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ABSTRACT: Objective To establish a method for the determination of 2-hexylpyridine content in the milk and dairy
product by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The
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sample was extracted by acetonitrile vortex extraction, and the analytical solution was purified by QuEChERS

dSPE EMR Lipid degreasing tube. After centrifugation, it was tested on a membrane machine. The acetonitrile

primary water as the mobile phase was used, the flow rate was set at 0.25 mL/min, the gradient elution procedure

was applied, the GL Sciences InertSustain C;g chromatographic column was used for separation, the electro spray

positive ion (ESI") mode, the multiple reaction monitoring (MRM) mode was used for detection, and the matrix

matching external standard method was used for quantification. Results

The methodological validation

indicators were well that the calibration curves were linear in the range of 0.5-20.0 ng/mL with the correlation

coefficients (+?) larger than 0.998. The average recoveries of 2-hexylpyridine were 94.45%—109.63% and the
relative standard deviations were 3.93%-9.53% at 0.005, 0.010 and 0.050 mg/kg with 3 kinds of spiked levels.

Conclusion The accuracy, precision, and sensitivity of the method meet the requirements for residue detection.

KEY WORDS: 2-hexylpyridine; milk and dairy product; high performance liquid chromatography-tandem mass

spectrometry
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2- & LM IE (2-hexylpyridine), CAS: 1129-69-7, H3C
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Fig.1 Chemical structural formula of 2-hexylpyridine

FUAT, AESR LA 2-C S nt e i J7 i o A 1
- S B ARSI - TR RRE — A3k, Tk 0 R BRI
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1.1 {XFE5RF

LC-20AD-LCMS-8045 = T PUAR AT S B FHAY . GL
Sciences InertSustain C;g (150 mmx2.1 mm, 3 pm) .
Shim-pack GIST-HP C5-AQ (150 mmx2.1 mm, 1.9 um)(H 7
Shimadzu A #]); ACQUITY UPLC HSS T3 (100 mmx2.1 mm,
1.8 um)(3& [ Waters 22 #]); STV-100 24 R HERA L
42/ H]); VORTEX GENIE 2 0] 58 1% BE TR &) 2% (35
Scientific Industries 23 ] ); LG-25M &0 AL E &R F);
EFAA-DC24-RT AMAL(H E L35 F]); XS105&PL303 43
B RS- (8- 0.01 g #110.00001 g, Fii 1 Mettler Toledo 22 Al);
B v Milli-Q #B 2K (3£ E Millipore /4 A)o

2-C FEAEIE(100 mg, 35[E Panphy 22 w]); HR . ZH5 .
PR . H (3% 4l, 25 Fisher /A w]); POLY-SERY HLB
R - SR K RO R (R R A A, AL (NaCl,
rral, EZERFLRAGRAR), T/ irkbesd &
FE R (reversed phase silica gel Cjs, Ci5). QUEChERS dSPE
EMR-Lipid . N-N % 2 — J}i¥ (primary secondary amine,
PSA)(ZEH Agilent BHE A BRAT]); BA5R B TCALER AR A2
B3 B (HMR-Lipid)(Jb 5T 94 K 28 7] ); 3 24 i 1L (active
silica, Si)(32[# Supelco /A 7l); Cleanert LipoNo. 3% B fif:
+ (Florisil) . " % % fk 47 (alumina N-neutral, AL-N)
(BONDESIL-AL-N)(K ¥t Bonna-Agela A )); 47884k hk 2
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(graphitized carbon black, GCB)( ¥ A JHEM %4 FRA H]);
0.22 pm JE J& (Nylon) Ji& i . 0.22 pm 2R U 9K 2 &
(polytetrafluoroethylene, PTFE) i i . 0.22 pm 2 it i
(polyethersulfone, PES)JE X | 1A 4T 4 Z Fik (mixed cellulose
esters, MCE)JERECRHHIEAF]); 0.2 pm FEARMER G
(waterborne polypropylene, GHP)JE i (3 [E Waters /A rl).
1.2 XWHE
1.2.1 ik Bl

2-CL JE ML E FR AEAE A W B HERRRRIC 2-C ik
BE 90 mg T+ 10 mL A&, FNEEAEZZ2E, RS
9 mg/mL ) 2-C FENMEBERRHERE 25

FrRuErr R A BT RS BUE A FIRFR RS R TR T
100 mL a0, HOBBILER 2218, B3 1.0 pg/mL
2- LN BEARUE PRI

TAEMG AR ER R L] 3B 1.0 pg/mL 1) 2-
CLIEERERRHE RIS 5. 10, 20, 50, 100, 200 uL F 6
A~ 10 mL &, 090 e 2 220 RS2 H e TR
W A6 4 1 mL 28 (IEEFUA R, FASRT, 33
I mL _EiddE] TAERRER, B4 0.5. 1.0, 2.0, 5.0, 10.0,
20.0 ng/mL 3 FVLHC R bR HE TR
122 #Henaras

(DI

H2.0 g IR ET 50 mL A ELZEBLLAEE T, A S mL
B — AR AT, 5% L 30 min, ZJEHA 10 mL 21,
2500 r/min IWHERA 15 min, FHIIA 3.0 g NaClIRFER A 30 s,
20000 r/min L 3 min, BH ISR AL

)%tk

B 4 mL $2H0% ¥ QuEChERS dSPE EMR-Lipid fY
15 mL FALE TR %600 2 mL —ZOKiRBER D), iRk
R4 5 min {748, ZJF 8000 r/min 75 B0 3 min,
Bus b BN 1 g NaCl iy 15 mL &0 %, WiERS
30 s, 8000 r/min #.0> 3 min, FH 1 mL L1t 0.22 pm
PTFE f%50i, % HPLC-MS/MS %€ .
123 MEEH

(VAR 5 41

REFE N Cig (150 mm=2.1 mm, 3 pm); A IRAG IR H
40 °C; HEFER R 2.0 pL. TEBIHH A WS, B I—40K, Tt
B E M 0.25 mL/min; #EEBIRT 4 0~0.1 min, 45% B;

0.1~2.0 min, 45%~5% B; 2.0~4.0 min, 5% B; 4.0~4.5 min,
5%~45% B; 4.5~6.0 min, 45% B; 6.5 min 53R,

Q)FE s %A

HA, 165 55 125 71k (electro spray ionization, ESHIR; £
S Wi (multiple reaction monitoring, MRM )R A6, Jin
P AL(F): 10 L/min; $2FREE: 300 °C; FAL AT (V):
3 L/min; JIFAERIEEE: 300 °C; Wi 7% (desolvation line,
DL)#E(D): 250 °C; T4 Ui tt: 8 L/min, BUifZHit il
1.

1.3 HIEAIE
FIFH Excel 2016 $EATECHE R

2 HREDR

2.1 (UESEEHFHMK
2,11 F#EMei

VERECH 1.0 pg/mL (4 2-C FEnE e FIbR HE W, I
FIAH EST A ESI AN} H AR A T 434 . 45 SRR 1,
2-CHEMEBERGE A F ESIT, HHEn+ B FIEM+H] R m/z
164.15, RGP TSR ILE 2, $ARERE TN m/z
164.15, RiEAEREN-35 eV, AW FHH, SR
FILIE 3, fEICIERE b, XIREREAER .Q1 Al Q3 (25 H K4
SR — A . MR s E bR kML 2% B 4 CAC/GL
90—2017 JTikirth ik, TR 4 4wk, Ul
WA — AT BT T A, ®EGE FF
FEdRE . AT HR/NG 3 XS, IR eI I RAE
AW RRIE B X, b, SEICT (5 Sk R B
XA R i F o 2-C SEMERE 1) ST RERRAE 3 5t . PR
], Q1 Al Q3 fif 22 Ho e AR RE S S B 1.

2.1.2 A&

0l F L 25 S T AR SR A T RE A e BT I, FE 3 B
AHIRINGE SRR . 2%, T Bhs b & IE K
[M+H] 85, IAGE & A (IR B . LR B sl /K ) AT LA
P8/ [M+Na] ™, [M+KT AL, ik B ARPIIE B M-H], M
M4 B AR I R . AR A HLAIA A1) 3
CHEMHEARG O RRE-K . —Zok . HIR-ZRERZ-K .
R - K S TCHLA(B ). @il AL B PIURRIMALA H
BRI, AFN—0K, BN 2, 2-CL FEnL i iy B 1

®1 EEEMBETX. KREE. EERERITEES

Table 1 Quantitative and qualitative ion pairs, retention time, residence time and collision energy

4R {REAI A /min+ BEES T (mlz)  FET(m/z)  WEEE/mMs QU WMZEHIE/V  RifERER/V Q3 WEHIE/V
93.1% 100 -17.0 -26.0 -17.0

2-CL FE Mg 472 164.1 106.1 100 -11.0 -26.0 -19.0
78.1 100 -11.0 -50.0 -30.0

T AR E TN ER R T
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Fig.2 Full scan mass spectrometry of 2-hexylpyridine
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Fig.3 Ion scanning mass spectrometry of 2-hexylpyridine
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15 Cis GIEFERIIEIZAL T Cis-AQ 1 T3, RIEE REMI[FIAE
#A T /\%EF(GL Sciences InertSustain Cg Fl Shim-pack
GIST-HP C3-AQ), #R1fii GL Sciences InertSustain C,g %%
80 13 25T Shim-pack GIST-HP C,3-AQ, ZMHTEE N Cig
TS A S — i 0 BORR B A, DA /e B Sy [ A
I AR JLF- AT DA SE B 58 42 0 3 s, /b T RE RS IR Y T
Yo, v S AR B R AR AL S A R R IR
Shim-pack GIST-HP Cs-AQ R F S FEALALH AR, =A% 42 1]
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Fig.4 Effects of different mobile phases on the separation effects of 2-hexylpyridine
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f8H7E Shim-pack GIST-HP Ci3-AQ YN 55 T GL
Sciences InertSustain Ciz. AW FTERE GL Sciences
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2.2 REIRCIRSEMHEML

221 HACHUE L

UEAESR,  HARYR IR ) B A, o A R R
BT % % . QUEChERS T HA M, 43, 8%
RIS, FHRTC 2 T 2aak P s
FIUST Ay R V2SS . QUEChERS J5 3638 6 1
FAE S AL IERL A PSA . Cig. GCB, HiH PSA I F b
NG . 4R T L R — SRR RS, Cp EBR
BRAEAEM TR, GCB RBRE R | i W2 A5 I 45 1
AR E T e 2 T8 3 T A5 VR 5 AR [R] b 248 S [ A4
FEBUE R BRMSCR R, BRI AL-N BRI SCR L, % &
T E TIAR L, A AL-NAE MR 200 b IH
Bl FBANFEE R YG LA RN Si Al FL, i
JIR B AL A L, 0 39 98 ) 3k 5T 2 Bk [ 4 U B 7 (enhanced
matrix removal, EMR)A] A28 H. e 4 25 BREE A )
B2, A SESOHIRIRAR, [FlETEEE: QUEChERS
dSPE EMR-Lipid . HMR-Lipid ., Cleanert LipoNo,POLY-SERY
HLB A MR G R H G R KL

43 M HERIFREL 400 mg PSA | 400 mg Cyg. 50 mg GCB,
400 mg Si. 400 mg FL. 400 mg AL-N %] 5 mL 3 Z #5850
G, ARRIMA 2 mL 50 ng/mL 2- % K H BE AR E AW,
2500 r/min A BEIR S 10 min, 10000 r/min 73 250> 3 min,
Sy AIEC L mL EALIGE, A EALIE R EA T SR, I
YRR AR, F ATPEAR AS AL S i fb iR % 2-00 ZEik
WE AR IR MY B T, PR 5. i Cog i kIR
J&, 2-C g 09 R 1A 29%, AT R 2- 00 SRk
W K1 B 5 e T N R A 4 TR R g T A G
CisZ b, Wil SO &A%, i GCB ¥k, 2-
O ML IE B [ YL E K 66%, AT IH R GCB 7~ Mk A+
S THT PO A Yo 2- 8 R E P bt E S T O 2 P 1) W B4 T
FHOL ENS AR B R Rl RE, GCB AR YT TEI 454,
X — ST SE R AR 2 2 25% MR, L e
R ZWR . WEEE . A . IR R R, o
Si FLIERLE, 2-C 3R SRR, JEEEA R Si
BT, REGERYE, A-HTINCH 2-C BNk ER: Si W
EIH RN EEFE; PSA. FL Fl AL-N X 2-C Benlng
EN &S ATk

iR 1.2.2 M RAEEE, FAARNAVIERSG
LIRS G Tk, SRR IR 1.2.3 Jrik BALEEAT
R, IFXF AT, HEWBCRME 6 s, A
HMR-Lipid L5, 2-C0 Fembme [mieR g 53%42 4, HE
bRy B 2k, WE 7, 4y TR A AT g
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Fig.5 Adsorption effects of traditional purification materials on
2-hexylpyridine (n=3, 50 ng/mL)
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Cleanert LipoNo. POLY-SERY HLB #I EMR-Lipid &k 41
BHE 25500 76% . 83%F1 95%, EMR-Lipid ¥H4L )5 K
PREVBCH ) B 2 30 3 2 R T A L I s oy R IR PR
1% Ffl EMR-Lipid 1E A 5T A9 4k 4 Kk o
222 ERE TRt

A T8 1) T BT S 50 45 SR ) ) 2R DG R, MR I
$ A B R I RV T 1 Ak 2 3 2R M o Nylon
1 PTFE A I F /K PERIA LB L 08, fe2s e st iz .
PES HAGMRE AR, ATFEABRMSE, WA
TIRFIA WL A i . GHP T /K R0 bl A ALY W 114
b, FLAREE (145 A A R AT DR UE R FRE e Tl
MCE (L I8 B pR i R 4 41 25 R RIS PR 4 A4 2R IR TR 45 T G,
AT LABH S A fok AR AR M A sE 2oL, 3 B fb A i
W ORISR . 43 AL 1 mL 50 ng/mL 2-C FEALAE
FRAEVSWINA Nylon, PTFE. PES. GHP F1 MCE JEHiit
DRSS EALRTIN, THE IR, 259 UL 8. Il 8 il 1 GHP
YRR 2-C SEniknE BAA SR AN R FHE A, GHP UERE S &
HE5GR, MEs R (o e, SRS 40 2 e g
FECRT R L DS ) = 2 B MCE BB BEXT 2-C Skt ne 7
LSRN 8] PES A1 PTFE 138, #RAEN 7 pie
UEZZ I EEK, 25 I8 B WE 8 B o AR U Y Rk, ABER

HE$E PTFE M MR B I .

120
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Fig.8 Filtration effect of different membranes on 2-hexylpyridine
(n=3, 50 ng/mL)
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TEZE B R = AR AR I, Hh TR A R A B
JRAY, IR T I Se 4L i, H EMR-Lipid ¥+t
BHE S AR AR BUR R Ak, IR 250 ARS8 AE AT
WAL b, HEEE 0.1% LR ANE(V:V) . LN I, HE

YENARBUA TR EZIRBHCR . # 1.2.2 WALBRERIE -
UG mICR . IR ILE 9, M 9 ATLLE H: DU
N, A IR BOE FIE, FLECR/N T 70%, AT
R IR £, Ja g e B Rl L ORI &
i\ 0.1% IR CNEVE IR BUAFIHRE A 2-CL JEntk g (1 =l
FIRE] 90% LA I, HMEEBRMMA, ENCRAE Frigfk, 45
A 212 AIHL, A 0.1% B BR(V: V) 2-C JEAkE H B4
FE AN S T 5 350 7 R AIG . 2R B, RO NETE N
PRI .
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Fig.9 Extraction efficiencies of 2-hexylpyridine in different
extraction solvents

LA/ %

23 ERMMN. fEZ%ESR

RSOV (matrix effect, ME)245 th TAEA IR 5
Bl B AT AR R R, TR B A 5 5 A . ME
A T R R A i B RO A A o e A TR,
X I AL 5 H AR BT SRR, R e B Y L B Ak
2RI1257280 e R (R A A 2 6 K I O 9 O R P 7 A W R R R
M, ME S i A R P 8 o 2 s RS i), st A 2 b H
BRI RS0 A A B A, 3R 2 ME W] BB B0 1
SRR BT piah, B S B SRR R, R sh
A HRAE A (0 A 2% T T DL 35 R A A ) R (. ME
RBESE AR, H AT 3 A A e B AR R e /Mk MEP,
T ] 5% 350 9 88 VB R 5 22 A [ v R 1 5 I s VA TR, —
[ EAT EALRI, JF R LA T AR, DIk F
5 B FE TR, F n 28 ME 280 =(3% 5 D i b o
T ) A% 38— R A o T 28 1 AR 23 )/ R A o 1 4 1 Ao
x100%. X |n|<10%, ME A2, MR, 274 5% I
T a5 RO B i 1.2.2 T AR IRES (AR (S/N<3) 3K A5
25 FISEARZEBOR, F5 1.2.1 715 59 50 T 1 v 390 s v Vs R 5
Z e B AR TR (9 8 S VG BC AR EVA TR . i 3R 2 T 2-C 2kl
BER ME BAS, H2ZESFE R, o Sahng 3 o i o sl
K 38.78%; Wik Y I I S AU A ] 10.44%, YT UL,
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Table 2 Calibration curve, correlation coefficient, MEs, average recoveries and RSDs of 2-hexylpyridine (n=6)
2 28 0.005 mg/kg 0.010 mg/kg 0.050 mg/kg
MR AR o MES% TR TR FHEE
) RSDs/% RSDs/% RSDs/%
/% /% /%

Wk Y=20873X-7196 0.999 10.44 102.31 9.53 98.22 4.11 104.33 4.76

[ Y=25677X+7010 0.998 10.15 109.63 5.45 107.36 6.53 105.11 3.93

4l Y=30107X-6194 0.999 29.12 98.57 6.82 108.92 4.92 94.45 7.22

s Y=32360X-8822 0.998 38.78 103.83 5.51 97.38 6.17 97.91 6.44

T Y=27645X+7610 0.998 18.62 99.51 6.48 103.83 5.72 107.66 4.37
AT BR R 22 (relative standard deviation, RSD).
AR P8 U T e 2 ..

3 4 'lﬁ

PLZS FURE S H AR 4 635 AH R AE R SIN= 10 I TR
e 5 o8 77 1 2 ' R (limit of quantification, LOQ). LA 2-
35 IH IGE 19 5 £ Wk BBF (X, ng/mL) R AR A%, 2-C0 FE LI Y
WA P RAR, 5 REH, BRWERZERE
0.5~20.0 ng/mL 5 Bl N ek 6 R RLIE, #56 R %GR
F 0.998, kA LOQ A 0.005 mg/kg, A5 T IEM
LOQ 3z A T “fiF R £ il 1% 5008 it b 2 LUV 37 vk,
PR ) 9 2 3L R FLA S b 2-C L o e A AT 0
B,

24 ERRRIEFESIE

M 1.2.2 #0123 795, X990, BRYs. sy, R,
Wi AT AL 3 K LRI, EFE S/IN<3, HONE 2-C 3
M I AL SR AE R 25 1, L 0.005, 0.010 il 0.050 mg/kg
TbRAKE, SEATESINEISEES . BRA AR SRS 2- 0 SRk
MEARMEVE IR, THE 30 min, FRRES IS WAL BARYIE,
FIAEFE R 1.2.2 F 1.2.3 74X S EF 740 BEF0 2,
FAKFEELE 6 K. R 2 AL 2-C FE0H e 1735 [k
HN 94.45%~109.63%, RSDs H 3.93%~9.53%. AT
2% 0T 2R RO 2 BE R AL L AL b 2- 0 BRI Y 4
BreesK .

2.5 RIS R SEBRME RN E

KA TR 2-C FEnt s ST e B R TG,
T T I S EAT R A RS 2 B 1 s R i, SR XA
WA TIAE . T FH R G 2- O KEnt i R 8 R AN o
43 90°41(0.253+£0.023) mg/kg. FRFEREM A TE 6 ¥k, BOFE
BB 0.254 mg/kg, RIUFMBGE kIR 2 (64 0.8,
JIT AR z)<2, L B ARG 48 SR Sl A, E B AR Oy 32 R A v A G
TSR ey 2-CHEmMEBE . SRATA I EXT & 1Y 10 FhELi
mh AT 52 OyRERL AT 2-CL S BERR B AR . 45 R R,
JITINAE Sh ARG Y 2-C R IE o Ry 1 8 e e s L o S
WAL, TR L K L S R 2-C SRR
i,

EExtFL R FLA A P 2- 0 JE N E S R E, ASHESY
PLZ NG RFEREF), @1k QuEChERS dSPE EMR-Lipid X
KA AL, %S HPLC-MS/MS #1514k, S2BLT %t
FLEFLH b 2- O FENE 5 0 8 e A, Sh L K
L it JRUBS: (4 A5 BB B AL T — R AT R, AT AR A A BT A
WF-Bt .
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