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i OE: BE i S RO A 3 - 5B B % 75 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)IE & FITMIE HBMUE 9 ik, i L IE i, S8 baKiam
PRI, TR BR SRR IR AL 5, 1f PEP-2 [EARASIUIME AL, R R w5 S80ROAR (335 HR 50 ST 1% (A, b
g, Pl ACQUITY UPLC BEH Cig f&i41(3.0 mmx100 mm, 1.7 um) Ky [ EHH, LA 0.1%H B KR A 0.1%
H IR SIS W W R T AR A 560 BE R0, 3 B0 JBT 33 43 A v R Y PR B8 55 3 W I 8 A R 22 S oy M 8 =X
R ORABME | ZEHME | A B BRI AE 0.1~100 pg/L N5 IR I R R M E R, R
R A BB 7 0.01 pg/kg, RIRBE N 0.006 ng/kg, —ZBME N 0.005 ng/kgo A% FIFES R BRI T
IIFREISCSE S, ISCRTE 80.3%~96.2%, W 5E (E AU ARXS AR IENR 22 (n=6) 1 4.48%~7.25%. 45 %Ik,
YR, BRI AR rh BB Ay bR 0 e ARSI 25K

KB RO 5 BRI RIIR, AR, SRR

Determination of capsaicin in edible oils by ultra performance liquid
chromatography-tandem mass spectrometry

MIN Sheng, LIU Rong, WANG Yang*, WANG De-Yu, WANG Shuo

(Chengdu Institute for Food and Drug Control, Chengdu 610045, China)

ABSTRACT: Objective To establish a method for the determination of capsaicin in edible oils by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were
dissolved in n-hexane, extracted with sodium hydroxide aqueous solution, and the basic extract was acidified by
sulfuric acid and purified by PEP-2 solid-phase extraction column. The samples were detected by UPLC-MS/MS, and
quantified by external standard method. ACQUITY UPLC BEH C; column (3.0 mmx100 mm, 1.7 um) was used as
stationary phase, and 0.1% formic acid aqueous solution and 0.1% formic acid acetonitrile solution were used as
mobile phase for gradient elution. Electrospray ion source positive ion mode and multi-reaction monitoring mode
were used in tandem mass spectrometry. Results The mass concentrations of natural capsaicin, dihydrocapsaicin
and nonivamide were in a linear relationship with their corresponding peak areas within the range of 0.1-100 pg/L.
The limits of detection of nonivamide were 0.01 pg/kg, natural capsaicin 0.006 pg/kg and dihydrocapsaicin
0.005 pg/kg. The recovery experiments were carried out using the blank sample as the matrix. The recoveries were
80.3%-96.2%, and the relative standard deviations (n=6) of the measured values were 4.48%—7.25%. Conclusion
This method is rapid and accurate, and can meet the requirements of rapid screening and detection of capsaicin in
edible oils.
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LG WA TR S — A E, &2 & B
IR 90% LA 104, A s S N T4 s HA 254
TR W N RE b &4, AN B L5
HAIHER, MRS TR BEE

VA, ZAEAEARTE TPAEAE A2 B, Tk AR
Il AT K R e T2 R = 15T i b T AR D R
VLT AR Py £ B S 7 S ) B AR B i Tl R h o gt 2k, H
HREHEREAENSERE FHmmb, 2% cHmmms
Sof NG R v p ™ EE G . EAT, XAl A SRR 5y vk
A AR )R i B R L A A B A ) L SR A Ak
AT YRR (+ bR R e . w2, (B
TR TR A A L2 B Rt S, SEHAERN
AL ARSI AR AR R A T — PR AN | RS R A
ANt R REAfR P AN e A IR, 1 T BT e S 9
FE— 5 Y T P P R 2SI 1 3 P IR A s DU
PR S AT PR B VLT IRV PELT B s e )
2 o 3o AR 8 AR I 3t B AR T i G 5 A sk e 4 2
I FEF BRI AR L thia b Ab 3 12 ank vk RS B
JURRR . KEUE . BRSARMESS A RERBHE, LR & Y
T HASTELE BB, OB 254 ot 5y 68 1) A8 I 2 5
TR R AR RS AR R S EE £ b S A
JO R AR A TR S e b Yyl ) S A EE R S

ELR, Ao 0 2740 7 BB IS 9 52 ) vk 2 A Rl
MICBR N mg/kg 2% i) A v A5 AR €33 125190 K S 6 i
PO T AR MR 4 H 3B A S T AR A A 3 7
RSk, MIRIRIR A ne/kg 43 S R0RAH G TE-
RO i 3 2220 B e 9 9 14 S ) B A o AR S
Feril AR rh, % B HE Y R A R S AR AT R T
SIS, FEOME RO EEA B S, RS
WAERRN R IES, TEANE I I 2 B B [ AH AL BN o
FRFERTER, LI AN TRV IME A1 0L, B i [l
AN HEAR  ABIFGTET X AR 50X 8 PR H R R A
kB CRS b BRI T T 05, AR, LU
SEAE A B FHTHIIE HP R 0 I R R 36 7 TR AR FE o

1 RS

L1 5
AB Sciex Q-trap 5500/Waters ACQUITYUPLCI CL ASS

TR e RO (33 R I B L (32 I B A ) R Ge 8 vl /26
REFHRHY); Mettler-Toledo ME204 T3 by RS- (i L M-
FERIZAEIAT), Milli-Q TR AKX (=R 70 4L 1AT); Eppendorf
Centrifuge 5810 R B S i VR B OAL(FE R SCAE A A 7).

TR (LEIE 98.7%) . A U E (41 99.7%) .
AR (LI 98.5%)(JL I S A S A MR A BRA F)

HEE, . Bk, A P s(Ental, fMERTE
H); HER(Easal, 56 EFEBRCHRBHEA v, S8 K
ERAIK (Milli-Q B AKALH %), A beh . iR, A
EE(30~60 °C)(4rHrati, K& KR B H).

12 XWHE
1.2.1  AFEEREH)

PRUERAATIR: A BORARBIMI R . G R . =&
BB SRS, 10 mg, AFHHRE, B 10 mL AR, mH
RV IR R B 2088, PRERE A BT B ) 1 mg/mL.
AT 4 °CokAah, AR 3 4.

TRAPRAE RS TAE: o 500 o 0 WA BB v £ 45 V35
BEFAEMS, HP RIS SRS 58 0.1, 0.2,
0.5, 1.5, 10, 50 #1100 pg/L MIARAERIRA TR
122 RAHRE

(DHFEH

WERFRBUR AIRER 1 g T 50 mL HIZEBRHLAAE b, i
A 2mL IEE4E, FAA 6 mL 2% S A LA, iRiEiRE
10 min, 8000 r/min &5.0> 5 min, M _FJZAKH; 5% AT
6 mL 2%AEEEIRE LRI 1k, &K, BH
FRBRRRIAW(1:15, V:V), 895 pH 2 2~3 Z 0], %,

(2)41k

PEP-2 /pME(200 mg, 6 mL)FiSeH 9 mL Z A&k,
F 6 mL 2liZKk e TiE AL, SRS R 58 pH (E Rk AH R
BUROMAINEE, FEHIE AR 1~2 W, FEailEiemat
[E A A HURE (200 mg, 6 mL)J5, DL 6 mL M4liKikeE, 72
TR, =L 6 mL ZJEBENL. ZIFVENIR 50 °CAIKIE
T, 0.5 mL H EEi o ol AL, ol T T RN
R PR A 5 e (A v AR € 3% - H R T
1.2.3 A&k & BR g1

()RR (3 451

i+ ACQUITY UPLC BEH Cj5 (3.0 mmx100 mm,
1.7 ym); FEIR: 40 °C; J#: 0.3 mL/min; PEEERE: 2 ul; ¥
BIA: AN 0.1%FF BUKIEI, B N 0.1%H R Z I i, KA
TR L 1.

Q)i 41

A 30 L/min; S50 H#: 55 L/min; i8S
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Wik: 50 L/ming 8 TURIEE: 550 °C; HLWEZE L JE: 4000 V;
ERET: 5 WA VA RIS v

RN EEE T FEET . ERE R
W3 2,
2 HRE55H
2.1 RAHEREUTREMR K

BJS 201801 { & FHIHAR - b2 Bl 2 ) SR A A HEHL
BRI A b, AR kes ek Bt At
FEHEE T AL AY, AN b4 24 4 BV 30 1E © e FA
fi#(30~60 °C). 43 AFREL 6 173 1 g BEdh T 50 mL HZEHIRHA
Brp, MEFINA 50 pg/L XFHR VAR 50 pL, S illimA R 3
R TRATR R ke . IEC %8 . A1 JMk(30~60 °C)¥ fifte
mi, PR B 45 b B, ICREE SR ILE 3. k3
AL ISR IE CUBEAE R B2 U 7 b S be D R 2, 9F
H 2 mL BEFIZEH 1 mL A9 R R &, BTLCRA 2 mL
E O e A Vs i £ A R 7 591

BJS 201801 M5 7712 Hr A B TG 70 S AL AL BV T 1Y
AN 3 mL, (HJEFESLPREfEr b R B, mTHae
R iR & shiih, fEIRARH S %EE, EimAD RS
FALINIE BRI S E LIS, mEE L LU
W REME L - A5 S AR AU R 2 6 mLAK)E, FL

MR BRI, ARE AR, SR SRR AR, I AHAE
B HBOA 5, B AR BUNME 2 AR, &0 3%
B2 AL BE R F1 — L0 AR IRAG B & 4 AR, th
TR e m A P B R LA, AT A P . ARt
E W HA BRI MER, 5 Cs HEHEBHA LIT I
FITE pH g 0~14 T, JCils MRS mE AL A, /LS
TR X5 AN R A Ak 45 0 mT Sic BR] B 2 B XoF
R BE A A 2 R R R A R AR TR 22, AT
RIS . AR5 HL4E T Agela Cleanert C g (1000 mg/6 mL)
/IVFE | Waters Oasis HLB (500 mg/6 mL)/M: | Agela Cleanert
#J PEP (200 mg/6 mL), PEP-2 (200 mg/6 mL), PEP-plus
(60 mg/3 mL)/INEEXSBBUR AL RCR o 40 FRIORE Gl 1 g
HERIIA 50 pg/L XFHERLIAHE 50 uL, 3L 6 13, 70 50 mL
H IR, 2 BRI 28 012, 205k ik
[ A ZE O NME S T IBOREE R IR 4, iR 4 W IRA
PEP-2 (200 mg/6 mL)H)i LA LB F o JF HAE BAEFR
o' PEP. PEP-2. PEP-plus /M e Cig 1 HLB /N
FEEEGE, AR IBGR W AT Pl ok /M, AR5 IR/,
AT BRI E] . RIS 2R PEP-2 (200 mg/
6 mL)fE R Al I AR A UM
x1 BEERBRER

Table 1 Gradient elution procedures

) B 1] /min Al% B/%
IS AS B THREEM, B0 LUGA HUR KR 2 J2 55 7,
N 0.0 90 10
PRAE T BAREE MR
—— 1.0 90 10
2.2 [EHEZEREIEE
3.0 10 90
BIS 201801 2R FH i1 fk Iy X2 24 [EI AH A BU(SPE)/IMEE, i 0 0
{0 B /N FE BURE Sl Cg o T 7E 52 BR 3R AE B 2 BL Cg '
(1000 mg/6 mL)/NEE FREABUBI, &AL, A . PEiT % >6 %0 10
LRSI, VR, H ELF o V4 b 9 A 2 O W 7.5 90 10
K2 BMENEMSET. TEBET. ARBEEMIIERE
Table 2 Qualitative ions, quantitative ions, cluster removal voltage and collision energy of capsaicin
HSC 44 R BB F(m/l2) FET(m/z) LR IE/V Tl 1% BE &= /e V
B R R 294.1 137.1%; 170.1 120 25/13
KIRBE 306.2 137.1%; 182.1 100 25/15
AR 308.1 137.1%; 184.1 90 20/15
W e RE T
Fz3 BFNEE
Table 3 Solvent selection
ZAH EC b 1% (30~60 °C)
1 mL 2 mL 1 mL 2 mL 1 mL 2 mL
B B [ % 68 73 86 91 81 92
TR IS /% 65 71 93 101 86 99
TR I Y% 60 66 74 80 68 78
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2.3 FARIEMESEE RS R

R VR ) DL AT SC, A A A X 5 i
VAR SN HEATINGE, FFLUTTR R B D B ARBR, X R A WA T
BUBH AR bR ERT 2. B BOAIR . RABIRER . —
BB A ZAE BDE T R AIAR G R AL 5.

PA 3 A5 R0 IR i R BR(S/N), L 10 75451

F 335 15 0 2 S BR(SIN), 75 31 A BB 3R (0 4G 4 BR
0.01 pg/kg, TREN 0.03 pg/kg; RIRFHUE KRN
0.006 pg/kg . E RN 0.02 ng/kg; SR K HIBR A
0.005 ug/kg. EHFR K 0.01 pg/kg, REEERATE (&
Al 22 4 RURS: W 3T H 2 25 52020 4FRiR) ) R E 1Y
1.0 pg/kg IS EHINTE

* 4 EEEREER
Table 4 Solid phase extraction column selection
Cis Oasis HLB PEP PEP-2 PEP-plus
FATRTIRERE MR G ORI ERRAR IR/ T ROM ISR BORHE PEP, AR

BT AR W, TR AERPER) 2RO, R EA R B A SRR SEORE R R BOM R AT

JINEE SR
Cis ZEHUHE A YA RIS - ACHERBG KPR . RAARIE T RER DL AR BUE AL T2
B BN
— 62 80 82 91 88
RIS 65 84 87 101 95
AT /%
—AH 58 70 70 80 77
[T /%
#z5 MEASEMEXR
Table S Linear regression equations and correlation coefficient
sy’ 2RV Rl /(ng/L) LRI AHK R AL
A M 0.1~100 Y=2.17x105X+1.74x104 r=0.9996
RIRBMZE 0.1~100 Y=2.53x105X+3.9x104 r=0.9993
AR 0.1~100 Y=3.07x105X+3.5x104 r=0.9987

2.4 [ETER KRR SRR

S HFREL 6 3y 1 g A 5L E 50 mL H ZE I RHLE
Sr BIMERRIA 50 pg/L X HE S0 50 ul, 4% BT A ik
FEl A vk, e B, 5 3 NI, 45103 6,
ek 3 d BEATARIE Y [R50 5, 45 H R] e, M
X b E i 7% (relative standard deviation, RSD)¥J/NF
10%, W LA 2R D5 2, 45 R WER 6, Il B E I
Kl 1.

*6 BEEXR
Table 6 Precision tests

Ey mIc%/% (n=6)  H N RSD/%  HI[a] RSD/%
B IR 92.6 4.48 6.02
PR/ UE 96.2 5.16 5.41
AR 80.3 5.62 7.25

4.0e5 & B
E; )
 2.0e5
= .
0.0 1 1 1 1 —l 1 |
0. 1.0 2.0 3.0 4.0 5.0 6.0 7.0
A (] /min
4.0e5 | FARBHIZ
-
i 2.0e5
= i
0.0 ] 1 1 L 1 L 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
i} E)/min
4.0e5 .
¢ —EPE
&
| 2.0e5
ke
0.0 1 1 1 1 .l 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
At /] /min
FL idm B AR B BT M R (5 ng/L) MR IGES it (1 <]
Fig.l Extraction ion chromatograms of capsaicin (5 pg/L) in edible

oils matrix solution
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2.5 EPRMEmaHR

iz HEHT A CRE il £ i X 60 bR WL Ry AT 1 4t
BRBOM AT o8, S IR R 22 U W55 B 2% H
(2020 4 i) ), HEA 6 LA FH BB R B 3t 1.0 pg/kg,
R Py Ah 0 HRBR Bk Hls, 2 H KK 5% BIS
201801 H 4 5 FUIN <A Jy 2 Jr I 22 A R i o AR (B K
HE . KRAMEN AHM AT ERTHET
1.0 pg/kg B, I IEFE S ol BEAEAE S, $R R A e
A5 o [T AT B 1 T A LA RE A B 7 LR AT L K
B)E, UL BRI TR IR WA . I 4
W#E 7. 8,

3 wgSiie

AT X BIS 201801 M52 Jy ik v (AR S SR U
R RGEH AL, AR T kB, B T80
RT3 VENE, TR EOIERE . 3 e g N i
BeitAb, a7 BVER R, WD TORE S AU R R R,
YD TR RIRE, B T R R )
SEFRBRAT A B S A A I T B AR TE, AR SEBR R I
R v JR B TR A R A B, B TR AOR . Sl Xt
60 FHLH UL FHIM AT, KB 6 HEFE ML AR E & i
BT RS EAIE, (R IEASRR A E N T b IA A SR 7
I A: P A7 G R TS Y, X IR IZ ) T SR PR

x=7T FHMEHRST

Table 7 Positive sample analysis

)

PR B R AR |

sl i IHE A RPN R (ng/kg) B HBIIE (ngkg) EBZE/(png/kg) N T
PRI EE3) HRTE 3.030 0.407 2.100 5.537
RELIM ) Vs 0.437 ND 0.578 1.015
AR R (W) KBRS 2.080 0.560 0.678 3.318
S (HR42) KA 0.588 0.404 0.101 1.093
TR RN () R 0.825 ND 0.265 1.090
SR (R KA 3.890 0.767 1.550 6.207
BRI F il 90.51 326.0 425.0 841.5

T ND ARG H .

F=8 HmMENTH
Table 8 Sample type distribution

i e Hoat
1 Z IR 2
2 SEFIm 15
3 PR 25
4 JCER I 2
5 £ FHAR ) IR AL 16
6 B 1

Hit 61
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