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Abstract: In this study, an analysis method using ultra-high performance liquid chromatography-tandem quadrupole mass spectrometry
(UPLC-MS/MS) was developed for the determination of 18 endogenous phenolic acids and flavonoids in honey. The honey samples were
extracted with an aqueous hydrogen chloride solution and purified with a Hydrophilic-Lipophilic-Balanced (HLB) column, and then separated
on a high strength silica (HSS) T3 column and eluted with the mobile phase of acetonitrile-10 mmol/L ammonium acetate in a gradient mode,
and analyzed by mass spectrometry in negative ion multiple reaction monitoring mode and using external standards. The obtained results
showed that the established method exhibited a wide linear range and can be used for quantitative analysis of phenolic acids and flavonoids in
various types of honey: A good linear relationship was found with a correlation coefficients () not lower than 0.991. The detection limits for
all the analytes ranged in 20~200 pg/kg, with the spike recoveries in the range of 69.2%~94.1% and relative standard deviations in the range of
0.9%~9.0%. It was found that the types and variations of phenolic acids and flavonoids in different honey sources differed largely, through
analyses of 150 batches of natural mature honey, commercial acacia honey, and acacia honey blended with different proportions (20%, 40%,
60% and 80%) of syrup: the average content of ferulic acid in jujube nectar was the highest (550 pg/kg), the average content of apigenin in
acacia honey was the highest (3910 pg/kg), and the content of caffeic acid in Vitex honey was the highest (1721 pg/kg), with the contents of the
target compounds in the honey adulterated with syrup significantly lower than those in real honey. This analysis method exhibited advantages of
simple pretreatment, high analysis speed and high accuracy, and can be used for simultaneous determination of various endogenous phenolic
acids and flavonoids in various honeys. This method provides a technical reference for the establishment of honey fingerprints by comparing the

contents of the phenolic acids and flavonoids in different samples.
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Table 1 Mass spectrometric acquisition parameters and the FLAPE: 150 L/H; AEFESF#E: 0.15 mL/min. £
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=A -
. Protocatechuic 152.8>81.0 20 . Lo
acid 152851086 15 ' 2.1 AEREFG T
169.0>78.8 19

2 Gallieasid S 108 R b PRI, SO R, 2R
: 352' - 4'7 m W TARR-7K SN S A T PR . AV R

3 Chlorogenic : : 1 2.49 2y T = A Y%= [HE =] YRS e
s 1008 20 : 2L IS DA AR, SRS AR

2L 5% BN £ i y =

Sy FRUSAHUAL AREAT T L HSPETMLIRIE,
L oot 15 D0 PBREBL TREBLUKMREG, HEREE, A

T —— R LI R, IR BB BT RIS A HLSRR,
5 Caffeic acid 2 248 kG FLAE ARV R AR, SREsR A 0.01

180.0>136.0 15

mol/L EhFRVARAE AFE M HE G o
6  Ferulic acid 19307134013 2 3.73 X
193.051783 15 ' 22 BAREIE XA

7 Syringic acid 197.07121.0 P 2 2.16 221 éig‘#}-
197021380 15 WA K L S EMBIERRIE, 7T IRt
8§ Epicatechin 288.82203.0 20 ) o TR, M C18 il ks F AR R eSS, W2 mal
28882450 15 S SEE K E I PRSI AH A LA T A3
0 Catechinicacq 207123030 ) > SKIGSEA L S AR o (E, JRshAR KA S s
289.0>203.0 20 R EFRE M ST T O B i, 7 £ 7 B AR
0 Myricetn 317.0>1509 25 ) A T, 5SEURH, EWEFRANSAECE, FIKER
317.051790 20 VIRGE. Fik, ACE SR LB A BEIA
" Rutin 608.9>272.0 58 \ 103 BT B, IR EIE N BT oo S
608.9>301.0 40 5% 7 BEH C18, RP Shield C18 A1 HSS T3 il
|, Dimethoxycinn ~ 200.8-103.0 10 3 74 X BT o ) TS R R L, DLOR BRI 1) S5 i 103
amic gyt 2068716910 TN (32), BEH CI8 5 RP Shield C18 Fifl
13 Gelistein §o00>133.0 g6 3 577 ik, SRMERGRIE S TR, BEALMRE, (RE
EOO.ONS90 29 IS 1] 9 0.58~0.60 min; 1M HSS T3 {aihkt, HAREAHL
14 Apigenin RG22 30 3 - P R R TR I ORI 5 B AR 1A A
p69.2>1510 24 TER T, Rz N T 2B R 47 AR B
15 Naringenin 2708>1072 20 3 576 RV, ANITTRD T 350 o S A B AR 4
2708>1512 20 7 A% AT BE i 52 = EL B /K AR s A, S )T
285.0>92.9 35 ISR . SO, IR R
16 Kaempferol — 285.0>229.0 20 3 5.83 TERNFEF A HSS T3 ik J o b it .
285.0>257.0 20 222 \;ﬁgjjﬁﬂ
17 Luteolin 285051748 25 3 525 KHEEE T IREK, CBEOK. L5-10 mmol/L
285.0>229.8 20 (V) BRI A E TR BhAR A i 73 B U - 4 SRR 1,
18 Quercetin 30081508 22 ; 530 PLZAE-10 mmol/L ) ZBRE AT E MR s, #
3008>1785 18 Wy E TSRS, F930m (R 2, HEE

262



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.8

TR SRR SRR I I S5 2
MM, s T R EE. HIIER 410
mmol/L (1] ZFREAE NI BB EE VR -
FRAE -2 2 IR BT E], ARSI AHGE RS, DAUR
SR I H AR T . AL Sh
FHZAE L 1.3.3.1. FERALII (IS, BS&AF T, 18 Fh
HFR BT MRM (3 & 1 fos.

Gallic acid 100

l(g/?. E "/00 E Apigenin
0 \ L
2 4 2 4
1.02 Protocatechuic acid . . Lo 474
100 100 Dimethoxycinnamic acid
% E % E
0 0 .
2 4 2 4
100 248 Caffeic acid 100 422 530
wl % [ o
0
2 4 2 4
100 3.75 Ferulic aci 100 Epicatechin ~ 3.44
o %l
0 2 4 2 4
-Coumaric acid
100 340 7 100 368 Catechinic acid
o[ %k
0 0
2 4 2 4
Chlororgenic 2.16 : .
100 2.49 acid 100 . Syringic acid
s 4L
0
2 4 2 4
3.93
100 Rutin
% Luteolin 524
100
0 % E
! ? } ! ’ 0 1 2 3‘. 4 5
100 Myricetin  4.74 583
% E 100 Kaempferol ~
; : A
1 2 3 4 5 0 : 3 3‘ T 3
5.79
istei 5.76
1(3)2 E Genistein /k ]90 Naringenin
(] ol A

1 2 3 4 s 2 3 4 s
E 1 18 MEFMIR ATNER RIS K M IDNEFREIEE
Fig.1 MRM chromatogram of 18 mixed analytes standard
solution

2.3 SPE 4 #Hk1k

W M B HESA KRR, ARIEE:
Wi 52 RABUEE A L ELRHE Ak, LAY 2% B0 i

FE B S 5 IS 1T e IRGE R AT S PR
sG] C18 f HLB [EAHACHUR G AT 1 AL b
B, W R, PR OR EERAK,
BT HLB [EAHAZHURER FRAA 1 3R S VIR B 711,
FiTifi 52 1) pH Y61 pH 0~14, BEIE ARV R EUR
A e, PRISEES R HLB AR AL
SIS LKA IRGETR,  BRisid 2 b RN Al A i
FESMISL,  FHHAE R BT, 2 S0
TG, AR & 50 H Y

24 ARk &FAH R

FEARAC B TR 2600 B 5 18 A BARIR A 45
HER TN ICEN AL, DA E IR AR,
FWEYINE BB U AARNR, it brifEh 2k
EREIR, 18 i EHARLMES R RAE, MR
BIAMET 0,992 LA 3 550 LLALX BRI L, {F
TR, BRI . A RELRSE 4 MGk
HERKT 100 pgkg, Fefh&wk i RBET 50
ngkg (F5RILEK 3.

2.5 BAmEE. BEE

DAFERRE ], BT ATl o i RIS AR
[, HIEFEME PR ESBAEER, FTLUElok
JEKSF 500 pgkg NN, H-FATIE 6 Ik, %
TNERISCR ARG % . RIS LK 3.

B 3 ATA, 18 A H AR 4 a1 V8 FEL N
69.2%~94.1%, FHrh, TR JBIRERSE 4 ML
YIRS INEISCRA L 80%, FIREAS i TSR
01 T HARII R, (AR S BRIk DU AR AT B = AT
BIEF SRR, KRKTHEIRE, FCR TR,
MAEHEFERUEE, FH01 RSD /8T 10%, 7k
HEIUERAT

R 2 BIEHREIHERNR R FEAYIR EBRTE) R 15 SR E RN
Table 2 The relationship of column and mobile phase to the retention time and the signal intensity

Mobile phase 1° Mobile phase 2° Mobile phase 3°
column ) A .
tr, min Area tr, min Area tr, min Area
BEH C18 column 0.57 1.14¢° 0.55 2.32¢° 0.57 5.02¢°
RP Shield C18 column 0.58 1.03¢° 0.59 2.78¢° 0.59 4.66¢°
HSS T3 column 0.79 1.23¢° 0.81 3.49¢° 0.82 527¢

E: VWEEK; LTAE-K; S-THE-10 mmol/L 49 TERAE .

7 3 18 MBI STE. RER. EWERERE
Table 3 The linear equations, LODs, spiked recoveries of 18 compounds in blank samples and RSDs (n=6)

No. Compound Linear Equation r

Linear Range/(ng/mL) LOD/(ng/kg)

RSD/%  Average recovery/%

1 Protocatechuic acid y=4.54¢*x+6.92¢>  0.998

2~2000 20 8.9 73.2

TR
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2 Gallic acid y=2.14¢’x+3.62¢>  0.991 2~2000 20 7.3 75.6

3 Chlorogenic acid y=3.58¢’x+1.76¢>  0.997 2~2000 20 6.7 88.6

4 p-Coumaric acid y=1.17¢'x+6.74¢>  0.992 5~2000 50 9.5 80.7

5 Caffeic acid y=142¢’x+621¢>  0.999 5~2000 50 9.0 84.1

6 Ferulic acid y=5.29¢'x+3.70¢>  0.998 2~2000 20 6.6 90.6

7 Syringic acid y=3.15¢’x+6.52¢>  0.991 2~2000 20 2.1 92.3

8 Epicatechin y=7.48¢'x+9.47¢>  0.995 2~2000 20 0.9 94.1

9 Catechinic acid y=9.85¢’x+1.24¢>  0.991 2~2000 20 1.5 91.4

10 Myricetin y=187¢'x-2.17¢>  0.993 10~2000 100 75 80.5

11 Rutin y=5.62¢'x+1.02¢"  0.995 2.5~2000 25 35 86.8

12 Dimethoxycinnamic acid ~ y=2.96e*x+4.25¢*  0.994 5~2000 50 8.0 79.2

13 Genistein y=8.68¢’x+2.57¢  0.997 10~2000 100 9.0 76.8

14 Apigenin y=1.48¢'x-124¢>  0.998 5~2000 50 8.1 69.2

15 Naringenin y=195¢’x+6.57¢>  0.991 5~2000 50 42 84.5

16 Kaempferol y=8.12¢*x+1.2¢*  0.994 2~2000 20 5.5 83.7

17 Luteolin y=6.78¢’x+2.31¢"  0.992 10~2000 100 6.5 79.5

18 Quercetin y=4.24¢’x-4.5¢* 0999 20~2000 200 8.7 91.6

R4 NEMEETIHE. BARRATHSER
Table 4 Comparation of average content results of the phenolic acids and flavonoids compounds in different honey samples
Average content/(ug/kg)
No. Compound Chinese data  acacia  chaste Sample 1 Sample2  Sample 3 Sample Sample 5
honey honey honey
1 Protocatechuic acid 156 - 60 - - - - -
2 Gallic acid - 90 110 130 85 40 - -
3 Chlorogenic acid 57 5564 p 2342 871 560 147 3654
4 p-Coumaric acid - 402 220 285 266 150 59 559
5 Caffeic acid 400 80 1721 62 - - - 73
6 Ferulic acid 550 110 - 92 74 58 35 70
7 Syringic acid - 305 80 268 154 110 72 246
8 Epicatechin 255 - - - - - - -
9 Catechinic acid - - - - - - - -
10 Myricetin 45 - 235 - - - - -
11 Rutin 163 108 330 74 45 - - 56
12 Dimethoxycinnamic acid 80 125 200 90 63 40 - 221
13 Genistein 90 165 - 170 148 130 100 154
14 Apigenin 300 3910 289 3687 2951 2400 1765 2708
15 Naringenin 120 78 - - - - - 60
16 Kaempferol 175 - 80 - - - - -
17 Luteolin 100 844 600 826 759 678 600 830
18 Quercetin - - 125 - - - - -
Er L RERAE; 2.sample 1~4 53] AAAE R B 20%, 40%, 60%, 80%HIFARE; 3.sample 5 A FEFME,
2.6 JrEkN A
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