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ABSTRACT: Objective To establish a method for the flavonoid components of honey from different
geographical origins by ultra performance liquid chromatography-quadrupole-time of flight mass spectrometry
(UPLC-Q-TOF-MS) and conduct an evaluation of antioxidant activity. Methods After sample preparation,
UPLC-Q-TOF-MS was employed for analysis. Chemometric methods including principal component analysis
(PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were used to screen differential
compounds of honey from different geographical origins. Additionally, the differences in their antioxidant activities
were evaluated based on the scavenging rates of 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS) cation
radical and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. Results

identified by UPLC-Q-TOF-MS. Honeys from different origins were clearly distinguished, and 17 kinds of flavonoids,

The 79 kinds of flavonoid compounds were

including quercetin, nobiletin and kaempferol, were screened as characteristic markers for origin differentiation. Hongqi
village honey (HQC) exhibited the strongest scavenging rates against ABTS radical cation and DPPH radical.
Conclusion The combination of UPLC-Q-TOF-MS and chemometrics can effectively differentiate honey from
different geographical origins. This study provides a reference for the authentication of honey origin.

KEY WORDS: honey; different origins; ultra performance liquid chromatography-quadrupole-time of flight mass

spectrometry; flavonoids; chemometrics; antioxidant activity
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AARKAPEH, AR08 L8 S 80RO €3 - DU AT - R AT
B} 18] 8% 3% 9% (ultra performance liquid chromatography-

quadrupole-time of flight mass spectrometry, UPLC-Q-TOF-
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DPPH)(73Hr4l, FifE 5 AL A BORA BR A D) i AR |



5512 4]

AREERL, S o MO G - DU AR - KA IS 1) i 2 A e 8 B I D 18 70 S e AL T A AR 183

ML al, R TR A7 i A IR A |, NI (BT 4,
BRI ITAL 1),
F1 BEEHRER

Table 1 Information of honey sample
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HQC A o £ PO A | L08R B AL A
VO A8 T P 1 R A5 o L o
#HZ
9B R A el e i A PR )
AU BV R K S AT BR 2 )

HXS Had A tm o i TR Z B AT R A H
TRT WA JETEM T LA R A R
HM BT PRI RIS R RA R A A

DR PO Ao B

GSY i AR IX
BH tmmEsX

1.2 UFE5E%

ACQUITY UPLC #t = 350 AH 1754 | Synapt XS %
PO AT AR )RS . ACQUITY UPLC CSH C)4
@ 3% FE (2.1 mmx100 mm, 1.7 pum)(3E[E Waters 2\ Al );
SB-5200DT ZA 7 P i YEL(T BB E A B i 8 FRA A,
TDZ5-WS I8 -7 2.0 L8 R A 92 30 5 AL 2R 0T R A
RN w1 ); HH-S2 0 L f8 R 7K V8 B RS AR oA 3 A PR
28 Fl); MS105DM J1 43 2 —HL F R (i - R 8 -FE R 2
£RH).

13 75 &
1.3.1 HamHl&

2T 60 °C/K¥ 30 min Fifk, BUEIIL)S G EY
15 g, ¥5ERRE, BT 50 mL HIEHE, A 9 mL PSR,
HBFE (150 W, 40 kHz)ALFE 20 min, FJSBHEREY 5 min, &
53, BUBGS, B5.0:(4000 r/min, 15 min), B T25
KA, 60 °C/KIFZFHET, IMA 5 mL HEEMR, &0
(4000 r/min, 15 min), B E3EWAT 0.22 pm LIRS, WLk
UEW, ENFS. FESVAWAHT UPLC-Q-TOF-MS 4, FEE
e 10 £ FHUATE M e .

132 &iEius

18412 ACQUITY UPLC CSH Cig (2.1 mmx100 mm,
1.7 um); FishAl A #H97K, B MR ZHE; BEEEVEBL(0~1 min,
98%~93% A; 1~3 min, 93%~89% A; 3~8 min, 89%~85% A;
8~13 min, 85%~70% A; 13~16 min, 70%~64% A; 16~20 min,
64%~30% A; 20~26 min, 30%~15% A; 26~28 min, 15% A;
28~30 min, 15%~5% A; 30~31 min, 5%~98% A; 31~33 min,
98% A); HEiR 35 °C; WiH 0.3 mL/min; #HEERE 3 pl. fliH

F, 5% 2% L, B9 (electrospray ionization, ESI)ES TR #4178 11k,

Fra 1 B A TR . B URIREE 120 °C, BREEFIIR
JE 400 °C, JRIEFWE 1000 L/hr, B HLE 2.5 kV, L
HL R 25 V, FH4TE T 100~1200 amu, 1F 251 FI67 5 A
Ay IR, AT (V2T R 100~1200 Da 44748, it

I, Scist 5 mmol/L Y HY BRAMVA WA T BT 5 il 22 s ACHE,
T 1 ng/uL Y22 B kK (leucine enkephalin, LE)%
TR TR SR, B CRAAE B TR 223K T 11075,
133 #RAMLFK

Z:2 TR )5 Pl ABTS TR, 7E 96 4L
I AKE 5 5 86 S 40 min, 7EIE1 734 nm 4010 & TR
JE, $=n T AR R

ABTS FHE T H oSS BR A/ %= 1-(A-A)/Ag] x100% (1)

P Ay 175 uL ABTS LAEW+25 pL HEERIIOLEE:; A
9 175 uL ABTS TAER+25 uL SRR BWERE; Ayl 25 uL
PR 175 L FEEROLEE

Z:2 TGN 7 P il DPPH TAEW, 96 LA
AFES S RGO 30 min, FEUEHS 517 nm A0 E OB,
AN AKX QAR

DPPH H HH 5 FR 3R/ %=[1-(A-A)/A]x100%  (2)
3 Aoy 100 L DPPH TAF#+100 pL FHIEEHIOLEE; A,
47 100 uL DPPH T AF#i+100 puL LR85 AIWOGEE; Ao 100 pL
HER A WA100 uL BRI
1.4 BEALIE

Xf UPLC-Q-TOF-MS 33|14 sEATAb 2R, 5 ekt
Waters 57 & A @2 S A UNIFL 1.8 FEL 41711k
2R RE R S, UNIFL 886 4 H D S b & WA R T
KA R B PR E, B/SH A Waters MassLynx
4.1 AT, SE R ETHEEU K
PubChem . Pubmed. Chemspider 55/ 3804 2 X1k & W i3k
ATHXT RS E . {#] Origin 2022 %% UPLC-Q-TOF-MS
BEFIE L, FUETH RS 3 A MetaboAnalist 6.0 #4171
— {4k 3, BE S #E AT 3 8 4 43 T (principal  component
analysis, PCA) . 0 — fk J5 8 ¥ &£ L 4 = TV &
(https://cloud.metware.cn/#/tools/detail?id=377) ¥ 17 3 2 43
Mr, FIH SIMCA 14.1 #E7IEAE R /N3 (orthogonal
partial least squares discriminant analysis, OPLS-DA)/#7 .
{87/ GraphPad Prism 10 ZxiF2ARIE, FEEATHE R )y 2557
BT, P<0.05 REREF B E . R HEYE ST Gk 7 K /R
AHICME ST A WA B A AT 3 IR,

2 EREHR

2.1 UPLC-Q-TOF-MS ##f

15 7 Fhige g th L] 79 FEEEAA Y, HhiE
BTN IS 42 Rk A, R
e 37 FrEEIA G, A5RILE 1, EEAATE 18
ol ¥ B (22.78%) . 12 B K A BE (15.19%) . 9 Fh ¥ Hd 1
(11.39%) . 8 FhE AT (10.13%)% .

SRR -3-0- 88 BT (b &1 C74) 2 —Fh A L
TP G 2SS, ATE DU )I 7 Hu 4 % (DR AT HQC)
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Wil J5 W% T B AR 24 A7 — 4 F D-4 & B (mV2) 165.07575
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Fig.3 Cluster analysis of honey samples
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Fig.4 Analysis of PCA
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Table 2 The 17 differential flavonoid compounds

B R

P AR CAS  ®ETHX T HIE s b TR (mV2) I3
ppm
24 67 - A _
c7 “TE v 74919576 T CoHO, 2861205 2861195 34 0 0908 10307197, 7704039, 13508310
e = i N
S L i 2 P 284.03378, 300.02864, 165.99215, .
Cl2  3-WAEIHLFEMER - FET  CeHpO; 3160583 3160578  —1.6 209.05672. 139.00461 B i
C18  5,7- L 5 31721-94-5 BT CHO, 1780266 178.0265  —0.7 109.03114, 137.02641, 162.03205 0 )5 i
. r 375.07342, 357.06324, 347.07731, -
C26 Gardenin C 29550-05-8 IE#IT  CypHyO, 4041107 404.1116 2.1 390.09885. 36004843 i
28 Undulatoside A 58108-99-9 BT  CiHis0o  354.0951  354.0958 2 161.02779, 85.03125, 177.02110, 111.04726 I
€29 FIR G4 % 69256-15-1 FUAT  CoHO 306074 3060744 13 P02 ITI0N63% 17102063, 9303323, 4
. 151.00404, 107.01448, 213.05651, -
30 H % 480-40-0 T CisH, O  254.0579 2540573 22 145.03041, 21103881 HE T
31 7 5 B 1 - EBT GOy 7401953 7401952 0.1 1200472 216.1(1]411;00,2129;6.1 1987, 77.04070, gy
38 JIBE R % 478-01-3  IEBET  CyuHnOs 4021315 402.1315 01 161.06272,373 '0?‘1“1‘30’ 4160795'02999’ 95.05167, HE T
Cc42 SRR 41653-81-0 iESF  CiHiOp  298.0477  298.0493 46 28504020, 151'0?32963101977'035 38,93.03552,  w g
. o 125.02507, 149.02679, 285.04339, -
Cc47 Tt 2 % 117-39-5 BT CsHO; 3020427 3020431 1.4 151.00538, 145.03063 B i
Csl1 R ZEE-3- 6665-74-3 BT CeHpOs  284.0685 284.0685 0.1 211.04015, 268.03878 B il
e e 287.05914, 317.06848, 299.05917, -
C55 MIREER B 603-56-5 IEET  CpHOg 3741002 374.1007 1.4 359.07563, 329.06822 B i
cs7 e 520-36-5 BT CiHOs 2700528 2700526  —0.9 11703481, 151 00408, 10701330, I
- P 187.04217, 203.03644, 157.03191, -
c61 ROEE D 78277-79-9 BT CuHxOp 7102363 7102354 1.3 125.02516, 14503320 il
c63 Wi Zs T 520-18-3 BT  CueHgO, 2860477 2860478 0.1 10100476, 107‘0;‘2‘310’ 59136‘23545 222703753, ey
r 253.05138, 125.02538, 151.00502, -
Cc77 Tl iz % 480-41-1 BT CsHpO0s 2720685 2720678  -2.5 107.01498, 17401841 A TR
RN AR ENZIL A CAS 5.
A i %0 B\,, 20 A2 B A AR 2R T R 2R T BE A (R R T Y 0 2 AT
& oy b A2 X 417200 A G 3T UPLC-Q-TOF-MS 7E 6 4~ i
4T 60 & 60 : e F
] % . FHrp LA E R 79 MBI A, SRR E IR ET .
H pon = . T N N
o 40 pEL Y kY ORI SR . R HTRY] HXS R
g N R N e
5 20 T ool %, HALMEEE N2, 16 PCA [l s R4 B
%‘ = OPLS-DA 43 H i F W] Fi A5 4 % 7] 43 3 26, HQC 5 DR #%
= 0 0 R s . N . v
2 SO S A2, HAbie® R —2. UL VIP>1 H P<0.05 Jifiik bz
VR AR A A T/, = B prhy A
e N WESAE] 17 AL AP I 5 R T e e 4
C A&, 433l 205460 - &S A Em ., 1
ABTSIHE T > 10 2 ¥ g
L 3 X 8 A Eg e 3?3 8 s 8‘,3-5 B, IR E . FmREEWE. (IRFHE. Wi
a > 20.5 . o
DPPHAE, Vo o o S8 o d an b A oA 10 SFHEE . MIRSHE B 57 RILEIRE 11585,
COTTITICCOTIEOESCSI

T C ARSI . BRI /ING FERUERE 5 B3
Bl C e mRRIEAR, AR,
*RIRFE S E P<0.05,

Pl 6 7 Fhidesgh a stk
Fig.6  Antioxidant activity of 7 kinds of honey samples
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