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W OE. At 6o RR A e AT R, KA T ELAR F 4RI, Oasis HLB B 48 3 KA 41L , Waters XBrigde C5 &35 424
B, ATHEA 0.05 mol/l. T4k (4 0.1 T ER) AR ARIEATH BB, £A %R %M (multiple reaction
monitoring, MRM )4, # 5 7% 48 &, 3% - i # 7% (liquid chromatography—mass spectrometry, LC—MS/MS )it & Ad ¥ B P &
2R ENRARAA TN Tk R AR R 0.010 ne/ml~1.0 pg/mL FE B A ,8 & 2 £ A LA £ LA AT
Lo £ A (R2=0.999 5); 7 ik 4e i FRAE 3.0 pg/kg~4.5 petkg, B FRAE 10.0 wg/kg~15.0 warkg; Ak EDIK & 42 90.4 %o~
98.5 %, A5 AT AR £ AE 0.9 Yo~dl T3 EARF PRt T-FRAAF S H T-TAAF L FH T-CAA-4-TAA 5§ 85
ELE, LTV T-TAAFLELFTES, 554 114 ugke~123.7 ng/ke, ZA N T 5T LAE T ACE HLE
RERITTRRARR X A AT R AT R A RS

KR GRAR G-Ik AT R A SR AT AN R

Determination of the Content of Coumarins in Grapefruit Skin of Citrus maxima by
Liquid Chromatography—Mass Spectrometry
HAO Yuan—yuan
(Ulangab Vocational College , Ulanqab 012000, Inner Mongolia, China )

Abstract: Liquid chromatography —mass spectrometry (LC —MS/MS) was established to determine the
composition and content of coumarins in 6 different varieties of grapefruit skin of Citrus maxima, by ultrasonic
extraction with methanol, and Oasis HLB solid phase extraction column purification with Waters XBrigde Cjg
column separation, and gradient with acetonitrile and 0.05 mol/L. ammonium acetate solution (containing 0.1 %
formic acid) as mobile phase elution, and detected by multiple reaction monitoring (MRM ). The results showed
that 8 coumarins and their derivatives had a good linear relationship (R?=0.999 5) in the range of 0.010 pg/mL
to 1.0 pg/mL. The detection limit of the method was from 3.0 pg/kg to 4.5 pwg/kg, and the limit of quantification
was from 10.0 pg/kg to 15.0 pg/kg; the recoveries were from 90.4 % to 98.5 % , and the relative standard
deviations were from 0.9 % to 4.1 %. 7-methylcoumarin, 7-methoxycoumarin, 7—ethoxy—4—-methylcoumarin,
acenocoumarol were detected in grapefruit skin of Citrus maxima. Among them, the content of 7-methoxyc—
oumarin was relatively high, and the content was 11.4 pg/kg —123.7 pg/kg. This ingredient may be related to the
therapeutic effect of grapefruit with warm stomach, phlegm and moisturizing throat, which provides compr—
ehensive development and utilization of grapefruit skin of Citrus maxima.
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[ Citrus maxima (Burm) Merr. | A2 &R % & 7+
A, TEZR LA FE DA R IR B VI LA g 45 s A A
HanFp 2 AR W PRI, & S e R R
AHE R S RON R Z AT 22 0 A
2B BN TS RRAEAR A 7 A Al 5~ B, R AR 23l
T B G , R B 25, BRI SR BT U,
M5 Y GT . HATE MM TAEE E a1 K
THEEZH G SRR YE AT R A
R T BORG I SR MR DO, AR
NHGIRAEY ) 2 oA & R A KRR
PRI, AR A, BAT Z R, 2
e 24 A2y Y RFAERE Ak T i i LR Hh ] A0
TIBUSCREISR T XS B AR AT ARSI 5 A A A 12
TR 3 A T-H AL TR W IE SE 2R T 2
MR IE T B alifl, 2P o0 Mo b v Al B2 Y
95 % L BEAR WU oy B AR E 10 D B R KRG
TR FH et ROBORH (1% — o i 32000 5 0 FE R 2R PR
b 6 Rk A G, Mo Tl T B A
BRI HAT A A WFFEAGE R, AT R T e
HH st P A U LR ST AR, 28 o HE0 8 R I
WAR 3% — i % 7% (liquid chromatography—mass spec—
trometry, LC-MS/MS) Xl ¢ v 8 Fiv s G R M HAlT

A AT AR I, S AN FE I T B B 2R
TP RIS BERE AR o

1 #Rl5AEZX
11 AN G5 Ak

Waters ACQUITY Xevo TQ MS ! = %50k AH (4 1%
A== PUHAT BT . SEE Waters 23 ] ; BS224S #Y
HL KO- f5 [ Sartorius 23 7)) MM400 BUATF RN . 75 [
RETSCH A 1) ; MixPlus i SEIR AL : G IEA R 7
ILERABRA T 5 YQ-1000C BRI A5 I 5 o - H g5
B AR A PR H] 5 Rotavapor R-210 JEFE 75 K AN -
Fiit BUCHI 23] ; ULUP- IT BB 4K ML . P2 4%
AR BRAF

8 Fh i T3 S H AT AL AR ED I A L T-H
FEET-HEAEFITR -HRFLR 7T-0H8%-
4-FEFTR NEEE BHETR IEFETER 4
JEY) =98 %, f5[H Dr. Ehrenstorfer 23], BAR(E L L3
1 R L BR% . 2 R k4l , 6 Sigma 28 7] HEE
CNE LR OTG  A R AR Ok B kAl EH
Tedia 23 7 s HA I Ry 4Bt 746 Bl A6 T84 A FR
N )RS K B AR 4K

03 RHATE YRR AR 2 (10.0 mg/mL): 53

x1 BERREMEVREYVRER

Table 1 Standard substance information of coumarin and its derivatives

e ZFR £ o3 CAS #ot5 Gy it PREA ]/ min
1 FOR CM 91-64-5 146.1 3.06
2 T-HERER TMCM CoH;0, 2445-83-2 160.2 4.94
3 T-HARF TR TMOCM CioH;05 531-59-9 176.2 10.61
4 6-HILAF T 6MCM CoHg0, 92-48-8 160.2 10.16
5 T-LARA-F IR G E EMCM CpH 05 87-05-8 204.2 9.13
6 WEGE PCM CooH 150, 518-20-7 3224 4.87
7 EERNE SR SCM CioH sNOg 152-72-7 3533 15.82
8 WELR DCM CioH 1O 66-76-2 336.3 8.13

SIRERFRET 58 M HATEY0.1 ¢ FEEZE 0.1 mg),
A A E R 2 10 mL U, -20 “CIRAAE .
6 I A= M A 1, P o 0 A T AR (V0
) AR (PR BTV RS (P2 ) L L
CH LA ) AR RN (R AN ) PRI (YL
i), # LR RS R R R IR T A T, 70 C
HETF 24 b, H30E, 13 100 HIfS %
12 LC-MS/MS &4
WA S50 . Waters XBrigde C g (35 FE (150 mmx
46mm,35 pm); J s A RN, st B 24 005 mol/L
CTREE I (% 0.1 %R ) Ik 30 °C5 Ji

0.3 mL/min; BEFE & : 10 L it S AR AR B R L A5 1R L
2
F2 BRERBEH
Table 2 The mobile phase gradient program

isf 6] /min WA A/% Wi sliH B/%
0.0 30 70
8.0 50 50
8.1 90 10
13.0 90 10
13.1 95 5
16.0 95 5
16.1 30 70
20.0 30 70
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J i 25 A < W 125 2R Ha i 55 HL 2 (electron spray
ionization, ESI), & FH1E & F (ESI*) 1 & T (ESI- )#
HHE, R 2 50 Wl (multiple reaction monitoring,
MRMOREAHEAT I 5 85 IRy 500 Co ESIHEA
i BN LR 3.5 KV, HEAL I 50 L,

FISTRIE R 350 °C, U FI iR 700 Lih; ESIAL
i BN R 2.2 KV, HEFLAE R 50 L, I
FIAREE A 400 °C, )R N 800 L/h, 8 A
FERHA AR T BT TR T L
Rl g S S S AU R 3.

®3 BEREREMEMHRESH

Table 3 Mass spectrometric parameters of coumarin and its derivatives

b E2S s BEES T (m/z) FEF(m/z) HEFL AL RV Tl RE R /eV
1 FHE ESI* 147.0 103.0" 80 25
91.0 31
2 T-HIREFGH ESI* 161.2 105.2° 85 30
117.2 28
3 T-PEIRE TR EST* 177.2 121.1° 110 30
133.1 45
4 6-HEFTHE ESI* 161.2 105° 85 31
115.1 30
5 T-LRE AP HF TR ESI¥ 205.2 177.1° 100 25
102.9 42
6 WHLTER ESI* 323.4 251.4" 95 28
1733 30
7 BEAN AT 2 ESI- 354.3 163.1° 110 23
296.1 25
8 WA G HR ESI- 337.3 161.3° 100 30
117.2 35

Vi R T
1.3 M AL

HERFRIUI T KA 5 g RG22 0.1 mg) E T 100 mL
BLOE T, A 20 mL L IR TEIR A )5, 76875 Bk
Y A R 30 min, L4 10 000 /min 850 5 min, W8
TEWG AR 20 mL HESEE SR 2 K, BIF LT
W ,35 CHesE 25 K48 & 5 mL; W45 4 Oasis HLB
[ AHAE UL I 22 0.22 wm JERR I JE , g it
LC-MS/MS M 7E .
L4 FRifE AR Zn 2

a7 5 B BUCAE T FR K AT AR W bR R A A TR
(10.0 mg/mL )& & B F 100 mL 25 /i, F i
T ) B 9k AR YA 0.01.,0.05.0.10.,0.50 1.0 pg/mlL
7 SR HAT YR SARE TARR I, 4 LC-MS/
MS 7, DA 53R S AT A M hm v T AR o o vk
JFE AR AR R, LR X I f € i e g 17 1 R AR
bR AE T AR 2

2 ERS54H5
2.1 iR
TSR 1.0 pe/mL 7 5.5 K HAT AR a

PREZELSE IR, SRATIE S B TR T 4 4, L
EFENE S T2 1 (BRI g 7 . S5 SRR BT WL
A SR B A LR W55 11 7 (ESIT) i 2 7 =0
T, AT AR A (R R M -H 3 T B L T
AECR T-HEEFTR 6-WEFLR T-0%K
Fe—a-W IR TR IE T RKTEHIS 7UE 2+ (ESI)
HLEG 73R, AT R A (R g O [MA+H R B 5 R
TR OB AT GBS A, adi s A
LB 40 F . HEFL L AT e AR S S 8, (1A
8 Fh iy 1 3 M AT AE Wy B 2 B B AR X i
JEIRBNIRR, e 7 (Lo K -8 1 e =i 1
M 17 (ARt S 1)1 18 T~ BN E PR B T, 8 Tl R %
HATEWR BUE S 8UE BRI 3, BTk S8 it
P 1,
22 IR

IR EET Waters XTerra MS C 5. Waters XBrigde
Cs.Hypersil BDS C,g.Symmetry C.g 55 AN [ fCkz SR T
CIEFEXT 8 il LR LHAT AR R 7 R (1),
GERFW] . TEARRIRIS Y Co #E L, 8 Ty 3R S AT
A 53 B RSORATAE W 22 5 e 2 R ] Wa—
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Fig.1 Total ion chromatograms of coumarin and its derivatives

ters XBrigde Cx(150 mmx4.6 mm, 3.5 wm MO FERER, 4%
B OIS E TGRS, Har B ReR
W o {EL 382 1, BCIE 5 Waters XBrigde Cjg VE R BT
2.3 JishMHr e

K H Waters XBrigde Cys 1E A0 #14E , 4351 %5 58
P/ it AR [ 114 TR Bl 1 R Ry T Sl AR 2R I 0
A SR SHATE Y € 0 B SR8 1A A L
IR A5 R R, 7 L3 AT A= 0 4 S i o 1o (L
PN [B] B TR Bl Tk B2 ) el A8 T A AR 78 A, Y LR Bk

W JEh 0.05 mol/L I, BEZ-F-A2, I IE X Rk, A% B4 B
)3 H I 24 0.05 mol/L Z RS W Th s 0.1 %
RIS, P e i 52 2% B AT A 100 10 S i oo o (R 2R
U (1) Bk 285 -0.05 mol/L. £ R &L 71 (%
0.1 %M R )VE R shAH
2.4 FEBUARI SR
R N OO A b IEC SR
B I 8 ity v 3 M AT AR M AR HUICR LR 2.
M2 AT LIE 4 8 Pl G R AT AR T4

8RR el oWEE o &AWk elECk
100 ;
& &

80 = §
S
= 60
g .

20

0 1 NAHIH ME RN - '

CM 7MCM  7MOCM  6MCM EMCM PCM SCM DCM
FrOZ AT EY
B2 FEHRFMESZREMTEDHIEIRR

Fig.2 Effect of extraction solvent on the effect of coumarin and its derivatives

REBCR I IMKHET 7 - FE(96.2 %)> N5 (91.5 %)
>GRO (88.4 %)> AW HE (84.1 % )>1F kit
(67.3 %), HAPHELXT 8 B fr 5 2 S AT AP ZE L
BAE 87.6 %~99.4 %2 0], FHIEH 96.2 %, HIEREH
P SRy AR B )
2.5 kAR

HEEWCX (55BHE FH) WAX (S5BH B F4E)

MCX (RS IS 74E ) MAX (RS B[ 85 741 ) \HLB
(GEIK—2EBEEE )  AluN(FP PSR 8 ) ZE A TRl e [ A
FEPRHEXT 8 Py 9 2 SHAT A LR UL 3.
M 3 e, HLBGEK -5 RRHE )X 8 & E &
R b s CF 43R 96.3 %),
XATRESEA R HLB HA 25K -5 R b 2 4544, %
AN ) A G R A A R S B R
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100 s i I IO A 0 2R AT AR e R, AR
wl s T 52 SR A PR T B A O R 4 2 1 P
§ ool E .. ORI P WA R 0 R A0 (i ef-
& fect,ME) o ME/%=A/Bx100 %, Hr A Sl B2 ZE 00
T e T2 BT MR R B 4 2 o 1 %
200 T HCAT A R VT 5 25 ME>10 % , 48 W 7715 3 i 38
T ST SRALN ; #5710 %o<ME<10 % , W R AFAE 35 145
A A Bk N 45 ME<=10 %ot} , WA AERL BT R0 . 45 R K
3 AEEIEERENE SRR EAT M T RN WY, AT B AL IR 4 2 1 i 35 S 235 A
Fig.3 Effect of solid phase extraction column on the recovery rate 10.0.500.0.1 000.0 pg/kg 3 A SR ER 8 Pl o
of coumarin and its derivatives F R AE YA ER AR, SR SCITEE LC-MS/MS
HEVEBHE P . MO HLB (AT VR T e 1 8 8 o7 3 B LT A 0 R
2.6 FLTEN ME {H7E-3.7 %~4.6 % VL35 4, 3% F W AFFEAEIL R T

W S SO A LC-MS/MS 12 11 45 S Fn R AT B o
®4 BETERESTEWIEESZ BT R ARG

Table 4 Matrix effect of coumarin and its derivatives in pure acetonitrile and Citrus maxima

FEEREYR ME/%
WP (pg/kg) CM TMCM TMOCM 6MCM EMCM PCM SCM DCM
10.0 3.7 23 23 -37 1.7 -23 3.1 2.7
500.0 33 2.1 2.7 -35 13 -2.1 3.8 19
1000.0 3.1 1.9 2.1 -33 12 -1.7 4.6 1.8
2.7 2RV FEIFIAS H R TR A 7 A 5 2225 Ul B b s — R R 1Y)

FEAS U B R IR Rl B 1 A G R S AT B R ST AE YR G bR TAR W, 4% 1.3 FE ST
A BRI A 513 FE S AT AL EE” AN “1.2 HPLC— AEFE”FN“1.2 HPLC-MS/MS 5047 #4152 11 ¥k, 43531
MS/MS S5 147 BEATIN 58 , LA 15 28 S HAT A= Wb e T P 3 F5EME L (SIN=3) 1 10 £5 5 e L (S/N=10) 315507
YV I 5T 1 VA B A B3 AR R (o, mg/m L), LA HCAR X 107 Y Pikz PR (LODs ) il £ FR (LOQs ) WL3& 5
RGN AR AR ARy, eps) , el bR e TAE LR, M 5 R FE 0.010pmg/mL~1.0 pe/mL G FE P,

F5 LKMEEVEXRBEHREESR(n=6)

Table 5 Linear range, correlation coefficients, limits of detection and limits of quantitation (n=6)

B LM/ (mg/mlL) EEp¥E AHIE R LODs/(ug/kg) LOQs/(g/kg)
FHUER 0.010~1.0 y=25 517x+237.2 0.999 7 3.0 10.0
T-MEAFTR 0.015~1.0 y=51 213x+268.3 0.999 8 4.5 15.0
T-HAERE TR 0.010~1.0 y=22 867x+316.4 0.999 5 3.0 10.0
6-HEFUE 0.015~1.0 y=38 527x+129.5 0.999 9 4.5 15.0
T-LE - A-R A G E 0.015~1.0 y=56 682x+284.1 0.999 6 45 15.0
HETR 0.010~1.0 y=48 314x+217.2 0.999 6 3.0 10.0
BETH AT 2R 0.010~1.0 y=41 813x+187.4 0.999 7 3.0 10.0
WHT R 0.010~1.0 y=31 651x+128.5 0.999 8 3.0 10.0

BORENHEMAEYEA R4t R R (R2=09995); (FPYRFE) .1 000.0 pg/kg (FE5HEEE )3 AR B X

LODs 7E 3.0 wg/kg~4.5 wg/kg;LOQs 7E 10.0 pg/kg~ HATEYNR GARE AR, #2013 PR AT HE F
15.0 pgrkgo “1.2 HPLC-MS/MS £ HEA7 I [ g 5 0K 43 5 1)
2.8 ARl A Sk EWF 6,

I3 BITE S R B v A 10.0° (K& 2 ) .500.0 M 6 AT, A A S AT A Y S B A [l
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Table 6 Recoveries and precision(n=6)

TES——
SR BIIKE/ (pglkg) > {“KE [E[LMP;% S SEH IR/ %  RSD/%
FHE 10.0 90.3 93.3 93.7 97.8 95.5 93.9 94.1 1.4
500.0 97.8 93.5 93.3 99.3 95.8 95.3 95.8 12
1000.0 97.3 95.8 89.3 88.5 93.5 95.7 93.4 2.4
T-HEFTE 15.0 100.3 97.8 93.9 93.5 98.3 97.5 96.9 2.7
500.0 93.5 98 93.8 93.8 93.8 98.3 952 1.1
1000.0 93.7 93.8 95.3 95.3 97.5 88.3 94.0 12
T-HARF TR 10.0 103.7 93.3 97.3 97.3 99.3 97.7 98.1 2.4
500.0 97.3 98.3 93.8 93.3 93.8 93 94.9 1.9
1000.0 89.0 87.8 97.3 87.8 93 90 90.8 4.1
6-HILHFTER 15.0 93.3 98.7 100.3 99.1 101.5 97.8 98.5 22
500.0 99.5 97.3 93.5 97.3 93.3 97.3 96.4 2.7
1000.0 93.3 99 89.8 93.8 93.3 93.3 93.8 22
T-LEAH AR TR 15.0 93.3 93.7 93.3 98.7 97.3 97.3 95.6 0.9
500.0 97.7 98.3 95.3 98.9 95.8 97.7 97.3 1.9
1000.0 97.3 93.3 93 90 93.8 87.3 925 2.7
HETR 10.0 90.3 93.7 93.8 98.3 93.8 93.3 93.9 1.4
500.0 95.1 98.5 98.7 101.5 97.7 95.5 97.8 2.1
1000.0 87.9 88.3 95.5 93.7 89.3 87.5 90.4 12
TR A 2 % 10.0 93.3 98 93.7 93.8 98.3 90.8 94.7 24
500.0 97.8 103.5 95.8 95.7 97.9 100.3 98.5 2.1
1000.0 93 97 89.5 87.7 93.7 95.8 92.8 2.7
WAFTTER 10.0 97.7 100.5 99.5 97.8 95.7 95.7 97.8 1.1
500.0 89.8 93.5 95.3 95.5 97.7 85.9 93.0 3.7
1000.0 93.5 97 89.0 97 98.5 97.5 95.4 2.4

FN 90.4 %~98.5 % , FIXF bR i 7 (relative standard
deviation, RSD) N 0.9 %~4.1 % , 1% )7 1 WO HERR BE A
BRI A TR E I ER
2.9 SEBRAE A ARSI

¥ 6 03k B ARTE] = Hi i A 7 Bz (U0 FE R AR M A

DU E LA R A AT AA)  H13 AR
FIALEL” 1.2 HPLC-MS/MS 504 HEA 7 3 fh - Bz v
T E N HATAEY R S SR LR 7,

M 7 R, WS mI IR K
HATAEY X 5 UG TSRSl 7 B b

R7 KM TFREPEERREMEYHNERRESE

Table 7 Composition and content of coumarin and its derivatives in Citrus maxima

i/ (pgke)

s 7 A A IUES w1 HE A HYT A
THE ND ND ND ND ND ND
T-HEFGER ND 17.4 ND ND 19.8 ND
T-HERFTHE 85.7 53.5 123.7 26.1 11.4 13.8
6-FEAF TR ND ND ND ND ND ND
T-LFEIE-A-H A SR 15.4 ND ND ND ND 439
WELE ND ND ND ND ND ND
SRS ND ND ND ND 34.1 ND
WG ND ND ND ND ND ND

TE:ND FRARAE
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TR RHA AW R ARE — 206 RS IR] R A
FERPHER T-FAEER, B 7-FAREFER
SRR, SRR 11.4 pekg~123.7 ugkg, 1M 7- 4
R GREA YRR Y, B R
PR BZIIMER, izl e ST BA RS b
P AR S AR RIS s LERTR Y 6 Rl K2
ORI EE R -HREGR AFETR F
S AN SR A R R A 0 R KA AEY)
NI ESnE STy ISR N 8¢ i E S e NEITE
LI 22 5, w A SR Am - B2 2R G I R R4
PERR2E AR

3 it

FEXT 6 3 AR M Al e, 28 YRt 7 4 B
Oasis HLB [E|AHAEHUH ik, Waters XBrigde Cyg it
AYES, LAZIER 0.05 mol/L ZFREEIR (5 0.1 %R )
U BIARBEA TR BEVE I, SR 22 S 0y W s I, 4 <7
TR G - i I T R v 8 R 1 R AT
AEWIRIREIN T o S5RERI 7 0.010 pg/mI~1.0 pg/mL
TN, A 0RO BT R R (RP=
0.999 5); )7 K HBRTE 3.0 we/kg~4.5 pe/kg, i B FRTE
10.0 pg/kg~15.0 pgrkgs; MIARIETAAE 90.4 %~98.5 %,
FXS AR ZETE 0.9 %o~4.1 %3 1 6 FhAIE] 5 Fh il 1
B 7-HEEFEGR T-PEEFER T-L A -
4-HEF TR WA TR, b 7-RERE GRS
B, AR 1.4 wgkg~123.7 ne/ke, %Al fig 5
il EHAT B A AR A B TR ARG X
M LG R RS %
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