pb, Sr & 5% W& FHFS B, e WNEAEES vt

7l vlal A YEREET], Ba(p<0.05), Be(p<0.001), Cd

i
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Table 7. Comparative analysis of the microminerals of Korean varieties of honey

Trace minerals (pg/100g)

Sample honey

Cr Co Ni A B
Korean honey

Acacia (°}7}A] o} ) 24.95+0.07° 5.70+0.00° - 131.85+52.11%%

Acanthopanax (223 &) 26.60% 0.00* 26.70+£0.00™ - 2.35+0.07% 346.05+62.44°
Buckwheat (W) - - - 13.400.28" 111.75+ 7.00%%
Cactus (AA7E) - - - - 71.35+£10.54°%
Canola (+713%) - - - - 59.55+ 3.04%
Cherry (HU-7-%) 26.60% 0.00° 27.00£0.14* 5.60+0.00" 2.75+0.21° 103.05+13.93°¢
Chestnut (%) 13.70+£19.37° 26.05+1.63° 5.70:£0.00° 1.5042.12¢ 211.50+155.85°

Codonopsis (519 &) - - = 11.80+0.00° 35.70+ 4.67°
Hairyvetch (3] 2] 8l X] %) K 5.15+0.07° 6.10+0.14° - 180.25+13.79™

Hedysarum (27]%) - = = 12.35+0.07% 34.15+ 0.21°
Hovenia (B71VF-%) 26.60+ 0.00° 27.25+0.07° 5.60:£0.00" 2.85+0.07° 176.45+25.95>¢

Jujube (N5=%) 26.60+ 0.00° 26.85+0.07% 5.55+0.07¢ 2.55+0.07% 5120+ 6.36°

Linden (3U5-%) - - R 12.75+0.07% 51.40+ 4.81°

Mandarin (2 7+%) S - - 37.95+ 2.47°
Snowbell (W] FUH5-32) e 25.15£0.21° 5.800.00° R 181.00£88.39"
Sorbus (BHUF-E) - - - 12.60+0.00% 139.6012.30
Mean+S.D. 7.51+12.19™ 11.82+13.03" 2.50+2.89™" 4.68+5.53"" 120.18+90.75™

Range (0~27.4) (0~27.3) (0~6.2) (0~13.6) (32.4~390.2)

Manuca 27.30+ 0.14 26.85+ 0.07 - 2.35+0.07 175.35+15.77

F(p) 7.800(0.009) 67.698(0.000) 106.824(0.000) 8.525(0.006) 1.890(NS)

" Korean name.

? Mean£S.D. (n=4).

% Means with different letters in the same column were significantly different at p<0.05 within Korean honey by Duncan’s multiple range test.
9 Significant by ANOVA test ™" p<0.001.

% Significant by t-test of Korean honey and Manuca honey.

9 NS: Not significantly different among Korean honey and Manuca honey.

7 Not detected.

(p<0.05) Li(p<0.001)), Sb(p<0.05)= =4t &3} wiesbe x| QS 7 HE AEag e fa 379 891
Zre] o)zt frolslsitt. 53] dRe S AEold e BNl T34 gk HAs Wt uig 7= das)

X
Aol A3E F55<] Po(WHO 7I5E 81-€-4]: 10 ppm =, 1,000  thar 314

pg/100g ©]3}h), As(WHO 715 81-8-3]: 1 ppm =, 100 pg/100 ool A¥gE Fulat 16 AE HEe 1%
g ©|3}), CA(WHO 715& 3]-834]: 0.3 ppm =, 30 pg/100g ©13h) 2.2 Aol F a3 A AEE

S% AZ&59 £, Rashed MN & Soltan ME(2004)2] A 3, &) AlA|Z o= de] A&}y
A HE ol FHFFe vFol s, Y wpe} Hol7t  EEU 3, X Rk WA|NE ek 22,
7] W&ol R ofnrt A4 g e Husty 51 Fo T8 Y i

= al

ek v B AFARE 2w, fefvbetelA] LA
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Table 8. Comparative analysis of the trace elements of Korean varieties of honey
Other minerals (ng/100g)
Sample honey
Al As Ba Be Cd Li Pb Sb Si Sr Ti
Korean honey
Acacia (°}7}A]o}E) 15407 D 385 1175° 580 990" 2495  10.70° 342.00® 1.85 19.45™%
Acanthopanax (223 &) 19407 915  1.65% £ 4.10° 1554 030  2120° 420.60™ 2.55° 15.90%
Buckwheat (M) 11.45¢ > 055 010" 1.70° 0.80% E L60* 005 060" 19.70™
Cactus (AQ134%) 19.25% b 6.10° ¢ 0.06° 1.15% - - 3150 0.50°  20.10°*
Canola (F-1%) 14.55¢" > 450" £ - 090 ¢ S 40485 320°  17.30°°
Cherry (R 2250 0.15°  330°  11.65* 395 9.80°  120° 2090 562.75°  2.05% 2245
Chestnut (£H%) 18.80°%F . 455* 11707 4.85° 995 040 615 542.75™ 295 2265
Codonopsis (T15%) 13.00¢" > £ £ 1.70° 0.70° - 1.30% 30890°  2.00% 18850
Hairyvetch (Fo121¥1XE) 3340° 005"  330° 11.90° 580" 1125 E 750° 36515  2.50° 21.65%
Hedysarum (371%) 15.20% > A £ 1.70° 0.70° - 1.65% 32460  225% 15.70°
Hovenia (SI71U73) 25.05° > 1950 11.65*  4.00° 9.80° 050 2075 612.05°  1.85° 20.60™
Jujube (hEE) 16.00%% . 1.90°  11.60°  4.00° 970  1.80°  21.15° 472.95™ 1.90% 22.70°
Linden (F|U5E) 7.65' > E 010"  1.70° 0.90 E 2100 433.05%  3.85% 17.00%°
Mandarin (27+%) 15.75%%  0.10° 430" £ 0.05° 1.65° E - 27.50° 0650 2245
Snowbell (W) 1640%t . 470°  11.80° 585  10.05° . 11.05° 35750 1.85° 22.10°
Sorbus (EHIUF-) 16.00%%  .° S 010" 1.70° 14594 4 2107 440.65%  1.75°  18.05™%
MeantS.D 1749+ 059+ 254+ 515+ 294+ 502+ 1.8+ 250+ 35293+ 202+ 19.79+
o 593" 2257 204™ 589 2087 4557 6097 289 196897 0917 2697
Ranoe (15~ (0~ (0~ (0~ 0~ (06~ (0~ 0~ O~ (05~ (157~
g 345)  93) 6.2) 119 59 11.7)  25.0) 62)  7189)  39)  250)
Man 2195+ 635+  1.00+ 400+ 050+ 2170 44870+ 130+  23.55+
e 276 064 028 000 000 000 042 014 318
) 0665 0193 5465 117307 9.029 65297 0573 6821 2875 178  0.025
(NS)  (NS)  (0.026) (0.000) (0.005) (0.000) (NS) (014 (NS) (NS) (NS)

Y Korean name.
2 MeantS.D. (n=4).

3 Means with different letters in the same column were significantly different at p<0.05 within Korean honey by Duncan’s multiple range test.

9 Significant by ANOVA test =~ p<0.01,

EEe

p<0.001.

% Significant by r-test of Korean honey and Manuca honey.
® NS: Not significantly different among Korean honey and Manuca honey.

7 Not detected.
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