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Metabolomic Profiling of Korean and Chinese Black Locust Honey
(Robinia pseudoacacia L.) and Evaluation of Its Potential for
Geographical Differentiation

Su Won Park, Hyo Young Kim, Soon Ok Woo, Hong Min Choi, Si Won Moon, Seon Mi Kim,
Sam Gyul Lee, Mun Seon Lee, Yun Gon Son and Pu Reum Im*

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

M This study investigated the metabolite profiles of Korean and Chinese acacia honey using
multivariate statistical analysis and evaluated their potential for geographical differentiation.
A total of 50 samples, comprising 46 Korean and four Chinese acacia honey samples, were
analyzed using UPLC-Q-TOF MS, resulting in the putative identification of 28 metabolites. Partial
least squares-discriminant analysis (PLS-DA] showed different distribution patterns between
Korean and Chinese acacia honey, with R?X=0.195 and R?Y=0.407, while permutation testing
indicated a low risk of model overfitting. Fourteen metabolites with VIP>0.7 and p <0.05 were
selected as candidate metabolites contributing to differences between the two groups. Among
these metabolites, erucamide showed the highest VIP value (3.14), followed by santonin (2.09),
and both metabolites showed relatively higher abundance in Korean acacia honey. Sphingolipids,
fatty acid amides, and long-chain amines exhibited broader distribution ranges in Korean than
in Chinese acacia honey. Heatmap analysis also revealed differences in metabolite patterns
between the two groups, consistent with the PLS-DA results. These findings suggest that acacia
honey derived from the same floral source may differ in relative metabolite abundance and
composition patterns across production regions, and that these characteristics may be used
to explore the potential for geographical origin differentiation. Further studies using larger and
more balanced sample sets collected from diverse regions and production years are required to
develop and validate a robust geographical origin discrimination model based on metabolomic
profiles.

LG LICES  Robinia pseudoacacia, Chromatogram, PLS-DA, UPLC-Q-TOF MS, Metabolites
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FHAAFTO 2 A E FESH] o HeH, ehtA] @
BAE HEY F8 1948 24 F shH=E A7l 9L
th(Zhou er al., 2018; Tsagkaris et al., 2021). ©]2g+ A
+ HE FeAEE wetetal AH|AF AIEE A 4
Qong WEol 224 7|dg HetHor Pt 4
= A7 7fdo] dastt
OWZFAIUEE (Robinia pseudoacacia L)+ -2|Ueke] &
8 DL F sholH, oA E Hloll A A4t
FEE gxAQ dddYE|TH(Kim er al., 2021; Kim
et al., 2022; Oh et al., 2025). AT} F=At o}t A E-L
L% R. pseudoacacia®] StYPoNA FefokA]qt, A4tz
o] 71%, B W ¥ AAY 5o Zfo|7} HES] nH
B3} gfshd Ao vt e 4= Q1O B2 (Tsagkaris ef al.,
2021; Park et al., 2025), ]2t A4 57442 BlaLste] A
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AS FAO AT 4= qlo] HEY 47 54
wstar 224 7]1¢9-S Hrkste ol 585ttt (Zhou e al.,
2018; Park et al., 2025). TFetA] £ Ao A= UPLC-Q-
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7] (ultra-performance liquid chromatography-quadrupole
time-of-flight mass spectrometer, UPLC-Q-TOF MS;
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ol A= 0.1 g BYSHA FRE F 3%} F574 500 L=
T F, 70°C 50| 527 7HEste] £ 5] 9
ANFAE HA o] & a2 47] Y&l 71E 8 & X
Z1 (Moon et al., 2024)= B O 2 oA EATOE 500 uL
£ B33 F FE2HL 147 59 85Kt o] % ¢A
3] 7] (Hanil Science, Gimpo, Korea)E ©|-85} 14,000
rpmOlIA 1027 LAl 5k 229 45 ZF 300
pLE 2l5te] 90°C oA GullE ehds] Hx
A7t o]F FF FRES 100% WEHE 100 pLoll A&

00 rpm, 10 min)

o= ddEskt. ol% #eH ASAL vialoll &

3. UPLC-Q-TOF MS 7|7| &M =%

of7tA & O] ThAMA| S A B E $I5] ACQUITY
UPLC BEH C18 (2.1 mm X100 mm, 1.7 pm; Waters,
Milford, MA, USA)< A4t UPLC-Q-TOF MS A|AH
= &53th(Table 1). ¥ k1= 40°C, 52 0.35
mL/min &2 st or FeF2 1 uL=E AAsH
o}, ol 542 &1 Aet §uff B2 45ttt o235t B
212 Electrospray ionization (ESI) & ©]2 LLE (positive
mode) 2 A5kt HlolE £ ® <9l 50~1,500 m/
z, scan time 0.2%, capillary A2 3kV, cone A2 30
V, desolvation <. 400°C. desolvation < 800 L/h, ion
source == 100°C 522 B35}t AzF =49 A
TE 4AI517] 915+ lock mass= A3 30 uL/h 2] &
407 FA5tAtt MS/MS 2 E--L collision energy

rampE 10~40eVE S A EA5IITH AEH A=
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Table 1. Operational parameters of UPLC-Q-TOF MS for analyzing geographical variations in domestic and imported acacia honey

Categories

Analytical conditions

Analytical system

Separation column

UPLC-Q-TOF MS (Xevo™ G2-S, Waters, Milford, MA, USA)
ACQUITY UPLC BEH C18 (2.1 mm X 100 mm, 1.7 um; Waters)

Solvent A: water containing 0.1% formic acid

Solvent B: acetonitrile (ACN) containing 0.1% formic acid

Column temperature 40°C

Mobile phase

Flow rate 0.35 mL/min
Injection volume 1uL

Ionization mode ESI-positive mode
Capillary voltage 3kV

Cone voltage 30V

Desolvation conditions

Ion source temperature 100°C

Lock mass

Cone gas flow rate 30L/h
Data acquisition range
MS/MS analysis

Temperature: 400°C; gas flow rate: 800 L/h

Leucine-enkephalin (m/z 556.2771)

m/z 50~1,500 with a scan time of 0.2 s
Collision energy ramp from 10~40eV (m/z 50~1,500)

Z-2 UNIFI (version 1.9.2.045, Waters)= Z-85I31.0H,
HAFEE 572 ChemSpider, METLIN, HMDB (Human
Metabolome Database), EZmass H|O|E{H|o] A @ BEE

2 (Authentic standards)Z} B 5} 4=~3§5}%i Tt

4. E7EN

TAE A A= o] e SAREAS SIMCA-P+
version 18 (Umetrics, Umed, Sweden)= ©|-8sI¥tt. =
AP F=AE oPZEALE TF diARA] SRl ] Apol & ot
5H7] 9ol BEFHAAE BEHEA (partial least squares-
discriminant analysis, PLS-DA)S 433513t} mdo] A
B 52 RX, RY 2 Q*2 BrletgloH, 44
2 (permutation test)= 5ol &9 84S HESIATT
Zy H4=0] % F-& 7] 9| &= VIP (variable importance in
projection) &= ©]-&-5to] BrIs3ATE T8 E tAAY]
A S B 2= box plot &2 Al Z4Sletg o R A
EQJol& o]t moj AA S (Pearson correlation
coefficient) S AF&3}1l 5| EW (heatmap) 22 LEFCE.
Sk FE AR 2E 7 chAbAle) AT g Aol
SPSS 27.0& °l-§et FHEE
t-test) 2= BIFSIH oW, SAH ForES p<0.05=

At

ke

t- A4 (independent-samples

e

23t o 03
1. LC/MS chromatogramg 0| &%t 4t 9l Z3 M
OItA|Z2| 3 Z0rE IiEl 2M
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1387} =4t oHAIE 4 0] ARAEIHS Fig. |
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2| oA AAtE HEo] S8 AlRR, A4t ol FAIE
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= S
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2ol oA Rl feld MEEA 28 HRo 24
o) A1) 0w HEHL, TeLt oF 44~ 5.020]
M55 AlZt (retention time) oA = @5 o329 F

2o A Zpol 7t P E QI o] Mgt Aif= =4 ¢
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Fig. 1. Representative liquid chromatography/mass spectrometry (LC/MS) chromatograms of domestic (A) and imported (B~E) acacia
honey. The x-axis indicates retention time (min), and the y-axis shows normalized intensity.

ARE A5 5= At (Kim et al., 2018; Tsagkaris ef al., 2. PLS-DA 2M S S5t 4t 9l Z34t oA B2
2021). &, 5L LA EA AYitE HEolte A4 CHALA] Xto] £

A9q9] 715, B, ¥ A 2 QY g Tof ot ot

Ut AE el EFo] vigE 4= 9lonz o]zgh Ao AE 9l ZSAF o 7hAlE O] thARA] A4 Aol E M|
7b A=otE T s o] jEgE 750l Al 5171 915 PLS-DAE 435ttt (Fig. 2). B4 Alst =
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(A) PLS-DA scores scatter plot

2 (9.19%)
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(B)  Permutation test
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p-value=1.40E-09
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Fig. 2. Multivariate PLS-DA modeling for origin discrimination of acacia honey: (A) score plot and (B) cross-validation via permutation

test.

Ab OPMAIE 4681} AT oMAE 45& ARESHIT
PLS-DA score ploto| A & Ao} = w7 A<l ¢
7 ZHzE AA Hole] 10.3%2 9.19%F A sttt
(Fig. 2A). PLS-DA B9 =S 735 A, F=4t of7kA|

2 FE score plot®] ofgfiFof Fa3t ¥ =4t op7t
Al Ao g2 & Raxste] & 115 I A= o
£ 2 ZFS Uerlth PLS-DA 2] A= g Hrt
A7}, R?X 2} R?Y = 242} 0.1959} 0.4072 YERE oM,
Q= 02772 ERIE QI R?X= A X W49 A
=, RY+ 15 AHEo gt e s vetid,
Q= RY9 q58S vehdrt & 24| Zk2 R?Y7}
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T Sl e E wERES AR B, 4R A
A 27l 71ket 2pE A Q) i o] EAGT= e
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1:::1 Q2 14_1—1:] Sk _0_94 71—% L].E].Lﬁ(ﬂ 39194 _71)(1461- _CH%J

o] F2 o= SRIEUE o]= & A+oA =1H =

o 7

ﬂ.I

|

il
g.o

l

o]
r

I

0

73_]/}__ —1—01'6
ofl A THARA = qOﬂ E}% /\1 e =
+ Aoz I o= =l A<

KE
_l-Ll
2
o,
3
>
i
rlo
g
=
¥
@)
>
o

A AT E A= ohE S dY Tholk thA] X

g 9] ztol7t ER1=|th= Aot ARG} (Park et al.,
2025). 1y & A= 4t 4683 FA 402 o
AE A= 47t B @otH, £9] AljtE A AR
= AA BT A TS F50] REgokA &
7ts/do] Qitt. ol=iet B EF%‘%

2] ol FFe = 5 0B E 2 A A= %*}
I} F=4E ofZbAIE O] thARA| *a‘ 2polet A4k2] it
7Hede HolFe &4 Auta s dart .
ety FE QAAE A7 $5 7 QA Siste] £

A Ae] @G QAR 2 TS FUHR HEE
Za7t 3l

3. UPLC-Q-TOF MS 7]t 24 8! S22 OftAZe)
S5 A EHY

A4 Ame A4F oHAE 46T} S4k o7HAE
A& A8 Exact mass 43 MS fragment D&l
= 715l R 72 dAEES BA A F 28F9
Aol A o7 FAE T (Table 2). Exact mass
= T4 o]23}F BEoA proton©] F7HE [M+H]* FE]
o] J& Agks R ™, MS/MS fragment:= precursor
ion9] fragmentation® oJall 4 52 product ion
S ou|te}t(Park er al., 2025). ZAM} FAF oAl E
o] AAitA] wHo| 7]ofst= S H tiAAIE AEsH] 9
3f| variable important in projection (VIP) &2t SAA
°]4d-& B7lstgh. VIP= PLS-DA B4 7 B4

N
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Table 2. Candidate marker metabolites contributing to origin differentiation of acacia honey determined by UPLC-Q-TOF MS

) Exact mass
No. RT (min) Compound MS fragments VIP  p-value
M+H
1 3.07 2-Amino-2-[(octyloxy)methyl]-1,3-propanediol [ + HCOO] 278.2312 88,118,186 130 1.50E-06
2 3.19 tricoumaroyl spermidine 584.2746  147,204,292,420,438 0.73 2.38E-05
3 327 santonin 2471316 135 209 4.22E-20
4 348 rhamnetin/ methoxyluteolin/ methoxyquercetin 317.0643 287,302 0.73  2.76E-04
5 348 tetradecasphinganine 246.2416 228 0.81 2.66E-03
6 3.54 tetradecaphytosphingosine 262.2371  74,122,214,246 0.86 1.90E-03
7 3.99 Hexadecasphinganine 2742733 106, 230, 256 0.85 8.77E-04
8 4.03 C16 phytosphingosine 290.2720 74,118,242 1.08 1.01E-01
9 4.15 chrysin 255.0643 049 4.68E-01
10 422 myristamine oxide 258.2415 240 035 6.92E-01
11 449 sphinganine 302.3043 88,106,284 0.89 2.08E-01
12 4.52 Phytosphingosine 318.3012  74,118,132,270 101 8.31E-04
13 4.64 erythro-sphingosine/ palmitylethanolamide 300.2883 282 092 2.82E-01
14 4.94 C20 sphinganine 330.3354 88,106,312 1.08 7.49E-02
15 4.96 C20 phytosphingosine 3463317 74,122,298 103 246E-01
16 503 stearamide 356.3510 310,328,338 093  6.80E-01
17 5.05 C4 Dihydroceramide/stearic acid diethanol amide 372.3466 88,118, 324 1.00 2.37E-01
18 5.20 stearyldiethanolamine 358.3666 200 1.17 1.24E-05
19 5.34 dihydroxyethyl stearamine oxide/PEG-3 palmitamine 3743619 326 091 3.11E-01
20 5.38 octadecylamine 270.3142 0.82 2.34E-04
21 549 spisulosine/palmitamine oxide 286.3092 268 0.69 1.89E-03
22 6.22 linoleamide 280.2624 263 149 1.12E-04
23 6.36 diacetylamine 466.5334 1.15 8.83E-01
24 642 armillaramide 556.5283 283 0.81 5.40E-01
25 6.51 cetyl-stearyl-amine 4945651 1.03  9.70E-01
26 7.14 N-[2-(1-Cyclohexen-1-yl)ethyl]tetradecanamide 336.3246 256 0.74 191E-05
27 721 palmitamide/diethyllauramide 256.2606 88 1.18 5.46E-05
28 7.60 erucamide 338.3404  95,240,268,282,321  3.14 1.09E-07
b2 2 Bl Jlofshe Ald FAEE Ueh o2 TREUG ~2RnARe 48 AEuhe PR
282, B AFNAE= VIP>0.7 2 p-value<0.05 T2 A JRoR JMRoAL thefet Az Eo] &

= AxE

£ 7L R F 1439 FHE gAAE 2T AEska
o}, A thARA = 2-amino-2-[(octyloxy)methyl]-1,3-
propanediol, tricoumaroylspermidine, santonin, rhamnetin/
methoxyluteolin/methoxyquercetin, tetradecasphinganine,
tetradecaphytosphingosine, hexadecasphinganine, phytos-
phingosine, stearyldiethanolamine, octadecylamine, linole-
amide, N-[2-(1-Cyclohexen-1-yl)ethyl]tetradecanamide,
palmitamide/diethyllauramide 2 erucamide ATt 4A1'H %
SH tiAbAE sFehd 5490 wheh 231124 (sphingo-
lipid) ¥ &4, Z[%4E ofato| = 2l
o}l (long-chain amine), E2tH o] D 7€} thALA] 5

(fatty acid amide),

328

Ash= Ao2 BAE o] Itk (Yang et al., 2025).

21 & sphingolipid&= A|ZEe] 9 FAAFECZA
oro] 29} 54 Aol BT Et ofuzt, 4=
A B EE Tl wofske Ao dHA QU (Huby er
al., 2020; Mamode Cassim et al., 2020). wr2tbA] tetradecas-
phinganine, tetradecaphytosphingosine, hexadecasphinga-
nine Y phytosphingosine /5= T=o] HEof g4 2]
A =] Aol Qulste ARt ofyzt, sig A2 o]
frefet A Ee b o] ety BE fiat 4o
AH gL Qle 7sAS 13T o r) ok o o
A Aol A= Y sphingolipid7} OF7FAI LR ZEA| o] A
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2-Amino-2-[(octyloxy)methyl]-1,3-propanediol tricoumaroyl spermidine

santonin rhamnetin / methoxyluteolin / methoxyquercetin
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Fig. 3. Comparison of relative metabolite levels between domestic and imported acacia honey groups. The horizontal axis represents geo-
graphical origin, and the vertical axis represents peak intensity values normalized by UPLC-Q-TOF MS.
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Fig. 4. Hierarchical cluster heatmap illustrating differential metabolite patterns across domestic and imported acacia honey samples. The
order of samples from left to right is as follows: Imported acacia honey (B, C, D, E), Domestic acacia honey (Yangbong, Gumi, Gimje,
Gimcheon, Boeun, Sangju, Sejong, Andong, Yeoncheon, Yecheon, Icheon, Changnyeong, Cheonan, Cheorwon, Paju, Haman, Hwaseong,

Hwasun).

Tefshs Zo] 488 4 Yk V& A7 Wt A
2] St} (Tsagkaris et al., 2021).
4. Box plot2 E&3t0| It X S34t otA| E 2|
F8 AR 22 Hla 24

H e TH YA 1450] YA
oF —E—ETE% vl w5H7] 98] box plots 4353
T} (Fig. 3). 24 A=+ =4t oA E 4651t F=4t of
THE 4385 AHESHRITE =4 Ax), A5 S E AR
A At FAt o7 AE 2 AT A et R oY
O] Zpo|7} T U, T H A F erucamide”t 7H
=2 VIP 2 (3.14)& YEFH 2™, santonine F+ A2 =
& VIP (2092 et = tiAR] B 24t ofrtA]
woA iAo R w2 b REE Hof QAR oprt

Table 2074 A
Ao A

A& Zke] Zpole] 7]ofsh= Tﬁl SR g E selE gl
t}. Erucamide= o714, 9, ¥, &4 5 thokst A}

@ 9 TG Aol YAEE AL ofttol =R B
ILE]o] Q19 ™ (Miao et al., 2025), santonine F2 &<
(Artemisia) A=A A== < sesquiterpene lactone
o= A Qth(Yang et al., 2024). 2B IAE THH =
A2l tetradecasphinganine, tetradecaphytosphingosine,

hexadecasphinganine, phytosphingosine~ =4t OF7FA] &
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oAl T4t oMAERET iAo R W Fi
S Yebilt E3t 254 ofufol = AFQ] linoleamide
T 4t oA EOA iAo s W X HIE R
St ZetE k- o]E AEQl rhamnetin/methoxyluteolin/
methoxyquercetin<> S=4t O}7HA T A= 719 HEE]
;q oro u]-uq ojH __—HL/R} O}W}A]%oﬂ/\-]‘— x}q}xq oz =
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