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Simultaneous Determination of Twelve Compounds of Polymethoxyflavones, Coumarins and Furocoumarins in
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Abstract: A method using high performance liquid chromatography with diode array detection and fluorescence detection
(HPLC-DAD-FLD) was developed to simultaneously analyze 12 compounds of polymethoxyflavones (PMFs), coumarins
and furocoumarins in citrus juice samples. Baseline separation of twelve compounds was achieved within 30 min using
gradient elution with a ternary mobile phase composed of 0.01% phosphoric acid, methanol and acetonitrile. Qualitative
identification of the components in citrus juices was confirmed by comparing their UV and fluorescence (FL) spectra and
retention times with those of the reference standards. Quantitative analysis of the juice components was operated at a UV
wavelength of 320 nm (ODsy ) and a fluorescence emission of 450 nm. The calibration curves showed good linearity.
The limit of quantitation (LOQ) with FLD was at as low as ug/L level so that FLD could be an important complementary
tool to UV detection. The recovery tests showed a good accuracy for both UV (95.2%-104.8%) and FL (94.5%-103.5%)
examination. In general, this method is accurate and reliable for qualitative and quantitative analysis of citrus juice

components, especially the ones having fluorescence emission like PMFs and coumarins.
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Table1l Information about standard references used in this study
ESi] i G R4 CAS% Al AR
1 JIBR 2 nobiletin 5,6,7,8,3" 4"/~ H 4 S 2 478-01-3 HPLC 98% BN KTRCAH
ZHEER 2 W% tangeretin 5,6,7,8,4"- T S8 S B 481-53-8  Primary 99.2% % [E ChromaDex /A &)
BN 3 HHS 7 sinensetin 5,6,7,3" 4"~ 11 A 2 2306-27-6  HPLC 98% &K TRCA 7]
4 LA heptamethoxy-flavone 3,5,6,7,8,3" 4L H A L 40 1178-24-1  HPLC=98%  LigUiMEMFHLERA R
MFRA2 #FH % coumarin 2H-1-H 3R -2- 91-64-5 HPLC=98% IR A AR A R A
5 FPSRAME limettin 51--HEREEE 487-06-9  Primary 98.1% 2 [/ ChromaDex A 7l
FEEE 6 S8 K2 TS isomeranzin T-FEKE-8- G-FEE-2-EMRTH) #E%  1088-17-1  HPLC=98% R AR IR AT
7 REFEE scopoletin T-RAE-6-FAATER 92-61-5  Primary 97.8% [ ChromaDex 2 7
8 AIEAL M umbelliferone T-REAE R 93-35-6  HPLC=98%  LMEM-AMARMA A
MR ¥E I psoralen TH-WRI[3,2-G 2 S0 -7 - 66-97-7 HPLC=98% LR MR AT IR AE
B 9 WFHMZ bergamottin S-S E S g & 7380-40-7  Primary 96.8% % [F ChromaDex /3 7]
pxggg 10 BFATPIRE bergapten S-IPRUEAME RS 484-20-8 HPLC 98% B KTRCA
11 WS FHEE epoxy-bergamottin 5- (67 -5 FMEEIEMTIRE  206978-14-5  Primary 90.2% 3% [E ChromaDex 2 ]
12 T bergaptol S-FRREAME R R 486-60-2  Primary 96.2% %[ ChromaDex/\ 7l
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Fig.1  Schematic structures of polymethoxyflavones, coumarins and

furocoumarins
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Table2 Gradient elution program
el TRENAAEFA 5 B %

B E/min A 0.01 % BERR A BHI i Cczl
0 64 1 35
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(340-560 nm) of polymethoxyflavones, coumarins and furocoumarins

UV spectra (210—400 nm) and fluorescence emission spectra
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and internal standards

HPLC chromatogram of mixture of twelve reference standards
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Table3 Linear relationship, limit of detection and limit of quantitation of UV and fluorescence examination for the twelve reference standards
T KMES WS
' wEm % Eg‘ﬁlfl/ FIF eI R LOD/ LOQ/ RIE bk R LOD/  LOQ/
T - - (mgL) (mglL) ¥ Vit (mg/L) (mg/L)
1 I i % 0.50~500  0.71 ¥=2.17X+18.40 0.999 7 0.30 1.01 7.41 Y=0.23X+0.49 0.999 8 0.51 1.69
2 %3 0.10~500  0.34 Y=7.62X+3.86 0.999 8 0.06 0.20
3 Lt 1.00~500  1.52 ¥=3.14X+6.56 1.0000 0.92 3.06 31.40 ¥=2.04X+2.21 1.000 0 0.42 1.40
4 LHHEAEREE  050~500  0.60 Y=4.64X+8.96 0.999 9 0.12 0.39 51.48 ¥=0.21X—0.27 0.998 9 143 4.77
5 FrE M g 0.10~500  1.40 ¥=6.40X—0.85 1.000 0 0.06 0.21 0.14 Y=49.78X+8.300 09986  0.0015  0.005
6 SR NEEE 0.05~500  1.75 Y=4.29X+28.19 0.999 6 0.01 0.05 46.36 ¥=8.15X+2.84 0.999 8 0.07 0.24
7 KEEe 0.05~500  0.51 ¥=3.59X+65.92 0.999 3 0.03 0.11 0.11 Y=39.63X—21.43 0.9984  0.0003  0.0009
8 IEAE N 0.05~500  1.40 ¥=5.33X+7.28 0.999 8 0.02 0.07 2.17 ¥=0.18X+1.37 0.999 8 0.03 0.10
9 TR 0.20~500  1.17 Y=2.98X—1.58 0.999 9 0.13 0.44 58.04 ¥=3.28X—0.63 0.999 9 0.10 0.34
10 hFEHARE  020~500 3.90 ¥=0.17X+0.00 0.999 9 0.17 0.55 131.31 Y=2.93X—1.96 0.999 9 0.43 1.45
11 WEMBFHE 050~500 238 ¥=1.59X42.24 1.000 0 0.27 0.90 1.13 ¥=0.23X40.10 1.000 0 0.38 127
12 RS 0.10~500  0.41 Y=3.34X+24.28 0.999 5 0.06 0.20

e« TG RN EERSOLE

SHE RS A395 nmAb RS, K4l
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Table4  Recovery of the analytes in spiked samples of mixed citrus juice
A% Bl Soth

% WBM () ARE WED BE RAEE ARE NeR  BR i

(ngl) (mgl) %% fi#%  (ngl)  (mgl)  F% (N

411 92 W16 92 973 09
| EE sS4 sl 1025 994 23 51018 %S 3l
617 13212 32 135 94 27
350 780 %1 4l
1 OREE 43 43 81 w3 25
54 96 1001 27
257 5781001 18 560 9.1 32
3 g% 3320 640 w41l 315 630 9.1 26
385 205 01 24 [AVERR 1N 40
L 29 %9 27 21 98 07
4 /t;;a%‘% 129129 25 92 39 118 240 946 2
155 25 N5 20 M 953 28
) 0.66 150 1009 19 154 964 13
5 Eé 08 08 L0 48 17 090 170 964 19
100 18 94 35 189 994 26
n 3871000 45 395 1035 34
6 ’E*W%%E 5215 43 100915 27 43105 24
258 41 w2 3l 471 984 19
190 45 %2 28 431 045 35
T OKBEZ 2% 28 476 1000 26 251 47 958 25
286 55 1005 13 533 97 20
0.6 057 911 24 055 1016 16
§ %ﬁ 032 03 06 %9 Ll 029 060 99 10
BT 060 %4 32 068 1016 32
123 25 %2 28 28 9.6 41
0 BEME 14 154 M 94 26 1.64 381000 25
185 336 %8s 22 345 979 16
15 451008 30 336101 15
10 %;H 190 190 3% 1005 2l 183 3 990 14
229 20 1003 23 410 9,0 36
- 082 181 %8 36 185 958 23
i ¥ f&f 02205 1000 09 106 206 90 17
12 25 %915 27 99 17
045 100 82 26
0 HFH 05 06 LIl 982 33
067 120 %52 08

" oay by o/ AR ARAERI80% . 100%F1120%7K T

2.5 FEAHT

RAL3. 27 A3 39 T VAR NFCHR T SEPERE A
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T ES WA BRI B o AT I, AS[E] b A R A
Rt S A PMFs, & G MR E SR 27BN,
PV E B S PMFs LR DB 748 S AR REMET £ 2
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Fig.4 HPLC chromatograms of three citrus juice samples
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Table5 Contents of polymethoxyflavones, coumarins and furocoumarins
in three citrus juice samples determined by HPLC-DAD-FLD

JREWRIE/ (mg/L)

4% kam o e T wE Rt A
£V Jor KA Bk B Rk
7 REES 27 ND ND ND ND ND ND
8 IBALAR 31 ND ND ND ND ND ND
12 - 49 ND ND ND ND 1301
5 1R AR 10.1 ND ND ND ND ND  0.04
10 BFHENE 11.3 ND ND ND ND 971 9.54

3 FI 2 121 4.82 452 054 050 ND ND
6 SR B e 132 030 0.34 ND ND 518 494
1 NFRBE & 18.1 731 7.96 941 979 190 193
4 CHEERE 202 151 1.56 033 <LOQ 074 074
2 1% 210 034 1195 0.66

1 HEBFHE 246 ND ND ND ND ND ND
9 hFHE 20.1 ND ND ND ND 374 377

VE: ND.ARKH .

3 5 #
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A E DI TR IR
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