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Determination of 24 Kinds of Phenolic Acids and Flavonoids in Honey
by Ultra-high Performance Liquid Chromatography — Tandem
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Abstract: An ultra-high performance liquid chromatography — tandem mass spectrometric method
(UPLC — MS/MS) was established for the determination of 24 kinds of phenolic acids and flavonoids
in honey. The target compounds were extracted with water, then purified and concentrated with a
SHIMSEN Styra MAX solid phase extraction column, and finally analyzed by UPLC — MS/MS and
quantified by external standard method. Under the optimal conditions, there were good linear rela-
tionships for 24 target compounds in the range of 2—1 000 pg/L. with correlation coefficients (r*)
greater than 0. 998. The limits of quantitation for the analytes were in the range of 2 - 10 pg/kg.
The average recoveries ranged from 60. 3% to 111%, with relative standard deviations of 0. 80% —
8.5%. The established method was successfully applied to the rapid detection of 15 samples from
five types of honey. It was found that 18 compounds including gallic acid, pinobanksin, galangin,
pinocembrine, protocatechuic acid, p-coumaric acid, p-hydroxybenzoic acid, caffeic acid, quer-
cetin, isorhamnetin, kaempferol and chrysin etc. were detected in all honeys, but there existed
significant differences in their contents. Meanwhile, rosmarinic acid and morin were undetected in
all honeys. The method is simple, rapid, sensitive and stable, and it could be used for the simulta-
neous determination of various phenolic acids and flavonoids in various honeys.

Key words: honey; ultra-high performance liquid chromatography — tandem mass spectrometry ;

solid phase extraction; phenolic acids; flavonoids
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1.1 #R5H F#1FESMEE
2 B (Rl ) W T Merck A7) ; B Tabl]e 1 Informations offhhoney samples
it . . . — Honey sample Region of honey Time
Eﬁ( @1%2@)91@]?% Fisher Scientific /L‘K ﬂ 5 é%i]km‘zj Buckwheat honey 1 Sh:anxi , China 2020
ﬂ:jtﬁfﬂgj:r o *Hgﬂi*}z SHIMSEN Styra MAX Buckwheat honey 2 Neimenggu, China 2021
y — Buckwheat honey 3 Neimenggu, China 2021
DAV AN
(150 ng/6 mL)m‘@ﬂ:gfi £ FlJ ’ Bond Elut Plexa PAX Linden honey 1 Jilin, China 2020
(200 mg/6 mL)mflyﬂ: Ag]]ent&ﬁj , Oasis HLB(ZOO mg/ Linden honey 2 Heilongjiang, China 2020
N Linden honey 3 Heilongjiang, China 2020
: ZNH] . Wi R A y gjiang,

6 mL) T Waters 2w 5 24 PPl AN B il 2840 59 Acacia honey 1 Beijing, China 2021
EI,‘] érE J:E iéj = 98%, I}YQ :J: J: iﬁ Yﬁ I]‘[' //_\\ l_—ﬂ ° ﬁf—- 1‘% fﬁ} Acacia honey 2 Gansu, China 2020
ot WA R . o Acacia honey 3 Henan, China 2020
(ACdCIa honey) A ; = (Ju‘]ube honey) A 1{% ﬂj‘ = Vitex honey 1 Beijing, China 2020
(Linden honey) N ﬁf%(Buckwheat honey) N ﬂ:IJ/ \% Vitex honey 2 Hebei, China 2019
(Vitex honey) , SAMRIPIES 3 M RESIE 151 Mievtone 3 e (s o
. i Jujube honey 1 Tianjin, China 2020
T (ERWED, T4 CHRAT. Jujube honey 2 Shanxi, China 2021
Jujube honey 3 Shanxi, China 2021

1.2 EH5EE
Agilent 6495 EREAH 3 — = FPUARAF B BT RS, BCA HIE 55 i 1R (ESTUR ) (321 Agilent 2%
al); Toz—XKV. T haZz—RKF( LR - FERI 2 200]) 5 TTL - DC /K Z WAL (R 28R
7)) ; Vortex — Genie2 IWHEIR & w5 (£ H Scientific Industries) ; Milli — Q f%?ﬂ(ﬁﬂi%‘?ﬁ(lntegr&ﬁ , EH
Milli — Q2v#]); SPEZEE (£ Agilent 247]) o
1.3 FRAER KA H
1.8.1 FREEGERR  HWPERE S SR ERR BT BRI N | mg/mL bRIERE 2, S8 2AE M
T -18 CIRAE, .
1.3.2 tREIER  ERIPRE TR : 0. 1% HEE-80% B RS/ U bR i 2 T R R o S i
WA2. 5. 10, 50, 100, 200, 500, 1000 we/L BTRAFRE TAER, BLUHBLE
FERbRE TAEW: SR “1. 47 Jrik bR bl & 25 L SE R T, b it 2 VR B i o v
BESr A2, 5. 10, 50, 100, 200, 500, 1000 we/L ARG FriE TAEW, BUHBLAL .
1.4 FmETAIE
1.4.1 RSB HEFES 2 sCREIE 0. 01 )T 50 mLE.OEH, NI S mL &8 T /KIRE T /M E R,
MEKEEpH 6.0, gk,
1.4.2 BEEEK BREEESTEER BN 5 mL HEEH 5 mL 2257 /KiF{L i) SHIMSEN Styra MAX
A, AR TR G, 5 mLEAKMkEE, T/ ME, K55 mL 5% B - HEEZ N (HEE:
CME = 1D IEREIE, W T 40 CRMREIL T, 1 mL 0. 1% HR-80% H K E R S, it
0.22 pum JERUEHE, FRIE .
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1.5 {UE\&EH

1.5.1 @iELHE @i%FE. ACQUITY UPLC HSS T3(2. 1 mm X 100 mm, 1.8 um); FEi&: 35°C; izh
HHAM: 0. 1%HERKET, BAH: CBE; PEEEVEMIRREF: 0~ 1 min, 95% A; 1~8.5min, 95%~30% A;
8.5~8.6min, 30%~0%A; 8.6~ 11 min, 0%~95%A; 11~ 14 min, 95% A; #i#E: 0.35 mL/min; I
FERRL: 2 ul.

1.5.2 [RiG&H WIS E TS FEEC(ES) s 2R MRS (MRM ) ; AR : 290 °C; ¥
AR : 11 L/ming FEASRE: 350 °C; PR : 9 L/min; AL THETT: 310 kPa; fFZHE:
380 Vi BANFEHE: 3500 V; (REEEE, BT T FEHMTGE SR 2,

#2 24FEHAMEEYIH MRM 2%
Table 2 MRM parameters for 24 target compounds

No. Compound Retention time(min) Ton pair(m/z) Collision energy(V)
1 Gallic acid (% £ F iz ) 2.38 169.0/125.0", 169. 0/79. 0 15,19
2 Protocatechuic acid (JJLZSHR ) 3.59 153.0/190. 9, 153. 0/81.0 15, 20
3 Chlorogenic acid (4% R ) 4.05 353. 1/190. 9 15
4 p-Hydroxybenzoic acid (X232 H iR ) 4.30 137.0/93.1° 10
5 Caffeic acid (WIMERR) 4.51 180.0/136.07, 180. 0/118. 0 15, 25
6 Rutin(}%7T) 4.83 609. 0/301.0°, 609. 0/271. 0 40, 58
7 Ellagic acid($£4E1R ) 5.08 301.0/145.0°, 301. 0/229. 0 42,38
8 p-Coumaric acid (K& 5 i2) 5.17 163.0/119.0", 163. 0/93. 0 15, 25
9 Naringin (i} %) 5.29 579.0/271.0°, 579. 0/459. 0 37,25
10 Ferulic acid (FiI&LH2 ) 5.35 193. 1/134. 0", 193. 1/177.9 15,15
11 Rosmarinic acid GEIE AR ) 5. 66 359.0/161.0", 359.0/197.0 12, 15
12 Morin( ) 6.19 301.0/151. 07, 301. 0/125.0 16, 16
13 Salicylic acid (KR ) 6.22 137.1/93. 1 14
14 Luteolin (AR H 2) 6.48 285.1/133.0°, 285. 1/150.9 40, 30
15 Quercetin (i iz ) 6.53 301.0/151. 17, 301. 0/179. 0 22,18
16 Apigenin(Jf 3£ %) 7.07 269.0/117.0°, 269. 0/151. 0 30, 24
17 Naringenin (i J7 ) 7.10 271.0/151.07, 271.0/119. 0 19, 33
18 Kaempferol (#JERE ) 7.20 285.0/93.0", 285.0/257.0 35, 20
19 Isorhamnetin (53 AR ) 7.29 315.2/300. 17, 315.2/227. 4 22,32
20 Pinobanksin (A Z) 7.31 271.0/252.9", 271.0/197.0 22,28
21 Chrysin(fo[H) 8.46 253.1/63.0°, 253.1/143.0 32,24
22 Pinocembrine (148 %) 8.57 255.1/151.0°, 255. 1/213.0 16, 12
23 Phenethyl caffeate(CAPE , MIMERR K 2,758 ) 8.59 283.1/135.0°, 283.1/179. 0 20, 12
24 Galangin(j5 RZE#H) 8. 62 269.0/169.0°, 269.0/171. 0 24,24

*quantitative ion

2 HRSHE

2.1 [RiLEEHMmL
4 B BE A 100 /LI & bRl TARVRL, A 9IRIE . 7 THulBiRT 45 0. b P E
PRSP R, Bk EAR TR T, PIAE 5785 PR T B S E iR, LU
WA T8 T A REES T, SR T8 TR B A B i 2 B TR e e s T RIS RS T, 7E
MRM B F AR R A P (W25 2) | )
2.2 fIEUH®RL ﬁZ%S o
A A WETE | 43 o 3 AR 55 8 % 0 0 A | y ;
G R A B 52 . SEI HL 4 T ACQUITY UPLC T —
BEH C, (2.1 mm X 50 mm, 1.7 pm)fl ACQUITY ]w n o Zl‘2

UPLC HSST3(2. 1 mm x 100 mm, 1.8 wm)2fpail
FELL B0, 19 HY R KFER 2, 0. 19 FF AR K im}
MR RALS A AR A o . . . -
3 2R T 7 R S B K R 4 R I ) s

BB RERIE, 5 FRIEER, R HSS T3 6 1 24P H R EPIIER it

Fig. 1 MRM chromatograms of 24 target compounds
i gy £ e VA 9 5 .
ﬁ%ﬁ*ﬂ Z;H% -0. 1% H Hﬁi 7J({ﬁ i3 {}ilf:ljJ*H Hﬂ‘ , 24 *EP H the peak numbers denoted were the same as those in Table 2
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FrAb &P B SR ) O B BE TR FRIIETE , U HIEN R TR B TR MR RE )T, G5 T IR AL
MRS RIS . BRI REAESm “1.5.17 R, ST 24 b S 0 IE 25 1k
DL 1,

2.3 RIEAEMNRA

2.3.1 EHEFEREMNZEE HMULEMEZSHAMmEE, B3MRE, MAXFAIPAX Y E TIRAHHE T
FAHZ B AR A B, B BH & s e R i R B0 VE T, & TR SR A B, HLB [ AH Ak
i 22 1) pHABLTE B A, AHHERR P 2 PR A S 3 A I Il e H i e 2 v s T R 2 2k 45 i)
SEH DY B AHAE B . FeA T MAX . PAX FIHLB 3 Fft [ AH 2% BURE AL SO (WL 2) . 255 R, R
M HLBAEEALES, JFILARRR . WE T8, BAEmR. &1 . W 0 ECRAET 60%; PAXAEGLET,
BETIR. AR . WEFE. 5REZO BRI T 60%; MAXAFE G0 I 1) %t [ i 5488 00 () >
60%) ., PRI, ASBFFT 4 MAX [ AH 28 BURES A Shat A T4k

Il MAX
Hl PAX

120 q

Recovery/%

T 7T T T EEE 2] 3T BT E E A E 5 £ = g E 5 &5 B O E
I} S I3} S I} S S I3} o S i = 50 = S & = &0 5 T =
3 8 3 8 8 8 & s 8 8 B 2 < £ T £ £ 2 & £ &£ & S
g & &g & & g g &2 &=z &8 2 ® O F2 : £ 3§ % 5 2 P % g =
§ 2 8 E 5 & § B & ®» ¢ 8 2 =2 £ § =z Z &5 & Z
= =) £ =] I = 19 = = e 5] < <&
g S E 3 O = = T = = = 8 ] z Y
£ g 3 £ C g = 3 @& 2 £ Z M
= 35 z S n = [-»
) (3] (&} =] =
% I =
= = ~ (&}
3 3
= (=W
.
A

2 NFEZEAIE A A BAST B bR A ReR )
Fig. 2 Effects of different SPE columns on the recoveries of 24 target compounds

2.3.2 HMBABRpHERIZERE i pHEREZWIREGCRIEZERZE, YpH < pKal, (LEWILLS
TARTEAE . DIAKCHIRBUR T, 454 Bk i pKafl, HE TR pHAE > A1 4.0, 5.0,
6.0. 7.0, 8.0. 9.0H0F, MAXEFHALEAEXT H b &Pl MR 2 (#3) . 452580, FE&E pHAEM
Whn, Btk Aok i R e R REAIR, Y4 pH b 6. 0B, HERESWr Sk eRi S, M
62.7% ~ 109%. Pk, EBFmAERESE I pH 6. 0,

2.3.3 BEBAFIAEE S PREREYN AT, KRBTSR, 45A SR, B
20 HITRF S . 5% PRI HI S . 6% HF TR FRY A R eI i)
E I PRI RIS 7 A SRRSO . 5 RER,

b b A 0 B 2 Y T 5 R W T %4 ; ,
B swi . HAREA DI, e ¢ ") N T *
&, WOTE. SRRIECRIAT, KT 5% P - i

HIREA 5% R — HIRE G (W : 15 = 1 DIBEBRL - 2

Recovery/%
wn

R RIUMANCTERG, FAa5E AR R, o & & 9 B 6§
HoAts EUBRAL A9 00 IS 6 S AR ANAR | S5 2 7 e 7 pifalue

> &3 FESE pH AR B ik S e iR i s
hy 5% IR — HIREZ I (HIRRE: 286 = 1:1). o PR LR E T RICER E
ig. ects of pH value on the recoveries of

Ve R A 22520 H ARfb &9 B BEME R R 24 target compounds
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M/ B S BeliA se 4, HE RN ORI IR 2% . DI g ksl 7=, i T
[FEIBELE RS (2, 3. 4. 5. 6 mL)BFHAMEEPBEBIRCR . 4558200, BEliiE I &8 2 mL i,
HARME SR A4, SN BRI A 12. 5%, FEETeliz S8 m, B baad il
RBFER, UPEBEFIHE RS mLE, B SR A EIFBERRCEE, A 60. 5% ~ 106%:;
AR RPENGE R =, BB IR AR . i, SEEREA I &4 5 mL.
2.4 FHEZFWIE
2.4.1 ERYN MEBEASEENZMEESYAEEE P BT NEE G, R DIRERE R RS, i
i A EE B bR, RRRE PR LRV (ME) : ME = 5 J5tbm ik th 2 A H R /47 bR i th £2 R R <
100%. % ME 4 80% ~ 120%, FHHTFIESGIE N, v ZBE R0 ; ME < 80%, AZEFHIHIZN, ME >
120%, WSARE G SR, B REGE R T A3 a5, ZREIR (ME = 70. 6%) . EE4E
% (ME = 56.3%) . 2iE7E (ME = 77.3%) . KA (ME = 72.3%) . #il iz 2 (ME = 74.5%) . i j
(ME = 75. 8%) FIJEH#A 2 (ME = 65. 9%) AT FETMEIRLN, ,  PRUHR H IS Bobnifl th 2k 361 7 =

3 UFMEEWNEH R MERE. BTV AE B TR

Table 3  Linear equations, correlation coefficients, matrix effects, limits of quantitation of 24 target compounds

Compound Regression equation r2 Matrix effect(%) LOQ(pg/keg)
Gallic acid ¥y=3659. 1x+4.1 0.999 2 120 5
Protocatechuic acid y=3192.7x + 13 508. 8 0.999 0 112 2.5
Chlorogenic acid y=1483.5x+1337.7 0.998 9 70. 6 5
p-Hydroxybenzoic acid y=1625.0x +23836.7 0.999 6 103 5
Caffeic acid y=628.2x +719.8 0.998 7 104 10
Rutin y =490. 9x + 106. 9 0.999 3 86.7 5
Ellagic acid y=207.2x +625.3 0.998 9 56.3 5
p-Coumaric acid y=3891.7x+4827.7 0.998 7 97.5 5
Naringin ¥y =1593.9x + 189.2 0.999 3 106 5
Ferulic acid y=283.7x+378.6 0.998 1 96. 4 5
Rosmarinic acid y=T774.7x +158.9 0.998 4 77.3 5
Morin y=1875.3x+3430.3 0.998 8 91.6 5
Salicylic acid y =3306. 6x + 14 385. 1 0.998 4 72.3 5
Luteolin y=7262. 1x +2054.2 0.999 4 89.9 2
Quercetin y=6177. 1x + 8 027.9 0.998 8 74.5 2
Apigenin y=4019.7x + 15 836.0 0.998 4 86.7 2.5
Naringenin y=5258.0x-8229.0 0.999 3 75.8 2
Kaempferol y=457.5x+9.3 0.999 5 87.0 10
Isorhamnetin y=9048. 6x +21 183. 8 0.998 1 97.2 2
Pinobanksin y=2005.0x +5340.5 0.998 7 65.9 2
Chrysin y=2520.9x +11246.7 0.998 7 80. 8 5
Pinocembrine y=1003.0x +3480.3 0.999 2 94.1 2
CAPE y=11624. 1x + 8 062.0 0.999 3 89.5 2
Galangin y =683. 8x +937.2 0.999 6 83.5 5

2.4.2 ZMUSTEETR KRFIRETERRIE “1.57 F00E, LALE Y0k i iR br
(v, pg/L), RNAJERIBCNIAER (y), ZfilbrdEihZ. ZRER, SEPFE2 ~ 1 000 pe/LIEFEN
LPERIF, MHREREGADIIKRT0.998(WF3) . LLI0FEEMEEL (SINV = 10) % 5 4 T 8 ik Bk o & T FR
(LOQ)™, 24 Fb AW E B FHR A2 ~ 10 pe/kg(WLF3)

2.4.3 EWERSEMIRERE RHTEMIEEIETT200. 400, 1000 pe/kg 34N KF RN LG,
BARIERFEE 61K, ELEMES d. HFE4TTH, Wb 24 LAY IR A4 60. 3% ~ 111%, H
WA R ZE (RSD) 24 0. 80% ~ 8. 5%, HIBJRSD Ay 1. 1% ~ 7. 4%, FEHAZR 714 0 v iy A o 42 il ot
SIATER, ] T SE R A SR o

2.5 EEREFRINE

SRARTFEI R . AL . FRIS . ABRIZREZE S R 3k 1SRRI T, 45 R UL 4,
BEWELS, R8N, ITAEEASPYESHERE TR, FILRR. &2, MR .
% . s, MEE . W FE . #REE. SR EE. HEEREAN S 18R &%, HIAEH R
ERMRAROE,

&

F=4
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Table 4 Recoveries and relative standard deviations of 24 target compounds

Compound Original content( weg/kg) Recovery (%) RSD(%)
Intra-day Inter-day
Gallic acid 22.45 63.7~71.0 0.80~4.0 1.1~3.6
Protocatechuic acid 84.45 74.4~90.4 1.5~4.4 3.1~4.5
Chlorogenic acid 165. 94 79.8~95.2 1.4~6.0 3.2~5.0
p-Hydroxybenzoic acid 542.78 78.1~104 1.9~8.4 2.8~6.9
Caffeic acid 78.34 90. 4 ~ 103 2.6~7.6 3.1~6.0
Rutin 17. 87 80.6 ~ 88. 1 2.7~5.7 4.5~6.1
Ellagic acid = 66.4 ~ 86.4 2.4~5.2 2.5~4.9
p-Coumaric acid 169. 48 101 ~ 111 2.1~7.4 3.3~4.9
Naringin 105. 25 75.1~87.1 2.5~7.5 4.3~5.1
Ferulic acid - 66.9 ~83.2 3.9~8.5 4.6~6.3
Rosmarinic acid - 72.8~90.3 4.3~8.3 5.4~7.4
Morin - 60.3 ~69.3 1.8~3.1 2.3~2.9
Salicylic acid 127.63 84.1~91.6 1.9~6.3 2.7~4.3
Luteolin 16.52 61.4~92.5 2.8~6.0 3.2~4.7
Quercetin 66. 20 60.5 ~ 66.7 1.7~4.2 1.9~3.3
Apigenin 38. 87 66.0 ~ 86.4 2.2~8.2 3.9~5.9
Naringenin 20. 42 72.4~96.2 1.9~8.1 3.8~5.3
Kaempferol 100. 68 66.4 ~ 80.2 3.8~6.7 4.1~5.8
Isorhamnetin 285.52 81.1~87.1 2.0~6.3 2.8~4.9
Pinobanksin 194. 18 67.6~90.5 1.3~7.5 4.7~5.8
Chrysin 534.98 79.6 ~89.3 2.0~6.0 3.2~4.5
Pinocembrine 339.61 82.6~95.8 1.9~4.5 4.0~4.7
CAPE 18.07 69.9 ~82. 1 2.1~7.1 3.9~4.8
Galangin 70. 01 81.4~90.5 2.2~4.6 3.4~4.0
* not detected
35000 a
28 000
»
ED 21000 4
3
5 14 000
7000
0
Buckwheat honey Jujube honey Acacia honey Vitex honey Linden honey
mm p-coumaric acid naringin_ mm ellagic acid — mm gallic acid  mm protocatechuic acid
mm pinocembrine == apigenin B caffeic acid 8 ferulic acid == p-hydroxybenzoic acid
mm salicylic acid m= CAPE == naringenin isorhamnetin ™= chlorogenic acid
mm pinobanksin ww chrysin - kaempferol ~ HH quercetin mm galangin
luteolin = rutin

P4 AN [l R 2 e e e Py I T2 A 5 O ) A

Fig. 4 Composition of phenolic acids and flavonoids in different types of honey

a, b, ¢ means different samples from the same botanical sources

PRUFEREESL, HAR AR Y IR B IR R & £, SR B h R AR H IR AN & IR &
BT HAE, PR R 16 823. 53 pe/kg Fl4 118. 85 wa/kg, FISEE 4 R IR I &2 T Hift
W, PSRN 2002 48 pgkg. TEMET RRAE L BIMIAE . MRS R RS E I S &
BAHMEE, 5 Truchado 55 M E 2 AR RIS A ve FEAL B 25 RIEAR— B0, B 8 b IFUL R IR &5
BAHMEE, CFYE SR 186. 13 pekg, HERASW AT . HKIER . REBEREEN S EEAMRK.
Sergiel 55 * 42 3 B 2 ABA B LA IR P& R 1390 pgrkg, P57 . BKAERE . AR E R
BT 30 potkg, AT HAERE 80, HALE P XRER IR | RS | SKIEREN & R AR
B AREEP WG RN], BRVEAS [ M X R AE I B SR IR LTS . WNMERR | ZRIEIR . SHIAEREFIAN R
&S SRR E RAFE—E 25, DEHIIRE h IR A B ) & A2 HIX . M B AR 0
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Table 5 Contents of phenolic acids and flavonoids in different types of honey samples

Average content( pwg/kg)

Compound Acacia honey Jujube honey Linden honey Vitex honey Buckwheat honey
Gallic acid 12.53 95.10 82.36 90. 09 208.77
Protocatechuic acid 64.38 316.43 1186.13 325.43 1 005. 20
Chlorogenic acid 98. 62 149. 61 5.45 2 002. 48 28. 84
p-Hydroxybenzoic acid 750. 43 1609. 58 332.70 2 504. 68 16 823. 53
Caffeic acid 148. 04 388.75 175.78 900. 37 539.22
Rutin 35.54 10. 80 8. 09 21.99 148.02
Ellagic acid = 17.97 - - 2.29
p-Coumaric acid 200. 95 283.70 68. 61 356. 32 4118.85
Naringin 77.08 107. 08 - 118.72 224.57
Ferulic acid - 1. 40 71.32 - -
Rosmarinic acid - - - - -
Morin - - - - -
Salicylic acid 94.76 - 106. 63 177.26 -
Luteolin 7.96 20. 16 2.35 34.04 56.70
Quercetin 97.53 22.88 21.41 24.30 587.04
Apigenin 36.32 63.68 2.68 69. 62 129.52
Naringenin 19.57 6.13 4.90 36.47 12.95
Kaempferol 160. 90 278. 88 30. 44 114.51 962. 66
Isorhamnetin 396. 56 199.59 208. 48 209. 48 113.58
Pinobanksin 397.39 124. 88 159. 44 614.55 449.29
Chrysin 404. 96 120. 81 35.16 393.78 362.79
Pinocembrine 381. 81 85.29 90. 37 464. 99 379. 19
CAPE 80.78 1.79 1.22 47.28 51.65
Galangin 194. 06 22.75 18. 44 212.21 235.51

* not detected
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Fig. 5 Correlations of phenolic acids and flavonoids in honey samples
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1. p-hydroxybenzoic acid; 2. protocatechuic acid; 3. gallic acid; 4. p-coumaric acid; 5. ellagic acid; 6. ferulic acid; 7. salicylic acid;
8. chlorogenic acid; 9. caffeic acid; 10. pinobanksin; 11. chrysin; 12. kaempferol; 13. pinocembrine; 14. galangin;

15. quercetin; 16. naringenin; 17. rutin; 18. apigenin; 19. isorhamnetin; 20. luteolin; 21. CAPE; 22. naringin
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