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- = F WA B B 5 X (UPLC-MS) #t 47 PhIP #:| , 5k i Waters BEH phenyl &34, vA THE A 0.1% P B8R 5% A sh 48
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Abstract ; The sample preparation procedure and analytical method were developed for the determination of PhIP in chemical

model system.The reaction system was freeze—dried by a lyophilizer, then extiracted with alkaline ethyl acetate. Finally, the

solvent was removed by nitrogen blower. The extract was separated on a BEH phenyl column, with 0.1% formic acid in

acetonitrile—water as mobile phases in gradient elution. The qualitative and quantitative operation of PhIP is based on ultra—

performance liquid chromatography—tandem mass spectrometry ( UPLC—MS).The results showed that linear range of PhIP was

0.5~15 ng/mlL,the coefficient of determination was 0.999.The limits of detection and limits of quantitation for the PhIP was 0.110

and 0.332 ng/mL respectively.The average recoveries of all the compounds spiked in wine samples at three levels of 10,15,

30 ng/mL were in the ranges of 78.16% , 81.22% , 82.03% , with the corresponding relative standard deviations ( RSD) of

6.32% ,5.40% ,4.28% ,respectively.The experimental results indicated that the method is simple, sensitive , accurate and can

meet the requirement for the determination of PhIP in chemical model system.
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1.1 MRENEE

RN ZIR R4 5  ULER T . £ R £ I8 \NaOH
IR E R A W B R VLo sE
kAR A RS W] 52— 2 -1 - FH -6 2R ALK i
If-[4,5-b ] AL BE ( PhIP)
( Toronto , INE ) .

Thermo HAAKE AC200 — S13 74 48 3¢ =
Thermo 2\ 7] ;79480 -3 ¥k T &5 CONCO 2
H] s Waters #8 i= VR AH (6355 — = 55 DU FF 58 B 0T 35 1%
(UPLC=TQD) 2 [E Waters 2\ 5] ; ACQUITY BEH
C18(1.70 um,50 mm x2.10 mm) ,ACQUITY BEH T3
(1.70 pm,50 mm x2.10 mm) ,ACQUITY BEH phenyl
(1.70 pm,50 mm x2.10 mm) @i 35 [E Waters 2
F];QSC—12T HmAY  SREAF,

1.2 ZWHE

12,1 FRAEEWAIECH] S BT R
FREL 10.0 mg 1) PhIP bR, A B4 79 fe , e
WS 100 g/ mL ¥R o KPR v T Y AT 0
W oRE, Wt A 2.5.5.10.20 .50 .75 mg/mL ¥ fr U
W o

1.2.2  PhIP fb2# iR RO A ST AT P b2
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RO L2 R 3% 450 1 7 ik o B B IR AT IR R
20 mmol/LJLERFEF .10 mmol/L 5575 ¥5 .20 mmol/L &
ARG T281/K Bt s 100 mL (9 I AR 5. 7E
A ECE T BR O IR P A 10 mL 2 N, 7 B
G , R VA E RS 128 °C Il 2 h, @ 4D
1.2.3  FESATALIE B 1.2.2 Fhyliva iS4 R NS
W R HRTEPLTHRT R TH)F R :0~4 h,-40 C;
4~19 h,-30 °C;19~34 h,—10 °C;34~38 h,10 °C;
38~42 h,20 C, LLAVRT 0T AR B AR YE , 4
10 mL S RAS 3 B ZRTHES HIA 2 mL # 2 mol/L
NaOH F112~8 mL Z iR Z Tk, & st 25 B B8 o
FEHUA R 5E Y 3 min, 754 4~12 min,6000 r/min
B0 5 min, B VE W AWK, K BREF, il A 0.20 mL
FRERZ 5 %, T 0.22 wm A HLUE IS #E47 o0 vk, &
TR SO AR B 1 B TG DU AT 5T % vk (UPLC - MS) #E47
PhIP & £ .
1.2.4  AbZAR A4 R 1 PhIP (1) UPLC—MS il 5544
1241 WAMGORESANE SRS 07 gt
WARSAE AT VR L, (0 3i% 4~ Waters BEH phenyl 4§
(50 mm x2.10 mm,1.70 pm) , %#ii# & 0.30 mL/min,
BB 35 °C e 10 pl, WA : 20F
(A),0.1% HER/K W (B) , B BEBEL AR )T .0~
8 min,10% A;8~9 min,70% A;9~9.5 min,10% A,
TE TR BEAETT, FH 10% A WAREE 5 min, ] T i
TS
1242 JRGZME S BOEE S B J7 k6 TG
M AT RAL . BT EST + | >R 22 S i W il
A TR 5 P 8 B TR IR O 120 °C 5 W55 HL &
2.8 V; BANE H R 2.50 kV; i 5] & BE 400 °C 5 ik
HEARSAR L 700 L/h #E LA 3 50 L/h filf 3
SR R#E 0.30 mL/min,
1.3 AR

P SEEe 2 =W, 45 B 3 + b5
HEPRZE 198 R 7R, B3 4b B >R ] Microsoft Excel
2010 ; Bl Fe2x il 5% JH #ff GraphPad Prism; ik 3 V£ 45
HTRJHEA SPSS Statistics ; LC—MS [&]3i% 53 H7% F 4K
{2} Masslynx V4.1,
2 HRSIHH
2.1 BIAMERSEMERYERE

B B2 WA A FIFE AR Z Fh (4 PhIP fif b 31
D7 BEAT T A4k, Calbiani 251 R Wy b ok 2F [ A
FEEL 71 M ZE G A 28 38 S AH DL A S5 445, 32 0
TorHrey e FA VE ARG E PE . H Khan 250y [#
FHEE B ) B AR K LAk 20 3R &2 4%, R A &
TARIEAT HRE, 15 2% B0 B 1) [P = 38 62% . AR TF
FEPRH T — b JC 75 1 [ AH 26 BBOR: % /i Ab 38 s,
i PhIP 7] ¥ T 2818 /K Fnf ML 7, S 0e R R T
PR B 09 B2 B A R e 4, AT [RIR BRI R
K 53 (845 PhIP TH 25 5, 9 ZEBGH A LR TR )Z -
Ba)S , EE AR TR L BRZ VMR, i — 25 IR e 45
7 FH B A2 3, 2 B /S AR
2.1.1  FEEUAERI M AHBENEE R E M
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W EEEAT SRR R A e L A e
(B 5% W) 8 L AR 73k v W 4 A U B9 2 B0
iy 2 U JZ AR W, (B S e 5 R R, R B TR
B R FEIOR 22, TSR T 2015 RIS A, AN 5
JHEAWR T, Sk £ 5% % /N H 5 T %R 1 LR 2 i
VERALPGE ] ot T PhIP ARGk PRI R K P e T
Brab iy pH, BEASE pH JH i, G /K PR3 5, PhIP 81
GhUE i T A AL IO R v 2 L O TR R AR OR A
7L LR LBE A 2 mol/L NaOH 4 il i 4 #f+
i, UARHEAREIR . 76 10 mL 14 fb2# 450 Y 2 A4 &=
&5 NaOH I, B2 MR AW HEE (2.3 .4.5.6.7
8 mL) X} PhIP 2R AN . 1 2 L1 L1
6t PhIP 2 Ui iy 52 m . &l 1 oal g, 32 HR) pY
PhIP ¥ B2 i £, 18 £ B A pg ok, 22 80 BT+
P ARG HE G 52 KT 5 mL i), PhIP ¥ 82 fif 2% 1
FUFHR NS T o IRZEIE S AR g5 3,
GG e SR A A TR S N 2545 B 8, e HUEE 10 mL
HO 52 NV R BEAT T AL B, LA S mL 2R 2 iR
HHL
8+

[=}
1

PhIP#< % (ng/mL)
.T) BN

0 T T T
0 2 4 6

LR LR (mL)
K1 ZFROHERRIEXS PhIP 8 5

Fig.1  Effect of solvent dosage on PhIP concentration
2.1.2 AWAFEI A EPE B 10 mL S22 N M, A
5 mLZ R Z B Al 2 mL NaOH, #R % % HL 4 16,8 .10,
12 min J5 , M 5E PhIP (AEBOSCR 25 R WL 2, R
B A< JBC RST8] 9 SiE K, PhIP ¥ B2 55 449 i f= o 2, 78
10 min B EEECRE IS BRI . 2 R 15 XRERT 45 (1
L5183, MR ZR AR PhIP (1) 2% 5T 95 2% R Sk il 42
A ] A SE S T3 0 T, 20T PhIP pd 4l R B
T LA AU [B] e P20 10 min S8, R [ AH 25 K
TEHEATRE IR PR, RE U ]Gk 2~3 B
AHZEIEAR LU, A AL MRS (8] 455 46 20 10 min, X
YR IEAT ] B DR SO 2O AR I, T Ak T S5
22 FEFHHHEE

H T AR AR R P Y PhIP & TR &4 5T, X
PhIP [0 >R T 5P 16 =8 DO AT R3S A AT . i
FFERTEST 1 pe/ mL bRyAfEVE FEAE , i T B4 5T PhiP
ShAarh S A ALY 2 1Y, B A, A SR T EST
+ AR, AR SR R I B TR R B AN
JE BT T 5, 7E i Rk 3 2.5 kV B, 2 75
e TR s e BRI R AE B R, BE RS 2, 33K
A E] PhIP (R A& 1, S HEFL B R 3 35 V
W, 7T LAZRAS AR E B 53 T8 T m/z 225, X PhIP {9
BRI T T R AR R T, PEA R S
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Fig2 Effect of extraction time on PhIP concentration
32 PG GE A B9 AE T, 2 25 - CH, 2B lJs £a7 LE
210.1 WY1, 2k 25— HCN ik BB sl o 4 L 183.1
MY B 5, IX A B8 0 PhIP [ 5FE BS -, S5 5 i
BRI 225.1 > 210.1 {14 8 T 782 2 1 W A
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Fig.3 Fragment ion mass spectrometry of PhIP

2.3 PhIP #&ill &L &4 E

231 N[FEMEGEREXT S B RO s SEE R
BEH C,, .BEH T, 1 BEH phenyl = #1423 J5 3 A [F]
A LA TR AR Z& FR % PhIP $E47 4325, PhIP (45
SR PR X O AR HEA T O R, 25 SR ANE 4 Fras. H
Kl 4 a]%40,BEH Cy .BEH T, .BEH phenyl =Ff {4+
5%y PhIP {5 84 B 6] 43 %1 & 3.44 .3.49 . 4.49 min,
{EJ2A# ] BEH C #1750 Bt , #i B I g HE 7 W
.. BEH T, #:#i R AN ), g &1 il o L .
Coo HEFN Ty A5 BRI AN, S T3 W A o i A
AETESZAH UPLC 51 K oy B LR B MEA MLIL &9
XiF PhIP 33CRE 1) B P 2% 3R e 43 838 s R 4 25 . TR
BEH phenyl #3:45- %) 4 BT BRPE4F, B 50 XS
55 TE ER AT Y S5 AL, BT BE TR S AR BT
B p—p FEHOAE BAE X R 5 B R A A IR AR B
HE I bt Co AR/ T, A58 . BbAb , ZRBEEAEXT & A 2RI 1Y
H AR5y 85 B AT e 61k, B A F PhIP gy 4y g™ o A
I, Fe 2% BEH phenyl #EETT PhIP 09 (3855555
232 FishAXrE SRR AT E NG
M hAE AL 5355 T 0.19% H IR /K 3 mmol/L 2,
MR % A S AT B XF PhIP [ 53 B0 . Shah 457 %
H PR EEANE R T sl AR, PR H B A 0 R4S 2 435, 77 571
WIS BEAIR TPtk . LR ERFS 5 5% B AL v, X 8,
AR, LA 5, M AR B B . A8 1R 250 R
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K5 RREFEHHE 3 mmol/L 2%k (a) f10.1%
g FI 7K (b) % PhIP fy) UPLC—MS/MS 43 B5 %005 1 #1
ﬁ Fig.5 The effect of using 3 mmol/L. ammonium acetate(a)
;*; and 0.1% formic acid(b) on the isolation of PhIP
=
24 HRATAE SN R IEN
L__,~__.~._ 2.4.1  LRVEVER A HRAERBR UK AR v

00-.00 2.00 4.00 6.00 8.00 10.00
7] (min)
K4 RHAR@EHE—SEH C;(a) \BEH T;(b) |
BEH phenyl () % PhIP f%43 BS 4% 5 5 mi
Fig4 The effect of BEH C;(a) ,BEH T, (b)
and BEH phenyl column(c)on the isolation of PhIP
JHIEHE phenyl (3% A1 & K R P 2807 4290, R B
ZNE-0.1% W ERAE Ry i shAHREAE AGE (1S TE , HLXF
LR EEMEIT IR, AR SRS XS L T 0.1% H iK1 &
PR EL 3 25 PhIP BORSCR, 45 R Kl S Fros. i S a
LR H 0.1% WER K AR i sh A B i, 4 7 1 P /4
], HLAELR R 4 MR B i RS, W A, 0.1%
AR R R AL BT B AR I TR 0 HY {2 35 F i e
B PR S WITEBTRE T BY B T4k, RO s A D5
S EREE T L BOAS I Y R B 25 -0.1% R K AR

WA Sy X Ml , PhIP WY Y fligs il br v ith &,
FERPESC R REIL R 3, &5 R W , A Jr ik
LMEALFI R 0.5~15 ng/ml, Peig RECH 0.999, #shn
PRAEES)S , A5 14 PhIP g 5 fR 4 0.332 ng/mL, £
HFR 7 0.110 ng/mlL,
2.4.2  [ECERFERE W HAES TSI 10,15
30 ng/mlL =¥k BE Y PhIP BRAES, i E Y735 [\l
UL 4, IFRZKSE R 1015 .30 ng/ml B, Fi 721
SRS IR 78.16% 81.22% 82.03% , 56 HH A%
PhIP (AESS BRIEIR 22 M 6.32% \5.40% 4.28% , 245
SRR, R T ZEBOL WS e PEAT ] 35 2 PR
3 #Hig

ABFFEXT A 2% 4 2 v PhIP @4 HifAb 38 FT UPLC -
MS Kl 75 vk #E47T T Uik, B AW SE T e 2L &R
IR B EE IO ] =~ PR 2R X PhIP i BSR4 5%

3 URTIEN T PhIP S0 B 05 vk At
Table 3 Methodology data for the freeze—drying method applied to the analysis of PhIP

I ZRPEVEH] (ng/mL) [l Y77 WerE R EL(R) EPEBR (ng/mL) 5 H PR (ng/mL)
PhIP 0.5~15 y =0.0268x +0.0552 0.9990 0.110 0.332
4 URTENIT PhIP 20 - By R S50 45
Table 4 Mean recoveries of freeze—drying method applied to the analysis of PhIP
IS
E32Ni 10 ng/mL 15 ng/mL 30 ng/mL
iR (% ) KEE (% ) R (% ) T (% ) [ (% ) B (% )
PhIP 78.16 6.32 81.22 5.40 82.03 4.28
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ma, CEEAE SRR T AN S , SR NaOH - 2,18 2,158 2: 5
) BT 2 B, BT {8 PhIP 75 31 b 45 5% 4 10 %5 B,
K Waters BEH phenyl %1, LI £ 5-0.1% H iR
A SHARBEA TR BE R, T RAAS 1) 06 BR M A B g Y
A JT KM PhIP 275l 0.5~ 15 ng/mL, P sE
BN 0999, K BR 2 0.110 ng/mL, & & FR K
0.332 ng/mL, 7TEMNFRK S 10,15 30 ng/ml B f4-F
YRS 78.16% (81.22% .82.03% , FH X5 #E A
22 (RSD) 43514 6.32% 5.40% 4.28% . A<T5 X ke
A AT AR B AR ORI S5 4 36 AT T R4k, RIS
AR R ) PhIP Srim,  HATE XTIk R
PhIP R J7 32 00 He 38 iR AR 20, A vk 1 4 37 AR 5T 1k
AR F vh PhIP (A5 R0 il 5 v gt TR IR 3 . AR
D7 IR BV RIE 0T 8 A Mk, AT S DU AR 2 AR A v
PhIP {4 50515 o

S 7% 3Lk
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