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Abstract: Objective To study the changes of flavonoid components in honey before and after refining. Methods Six batches of
honey from different sources were collected and refined based on Chinese Drugs Pharmacy. Solid phase extraction was used to enrich
flavonoids from samples. HPLC-TQ-MS was established to determine the contents of 15 flavonoids in crude and refined honey, the
separation was performed on a Thermo Accucore RP-MS (100 mm x 2.1 mm, 2.6 um) column with the gradient elution of
methanol-0.1% formic acid water, the flow rate was 0.3 mL/min, and the column temperature was 30 ‘C. MS condition: Electrospray
ionization (ESI) source was applied and operated in the positive multiple reaction monitoring (MRM) modes. Results Twelve kinds of
flavonoids in three species, flavonoids, dihydroflavonoids, and isoflavones, were detected in honey, which including quercetin, morin,
xanthophyllin, kaempferol, apigenin, wogonin, galangin, chrysin in flavonoids; pinobanksin, naringin, and pinocembrin in
dihydroflavonoids; genistein in isoflavones. There was significant difference in the species and contents of flavonoids between crude
honey and refined honey. After refining, rutin and narirutin were detected which have not been reported in references, and the contents
of 12 kinds of flavonoids have increased at different degrees. The contents of quercetin, morin, xanthophyllin, kaempferol, apigenin,

wogonin, pinocembrin, and chrysin in linden honey have increased, but the contents of pinobanksin, naringin, and galangin have
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decreased; all the contents of the components in acacia honey have increased except apigenin, especially the quercetin and morin; The

content of 12 kinds of flavonoids in the honey of various flowers and Chinese date honey all have increased. Conclusion Refining can

change the species and contents of flavonoids in honey.

Key words: honey; refining; flavonoids; HPLC-TQ-MS; rutin; narirutin; quercetin; morin; xanthophyllin; kaempferol; apigenin;

wogonin; galangin; chrysin; pinobanksin; naringin; pinocembrin; genistein
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Table 1 Honeys samples information
FER A RR AR 7= it [EERES RS aUs _ A%
PRiET PRl
Bt E 1 HOR LA R A& Jent HD1609064Y RBEHIE EHA . FhAEM1A [, WEE 195 118
AexD) ARATF
W2 2 000 “mu uioit” WP 20150915 kBt RER. FWBE S5 E, WREE 176 10.8
PERLE 1 JORILEE R A& Jent HD1609067Y /KA EHA. FiFEMA RIEE, MIEE, 189 115
e ARAF R
HME 2 REA” BT 20160923 wimE EH. B SER, WEE, 201 129
WK
H1£%  Wendell Estate Co., Ltd. JN& K 1023REG21  FLAM  HFEW. BIR. 455 SEE, WilE 158 102
BIE PRILFERRE M Jbnt HD1609066Y HIEHIE FEUA . FiBH 14 S, BIEE, 182 125

(JbxO ARAF

Rt

222 FUEKM BTN, RABBIE R
R CESD, 477 08 2 BB 1 M I A3 =X
(MRM), HPLC-TQ-MS Kl WL 1, BAEW
E B 2,

2.3 XMERMIARAE &

BT EEMEE . MR MR,
RWHR. KBREZR. LWER. Frtias. MikEs.
FRIRZR . AR WEE R mRER. TFIRER.
B S, FEARE, I EE 5 )k
0.203. 0.310. 0.250. 0.312. 0.494. 0.133. 0.452.
0.475. 0.204. 0.375. 0.115. 0.035. 0.555. 0.410.
0.512 mg/mL [FVEH, AEAX IR & 70k
R ER 15 AR R TS B, TRA, IR
SEZ, IR &3 A 0,132, 0.6204 50.000.
6.989. 6.916. 2.527. 17.716. 1.188. 1.020. 0.563.
0.138. 0.0375. 2.220. 6.560. 5.120 pg/mL [I1EA
o] R VAR o
24 HiXSEAERNSIE

ST, 2y BIES R 20 10 g, 4
EPRE, BT 100 mL =i, A pHAEA 2.0
()RR 30 mL, iR A 1 h, F2HGE 7 000 r/min
2.0 10 min, _FIEOE I AL ST Strata-X {4
RO C(FEAAZERCE PR3 3 5 mL H
FEF1 10 mL pH BN 2.0 PIEREREHEATIEL), DA
K 10 mL P, FEKW, P HEE 20 mL P,
WOER BRI, 28T, FREFGEINHEE 2 mL B A fE
Wi, 0.45 pm JEMREET, HXZLUEWR, RI1S.

2.5 FHEFER
251 ZRMECRFBLAGMR(LOD). &R (LOQ)
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t/min

LT 2-5FMEH 3-MR 4-REE SR omEMi
FOT-MIER SARBEH  O-QURIAZ  10-LHEm 117
12-FF A 13-0EH R 14-ABR  15-mRER

1-rutin 2-narirutin 3-myricetin 4-morin 5-quercetin

6-pinobanksin  7-naringin  8-luteolin  9-genistein  10-kaempferol

11-apigenin 12-pinocembrin 13-wogonin 14-chrysin 15-galangin
115 NREIZEASTH) HPLC-TQ-MS [Eli%
Fig.1 HPLC-TQ-MS Spectrum of 15 flavonoids
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ME AR A X VA, s H R Rs 5
R AN [F) O A P R ) B VR AR D) o o
WREEONREALER (OO, FRPE AR (V),
2 HIbaERTZE . 75 LOD A1 LOQ. &5 L% 3.

252 FEERLALS  ORSEWCBUEME | R ERE A
FWPER IR, B 6 IR, WIS T EEK
MR BE. MR, FEER. ABER. W
AW, AR MR, JRIRER. AR, W
WER. MRER. TTE. ARG ME
i) RSD 43514 1.35%-0.56%+0.00%- 1.04%-1.05%-

0.30%- 1.16%- 1.33%+ 0.60%- 0.50%- 1.10%- 1.36%-
0.94%-+ 0.75%- 0.96%, F&5%ERLT,

253 HEMHRAE HBUERE | BEEFNL 10g,6
By, REEFRE, 1% “2.47 TR 5kl 2 s pR i i
B SRR, TR A R . R
P EEMEE. R, WER. FEED R
BEZR. &M Frtias. MR, kR ER.
FRER VOESZR. mRER. TR, ABEM
PR BB AN 2.60. 12,97, 0.00. 135.12.
124.54. 44.59. 336.54. 24.20. 19.87. 12.51. 1.99.

Fz2 ISMERAERSNSREEMERER
Table 2 MRM information of 15 different flavonoids

WEW tr/min BEEF (ml2) FEF (mz) R E/V fill 18 L /e V
T 19.039 611.2 303.1, 465.1 130 16
SEF AN B 19.488 581.3 273.0,421.1 120 8
LS N 21.324 319.0 153.1,273.1 155 30
SN 27.224 303.1 153.1,229.1 160 37
FHE 27.109 303.1 153.2,229.1 160 35
NS N 29.360 287.1 153.1, 135.0 160 30
2 33.557 287.1 153.0, 121.1 155 37
AU/ 28.784 273.1 153.1, 147.1 130 22
Tl e 2% 28.793 273.1 153.0, 147.1 125 20
VOV N 30.353 271.1 153.1,215.2 140 22
NS 34.791 271.0 153.1, 119.0 150 30
WHEEER 47.962 285.1 270.1, 168.1 140 25
FMRER 52.371 271.1 153.1,105.0 150 30
Trinz 46.282 257.1 153.1, 131.1 120 23
SE7ES 50.523 255.1 153.0, 103.1 150 33
#=3 M52, LOD F1LOQ &R
Table 3 Results of linear equations, LOD, and LOQ
WEM R LML/ (ngmL ™) r LOD/(ng'mL™") LOQ/(ng'mL ™)
= Y=4785.8 X+17.101 0.413~132.000 0.999 2 0.11 0.37
EAEMRE Y=1709.6 X+6.589 6 1.938~620.000 0.999 4 0.15 0.51
VLS N Y=273.37 X+21.788 30.000~3 000.000 0.999 3 3.08 10.15
iRz 3% Y=257.35 X+1.050 9 21.840~6 989.000 0.999 8 3.10 10.70
RER Y=3019.9 X+34.896 21.610~6 916.000 0.999 2 0.87 2.90
RBEER Y=1239.7 X+2.5979 7.897~2 527.000 0.999 3 1.30 4.40
L 251 Y=438.01 X+14.124 53.680~17 176.000 0.999 6 3.30 10.70
ELIR VN Y=1900.6 X+10.553 3.713~1 188.000 0.999 2 0.62 2.10
Tl e 2 Y=1959.4 X+7.716 4 3.188~1 020.000 0.999 5 0.55 1.70
YRR Y=743.82 X+3.268 3 1.759~563.000 0.999 7 0.26 0.88
NES Y=11241 X+3.5253 0.431~138.000 0.999 4 0.08 0.26
WHEEER Y=18312 X+4.258 9 0.117~37.500 0.999 5 0.02 0.06
FMRER Y=653.88 X+5.999 1 6.938~2 220.000 0.999 6 0.90 3.10
TR E Y=2245.7 X+66.834 20.500~6 560.000 0.999 4 0.35 1.03
SE7ES Y=1236.8 X+9.9123 16.000~5 120.000 0.999 2 5.00 1.50
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0.97.42.70. 117.48. 88.61 ng/g, RSD 43}y 2.78%-
1.95%- 0.00%- 2.20%- 1.80%- 1.90%+2.11%- 2.19%-
2.60%- 2.68%- 2.36%-2.30%- 2.20%- 1.93%- 2.54%,
FrEEisk.
254 FeEtkine  HUERRE 1 RERRL 10 g,
FERFRE, 1% “2.47 TUNJ7iE) 25 st s i,
EHIFE)E 00 20 4. 6. 8. 10, 12, 24 h #EFE, W
T EEMEE. oEER. WE R FEER,
RBEZR. EH . FHIAR. MR R JORRER
FRE ESER. mRER. TR, OBRE
THARFUE R RSD 235309 1.42%- 1.55%- 0.00%-
0.89%- 1.31%- 1.21%+0.53%- 1.33%- 1.02%- 1.24%.
1.63%- 1.35%-+ 0.91%. 1.25%- 1.66%, &R,
IR RAE 24 h WARE
2.5.5 OFEEICRERLS  HUERMRE 1 BREAERL S
g, 6 11, FEERRE, Zr ks 2 N XF B i & Ol
=4

ANLURFE SR LR R D, 2R “2.47
WUR J7 im0 AR S, 7E Bl g 2 1k T
ITIE, THEEE, GRS T. SFMEE. ¥
M. MR, RHE. ARER. LER. mnt
IAE L MR FRRER. AR, ISR, &
RZER. MR OREFIIMEERE 58
99.18%- 98.69%- 99.92%- 99.21%- 99.56%- 99.72%-
99.49%. 98.83%-+ 99.24%. 98.68%- 99.08%- 99.14%.
99.65%-+ 99.17%-+ 98.33%, RSD 3%~ 2.05%.
1.35%+ 1.02%- 2.70%- 2.06%- 2.19%- 1.94%+ 2.86%-
1.88%+2.49%-2.49%-2.10%- 2.09%- 2.32%-+ 1.91%.
2.6 HEmNE

I3 A UG AR ERE & 10 g, kIR “2.47 T
N, WE S BRSO B, FEEREK &
FRA TR . BRSERILR 4. X EH T
P ) T i e 2 R R S s o R R SR AN B AR A

REARL T EBMELR

Table 4 Results of flavonoid contents determination

fﬁ%ﬁiﬁ/(ng-gfl)

FE

ES

T =EEMET wiiR O WER FHE ARBEZR EH EHRER
W E 1 i — — — 246.40 234.72 122.65 336.35 28.73
% 6.28 2.14 — 271.28 251.09 140.83 413.45 27.73
WewE 2 g% — — — 42.17 36.40 5.40 62.18 4.99
A% 2.11 3.89 — 61.69 56.37 7.18 77.54 5.35
VERRE 1 4% — — — 49.22 38.48 33.79 219.06 11.96
% 2.60 12.97 — 135.12 124.54 44.59 336.54 24.20
FEMRE 2 M — — — 179.37 172.69 11.11 333.47 13.67
% 11.24 1.84 — 22732 203.15 15.31 370.34 23.26
HALE A — — — 476.18 416.46 12.52 1 845.59 53.79
A% 5.39 7.17 — 958.00 908.42 19.51 2396.85 136.05
I A — — — 269.72 241.84 10.66 696.25 20.14
W% 8.33 4.80 — 344.18 324.04 15.97 905.65 41.69
. . FRESH/(ngg ™)
FE Fh — - N —
LS PRRER FkEw WHEER  mRER TR SLZES
Wb E 1 i 22.54 — 19.45 2.90 140.79 350.14 354.60
% 21.46 0.97 2437 3.84 139.62 383.41 401.52
WewE 2 g% 4.04 — — 0.04 16.34 57.38 69.77
W 4.20 0.51 4.48 0.08 15.11 71.70 86.82
VEMEE 1 gE 9.15 10.94 1.51 0.76 35.23 60.55 78.99
oty 19.87 12.51 1.99 0.97 42.70 117.48 88.61
MR 2 M 9.91 10.43 1.55 — 37.53 129.80 73.46
% 10.88 14.42 1.55 0.09 54.06 155.40 85.27
H AL 2 38.94 0.37 8.20 0.04 198.53 1 006.57 495.46
HE 106.25 2.99 11.04 0.10 217.46 1304.42 562.58
I 2 14.49 — 2.04 0.04 22.83 51.74 62.63
W% 31.10 1.27 2.70 0.05 25.39 61.22 78.16
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