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Analytical Method for Simultaneous Determination of Polyphenols and Furanocoumarins in
Health-promoting Food

Toshihiro OHKURA, Michiyo ONISHI, Makoto AONO, Takurou TAKECHI

An analytical method using liquid chromathography tandem mass spectrometry (LC/MS/MS)
equipped with electrospray ionization (ESI) was demonstrated for the determination of polyphenols,
such as anthocyanins (5 compounds), flavanones (5 compounds), flavones (8 compounds), flavonols (6
compounds), isoflavones (6 compounds) and anthraquinones (3 compounds), and furanocoumarins (4
compounds) in so-called health-promoting food.

The HPLC eluted analytes within 26 min, and analytical cycle was 35 min by a sample.

The sample was crushed, powdered with mortar, extracted with methanol and subjected to
LC/MS/MS without hydrolysis. The limit of quantification of developed method was 0.1-7.0ug/g(S/N=30)
in sample. The recoveries of analytes ranged from 81 to 126%, and the variations in reproducibility
ranged from 1.2 to 9.9% and were acceptable for quantitative analysis.

Keywords : polyphenols, furanocoumarins, health-promoting food, liquid chromathography tandem
mass spectrometry, LC/MS/MS
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DMF

50 100pg/mL
DMF
RO Milli-Q Gradient-Al10
4
200mg
30 10mL
3 DMF 5ug/mL flavonol 500uL 5
4 LC/MS/MS 4.5mL
5 3000 5
PTFE 0.2um
2uL  LC/MS/MS
1 2
(LC/MS)
Alliance 2695(
) Quattro micro API( 1 MS/MS
) LC/MS
2 ESI
2 MS/MS
3 MS/MS
ChromaDex,Inc. LKT Laboratories,Inc. Alfa MS
Aesar Cayman Chemical MP Biomedicals
LC/MS
N, N- DMF 0.1%(w/v) [ ()
0.04mL/min. 10pg/mL
DMF lulL 3 MS
PTFE 0.2um Mini-UniPrep
HPLC Ascentis Express 3 MS
C18 (2.1mm i.d. x 150mm , 2.7um) (SUPELCO)
M
1 LC/MS/MS
column Ascentis Express C18 (2.1mm i.d. x 150mm , 2.7um)
(SUPELCO)
mobile phase A:CH;,CN B:0.5%-HCOOHinH,0 C:H,0

A:B:C 15:20:65 (0 3min.) =60:20:20 (13min.)
> 76:10:14 (15 23min.) > 15:20:65 (23min.)

flow rate 0.2mL/min ion source temp. 120
column temp. 30 desolvation temp. 350
injection volume 2L desorvation gas flow rate 600L/hr
ionization mode ESI(+) cone gas flow rate 50L/hr
acquisition mode  MRM(MS/MS) capillary voltage 3.2kV
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(M+H) 6,7-dihydroxy bergamottin (M+HCOO)
(M-2H)  (M+16) bergapten, isopimpinellin,
bergamottin

2 MRM
MRM — ESIC ) R.T
function Compound cone collision | precursor | product (min.)
V) (eV) (m/z) (m/z)
cyanidin-3-glucoside 25 20 449.11 287.06 1.99
petunidin-3-glucoside 30 20 479.12 317.07 1.96
1 pelargonidin-3-glucoside 30 20 433.11 271.06 2.26
peonidin-3-glucoside 30 20 463.12 301.07 2.37
malvidin-3-glucoside 30 25 493.13 331.08 2.35
daidzin 20 25 417.12 255.07 3.63
2 glycitin 20 20 447.13 285.08 3.97
luteolin-3',7-diglucoside 45 40 611.16 287.06 4.49
vitexin 35 30 433.11 313.07 6.34
3 rutin 20 15 611.16 303.05 6.04
hyperoside 20 20 465.10 303.05 6.86
genistin 20 15 433.11 271.06 8.10
astragalin 20 15 449.11 287.06 10.00
quercitrin 20 15 449.11 303.05 10.07
naringin 20 15 581.19 273.08 10.23
4 cosmetin 20 15 433.11 271.06 10.37
rhoifolin 20 15 579.17 271.06 10.23
diosmin 35 50 609.18 301.07 10.40
neohesperidin 20 20 611.20 303.08 10.55
hesperidin 20 20 611.20 303.08 10.93
daidzein 50 25 255.07 199.08 12.10
5 glycitein 45 30 285.08 270.05 12.42
luteolin 55 35 287.06 153.02 12.65
quercetin 50 40 303.05 153.02 12.75
genistein 40 25 271.06 243.07 13.88
naringenin 20 25 273.08 153.02 13.93
6 apigenin 55 30 271.06 153.02 13.86
kaempferol 50 35 287.06 153.02 14.12
hesperetin 20 15 303.08 177.02 14.36
bergapten 35 25 217.05 202.03 15.49
isopimpinellin 40 25 247.06 217.01 15.51
6,7-dihydroxy bergamottin 20 20 373.17 203.03 15.90
7 rhein 45 20 285.04 241.05 16.49
chrysin 35 30 255.07 153.02 16.72
purpurin 35 25 257.04 187.04 17.30
flavonol (1.S.) 35 30 239.07 165.06 18.64
emodin 40 20 271.06 229.05 18.96
8 bergamottin 20 15 339.16 203.03 25.10
3 MS
ionization mode ESI( ) ESI( )
scan range (m/z) 100 700 100 700
ion source temp. 100 100
desolvation temp. 350 350
desolvation gs flow rate 600L/hr 600L/hr
cone gas flow rate 50L/hr 50L/hr
capillary voltage 3.2kV 3.0kV
cone voltage 25V 45V
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R1 R1

OH R2
HO o- R3 o)
X R2
/
R3
OH OH O

Anthocyanin R1 R2 R3 Flavanone R1 R2 R3
Cyanidin-3-glucoside OH H O-glucose Hesperetin OH OCHs OH
Petunidin-3-glucoside OH OCH3s O-glucose Hesperidin OH OCH3s O-rutinose
Pelargonidin-3-glucoside H H O-glucose Naringenin H OH OH
Peonidin-3-glucoside OCHs H O-glucose Naringin H OH O-neohesperidose
Malvidin-3-glucoside OCHs OCH3 O-glucose Neohesperidin OH OCHs O-neohesperidose

Flavone R1 R2 R3 R4 R5
Apigenin H OH H OH H
Vitexin H OH H OH glucose
Cosmetin H OH H O-glucose H
Chrysin H H H OH H
Diosmin OH OCH3 H O-rutinose H
Luteolin OH OH H OH H
Luteolin-3, 7-diglucoside O-glucose OH H O-glucose H
Rhoifolin H OH H O-neohesperidose H
R4
R3
Flavonol R5 Isoflavone R1 R2 R3 R4
Astragalin H OH H O-glucose OH Daidzein OH H H OH
Hyperoside OH | OH H O-galactose OH Genistein OH | OH H OH
Kaempferol H OH H OH OH Glycitein OH H OCHs OH
Quercetin OH | OH H OH OH Daidzin OH H H O-glucose
Quercitrin OH | OH H O-rhamnose OH Genistin OH | OH H O-glucose
Rutin OH | OH H O-rutinose OH Glycitin OH H OCHs | O-glucose
R5 O OH
R1
(O-CoHias)
R4 R2 N = (¢)
(0] R3
Anthraquinone R1 R2 R3 R4 R5 Furanocoumarin R1 R2
Purupurin OH H OH H H Bergapten H OCHs
Emodin H CHs H OH OH Isopimpinellin OCHs OCH3
Rhein H COOH H H OH Bergamottin H 0-CoH1s
6, 7-Dihydroxybergamottin H 0-CoH15(0OH)2
1 37
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MS/MS

4
ESI(+) 37 ESI(-) 34
MS/MS
2 HPLC
HPLC
200mg
flavonol(1.S.)soln. 500paL /
(5p9/mL in DMF)
5min.
| 4.5mL 15 76%
5min. 26
| _ 35
3000rpm 5min.
| MS/MS
PTFE, 0.2jum
| LC/MS
LC/MS/MS(2puL) Es|
2
cyanidin-3-Glu 6,7-dihydroxy bergamottin
151 5.47e5 115 5.34e5
100 + 100 135
155 +
< 196 449 :% l ESI(+ [M+H]* 373
;g“lL“‘j““th‘ml‘H‘H*“mHH“E‘S‘IH(T‘)HHHHmummmmwmmwm ;\1 " \lL“\h e \()\ T T A J‘\ i
173 1.11e5 417 1.93e5
100 K M+16 100
é’% 147 | 189 ESI(-) [M-2H] 447 JGS ] g’% 113 ESI(-) [M+HCOO] an
0 T HL\ ‘”“\ ﬂ.m‘m \m T I 4 ‘\l al ik I l\ (\ T T T m/z O\‘ T e 1 T 1 T T \‘ T T T T m/z
150 200 250 300 350 400 450 500 550 100 150 200 250 300 350 400 450
hesperidin bergamottin
151 6.62e5 339 1.05e6
10% PSZ 183 [M+H]* 109% ESI(+ L e
e __Esiy) 611 | ®*)
0“\““\““\““\““““““““\““\““\““\““\““““““““““““““\““\““““““ G‘ T T T T T T
100 173 [M-H] 1.59e5 1qg 1.05e6
£ 187 ESI(-) 609 o\°§ ESI(-)
O‘I\‘H\L\ ek e o e by M Z 0 T T T T T T T ™ m/z
150 200 250 300 350 400 450 500 550 600 650 700 100 150 200 250 300 350 400 450
astragalin bergapten
mﬁllFlG 143 287 449 [M+H]* Fose 102 115 A7 MeH e
3 T “\‘ L\m ‘\‘ T T l T \E§I(\+‘) T ‘ Eé\ T T b A E\SI(+)\
100 447 IM-HT 1.93¢5 140 1.49e6
o\% ESI(-) 0\% ESI(-)
\"l“\““\““\“"\““\‘l‘“\““\““\““\‘“‘\““\““‘\‘“‘\““\‘“‘\““\““\‘“‘\““\““\““\““\““\““\m/Z O\ T T T T T T T T T m/Z
100 150 200 250 300 350 400 450 500 550 600 650 700 100 150 200 250 300 350 400 450

3 ESI
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0 0.005

0.01 0.05 0.1 0.29%(WN) LC/MSIMS 1.0
4
5
pelargonidin-3-Glu kaempferol glycitein
o 0.0
0.005% 0 0.005 001 005 0.1 0.2
(%)
0.1% ( 5-(a)) 4 LC/MS/MS
1)
4 MS/MS
ESI( ) ESI( )
Compound M.F. cone | collision | precursor | product | cone | collision | precursor | product
™~ | v miz) | (miz) | v | (ev) (miz) | (mz)
)3> cyanidin-3-glucoside C,1H104,"| 25 20 449.11 | 287.06 | 50 25 447.09 | 285.04
% |petunidin-3-glucoside CaoHas01,"| 30 20 479.12 | 317.07 | 45 30 477.10 | 314.04
§ pelargonidin-3-glucoside C,1H»,0,5"| 30 20 433.11 | 271.06 | 40 20 431.10 269.04
8 |peonidin-3-glucoside CaoHs011*| 30 20 463.12 | 301.07 | 50 20 461.11 | 299.06
5 |malvidin-3-glucoside CasHosO10"| 30 25 493.13 | 331.08 | 55 20 491.12 | 329.07
- hesperetin C16H1406 20 15 303.08 177.02 40 25 301.07 164.01
SZJ hesperidin CygH340:5 | 20 20 611.20 303.08 45 35 609.18 301.07
% naringenin C15H1505 20 25 273.08 153.02 40 20 271.06 151.00
g naringin Cy7H32014| 20 15 581.19 273.08 45 30 579.17 271.06
® neohesperidin CygH340:5 | 20 20 611.20 303.08 45 35 609.18 301.07
apigenin C15H1005 55 30 271.06 153.02 55 25 269.04 151.00
vitexin C1H20010| 35 30 433.11 313.07 45 25 431.10 311.06
- |cosmetin Co1H20010 | 20 15 433.11 | 271.06 | 55 35 431.10 268.04
9<_’ chrysin C15H1004 35 30 255.07 | 153.02 50 30 253.05 143.01
S diosmin CugH320:5 | 35 50 609.18 301.07 | 45 25 607.17 299.06
® luteolin C15H1006 55 35 287.06 153.02 | 55 30 285.04 133.03
luteolin-3',7-diglucoside Cy7H300:6 | 45 40 611.16 287.06 55 40 609.15 285.04
rhoifolin Cy7H30014 | 20 15 579.17 271.06 55 35 577.16 269.04
astragalin C,1H20011 | 20 15 449.11 287.06 45 25 447.09 284.03
- |hyperoside C,1H20012 | 20 20 465.10 303.05 50 25 463.09 300.03
g<_’ kaempferol C15H1006 50 35 287.06 153.02 55 30 285.04 187.00
% quercetin C15H1007 50 40 303.05 153.02 45 20 301.03 151.00
— |quercitrin Cy1H20011 | 20 15 449.11 303.05 45 30 447.09 300.03
rutin Cy7H30016 | 20 15 611.16 303.05 55 35 609.15 300.03
daidzein C15H1004 50 25 255.07 199.08 55 30 253.05 208.05
g genistein C15H1005 40 25 271.06 243.07 55 30 269.04 133.03
;—; glycitein C16H1205 45 30 285.08 270.05 40 20 283.06 268.03
S daidzin C51H2009 20 25 417.12 255.07 50 25 415.10 252.04
a genistin Cy1H20050| 20 15 433.11 271.06 | 50 25 431.10 268.03
glycitin CoH22050| 20 20 447.13 285.08 | 50 30 445.10 282.05
'g' % purpurin C14HgO0s5 35 25 257.04 178.04 | 55 25 255.03 227.03
2 5 |emodin C15H1005 40 20 271.06 229.05 55 25 269.04 225.02
2 8 |rhein C15HgOg 45 20 285.04 241.05 25 20 283.02 239.03
8 n bergapten C1oHgO4 35 25 217.05 202.03 — — — —
g € |isopimpinellin Cy3H100s5 | 40 25 247.06 | 217.01 | — — — —
%_ § bergamottin Cy1H5,0,4 20 15 339.16 203.03 — — — —
S 6,7-dihydroxy bergamottin | C;H,,04 20 20 373.17 203.03 20 20 417.15 201.02
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(@) pelargonidin-3-Glu (b) kaempferol (c) glycitein

(020810012 1 MRVId 5Chamds ES+ 090810012 6 MV 6 Crermels ES+ 00810012 5 MMd 5Chamels ES+
10, AB1>27106 28706>13@ 2608>2006
1205 7564 4125
Slo02% = "% 02% . “% 0.2% o
15 / A\
\\\\\\\\\\\\\\\\\\\\ T T T S——————r
050 10 19 2 2% 30 3% 40 4% 50 1360 1380 1400 420 1440 146 148 1M 1D 1540 1160 118 1200 1220 1240 1260 1228 130 130 1340
(020810010 1 MRAVId 5Chamels ES+ (00810010 6 MRVIdf 6 Charmels ES+ 00810010 5 MRVIf 5Chamels ES+
m 0 oz R o o 0 e
4 0.1% /L 0.1% us s 0.1% 755\
151
Olrrrrprrrrprrerprrr e R e e e e e e T T T T T T T T T T T T T T T T T T LA © At R IR RASAN LAY RS AR RS SR RRAAS RARRE RASAS KAARE NAASE LUARE NS BAAE RARA) RAAR) R
050 10 19 20 2% 30 3% 40 4% 50 1360 1380 140 420 1440 460 480 1BO 1BD 1540 16 1O 120 2D 240 1260 128 130 1BD 1340
0a0810008 1 MRVId 5Chamdls ES+ 00810008 6 MRVIdf 6 rarmels ES+ Ce0B10008 5MMd 5Chames ES+
AB1>27106 28706>13@ 2608>2006
4125
005% e [% 0.05% = “% 0.05% -
i N
e e e
T 100 150 | 20 | 28 | 3m 3 400 4% | 50 BO BO U0 UD U0 U UD BO BD B R A e PAR
(020810006 1 MRVIdf 5Chamels ES+ (0e0810006 6 MRVId 6 rarmels ES+ CE0810006 5 MMd 5Chamels ES+
2(‘3.1 43B11>271.06 U 28706>18@ . 28608>2006
\ 1205 7564 4125
q 0.01% || m% 0.01% || m% 0.01% X
1% | /
Iy / /
““““ e i
00 100 180 | 20 | 29 20 280 | AD | 4D | 50 BE | B0 MO WD U0 U WD B 180 B0 o 18 DO 2D 2O DO DD B0 B8O 5O
1 MRMId 5Chames ES+ (090810004 6 MVId 6 Crarmels ES+ 0e0810004 5 MMd 5Crames ES+
25 @z ey FIEC . -0
7\ A %
0.005% |\ “% 0.005% |\ 0.005%
|\ ° /
A / S~ __/ ~—
TR T e
"0 100 150 | 20 | 28 | 3m | 3@ 400 4% | 50 B[O B0 MO UD U0 UD MO BO BD B A A e PARY
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n 1205 7564 4125
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5 LC/MS/MS )

hesperetin, narigenin, luteolin
astragalin bergamottin flavonol

ve +
O | OH ZLEM+H]

(o]

[ L CRNNMMESESMSEESSSSSSSSUSSSLSNSSRMRRRSSSESERSULS SSASRSHMMSSMRSSSSSSEAS 7%
10 140 180 180 20 20 240 20 20 30

( 5-(b)

6 MS

( 5-(c) HPLC flavonol

0.1%(w/v)
flavonol
3 LC/MS/MS 6 flavonol MS
MS/MS HPLC 4
LC/MS/MS flavonol(500ug/L)
2 (10 1000pg/L) flavonol
MS/MS
5
(r?) guercetin, daidzein, glycitein,
8 rhein 10 1000pg/L 0.994 1.000

qguercetin rhein

(S/N=30) 250pg/L  100pg/L
flavonol(3-hydroxyflavon) (r2) 0.993
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daidzein, glycitein 200ug/L

10 1000ug/L (r2)
0.978
200pg/L
0.3 6.5%(n=4)
(SIN=30) 2
250ug/L
(100pg/L) LC/MS/MS
7
5
2
5
conc. 2 RSD(%) |(;T;';:f
Compound (ug/L) r (2(2252; L) (Lg/L)
(S/N:30)
3> |cyanidin-3-glucoside| 10-1000 | 0.9994 1.4 5
% petunidin-3-glucoside| 10-1000 | 0.9992 1.6 10
5 pelargonidin-3-glucoside| 10-1000 | 0.9983 1.3 7
8 |peonidin-3-glucoside | 10-1000 | 0.9982 1.5 20
5 |malvidin-3-glucoside| 10-1000 | 0.9988 | 2.8 30
- hesperetin 10-1000 | 0.9999 2.3 6
g<—, hesperidin 10-1000 | 1.0000 5.0 10
2 |naringenin 10-1000 | 0.9992 25 8
% naringin 10-1000 | 0.9998 1.2 40
neohesperidin 10-1000 | 0.9998 3.4 25
apigenin 10-1000 | 0.9994 1.6 5
vitexin 10-1000 | 0.9998 4.4 30
- cosmetin 10-1000 | 0.9993 1.8 5
9<_: chrysin 10-1000 | 0.9999 2.9 5
S |diosmin 10-1000 | 0.9998 3.6 15
® [iuteolin 10-1000 | 0.9998 0.3 20
luteolin-3',7-diglucoside | 10-1000 | 0.9998 2.9 20
rhoifolin 10-1000 | 0.9998 2.8 8
astragalin 10-1000 | 0.9995 4.7 15
o |hyperoside 10-1000 | 0.9982 5.2 50
2 |kaempferol 10-1000 | 0.9968 1.4 50
% quercetin 500-1000 | 0.9929 - 250
~ |quercitrin 10-1000 | 0.9971 4.6 50
rutin 10-1000 | 0.9987 35 60
daidzein 10-500 | 0.9876 2.1 3
7 |genistein 10-1000 | 0.9995 3.6 15
:'—; glycitein 10-200 | 0.9954 1.3 3
§ daidzin 10-1000 | 0.9990 0.9 7
® |genistin 10-1000 | 1.0000 2.0 10
glycitin 10-1000 | 0.9999 1.1 6
-g. g purpurin 10-1000 | 0.9945 5.9 100
32 5 |emodin 10-1000 | 0.9991 2.3 20
3 S [rhein 50-1000 | 0.9926 2.4 100
8 - bergapten 10-1000 | 0.9989 1.7 2
5 < |isopimpinellin 10-1000 | 0.9988 1.8 2
%% bergamottin 10-1000 | 0.9988 2.4 2.0
S 6,7-dihydroxy bergamottin | 10-1000 | 0.9997 6.5 20
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DMF
6
0.2ug
8
0.2ug
81.2 126.0%
0.2ug

Asuaiu|

Aisuaiu|

100

%

100

%

2.5 34.3% 1ug

1ug

LC/MS/IMS

83.7 142.9% 1ug

Std.Soln. 100ug/L

|

12 9.9%

I

Sample

admixed with std. 0.2ug

LC/MS/MS

v

LC/MS/MS



naringin vitexin kaempferol

quercetin 0.2ug
1ug
(S/N=30) 0.1
.Oug/g
(37 ) LC/MS/MS
6
Sample:200mg
0.2ug (n=6) | 1pg (n=6) | limitof
Compound Rec. | RSD| Rec. |RSD| o>
: : (Mg/g)
(%) | (%) | (%) | (%) | (S/N:30)
> |cyanidin-3-glucoside| 83.7 | 5.1 81.2| 2.6 0.3
% petunidin-3-glucoside | 108.3 | 3.4 97.9| 3.0 0.3
5 pelargonidin-3-glucoside | 93.0 | 3.1 90.9 | 2.8 0.3
S |peonidin-3-glucoside | 112.3 | 5.6 | 106.2 | 2.3 0.5
S |malvidin-3-glucoside | 113.6 | 2.9 | 107.6 | 3.4 0.8
- hesperetin 102.8 | 3.4 97.6 | 2.7 0.3
z hesperidin 99.8 (10.8 | 94.7| 3.9 0.3
2 |naringenin 109.1| 3.7 | 103.1| 25 03
S |naringin 99.0 | 135 | 926 4.8 1.0
neohesperidin 96.0 | 6.0 93.7 | 4.7 0.5
apigenin 1272 | 25 | 1144 | 2.6 0.1
vitexin 1348 | 9.8 | 115.1 | 5.1 0.8
o |cosmetin 113.6 | 4.7 | 106.6 | 3.2 0.3
n<_> chrysin 117.9| 3.3 | 107.0| 2.1 0.1
% diosmin 107.7| 29 | 97.9| 2.7 0.4
luteolin 101.2 | 7.9 | 1085 | 4.7 05
luteolin-3',7-diglucoside| 99.5 | 4.0 96.6 | 2.9 0.5
rhoifolin 103.6 | 4.9 97.3 | 2.7 0.3
astragalin 108.3 | 7.2 99.8 | 2.7 0.4
o |hyperoside 96.2 | 3.2 93.0 | 4.8 15
& |kaempferol 92.8|12.4 | 104.0 | 2.1 15
S |quercetin 105.6 | 28.8 | 126.0 | 8.9 7.0
~ |quercitrin 956 | 7.6 | 101.0| 1.9 13
rutin 135.2| 75 | 106.5| 2.9 13
daizdein 127.0| 2.6 | 1035 1.9 0.1
7 |genistein 127.4| 6.4 | 111.8| 5.4 0.5
= [glycitein 1429 3.4 | 106.7] 2.6 0.1
§ daidzin 123.3| 3.9 | 112.0] 1.2 0.3
® |genistin 108.5| 5.3 | 100.9 | 2.3 0.3
glycitin 126.0 | 3.5 | 118.2| 2.3 0.3
E. % purpurin 113.0 | 34.3 9441 7.0 2.5
3 5 |emodin 1129|126 | 103.7 | 4.3 0.5
®  |rhein 128.432.8 | 93.3] 9.9 25
8 o bergapten 131.5| 4.0 | 110.1 | 2.7 0.1
5 £ |isopimpinellin 141.7 | 25 | 1220 1.9 0.1
8 5 [bergamottin 99.0] 33 | 924/ 20 0.1
S 6,7-dihydroxybergamottin | 123.3 | 7.9 | 108.8 | 4.4 0.5
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1 ESI(+) 37 ESI(-) 34
MS/MS
2 HPLC ODS
0.1%(w/v) /
3  ESI(+)-LC/MS/MS flavonol
37
(S/N=30)
2 250pg/L
4
5
81 126%
12 9.9%
(S/N=30)
0.1 7.0upg/g
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