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HPLC—FLD F1 GC-MS JUE Z i it A FEERI 7T VAL AR

R, EFE, NEXS, JEE"
(1L EHBEIRFRIGRLFE, RN 510640) (2. T T L KFR BRI, FHFM 450001)

52 £ B 47 GB/T 22509-2008 #ah b, K &R IR - b R A4S AR LA FUL SR, HALRIZ 2 Ak F BaP 4% 49 HPLC-FLD
Fik, AT EFAERKRELL GC-MS FiktyiE k. 5EAFAL, AR HPLC-FLD kR E R4S . GC-MS ik &itsk
14 HP-5MS £.48% 4 (30mx 025 mm x 0.25 um), #ESRALA, A0 &R 280 C, Mot Do, AR 1.2
mU/min. MS % El B-F/, H-FRK 230 C, WHA 150 C, ##FHFHEKX (SIM) £E. K705 4 Y=817883X+39074
(R?=0.9999) #= Y=1771.9X-636.6 (R?=0.9997); #Mfk (LOD) 4 %% 0.037 #= 0.062 pg/kg; AnAFELICFE 5 5] 4 82.40%~96.21%F=
76.21%~94.19%, T #9AAsTAF AR £ (RSD) % 3.72%~6.64%7= 5.18%~7.84%, A&l —Z fribtfdbty BaP A%, “WlA% AT A H
HAAE & TEAF (P<0.05). ALk RIFo, BAPHHYHLKE TR BE T BaP 49N E 2K, HPLC-FLD &£ R 479454
LR T HmE, Bk A HPLC-FLD i&>GC-MS i%.

FEEER: b, RSP (BaP); FHEuats &ak-k kA% (HPLC-FLD);, &R &it-itk (GC-MS );_Frikibii
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Abstract: The high-performance liquid chromatography-fluorescence detector (HPLC-FLD) method was optimized to determine
benzo[a]pyrene (BaP) in sesame oil, and its applicability-was/Compared with that of gas chromatography-mass spectrometry (GC-MS) with
regard to methodology. Based on the Chinese standard.method, GBIT 22509-2008, liquid-liquid extraction and neutral alumina column
purification were used for pretreatment; Compared with. GB/T 22509-2008, gradient elution was used in the HPLC-FLD method.
Chromatographic conditions for GC-MS were as follows: column, HP-5MS capillary column (30 m < 0.25 mm > 0.25 um); temperature
program, gradient; injection port and transfer line temperature, 280 C; injection mode, pulsed splitless mode; carrier gas flow rate, 1.2 mL/min.
The MS conditions were as follows:“ionization'mode; electron ionization (EI); temperature of ionization source, 230 <C; quadrupole temperature,
150 C; with single.ion monitoring (SIM) mode for quantitative analysis. The linear equations, limits of detection (LODs), recovery rates, and
corresponding rélative standard deviation(RSDs) for HPLC-FLD and GC-MS methods were Y = 817883X + 39074 (R?= 0.9999) and Y =
1771.9X -636.6 (R* = 0.9997), 0.037 and 0.062 pgkg, 82.40%~96.21% and 76.21%~94.19%, and 3.72%~6.64% and 5.18%~7.84%,
respectively. Forthe same sesame oil sample, the BaP content determined by HPLC-FLD was higher than that determined by GB/T 22509-2008
and was significantly higher than that determined by GC-MS (P < 0.05). The results showed that both methods met the requirements for
determination of BaP content in edible oils and fats. The HPLC-FLD method was better compared with GB/T 22509-2008 and its accuracy was
greater than that of GC-MS.
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ZIFEE (Benzo[a]pyrene, BaP) A NWIATESE
WA RS A2 1) F AN SRR R SR B IR,
2 IRF5% (Polycyclic aromatic hydrocarbons, PAHs)
P EEREEN A —, |2 ET RN 5.
KKt iR AMATE BaP MEZERFZ —,
HAEM T RE, ASnlkE a2 kN5 5. Sl
SR BaPM ), T i TR SE RS,
i w ARG A h BaP B Bk 1, M
FEARIRAE N WRHE A KRNI I I A rp 2Rl g
BaP [1i54Y;  WRMEIDAF IS A=A 1R VA
NI IER Y RS uy e Y e o N B TR 5 S o1 1 |
BT ey R S [ I EA, Je R HE 7R
AR BaP [ KAk A PR &, BREE 629/2008 5 SCA-HE
5EN 2 olkg, FRE GB2716-2005 (£ AR A
HEY FENE N 10 o/kg. ZRRHE R EAGRR G EH
H, BERTHFERE AR 6~8 JUNf, AR it fE
RIS, WIS . 2N ROk ) B 2555,
B 5%F| BaP M54, fEREZRMT 2 REH
BaP. [AItt, EZAITEEZRRMH AR BaP HIE Ji%
BRHEE,

H AT, £ AR BaP & &= I e 1R b B AT
HOE 2 i PAHS [RIHINSE « HL 77 23 GC-MSh:,
HPLC®h:, HPLC-MS 7:P % ELISAMON:2%, o
PRl iR AR AR PR S B R N B2 . T GBIT
22509-2008 Jz [ElBrbritEAl 75725 1SO 15302-2007.451 % H
HPLC y&sE &g BaP &, (HiZ AT (ES
BRUERT G WFERER. Bl 2 oA Fa e s Xk
FURIN 53 LR AR e 5 et PR A1) 1A FH iR BaP &%
T R E , HERAI R IS A T & 2 4
MESR. Hoh, ZRRERSE TR 2K
EykEsp A, R BaP & B E AR,
SR RS2 1 i A FELCE R AT B A A e it o B 25

Rl s FE bR kil B, R E N —, 1
s BR . TEE A IRR v P BaP A ik SN L
ASCEALH S22 R R BaP ) HPLC-FLD &35
%, ELHOMIIGE BaP 1) GC-MS J5i%,  FEXRFX
THEBATINEZVIY, e 1500 R T 2 R
e, J+5EPREAT L, DI EA R, 3R
P S R 2 R BaP & &=l e ik

1 HRSTER

11 FEH

ZIRHAE A W BRI, KA
(12 FO. kg (6 FiD. WML (4 FiD KR

CL Al R Pt o
12 FZNE G KA

Waters E2695 = RUAH A (GiF 4 Waters 2475
AT M2, A% TIES, BIsAEM; Adilent
ZORBAX Eclipse PAH tA3%43:(250 mm>3 mm, 5 pm);
7890A-5975C S AH - Fik A (S Agilent 2
F]D; Agilent HP-5MS E4HE 4 (30 m>0.25 mm>0.25
um); RE-52A JehER Kk a% (Ll oA E: T ;s
Cleanert BaP-22¢/60mL BaP & T [ A EUR: (Rt
U ARBHABRAR]); LD5-10 B Ol (b5t
FOLEOHLIEBRATD: Molgene 1815a Ha4lizK fill €513

(SR R AR AL-204 43 HT K

(0.1 mg, MEFEH-FERIZ AR ATD; KQ-300DE
oy pEve s CRIE B s AR TR A 7D;
BaP Al (4lifE>96%), /S Sigma-Aldrich A#];
IECE. L Rl A taikals SEE VBS A,

13, R

1.3.1 AR e B

FEHAFRE 10 mg BaP FrifEdh, T OB ERE
100 mk, 5100 pg/mL —ARERE &R A —Zibr
HEfE &L mL ERZE 100mL, 75 1 pg/mL —ZehRite
fii 2. 1 ZbRitEff 2 LR BE 73 )9 0.5, 2. 5.
10. 20. 40. 50 ng/mL IR AETETR -
1.3.2 sz

FERAFREL 1.5 g ZRIIER AT 10 mL BEF L 3E
OEH, A 4mL 285l (Viv=6:4) JRER, i
A 30s f5, 300 W i 5 min, 4000 r/min B> 5
min, FHBEFEIRE /NI EJET 10 mL RE .
BEEWPE=IKG, AHZIRIUR, 40 CRARE
WANER 24, REIFRERE, 2mL ECkRE. &
S5 BN N A5 i i A A EE A R, 80
mL 1EChesel, A 1 /s, WEEBEIR, 50 C
BT N300 uL LIERE, ¥ E 2 mL KRtht
FERAEE T, FF.
1.3.3 Z ks BaP 49 HPLC #7514

T BEEREFR
Table 1 Gradient elution program
E/min AAR/(mL/min)  ASHAE A%  Ash4E BI%

0 1.0 5 95
10 1.0 15 85
15 1.0 15 85
20 10 5 95

il : ZORBAX Eclipse PAH (250 mm X 3 mm,

283



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

5um), FEE: 30 °C, FshtH A K, FEIHB AL
i, PREVERFET IR L FoR, SRS 10 L, w
ek R K 384 nm, K SHEK: 406 nm. HIE
{REAI A EE, AN E R .
1.3.4 Z kT BaP 4 GC-MS o#7 &1+

iR HP-5MS E4HE # (30 m>0.25 mm>0.25
um); B mAR (45>99.999%), LT ZdialE
T (ED, EEFEHT, BTFReE 70eV; EH
EE (SIMD ER; BT miz 126, m/z 250,
m/z 252; SEEE T miz 252 ARV bh 1 e e
SE4 NIST BIEERG RS e, IMNEE R,
1.35 A egm

FIFH 3R PRSI T ¥ o S D0 s R B A R A
ARSI 12 Mk A%, 6 Mk, 3 RiA MR K
1 PR R I A BaP & &,  LRESHIRP T
JIEXS T RE S S P
1.3.6 ZIENHT

BN Z RIS S PAT I E =R, F Excel 2013 1t
HEER, SRS ESMERZE (SD) R, Origin
8.5 HHT4K.

2 ZER5vHS

2.1 HPLC &ttt

60|
45k
3 BaP
30|
15F
0 2 4 6 g 10

5} ] / min
Bl 1 R R Bk E
Fig.1 Liquid chromatogram of sesame oil

TR RHTE HEM AT X W TR H DI R 35 47—
VR . CIEEEVRAIARR 5 ELBUING, BT, (H
I (FSE G, IRENAHRER, 2ot )): B O
ECGIsE R, N TRa, (HEEZm %, JRH.
HbRlig 58 IRy B, /s AR, Bk, iR
iE BaP LM (R>L5) FIHUERTTA], ANHFST
IEPRREE VAR (AR Do FUBREBHRET, V&R ]
W, HEARUE B RIS SR A T,
XFEORERA RO AR PRI 1.0 mU/min, b
AR, BaP {1 7.65 min, Lk GB/T 22509-2008

284

R4 min 724y, WGEEL AR, BHistigees, HYS
AR RESEIVRLLS 7 1 Z BRI i FRVBUAE S S
1.

22 GC-MS k{1t

HH TR T B, R CRE . 3R
T IR N BaP M NAE IS, S5 RAnE 2.
NIRRT SR, o AR 52 FHRAR PR AR, 200 C
F+Z2 280 CHIMANAER K, fb RIS AR ik
AT A LA - AsE = e B (LB K g 280 Cdt
FEEL 250 “CH1 300 “C e B AR B 2t
PRI R ER R, A SESABE Ny AP R T
AR S N AR RIS AR N o DRI, KRR GC-MS
ZAEWTR: B FHRS PR 200 CHufREF 1 min;
40 C/min F¥#& 280 C, f5FF 10 min. HHFECEE
280 C, HEFEEUBKMAR U, AR 1 pl, AR
W 1.2 mUmin, (%2280 Ce MS %4 15
230 'C, PUZLAT 150 °C, VAFILLIR 6 min, JEFEES 15
2 (SIMD W3, 2B miz 252 miz 250, miz 126,
JE BB TMIz 252, LA, miz 252 {RBH N[y 8.86
min CEREEIRZAHD, FE5 EHARER) NIST drikEnE
JFEAREE F A BaP AHULHC . Ak 241 T BaP it
LA PR, A —ERERERENS, FERHE
VIEE S BaP &k, SEUH P R AT
FEAK, F4bBaP (1A, FEMTEIE T i
HEMIEREIG, A AT Rk .

30000

& 2 GC-MS %t BaP 4SS HISNT
Fig.2 Effect of GC-MS conditions on the detection signal of BaP
E: KPHL 24 3R R R ARARA: 120~ 180 C.
150~300 C. 200~280 C; @A iR E: 250. 280 #2 300 C;
K (ot iAot o), HARE: 08, 10 A
1.2 mL/min; #4ir£ki®/E: 250. 280 #= 300 C

23 WARIr A EE AR A B AR IR
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23 51 FH HPLC ¥2:F1 GCIMS ¥Eill & BaP ARdEVE
PURIE (ugkg) JRRAAER, XERAIETRIFT (A WY
AAKR, SetbRAE LR, A BT FE B R A (RD).
DA FIREREZ (SR L SIN=3 FIrnt i FRIVR B 1142 7 1k
KR (LOD). B EMIENE 5 RE . 2y FA
for tH BR Uk 2.

3 2 BaP HUKRMERALE, LMSEERRNIIR

EH LR

A5 3 HPLC-FLD #1 GC-MS ¥, XHHUE
Ti3A 20 N ZRRMEEM T BaP & &3 7IE, 455
Wiz 4.

=4 HESHHTHBP A8

Table 4 BaP content in commercial sesame oil samples

Table 2 Standard curve, linearity range, and limit of detection e Ly A FHAE BaP 4= /(ug/kg)
(LOD) of BaP %% % IU4F) HPLC-FLD <GC-MS GB/22509-2008

- . KT 2 LOD 1 K&k 300 2194013° 20820.31% 111.8240.46%
(ug/kg) l(ug/kg) 2 AKKEx 500 1.443007° (4.2940.11° 1.0520.21%
HPLC-FLD Y=817883X+39074 05~50 0.9999  0.037 3 KKk 600 1.8140.03 115940.12° 1484034
GC-MS  Y=17719X-6366  1.0-40 09997 0.062 4 KARGE 600 10.9540.29° 10.8940.65° 0.2741.32°
FHEE 2 AT L, PARRINGE IR ZR TG . AR & 5 kGk 750 2:8540.12° 2.8940.21° | 2.3840.38"
BRI H BRI RERE 2 R BaP il e 2k, HAR 6 KKk 1000  7.0940.43° 6914094 629435
T+ GBIT 22509-2008. AHX K, HPLC 2 A Hi R 5 7 KR 2000 1144909 1.0940.19°  1.0240.27°
1%, SR R IZSE 5, Pk HPLC 3% 8 KKik 5000 2.924022° 2962036°  2.5640.45°
e B HAH 9 KKk 10000 2024033 1914051%  1.7440.23°
24 AT 8 B A T B 10 KA. 30000 1.8420.04° 1.7940.16°  1.634052°
117 KAKdE 80000 2.714042° 26140.46°  2.5140.39°
WP A Z MR, I e IRENRE 12 KRk 30000 2.4930.38° 2.46041° 2.0840.28%
538 2« 5. 10 pgkg, FENIKFFATIINE 6 . P 18 MdEk 0 1000 51940.37° 5214021° 4994033
TR T3 0 IR SR AR Ar i w22 (RSD)_ 4 14 #4%% 2000 6184048 5943039 5.8240.22%
% 3. 15 #AEE 15000 3.0440.51° 2.9440.35°  2.3940.42%
%R 3 ZRRiR BaP RYANAREILIER 16 #ME 15000 2.0840.33° 19240.42°  1.8240.49°
Table 3 Recovery rates of the spiked sesame oil samples 17 #4%% 15000 0.5740.10° 0.4940.08° 0.4340.16%
AnFFR AukFEl  RSD* (n=6) 18 #ME 60000 0.6540.15° 05440.18°  0.44+40.32°
/(ng/kg) &) 1% 19 A% 500 1744005 16840.26° 1.494021%
2 82.402559 4,84 20 A 2000 0814015 0.7420.11°  0.69:0.34%
HPLC-FLD 5 96:21:8.87 6.64 21 Ak 3000 1954027 1.824041°  1.6340.23°
10 90.90+3.97 372 22 Mk 3000 1.854041° 1.6940.39°  15210.62°
2 76.2144.91 5.18 23 Zdik 3000 3.6340.44° 3.4540.61° 3.3110.82°
GC-MS 5 02.6445.97 784 E: Bl L kAR R T AT R A RE K.

10 94,19+2.83 6.32 REFEHETR —ATHEZ A B EKER (P<0.05).

E: MEE AR AR £ (RSD) AT

f# 3 a5, HPLC-FLD Al GC-MS il 52 2 kit
i BaP [ KT 75%, 235N 82.40%~96.21%
FI 76.21%~94.19%, AHXFRHEMmZESI/NT 8%, 43l
4 3.72%~6.64%411 5.18%~7.84%, #r-& gt BaP )
EEENR, RIKER, HPLC-FLD 8 Inbs Rl g
T GC-MS ¥%; FER— bRk EE T, A& RSD &t
RET 5%, W HPLC-FLD #:5E ) BaP & &iita
E o

25 WA ENE T EZ i &E T BaP &

HE 4 mfH, MEEKE, EEF (GBIT
22509-2008) At EAR A2 5 1 HPLC-FLD vl 5
2RI BaP i i m TEbRE (P<0.05), H
W& =T GC-MS i, 4 Fhae Ry, JRIFTaE 2 BaP
1E GC mild Sk tF N ok, FEOL & g H
M, Rkt BaP S EEUL, Rz, H
FAEBEMNZ T . ik, AWF50H
HPLC-FLD 25 E bRk, RIS & ik
AR AR, FSOE B AE T CBEEESE L, 8
H bRl (R B I [ 4680, 53 2 FESE i, A5 2 kK BaP
rEUERPETE E, HEdE T BTN, ARl
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o, HNHE A 2. AT 23 AN ZRRHFE S, BaP
&N 0.57 ng/kg, HiEA 10.95 pgkg. 1 AMFEA
i HIKE GB 2762-2012 #E ) 10 pug/kg, i bt 4.40%;
13 ANEE SRR EC Regulation 835 /2011 1) R 2
ng/kg, ikt 56.50%. AN[EHN T 5 EA 7 1Z BR
BaP SRR, b 4 NAVEMEE S & B R
%, BMET 2 pg/kge FIFMINT LA 1 2 i BaP
TEEMBOR, THERHE, X5&MTRAANR
B A L&A <. KAIEVEN—FES I Z R
WHIETZ, MRz, FNRER AR Al

(PN 10000 /4R AP 2 R BaP
SRR, M5 pgke 1 4 AMFERERE TA
It 2000 MEAERAEFA A, KR PR
it 10000 F/AED [RNIRHER 732 SRR AT LA P2 HY
A S Z R =, AR ObRE, B
Rl RV AL, IR FEBARA KHAR St
T ZAER ) T A AR R

3 Zhip

3.1 {EEFF GBIT 22509-2008 FEfit I, AL T 2 kil
W BaP & &) HPLC-FLD Kl ik, 455%%H, BaP
b i %y 82.40%~96.21% , HH XF A% 4E W 2 A
3.72%~6.64%, HrMIFRA 0.037 pgkg, 1%iEH5H
PESHUL T GBIT 22509-2008.

3.2 ENL T 2K BaP EE Y GC-MS Rl T,
It5 HPLC VTR 45 9%M, BaP [N
76.21%~94.19%, HXARiEmZER) 5.18%~7.84%, 1
TR 0.062 pg/kg; JEId EEEL FIRT VLI ik 28
AT, HPLC-FLD il Z Ryl BaP & & fe e A
HERF T T 15

3.3 I sea = 7 1) HPLC-FLD Al GC-MS y:3Il5E
TEANE S AR[E $I 22 BRImAE i BaP &
B, JFSEANESHTY . SRR, T2 RR
AR T A PSR T E s, I8 T GC-MS ;s
ARIHILZ] BaP = AL 52 AN ], ARSI
B SMSRE, ZRHH BaP RS F AR
T — 5 A 21, 110000 Fi/4E LA _E AL A P2 i 2
IR FAR T HR /NI A, X AT g LA S 38 (R
B R T 2 H K.

B I AR
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