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(Vaccinium Spp.) and wild rose (Rosa multiflora Thunb.). The metabolites of 39 specialty honey samples were clustered

and analyzed using liquid chromatography-mass spectrometry untargeted metabolomics. Significantly changed metabolites

were identified and functionally annotated. The 817 metabolites detected were enriched in 42 modules (e.g., amino acid

metabolism (14 pathways), digestive system (10 pathways)), involving a total of 364 pathways. There were 336 significantly

changed metabolites between blueberry and vitex honeys, 165 between blueberry and osmanthus honeys, 167 between

blueberry and wild rose honeys, 270 between wild rose and vitex honeys, and 247 between wild rose and osmanthus honeys.

Phenylalanyl-threonine and 3-hydroxy-4-methoxycinnamic acid were characteristic substances of blueberry honey, whereas

N1,N5,N10,N14-tetra-trans-p-coumaroylspermine, eupatorin, and prop-2-enoic acid were characteristic substances of wild

rose honey. Additionally, wild rose honey contained high contents of indole and its derivatives and glycerophospholipids. We

identified and confirmed unique characteristic substances in blueberry and wild rose honeys, offering valuable references for

subsequent identification of honey authenticity and traceability identification.
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Table 1 Collection information of four types of mature
Apis cerana unifloral honeys
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i R CIRBRt Acquity UPLC HSS T3). 1E & T
B WBIAH A 0.1% H R (CAS 64-18-6 5 4l fE
LC-MS %%, Fhif#: TCD /KiE#H: WM B: 0.1%
IR L (CAS 75-05-8 5 4l LC-MS 2%, k.
Merck) ; 7B FAE: RBIAH A :0.1% FRRZKIE
WA B : 0.1% FER NG, SEFEAFIN 3 pl.

(1) T BEYE AR 77 ¥ B A : 0~0.25 min (98%
A+2%B), 0.25~10 min (2% A+98% B), 10~13 min
(2% A+98% B), 13~13.1 min (98% A+2% B),
13.1~15 min (98% A+2% B), & 400 pL/min.
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& 2 T[EFhEE R SCMsifik
Table 2 Screening of SCMs for different types of honey
xR AE A EFREHEE /AN LAKE /A TR%E /A

EHEZwHEE

blueberry vs wild rose 336 151 185
BEHE vs ?T?fi@ % 165 6 o8
blueberry vs vitex
blueberry vs osmanthus 167 143 24
ez . ,—,:if- g 2 f@r"
%%4ié Vs ?’r’J.'j— % 270 ” 2
wild rose vs vitex
g B 2 2 7 oz
FERE vs FAERLE 47 1o N

wild rose vs osmanthus

272




MR EmEHY Modern Food Science and Technology 2025, Vol.41, No.5
* 3 BEBEvHIZETESCMsHH
Table 3 Classification of main SCMs in blueberry honey vs vitex honey
a3k # Rt L& AR % Rt = LG AR IDs log,FC
KA R - A Phenylalanyl-Threonine neg_34 -19.13
ESEN L-Phenylalanine neg_5 15.86
ATARBR Citric acid pos_11 -0.65
AR ER OB = T B Acetyl tributyl citrate pos 203 -0.67
(S)-2-( FARKL ) K=8 N-Methyl-L-glutamate pos_360 -0.51
BB Threoninyl-Threonine pos_382 7.82
H R B-L- 41 &R Glycyl-Valine pos_423 -0.71
Y R B R R Serinyl-Proline pos_427 6.62
20 F PR - R B Histidinyl-Glutamine pos_440 2.60
y-L- R Ft-L- 3K 7R 2R gamma-L-Glutamyl-L-phenylalanine pos_466 4.03
AR B & R R Arginyl-Tryptophan pos_469 19.51
FRBEH R B Isovalerylglycine pos_477 -0.83
R CYCLOLEUCINE pos 478 -1.94
R KR Aminopentanoic acid pos_479 5.33
St 50 Z R B A BR Isoleucyl-Tyrosine pos_484 -0.96
BB AT W 2-2Jk-6-= ‘?%f?tf& - TEH N6,N6,N6-'Trime.thyl-.L—lysine pos_490 -1.08
Carboxylic Acids L- }f: »&?ﬁ L-Plpecol{c acid pos_5 -1.80
and Derivatives JNZBL Citrulline pos 518 2.56
M 7 2 BR Allysine pos_533 -0.54
LR - EABR Histidinyl-Tryptophan pos_538 3.63
HABL - AR Lysyl-Tryptophan pos_545 -3.61
AR - AR Alanyl-Alanine pos_575 -8.75
ESEN AR Vi Phenylalanyl-Arginine pos_579 -6.56
HRBE — RABLIE Lysyl-Asparagine pos_598 -0.86
CBL-L-BE R R Acetyl-L-tyrosine pos_627 1.70
M RBE - BE R Arginyl-Tyrosine pos_631 1.99
O-JRIABL-L- 5 4 R BR O-Phospho-L-homoserine pos_640 -6.18
BB - 7 BB Arginyl-Threonine pos_658 -0.93
L- R AR BE-L- R A &R L-Aspartyl-L-phenylalanine pos_675 11.94
R A BRI BRI R BA Asparaginyl-Proline pos_694 -0.87
B R Bk — I R BR Tyrosyl-Proline pos_698 1.09
H R BRI R B Glycylproline pos_707 -0.74
ESEN W Phenylalanyl-Glutamine pos 711 2.00
L-F % 2B L-Isoleucine pos_745 -1.00
71 Bk 1) %, O-propanoyl-carnitine pos_302 -2.68
AR AR B Palmitic amide pos_349 -0.98
AR AE 7 BR cis-9-Palmitoleic acid pos_362 -1.33
FA3-F R R =R 3-Hydroxy-3-methylglutaric acid pos_430 -0.87
+ —I B Undecanoic Acid pos_445 -0.87
RS B A RAE K 6-Aminocaproic acid pos_456 1.59
Fatty Acyls cE¥YE Mimosine pos 541 6.87
Resolvin D2 pos_542 -0.96
é =% D4 Leukotriene D4 pos_643 -3.03
PGFla pos_667 -0.96
15 2 =4 he w M B 15(S)-HETE pos_693 -1.18
20-#5 & = % B4 20-hydroxy LTB4 pos 761 ~0.99
BB ER Tartaric acid pos 127 -2.76
B-D-5L4E BETA-D-LACTOSE pos_144 0.77
KL Niazirinin pos_220 2.33
popraits Dexpanthenol pos 442 -0.80
= A H R R Perseitol pos_468 -0.86
ﬁriﬁiﬁiﬁ 71 B @:}i N Pyruvaldehyde . pos 489 -1.16
Compounds N- ZBL-D-¥ 3 LA Rz N-Acetyl-D-galactosamine pos 491 0.52
X AN Maltopentaose pos_509 -2.41
3-H A R AR 3-Hydroxykynurenine pos_596 2.29
o7 2 AR Prunasin pos 624 0.62
BB Quinate pos_630 1.26
[GE{WCR Azacitidine pos 742 -0.72
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5%k Z Rt L4 AR # SR 35 I AR IDs log,FC
LS Toluene pos 191 2.13
RBELBRRATES AR W ERE-2- LA T Phthalic acid Mono-2-ethylhexyl Ester ~ pos 204 -0.92
Benzene and BEE Streptomycin pos_410 16.91
Substituted 1,2- R =W ER 1,2-Benzenedicarboxylic acid pos 522 -0.92
Derivatives HR B Ethylparaben pos_68 -0.78
% 7V Methadone pos_717 4.97
wEE Cyanidin pos 268 -2.28
53 ES T Rutin pos_40 -0.81
Flavonoids PR Neohesperidin pos_422 -0.86
M 2 BR Tangeritin pos_45 -0.84
® 4 BEEEHELETESCMsHIN %
Table 4 Classification of main SCMs in blueberry honey vs osmanthus honey
RS £ Rl + L Ak £ Rl 3 L2 AR IDs log,FC
2,3-Dinor-11b-PGF2a neg_37 -24.37
2,3-= nor-6-FAAT 5| I & Fla 2,3-Dinor-6-keto-PGFla pos_265 -2.03
FE B B AL ) B PR O-propanoyl-carnitine pos 302 -2.63
F;t ‘ Acils 15-BRAT 21 A& B2 15-keto-Prostaglandin E2  pos_519 26.52
YAy 2-F R =B, 2-Methylglutaconic acid pos_62 1.14
WIRE Al PGAI pos_625 -2.43
PGD3 pos 633 3.0l
AR Maltopentaose pos_509 -1.64
H AR MEE BHygromycin B pos_532 -2.47
Organooxygen Compounds D-3L#% D-Lactose pos_7 1.03
R IR FR Kynurenine pos_91 0.84
B EE e Pelargonin pos_188 -6.29
Fl; onoids i & Quercetin pos_205 -1.59
v HEE Cyanidin pos_268 -5.08
R BBk B BT A Frf = B 16b-Hydroxyestradiol pos_428 -22.83
Steroids and Steroid Derivatives Bt B2 T 64 Cortisone acetate pos 762 1.20
RRRARGTAY s 2a 7
Benzene and Substituted Derivatives o CR 2-Phenylethanol pos_33 1.91
x5 BEEwHEHETESCMsHH
Table 5 Classification of main SCMs in blueberry honey vs wild rose honey
5k Z Rt & L AR 7 Rt & L AR IDs log,FC
4-H K KT B Hydroxybenzaldehyde pos 157 4.15
N- TBE-D-F 5L I N-Acetyl-D-galactosamine pos_491 1.76
A RS o BAE Maltopentaose pos_509 -0.77
Organooxygen Compounds B RBR Quinate pos_630 2.42
E-3L4% E-Lactose pos_7 0.56
R EBR Kynurenine pos_91 1.69
L Toluene pos_191 0.78
FFaBRAT A M KBS 2-Phenylethanol pos_33 3.32
Benzene and Substituted Derivatives BEE Streptomycin pos_410 25.70
WENFT Salmeterol pos_725 452
R Pelargonin pos 188 1.21
HEA£ FRAEE Oenin pos_189 17.16
Flavonoids ERS Nadolol pos_264 13.45
3-% 3 R 3-Hydroxyflavone pos_767 25.76
” Jon 3-H#K4-FEIRTHE  Hydroxy-4-methoxycinnamic neg_33 -22.15
Cinnafijiﬁ;iile)ie if:/atives Xt 72 2RI R R acid2-Hydroxycinnamic acid pos_309 0.88
P AR BRE ) Bg n-Propyl cinnamate pos_724 18.08
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* 6 EHELSEFRINHEEMRER

Table 6 Characteristic substances information obtained from honey selection of blueberry honey

#E R & L AR £ R 3 4 AR ID g X o3 20
Jio,,
KRR - AR Phenylalanyl-Threonine neg_34 C;HN,O, N);‘/O"
H
NH o

HO

FIh-4-F RIOK UHBL 3-Hydroxy-4-methoxycinnamic acid neg 33 C,0HiOy 40 @CH:CH_E_OH

R7 HEEHEREETESCMsHI5T#

Table 7 Classification of main SCMs in vitex honey vs wild rose honey

5k E Rt I AR Z SR I L4 AR IDs log,FC
33- =¥ A R ER 3,3-Dimethylacrylic acid neg 24  -1.59
7 BE P 28, O-propanoyl-carnitine pos_302  0.64
97,127~ 154 BR 97,127-Linoleic acid pos_348 4.01
AR BT Palmitic amide pos_349  0.92
AR AR B cis-9-Palmitoleic acid pos 362  2.14
BR-8- A £ =88 Keto-8-aminopelargonic acid pos_392 1.05
" 2R Myristic acid pos 396 138
JIg o BE A FAR3-F R =B 2-Hydroxy-3-methylglutaric acid pos 430  0.78
Fatty Acyls Resolvin D2 pos 542 0.86
AAM-2,3-=35-10,15- M BR Oxo0-2,3-dinor-10,15-phytodienoic acid pos 544 0.93
(E) 2-FHAKR=B (E)-2-Methylglutaconic acid pos_62 0.99
PGFla pos_667 0.92
15 =+ e Bh 15(S)-HETE pos 693 0.78
E7 2 S Succinic acid semialdehyde pos_696 1.12
20-# 3L = B4 20-hydroxy LTB4 pos 761  0.82
rRAEE Oenin pos_189  6.15
% W% &R Nadolol pos 264  10.94
Flii?l?)? i EE Cyanidin pos 268  2.42
R Neohesperidin pos 422 1.15

3-# AR

3-Hydroxyflavone

. I L, -F M — B2
£ BB Ao S B BT 16 b-72 J ik = 85

16b-Hydroxyestradiol

ki B BR IR RAN AL Prednisolon Acetate pos 560  5.83

-ZF 5P FHIR 2 B -Tri - - -20- .
Steroids and Steroid 30,118,21- =% % 5p-5-0%, -2 B 3alpha,11beta,21-Trihydroxy-5beta-pregnan-20-one  pos_578 1.24
Derivatives SEER Estrone pos 585  0.95
BE B VT 94 Cortisone acetate pos 762 0.96
- LysoPE(18:2(9Z,127)/0:0) pos 147 454
Clveempontt LysoPC(18:3(6Z,9Z,127)) pos 34 931
yeerophospholip 1- 3 Bh-SN-H-h -3-BEEL A2 5% 1-Oleoyl-sn-glycero-3-phosphocholine pos 576 0.93
Bk 8] 3K — &y Resorcinol pos 333 0.87
Phenols xt By p-Cresol pos_ 591  -1.56
sHREKCEE 2-(4-Hydroxyphenyl)ethanol pos 763  1.95

Y 35 B 5 9 2% % SCMEs & 48 21 8 ] i Al 2%
M EEAT A (SO, Bk G A 537
I, [ IR0 S [ BE AT AR M) AL S 16b- F2 AR ME
(Name : 16b-Hydroxyestradiol ; ID : pos_428). Mf
¥ 2l (Name : Estrone ; ID : pos 585) 4§ 5 fift,
WY B s HhBE SR 3 M iRk
(R H MBI EYIESG RN 77, P45 N 5,

JE 2% 32255 5 THU R YA AR P, R A 3
[ P SR A7) Jo IO 1 4 B RE R 7 AN A E AR R
AR, DRI, B A T REAE T A P 4
ARGt WERACT I MR . B S S R EAE
# SCMs FEIIAHEMLED (7). Wbk AT
£ G EERAEY ). AIERKE
Y 24 4%, HESIAEME EERE R 8),
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S 3 i ) e e AT AR ) A & (Name -
Tryptophanol ; ID : neg 28). 3-(2- & £, #& ) | Ik
(Name : 3-(2-Hydroxyethyl)indole ; ID : pos 368)
23 PRI LR IE . BRI T L B R E
AR TTRE RS o S FLAT AR, BRI g Wk S AT A=
P rT LAE R AHR A1 PXR () i ¢4 ok 4 R i Fa 55,
5 A T R AR R R I TE A AR s T TR BN
1 fk. N1, N5 N10. N14- P4 Je 20 - % - = Ff 2

WAL P E R 2-TH IR S 33 AR 4 B
FEACEE PR A . 52 B PO 2 s i B AR
T BTSN ) e B8 R 52 A7 A, (H 3L B IR
i, AR AR PR B AE I B ERUIC,
W e e N A E R IE Y . R, BT 3 A
B N1, N5, N10. N14-PU e - 0 — = H AL
PR 2- TN MR DA B W W e FLAT AR AT
T G2 B S A B R AR I 5 (R D)

R 8 FHILEwHEZE ETESCMsHyH %

Table 8 Classification of main SCMs in osmanthus honey vs wild rose honey

a3k # - Riftth & L AR Rt = L AR IDs log,FC
K ERAE Xylulose neg 45 0.76
4- HERT B 4-Hydroxybenzaldehyde ~ pos 157  5.00
N AN
HAENA BNV Niazirinin pos_220 5.92

Organooxygen Compounds

6- F 35 -5- & Wi -2-BF)
2- LB -2-BLA-D-F 38 N-Acetyl-D-galactosamine

6-methyl-5-Hepten-2-one pos_263 1.26

pos_491 1.54

&R Quinate pos 630  1.61

P& Kynurenine pos 91 0.85

xS Pelargonin pos 188  7.50

P ¥wAEE Oenin pos_189 2595
Fl;‘vmg i th % %R Nadolol pos 264 2522
wHEE Cyanidin pos 268 5.22
3-# 2 R 3-Hydroxyflavone pos 767  26.70

- & 2B Tryptophanol neg 28 1.25

LR 43 ) : 2

In djllejssfr:f];;i:fives 3-Q2-% T ) R (2-Hydroxyethyl)indole pos_386 1.00
EX V& Mitomycin pos 535 2321

o oh ki T AR Vidarabine pos_2 -2.87
Purin?l\;uciéi‘si des 8-# K -2-BLA B H 8-Hydroxy-2'-deoxyguanosine pos 528  4.36
N2,N2-= ¥ A& &3 N2,N2-Dimethylguanosine  pos_550  3.32

HARAA FRT Carnitine pos 438  2.08
Organonitrogen Compounds e, Choline pos_76 0.49

*9 FERELERINFEENRER

Table 9 Characteristic substances information obtained from honey selection of wild rose honey

£ F R L% AR £ AR I L8 AR ID (X=-FN 5 LEH
HO Y
FHELE Eupatorine pos_103  C,H,0, ° Q \0 O o’
OH
0
HO

NI. N5. N10.
NI4-WR X - % - =

N1,N5,N10,N14-Tetra-trans-p-

o

[¢] Z
. pos 60  C3,H3;N;Oq /@/\)LN/\/\N/\/\/NH
W AT A coumaroylspermine o . M\@
OH
) M B Goyazensolide pos 38  C,,H,0,
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2.2.3.3 SCMs ) KEGG 44t

WHRESRZE., BHESTHEAE, B
L5 W7 35 2 % f SCMEs 43 il & 4E #1109, 60, 65 %%
Fod@k b, WRHRESHFAELREEENSHE
S SR 360 SR R R R AT A A A ek P A= 4 B
(ko ID : k001064 ; p-value : 0.01). 7% % & 1k &
W) B& iR (ko ID : k001220 ; p-value : 0.11) %15 5
g (B sa). B RBAE N R SR RE VR T 2.
AT o) g AR AP AR YR B B R B (Name
Camptothecin ; ID : pos_703) & £ #| ZF ¥ % & 14
DB A B PR 2] - RARF= R 259
S, THEAEE. WEHAE. FEAE.
BRI — LR E 5 50N 6.40%107, 6.00%107,
8.42x107, 3.57x10°, [KULHEN, A%, Bk
EAEPUR PR S5 7 T R FEAE A

WRESTHEAEREEEN S WESHERKG
5 o v 5] A€ 3 (ko ID : k000232 ; p-value : 0.06).
WHEEWEK (ko ID : ko00942 ; p-value : 0.06)
% (ESb). AR EE R log,FC H, Hiet
. K2 ZFE (Name : Pelargonin ; ID : pos_188)
EEALERRUME TEK, HTHRE. BEH
(Name : Neohesperidin ; ID : pos_422) _Fifi %ik.
TH R RSP a0 At AL i A
Boi i, X FhEAGE FH AR B 4E BRI AL AT 2,
WREPH AR R AP, i b, WM. BEE
AIRBTE B P& S AR i S s 70 S5 A AT
WA % 5 BT A b 1 B SCMEs 5 E A I e e
R (ko ID : k000240 ; p-value : 0.01). IV i iR
R (ko ID : k000591 ; p-value : 0.09) Z5{5*5 il
B (HE 5¢).

WHMBESHAE. BHEUMESHELR
f) SCMs 7 7 & 4 ) 112, 68 415 5B k. ¥ %
ME SR AELEEENS R KRB (ko ID :
k000623 ; p-value : 0.05) FIZEMR. i B AR
fTAE A A & (ko ID : ko01064 ; p-value :
0.02) ZfE 5B (B 5d. HEmE S HELE
SCMs i 2 & % 5 115 T g 46 75 =AW (ko
ID : ko00942 ; p-value : 0.05) 15 5 iE i & &1
KREIER, Lk, LH % & (Name : Oenin ;
ID : pos 189) ARUMY LKL (B Se). MMk
FRE LN SCMs BN Tar 5, e iBe &2

FENG TR AR Wi E 2, W R B AR ) = R A

Bt w1, R,

TEEREN, BERME

FFAEZE S

a Category 25

FEAN [RS8 e 2 i U
FEAEFF B B E M A e

is of ids derivid from omithine, lysine

and nicotivic acid &M . B RAMRAEDBINE
posr441 mer

pos_515 pos_429
pos_411 «

neg.s

Biosynthesis of type Il polyketide products 11 %3
pos11 MR

ion of i pounds 75 AL & i) K

pos_462

pos_745 D
pos_569 fit

pos_366 p0s_S Lysine degradation #{2R M

pos_533* Tropane, piperidine and pyridine alkaloid biosynthesis

pos_191 e

pos_102

pos_591 J. po§_490
pos_479

pos_57 9
pos_522

.
pos_402

.
neg_14

pos._7 neg_4 pos_188
g

W RINEE I 2 ) B ) A ) £ 1

Size K/ Fold Change %: 5 %

e3 ‘ 15
[} 10
e6 ls
CH yo

Size K/
0>

Fold Change % 5 %

'0
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.
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S -

~»
pos_228
, Categry %5

d

pos_411

pos_157 pos_1
.

pos:SQI pos_143
o .

- V .
pos_191 pos_102

.
pos_522

d pos;l 57

pos_188

pos_268
.

@
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Anthocyanin biosyntheses 77 % 4 & K

iosy is of alkaloids derived from histidine and
purine 1 B AIE AEWIBIN A ) 45k
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Folate biosynthesis HE4EH) & R
Phosphotransferase system (PTS) BFRF: BB RS0

Size K/ Fold Change %S4 %
02 7.5

@4 5.0

-2.5
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1 Biosyntheses of alkaloids derived from ornithine,
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FRAEWIBI A R
Degradation of i pounds 75 %
et it e
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Tolucne degradation H % A%

Tropane, piperidine and pyridine alkaloid
biosynthesis i\ WK AL IE A4 0B A=
WE Rk
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c pos_741
.
Fold Change 7% 5¢fi %
Size K/
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[ B
0 0.0
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.
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5 AEAEA KEGG @B Z =R 5 HIRGHE R
Fig.5 KEGG pathway(A-E) of different groups of SCMs
enrich the top 5 metabolic pathways
Eiae SAABEE v AEE. BEE v HHLE.

BEHEZEwIHERE. FEREwHELE, FERE w I
"

"W

A VRHIE 5T R F LC-MS 5 A 35 8 i 4K 5t 40
XF Bt 28 P 4 P e e e RS R A A . A T )
ACh, {603, REZEZR ., ERHEE 817 MUY,
XA ) & AR B TR AR A e R RRAR
W W% 364 2415 TIHES I, ACh 7E 4 Flig# 1y
AR, R AR S B R ) W E
Fo LB BEEESHAE, EHESTHELE,
WA S, WM 5. TEEE
5 ¥ HAE % 1 SCMs 43l 9 336, 165, 167, 270,
247 A~ Xf SCMs ‘& HEMZE F 0, KRNEIR - 75
AR 3-F2HE-4- AR IR IR %30 v iE 2 % (1)
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