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Metabolomic Analysis to Characterize Regional Differences
in Korean Acacia Honey (Robinia pseudoacacia)

Su Won Park, Hyo Young Kim, Soon Ok Woo, Hong Min Choi, Sung Kuk Kim,
Seon Mi Kim, Samgyul Lee, Mun Seon Lee, Yun Gon Son and Pu Reum Im*

Department of Agricultural Biology, National Institute of Agriculture Science, Rural Development Administration,
Wanju 55365, Republic of Korea

M To investigate the metabolite composition of domestic acacia honey in Korea, samples
were collected from 14 different regions and analyzed using ultra performance liquid
chromatography-quadrupole time of flight mass spectrometry (UPLC-Q-TOF MS). Multivariate
statistical analysis revealed significant regional differences in metabolite profiles, particularly
between the Gyeongsang/Jeolla and Gyeonggi/Gangwon regions. Box plot analysis
demonstrated high accuracy and precision, enabling clear differentiation of samples based on
origin. A heatmap visualization of metabolite correlations showed generally lower metabolite
abundance in Gyeongsang/Jeolla regions, while Gyeonggi/Gangwon regions exhibited higher
metabolite abundance. Overall, this study identified key metabolites characteristic of each
region and provides fundamental data applicable to metabolomic discrimination of acacia honey.
Further studies are needed to develop a reliable origin authentication method for distinguishing
domestic and imported acacia honey based on metabolomic markers.

LWL Robinia pseudoacacia L., UPLC-Q-TOF MS, PLS-DA, Metabolites

N B (Kang et al., 2017). 53| oA UYR= -5E2H2] 96% 7t

AT BAAERA 7P w2 ASE & glow, oprt

M AW (Robinia pseudoacacia L.)= 1|71 & AR o2 Ao EE S/ et TR =2 3

A2 Yol 2k A -gAdo] Holu A AAH S 9 2HEE 7HAA Qo 2018). =t U] =2 WEAE

2 RBEET Qe FFoItH(Kim et al., 2022). T 24 Qi AZF g Eo] & oA URE F T it A

@Il 55H e AR ASsh= 994 719] Wg} opZIAIUR R o] 4, el WA T o= <

== AR A3 o FEHE 7 jlo] oAU Sl AEL-Foll B2 ofgfFol ARolE Bkl o

(Robinia pseudoacacia), 7N (Hovenia dulcis), T+ 5| Fa-s7tlA 7P =2 S8 Wl Qo (Kang et al.,
E (Castanea crenata)s 7V ASst= Z1 02 LERGTH 2017).
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U AE A oF 709 F= oA LR o] &3}
1 =Yl (Choi et al., 2021), 1 )= OF7PA L2l R.

pseudoacacia= "5 £ B AL A 4~6 T89S
7121 Qlom ol & AiHE 97t T £E 38
o]7] W&otk (Gismondi ez al., 2018). $-2| 2o A F=2
YAE = FE AERE HEY 294, 2 Ee A 5t
, B35 50| 2101 (Han, 2015), ©] & HEEo| HA| A
stel 22889 5 53.7%%1 1,2289] Y& A5kl Qlth(o]
5.,2019). BE2 HAXEF O 2 A9 7547} HE0], 1
itz o] e, A 492 whgote dEAQ 2|9
AR 7HEETh

6}11‘3* FeuEtol A oAU 9] Rk he oF

0¥ ALol™ (Jung et al., 2017), | |47 % HE=E
Ql oH 7Y F8 FYUQ] HE Aikgol 545 A
51 A5 UTHKIm ef al., 2018; Oh er al., 2025). 715
ot F 2=, A, 5 50 802 Y FEel A4
2l Fop et E o] AHlol e A7 A
FFe mHoR 1 = A4 9 ohE ol 5 ZREEQl
5 5ol B14S 71RIH(Kim er al., 2021). 2018 ]l
Y2t o7 E HAE ABiteo]l A tiH] 51.9% A4
£A5L 20173 2,692 A
3% FAotqiTt. o] 2 QIsf
st E A5 PES 919 F7F diAS a4t
ocq 0]:5'_/&]—04_/] ]z,;'_ —lc‘)_] 1—7\1_9_ HOHA-]__ A]Qk] 9\,\
A A" 5T e glo]HE 7|hte 2 g a1gE
Zzfo] " astrh(e] F,2019).
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A= 22 AR 2E AR 24 Als W 222t
=49 719, A olg, 4 B4 55 THE 5 e
Rt o s =R Itk (Wang et al., 2019). DEF
Ao g 7ol 2|9g AEohs 7|9 Wil T2 E9
T2 A, YA HE A ShE AdEY B
A 59 7hto 2 statt, a1t o]#st WSS T
7157301 B4 ApHst @ AE RhorA] EohH, 11719
=4 a7t dash vt ol EEdls I d E4
Q1 ojh, A uk Ik 9F F1] 2ok o]kety B4l 4
=, o eheskE HiEl, 2714 5 g 2do)
3 & EetRlco|=

E]’ﬂﬂ'(Pauhuc et al., 2021;
Hamadou er al., 2022). THAHA] B41-8 o] 2| gt 4 22} Ajg]
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2y 24S aTHo R g S gl e R T
4 S0 B4 IR of e 2o EAJS A 4
o= &8 7HeAo] & Aoz Wk E9t tiAt
A B F2 AR HA A=ntE T o)A 24
H(LC-MS)Z H4g v EE A Yol A thafet A& A
&5 BT 4 ke o] QATH(Chen et al., 2010).
= A op7pAE Ak 9 Fhof BlE A=
A= ar Lok, Aejegdut o] gle A <ol
A1) 219 Zpolof thgt A= &g Aol E}E’r

Al 2 Aol A= LoMsS 718F AR 2418 5ol =
47H 2| & 0] oZFAIE A kol & H] L 24
W A (ER, 5, g5 & 543 gt 71xts

= Zﬂ#O}J—X} gt

3, 147H 11‘21 W 2024V % =
Ui %7P0ﬂ*1 ZH%oP‘Z‘iE}. oA ES FESH=H A
St 8ufl= o HoLAE| O] E (ethyl acetate, EA)St WS
(methanol)©]™, SK chemicals (Seongnam, Korea)oll A
Yottt op7kA T 3 A= Ultra performance
liquid chromatography-quadrupole time of flight mass
spectrometry (UPLC-Q-TOF MS, Xevo™ G2-S, Waters,
Milford, MA, USA)& ©]-85te] E45}9tt. UPLC-Q-
TOF MS©ll A& 17181 % 2o+ Fisher Brand
(Pittsburgh, PA, USA)OIA G5t trifluoroacetic acid
(Sigma-Aldrich, St. Louis, MO, USA)E 02%7} 5 ==
d7rske] AHgskidt.

2. OpIRAIE FHX{2| 2t

A2 oAl SE RS vl A5 9
3 = 0.1 goll 32k F7< 500 uLE 715+ water bath®]
70°COl 527t WA A FAststalet. & 24 F=
-2 Moon et al. (2024)= #1510 ethyl acetate 500 puL
£ H7Fste] 221} 7]7] (Branson 8510, Emerson Electric
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Table 1. Instrumental conditions for liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) used for the analysis of do-
mestic acacia honey

MS/MS Parameters Conditions

Instrument UPLC-Q-TOF MS
ACQUITY UPLC BEH C18
(2.1 mm X 100 mm, 1.7 um; Waters)

Column temperature ~ 40°C

Column type

Flow rate 0.35 mL/min
. (A) 0.1% formic acid in water
Mobile ph:
obtie phase (B) 0.1% formic acid in acetonitrile (ACN)
Injection volume 1uL

Ionization mode Electrospray ionization positive mode

Capillary voltage 3kV

Cone voltage 30kV
Desolvation 400°C
temperature

Desolvation gas flow 800 L/h
Source temperature ~ 100°C

Co., Ltd., St. Louis, MO, USA)E ©]-8-514] 607+ &5}
ot =31t A2 & YAE7] (Hanil Science, Gimpo,
Korea)S ©]-25F% 14,000 rpmol A 1027F YAEE] &
AAETN FS5AE 2ot 45N 300 uLE F4=st
o water bath®] 90°CZ WHS-A]# 2Hd35] SEAHT o]
T 100% TS 100 uLE 7F5to] vortexing & YA
2] (14,000 rpm, 10 min)ote] HAET FS5H-S Ee|st
At ol F 34t A A2 vialS Wlo] UPLC-Q-TOF
Msoll FYste] EA6H

=

3. UPLC-Q-TOF MS &M

o7HA &S] HAFEE H|ZE 913t UPLC-Q-TOF MS
(Xevo™ G2-S, Waters) 7]17] 4272 Table 1] A
A5kt 24 A--S ACQUITY UPLC BEH C18 (2.1
mm X 100 mm, 1.7 um; Waters)= AH85t T o] A
£ A (0.1% formic acid in water)2} 29 B (0.1% formic
acid in acetonitrile)]™, 24 ZAH 9 42 0.35mL/
min, AH2E+= 40°CATH =Y 1 uLelal, Ao
Al EFste] U2 B2 Q-TOF MS-positive electrospray
ionization (ESI) modeZ 2435} Tth Q-TOF MS data
= 50~1,500 m/z2] scan range, 0.2 5] scan time, 3 kV2]
capillary voltage, 30 V2] sampling cone voltage, 800 L/h
9] desolvation 3=, 400°C2] desolvation 2%, 100°C2]

source 2= 7oA BA5IAT 7|72 B4 E Akt
=9 dgF 54 9] 22 H7] 2161 lock mass=

leucine-enkephalin [(M +H) = 556277112 A& 30
uL/min®] F50 =% 102 F7]t F45H3Ath MS/MS
spectrai= collision energy ramp (10 to 40eV), 50~1,500
m/z X754 Gt HEE AHEA L UNIFI
version 1.9.2.045 (Waters)= AF8-5FtF. UPLC-Q-TOF
MSe}t LC/MSE AHgote] -2 Hlo]E+= ChemSpider
database®} Meltlin database (meltlin.scripps.edu), human
metabolome databases (www.hmdb.ca), EZmass database,

authentic standards & A}-&-5+] 54 5T}

4, SAHEN

SIMCA-P+ version 18.0.1 (Umetrics, Umeda, Sweden)
2 Aot BAIH SR EA451%ItE £9] Partial least
squares-discriminant analysis (PLS-DA)= 245+ A31E
Aztstsl7] lsto] ALEEIRO B, RIX, RYY, Q. p-value,
permutation test, MS fragmentsE ©]-85t W2} AS5H
o 58 2459 44 & HIWE Box plotS AH§
st A1Zbestaitt. TS Pearson 4 H AT =R AZEY]
o5 AHg-5to] Al4FeESl 0 heatmape AHE-SH] A1kt
Sttt 2 W] FAA -91/92 SPSS 27.0 (SPSS Inc.,
Chicago, IL, USA)= o|-&5t] & BAiF B4 (one-way
analysis of variance, ANOVA)= =32t ¥ Duncan’s test
(p<0.05E T3l Fo4& ASsHt.

2t

Zat

1. LC/MS chromatograms 0|2% ILH AHH
ORMtA|Z S| THE 2A

Fig. 12 14F o7HA & AEH HA=2S Lo/
MSE o|-g5te] Hlugt Ayttt F 28F2] thAk=d
T, U 22 97HA] 7ol 8 2= ST
(Table 2); 2-Amino-2-[(octyloxy)methyl]-1,3-propanediol,
tetradecaphytosphingosine, C16 phytosphingosine, sph-
inganine, C20 phytosphingosine, stearmide, dihydroxye-
thylstearamineoxide / PEG-3 palmitamine, cetyl-stearyl-
amine, N-[2-(1-Cyclohexen-1-yl)ethyl]tetradecanamide. ©}
THAES] FEE oFeHd B4 ga =4 729 H=
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Fig. 1. Representative liquid chromatography-mass spectrometry (LC-MS) chromatograms of acacia honey from regions in Korea. The
x-axis indicates retention time (min), and the y-axis shows normalized intensity. Each number corresponds to a specific region as follows;
(1~3) Gumi, (4~6) Gimje, (7~9) Gimcheon, (10~12) Sangju, (13~15) Andong, (16~18) Yeoncheon, (19~20) Yecheon, (21~23) Icheon, (24)
Changnyeong, (25~27) Cheorwon, (28~30) Paju, (31~32) Haman, (33~35) Hwaseong, (36) Hwasun.

7 (-OH) T2, ol Afetlgre a7ste] o] G4
o 522 JEAITh BG R Ayaelne A,
At ofnto] = G At 3502 WA et o] o]
= Tk AR o] EAeks 2 AT 4 glo

2, m2Eelx SoH £5] A2HE EelvE 29 o

phytosphingosine% A, 7 2ok FEolE A 9
o] Ak Ei”a}oﬂ o|¢} A tiAEdEo] th

= % 220U {F SolA s FaE= Zﬂ:%%*—’?
T}, Sphingosine©| 1} phytosphingosine® |5
Fz01 Ml2ato] E (ceramide)= TH 1]11—4 }
AZERE 745t 715 40 7o) efsh slow

= O
N
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UPLC-Q-TOF MSE ©]-&35}o]

ARYEL v BAsgor]
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R o E

2 Az —E

A7 AFEHETHKwon et al., 2005; Lee er al., 2012;

 Hsle zdein 1)
el 7154 51

Jiz
=1
4

g ohtA I Z ]

oPHAIZ Sl o

AP 70 2ol Th

ol-g-sto] A|ZFe}stitt (Fig. 2). PLS-DA
7V 155 (737817, 78717 9) 9l quality
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Fig. 1. Continued.

parametersE A9t AT} (Fig. 2A4), LE A 25
o] A (1 (18.6%)T 2 (9.02%) S 7|FC 2 AXA
2t R ot ol Jog Aot RESHla, 7
717PLe e %%Oﬂ s P/dohH Rash= AS
53]l PLS-DA scores scatter plot &
} ekt 747]/7,:}%0] gt 25 227t
ekelg &= Qltt. I2]1 fit qualityE H 5= R?
el R’X =0.276, R*Y =0.531°] 11, prediction quality S
P 2 Q*=0.389=2 UEHTE It o= R?
ol wf OVJZM Atz FehEh R2X 3ol
S ‘*71] e oW, RPY 482 0.5 Ol*o*gi AR
st

I5°] rojde &eld 4= et E35F p-value <0.05

SO 2 PLS-DA RHEo] TF 710 BAIAQI Fol/do] &

< Zelotelnh. wAES-E fIoh AAIRE Permutation test
H}(Fig. 2B),

o

o

A B R gt Q2 glol A9 A
Ml o el AR RESe] gt of, mde]
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BA5S PAT 23 5 3050 BA5C] ARG WANE 0 AR ololol= fEAlolt. T A
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pat MEe AE S0 AoA W vlmstel Aeld 944 4919 e
T} (Table 3). Exact mass 42 MS fragment &S 7]F =9 A &2 ofo] HH 2444 g 2lvt A
o BAES =451 Zre Bako] 1A b A gof e AHA o] 91z o} } st
o2 BHES F4o=1l, Exact mass B 2leFo] SHA A} S 2 go] 2 Jo] 9J=x2] etobr 112} S}

H7} &2 JEi] M+H #°]l, MS fragment= 2 &4
S0 ZNAHA U2 9 ZZFEo]tt. Variable important
in the projection (VIP) < =i @ 7HO] jolof I
ofste 2 2HES Flot=d 8T Ax=
=t VIP>0.7, p-value <0.05°] 333st= tAMEZ
2 57}A| 2, tetradecaphytosphingosine [ +HCOO], C 20
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Table 2. 9 compounds commonly detected among 28 constituents in acacia honeys from different regions of Korea

No. Compounds Retention time (RT)
1 2-Amino-2-[(octyloxy)methyl]-1,3-propanediol 3.06
2 tetradecaphytosphingosine 3.54
3 C16 phytosphingosine 4.03
4 sphinganine 447
5 C20 phytosphingosine 497
6 stearmide 507
7 dihydroxyethylstearamineoxide / PEG-3 palmitamine 5.36
8 cetyl-stearyl-amine 6.57
9 N-[2-(1-Cyclohexen-1-yl)ethyl]tetradecanamide 7.05
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Fig. 2. Partial least squares discriminant analysis (PLS-DA) score plot (A) and quality parameter comparison (B) of domestic acacia honey
analyzed using ultra performance liquid chromatography-quadrupole time of flight mass spectrometry (UPLC-Q-TOF MS).
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Table 3. Identification of metabolites in domestic acacia honey using ultra performance liquid chromatography-quadrupole time of flight
mass spectrometry (UPLC-Q-TOF MS)

Exact mass
No. RT (min) Compound B MS Fragments VIP p-value
M+H

1 3.06 2-Amino-2-[(octyloxy)methyl]-1,3-propanediol 234.2055 88,118, 186 1.55 0.196

2 3.19 tricoumaroyl spermidine 584.2746 147,204,292,420,438  0.55 0.379

3 327 Antonin 247.1316 135 1.13 0.657

4 348 rhamnetin/ methoxyluteolin/ methoxyquercetin 317.0643 287,302 0.92 0.115

5 348 tetradecasphinganine 246.2416 228 049 0.656

6 3.53 tetradecaphytosphingosine [ + HCOO] 306.2625 74,122,214,246 1.12 0.045

7 3.99 Hexadecasphinganine 274.2733 106, 230, 256 0.44 0.359

8 4.03 C16 phytosphingosine 290.2720 74,118,242 1.24 0.085

9 4.15 chrysin 255.0643 1.39 0.632
10 4.22 myristamine oxide 258.2415 240 1.77 0.505
11 449 sphinganine 302.3043 88, 106, 284 0.74 0.544
12 4.50 Phytosphingosine [ + HCOO] 362.3252 1.31 0.081
13 4.52 Phytosphingosine 318.3012 74,118, 132,270 1.25 0.062
14 4.64 erythro-sphingosine/ palmitylethanolamide 300.2883 282 0.96 0.121
15 494 C20 sphinganine 330.3354 88,106,312 0.73 0.017
16 496 C20 phytosphingosine 346.3317 74,122,298 1.26 0.327
17 503 stearamide 356.3510 310, 328,338 097 0.186
18 5.05 C4 Dihydroceramide/stearic acid diethanol amide 372.3466 88,118,324 1.27 0.054
19 5.20 stearyldiethanolamine 358.3666 200 1.31 0.083
20 5.34 dihydroxyethyl stearamine oxide/PEG-3 palmitamine 3743619 326 1.12 0.002
21 5.38 octadecylamine 270.3142 0.79 0.065
22 549 spisulosine/palmitamine oxide 286.3092 268 1.21 0.071
23 6.22 linoleamide 280.2624 263 1.11 0.128
24 6.22 linoleamide fragment 263.2354 0.52 0.005
25 6.36 diacetylamine 466.5334 091 0.387
26 6.42 armillaramide 556.5283 283 1.18 0.018
27 6.51 cetyl-stearyl-amine 494.5651 1.29 0.343
28 7.14 N-[2-(1-Cyclohexen-1-yl)ethyl]tetradecanamide 336.3246 256 0.72 0.501
29 721 palmitamide/diethyllauramide 256.2606 88 1.40 0.718
30 7.60 erucamide 338.3404 95, 240,268,282, 321 0.33 0422
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Fig. 3. Box plot of relative metabolite abundances in domestic acacia honey that significantly contribute to group discrimination. The x-
axis indicates the country of origin, and the y-axis shows normalized chromatogram intensities.

278 http://journal.bee.or.kr/



S OMTRAIE CHAM 24

Color Key

3 1 1 3
Row Z-Score

Gyeongsang / Jeolla

C20 sphinganine

linoleamide fragment

dihydroxyethyl stearamine oxide / PEG-3 palmitamine

armillaramide

tetradecaphytosphingosine

Kyeonggi/ Gangwon

Fig. 4. Heatmap of metabolite profiles in domestic acacia honey samples from different regions. The order of samples from left to right is
as follows: Changnyeong, Haman, Gumi, Gimcheon, Andong, Yecheon, Sangju, Hwasun, Gimje, Cheorwon, Icheon, Hwaseong, Paju, Yeo-

ncheon.

2 Aofela Y B Fre Bt 58 54 A
2 dihydroxyethyl stearamineoxide / PEG-3 palmitamine,

armillaramide, tetradecaphytosphingosine “32°] 7} &=

o P BYtk o2 Bof AR BY WEAGE BE
e gk trehd 3 B W ok Aot 4717
PO RE o B B FL 4 5 A} 0B 53
A 70 AR et ARE GO Bl
AR 7| ZARE AT o, £ AFE B o)
4 A o] AHo| T el Qo] el SaEIgl
DR, g% APAE thepet Adat A71zke] 2 A
22 TPF 4 A7 LA Folet. o 9oz P

H ¢ Lo A= UPLC-Q-TOF MSE ©]-&5fo] A A

A oA &S] AFEEES A, oA E 7H)
zpole] 2 Holdt= AR E-S lsteith 9712 A4
HollA A u s A, Al ofato| E f I A, A
=4 F%, Hi57](-0H) £ 5°] 3524z WHEg]
t}. ol B Atst st i 4 V)52 7HA 71E
A shEe] WAl AR-E T ohEsF A (PLS-DA)S
goto] A Zsiet Axt, AAAEtet A7) de] 5A
oz -

2 frolsbl B Aolr} g2 S 4 ek,

L

.

!

o]
e

PLS-DA Bo|A ob7kAE ghe] Ffolo] Thefsh Fa
‘:'7(15_0_ E_k]ﬁ]— 73374. _% 30}—/] %7‘%%01 EZ}}qOh:}-
1% VIP>0.7, p-value <0.05 °fl slgsl= 552 = A
o4 7ke] Zfolo] F2 Profot YR LS 2L 5ol
AR B2 5191517] 915 Box ploto 2
‘/]’ﬂ'ﬂ 751}, tetradecaphytosphingosine, C 20 sphinganine,

FU{

dihydroxyethyl stearamineoxide / PEG-3 palmitamine,
armillaramide 0] AAAEre} A7)/7 b0 A1t
A o] o} Gojz o g Helge AL gelg 4= g

T A= =2 T A

o}, upAjuto 2 theket tiaEA A E ohetstr] ¢
Sl heatmap 2 = A|Z}elet Ayt /A= thE A 9E
of sl W2 g Bt 21 A7) Ee A A
S A Lot hFE =2 S Btk HE 2 A
ofl Al = WA op7pA|E ] 7|54 Rl o]EA A
|EE=2] HrlokA] Eotg o, this SARAS Bl
8 ARl tiet RS AFRro 24 opbAE o
Al-5-5k3d.

AHE9] BRA VS AR V2ARE

el 2

fla
rf
-
rr
o
5

2254 oAt A7AY (AW S

279



PI01745702)2] Aol oJsto] =P A5 Tk 2
A= 20259 SEXEH wHeATetd A2ATF
A T 2 DAl Qs 3lEH A o2 o]of] TAEF
yrt,

ol g 2%

R HYAE AR H A

A& o387 24 (Doctoral dissertation, Al-&Tisk
ek,

A%1%. 2015. Lipids and Skin Barrier: Role of Ceramide in

Skin Barrier. ?H= 378814 17: 36-49.

484, 43T, 949 2019. FEAA 91719k A4

A AT eEAAATD sHEAL, 127,

Chen, D., Y. Tao, Z. Liu, Z. Liu, Y. Wang, L. Huang and Z.
Yuan. 2010. Development of a liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS) method
for the quantification of glucocorticoid residues in ed-
ible tissues of swine, cattle, sheep, and chicken. Food
Addit. Contam. Part A 27: 1363-1371.

Choi, J. Y., K. Y. Lim, M. S. Oh and S. H. Lee. 2021. Forag-
ing activity of honeybee and seasonal composition of

o4l

=3

major honey plants in central area of South Korea. J.
Apic. 36: 125-139.

Gismondi, A., S. De Rossi, L. Canuti, S. Novelli, G. Di Marco,
L. Fattorini and A. Canini. 2018. From Robinia pseudo-
acacia L. nectar to Acacia monofloral honey: Biochem-
ical changes and variation of biological properties. J. S.
Food Agric. 98: 4312-4322.

Hamadou, W. S., N. Bouali, R. Badraoui, R. H. Lajimi, A. Ham-

di, M. Alreshidi, M. Patel, M. Adnan, A. J. Siddiqui, E.

Noumi, V. R. Pasupuleti and M. Snoussi. 2022. Chem-

ical composition and the anticancer, antimicrobial, and

antioxidant properties of acacia honey from the Hail
region: The in vitro and in silico investigation. Evi-
dence-Based Complementary and Alternative Medicine

2022: 1518511.

H. 2015. A study on management of apiary and main

factors for developing the beekeeping industry in Ko-

rea. Korean J. Apic. 30: 127-133.

Jung,J. W.,H. S. Lee, G.R. Noh, A. Lee, M. S. Kim, S. H. Kim
and H. W. Kwon. 2017. Comparative study on the com-
position of floral volatile components in the flowering
stages of Robinia pseudoacacia L. J. Apic. 32: 139-146.

Han, J.

280

Kang, D. Y., A. Seol, J. C. Oh, Y. K. Jung, H. Han and J. S.
Chung. 2017. Analyzing the management characteristics
of beekeeping households according to their beekeeping
types. J. Apic. 32: 1-9.

Kim,K.M.,M.Y.Lee, Y. S. Choi, E.J. Kang, H. G. Park, B. S.
Park, O. Frunze, J. G. Kim, S. M. Han, S. O. Woo, S. G.
Kim, H. Y. Kim, S. K. Kim and D. W. Kim. 2021. Sta-
tus and environmental factors of the annual production
of acacia honey from the false acacia (Robinia pseudo-
acacia) in South Korea. J. Apic. 36: 11-16.

Kim, S. R., J. E. Song, C. H. Park, S. H. Min, S. H. Hong, J.
H. Yun and Y. M. Son. 2022. Development of diameter
distribution change and site index in a stand of Robin-
ia pseudoacacia, a major honey plant. J. Korean Soc.
For. Sci. 111: 311-318.

Kim, S. G., S. O. Woo, K. W. Wang, H. R. Jang and S. H. Han.
2018. Chemical composition of drone pupa of Apis mel-
lifera and its nutritional evaluation. J. Apic. 33: 17-23.

Kwon, M. S., T. B. Choi and G. Y. Kim. 2005. The effect on
the skin barrier function of ceramide. Kor. J. Aesthet.
Cosmetol. 3: 131-137.

Lee,J.P.,K.S.Lee,K.K.Lee,S. W.An and D. K. Lee. 2012.
Preparation of phytosphingosine-1-phosphate nano-li-
posome and its in vivo anti-aging improvement effects
of finished products. Kor. J. Aesthet. Cosmetol. 10:
941-948.

Lee, M. S.,H. Y. Kim, H. M. Choi, S. M. Kim, S. G. Lee and S.
0. Woo. 2025. Comparative morphological analysis of
mixed pollen in robinia honey and nectar plants around
apiaries in Korea. J. Apic. 40: 65-74.

Moon, S. Y., S. 0. Woo, H. M. Choi, S. K. Kim, S. M. Kim, M. S.
Lee and H. Y. Kim. 2024. Comparative analysis of false
acacia (Robinia pseudoacasia) honey from different
origins through optimization of preparation. J. Apic. 39:
239-244.

Oh, S.J., K. S. Shim and J. H. Park. 2025. Predicting bloom-
ing and fall dates for Robinia pseudoacacia using ma-
chine learning. J. Apic. 40: 57-64.

Pauliuc, D., M. Oroian and P. Ciursa. 2021. Organic acids con-
tent, sugars content and physicochemical parameters
of Romanian acacia honey. Ukr. Food J. 10: 158-170.

Wang, L., I. Meeus, C. Rombouts, L. V. Meulebroek, L. Vanhae-
cke and G. Smagghe. 2019. Metabolomics-based bio-
marker discovery for bee health monitoring: A proof of
concept study concerning nutritional stress in Bombus
terrestris. Scientific Reports 9: 11423.

http://journal.bee.or.kr/



	국내 권역별 아까시꿀 (Robinia pseudoacacia)의 차이 구명을 위한 대사체 분석
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	인용문헌


