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B E: BM &M e SO 6% - 8 BT E 7 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) Gl 2 25 1R 6 R tE4E A RO ik 733k FEMAEHTBE-IEC BE(8:2,
VIVIRE TR, Syncronis Cpg fiEFE(100 mm=2.1 mm, 1.7 pm)43 85, LI 0.1%(V/V)H B W VAR (& 10
mmol/L FEREE) M ShAHEATHEME, FiE N 0.2 mL/min, RAAEBIZ R . IEE T . 2500 Wik
(multiple reaction monitoring, MRM)ZEA 7K . ZE5R 6 FIRIAMELE L R AR F IR UV B A OC R BG0P)
PIRT 0999, Lt XA BRI, KRG 0.026~1.109 mg/kg, ERIR N 0.085~3.696 mg/kg, AHXIHRIENZEH
<3%(n=6), ELTERIRIZEAIZKTE T 0 ESE H 81.5%~114.8% L5182 iR ERi B, EOUMELr, HEmE S, &
MTEAM 6 Fhisia T 4E 4 R E .
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Determination of 6 kinds of fat-soluble vitamins in peptone using
ultra performance liquid chromatography-tandem
mass spectrometry

MO Ri-Gen', XIN Hui', ZHANG Xiao-Dong?, DU Yan', ZHU Ye-Qing"

(1. Hohhot Food Inspection Institute, Hohhot 010090, China;
2. Inner Mongolia Autonomous Region Institute of Drug Inspection, Hohhot 010010, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 6 kinds of fat-soluble
vitamins in peptone using ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods The samples were extracted by methanol hexane (8:2, V:V) solution, separated by Syncronis C;g column
(100 mmx2.1 mm, 1.7 um), eluted with 0.1% (V:V) formic acid methanol solution (containing 10 mmol/L ammonium
formate) as mobile phase, and the flow rate was 0.2 mL/min. Positive electrospray ionization (ESI") and multiple
reaction monitoring mode were used for detection. Results The correlation coefficients (%) of the 6 fat-soluble
vitamins in their linear ranges were greater than 0.999. The limits of detection were in the range of 0.026—1.109
mg/kg, and the limits of quantitation were 0.085-3.696 mg/kg. The relative standard deviations of the method were

less than 3% (n=6), and the average recoveries were 81.5%—114.8% at different spiked levels. Conclusion This
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method is simple, sensitive and accurate, which is suitable for the determination of 6 fat-soluble vitamins in peptone.

KEY WORDS: fat-soluble vitamins; peptone; ultra performance liquid chromatography-tandem mass

spectrometry
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e Ry MK VELE A KRRV T4 A R 2 K2k, PR
R E BUARE R AL DL E. KZED AR ES
BEWMEENSZ—, STAER. B ISR FEmR 0K
HREY, BMAEYERK. RE . ERITTREN FEESR
AP, BAMKIET ZR AT . B2y, MEwRE .
A % T S 22 R AT, (R i AR TR 2R 1 R Y
FREE YA RO R Ji4h, BRIRERFRE 24
ERATA G LEAR, 7R S AT, NITBESMIAR
BEZ, MR E B R EFRITMIRR, W& IR IR
(L SCHEA T A AT F 5 e o 0T

H AT, REVE e AL 2 I g 32 BEAT WA (6% - AR I o
TR OB A kY | ARk R ik
US16] AL kU % S D PR A H, YRR (3 -
FRIBC TR B S s 0 A B R T L R A AT ) LB
A3 FR R AN RS SR . AR R T T R S AR -
g OBt 3% % (ultra performance liquid chromatograp
hy-tandem mass spectrometry, UPLC-MS/MS)[&] il & 2
Frrb 6 FlsvEtEdEA: R, @I SRR Y LA LA SR HRCE
RSB ROR, BIERINTEE DR AE A Sy, N R Al
b2 B A R A A W 1 TR B AR R S, I HCoN AR
Ho A AR IR I o A IR 7 I 2 A I AN SR AN ITE
PEOUEIIR IR

2 MHEREE

21 UE5EH

Ultimate 3000 ## =508 AH 1512 . TSQ Endura =&
VU AT B34 (32 [ Thermo Fisher 23 w]); MS 3 digital HEi%
RATAEE IKA 2AH); Sartorius 71402 —H FRP-AL L
LRI AT

HImE, iR, S ke(@igsl, f8E CNW A7),
HR . SEINBE(G s al, REmfaR2=ilm ) Ec ke
(g, Jvatim R SR A RA R, PUIRIm iR (5314,
KA ARG 2 Ak 2= i F R A BRA FD);, 4E4E R A98.3%,
8% HPC Standards GmbH 23 ); 4E4E 2 D(99.0%, HIH
1 0h 2 0 K B AT B ), 4R R D3(99.9%) . 4 E

K(99.6%, fE[E Dr. Ehrenstorfer GmbH /A #]); 4i4: &
K»(99.9%). 4EtE % E(96.8%, [ Sigma-Alorich 23 ).

FREAMK . BERAOGACEBR AR ), K9
H (% Solabia 24 7).
22 TWHE
221 AR B

WEPFRBUL ARG, AR A, AR E, 4R
D, Fi4EE % Dy H 10 /L WIBTIR MR B A Wos i ot e 45
E 25 mL, fiEE K AR K AFEGE#IFEAR
25 mL, BB TAROARHR, Bl BRERE 2R . BRGE &t
FAERE R, W EARR, 1SR4 ER A AR E. 4
A Dy, Hi4E Dy HiER K AR Ky IR/
99.52, 15.30, 12.32, 8.92, 14.69. 14.17 pg/mL HIIR &
FRUEF AT, T-20 °CHEEIRIT -
222 AT

HEFFRELA A R R DR R GO RAS 0.2 ¢
(K515 0.0001 g)REA T 50 mL .04, FILA 20 mL F S
SIECBE(8:2, VIIRAEBGHATIREL, WWHEIR A 20 min, %
Wi 0.22 pm MFLIERE . DL EHRVES Rt T .
223 BBELEH

(HEis &

{4 j% . Thermo Syncronis Cg &% 4 (100 mmx
2.1 mm, 1.7 pm); FEiR: 25 °C; FESLEIEE: 10 °C; i
0.20 mL/min; % 31 A0 : 0.1%(V/V) B 8 B M o W (&%
10 mmol/L F %), #EAEHE 2 ul,

Q)4

B FUE: HL S 2 H, B (electrospray ionization, ESI)JH;
A EEFEH R 256 %I (multiple
reaction monitoring, MRM)$E=; B FIRIEE: 350 °C; B
TAHREIREE: 350 °C; B FMi%5 Lk 4500 V; $SIEH:
9.0 L/min; #B<#E: 6.0 L/min; ®i#E<: %< .MRM &
WEFXSHLE 1.

3 HREHR

3.1 RENERIERE

M T IR i A RE R AR L &4, KR, B
A RFAAE RSN, s A oA 0.1%(7/ 1) H R
110 mmolV/L HEREL, AMUTFTLIMGEEIETE, B REfE IR
PEAEA R B 1k, 4 nme R 5R

BEAN, S0 A o R T I SR 9 B ) DL 3R AR SR A A%
1, 255, FREhAH PO Le BRI, R R, TR
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B2, WA ARG, MBER 0.1%(V/ V) H R F B IA (R R, N (E A, oA T, 6 FIREELEE R W
10 mmol/L HRRE) MK s, HdmnBasCk BT, BIE MRM (a3 L 1,

F1 MRMHERAT 6 MisRMEEZHRIESH
Table 1 MS parameters of the 6 fat-soluble vitamins in MRM scan mode

i &Y EEEi S {484 Bt ) /min BB T (m/z) T BT (mlz) Tl 43 L e/ v

_ 213.1% 12.7

1 4% A (retinol) [M-OH]" 2.12 269.3
157.0 18.5
) 165.0% 18.5

2 4 % E (a-tocopherol) [M+H] 5.63 4314
137.1 37.5
) 379.2% 10.3

3 44 %K D, (vitamin D,) [M+H]" 451 3973
271.2 10.3
_ 367.3% 10.3

4 #iA: 2 D; (vitamin D;) [M+H]" 4.74 3854
259.2 12.4
‘ 187.0% 21.8

5 4k K, (vitamin K))) [M+H] 10.11 451.4
197.1 22.8
‘ 187.0% 18.9

6 Y4 FK K, (vitamin Ky) [M+H]" 5.53 4453
4272 12.2

s R T

269.274->213.100 431.365->165.000 397.335->379.200
100 @ RT: 2.12 100 b RT: 5.63 100 +€ RT: 4.51
80 80 80
%60 I % 60 ;ﬁi_ 60 |
z z z
=40 = 40 F E 40
20 F 20 F 20
0 0 — 0
1 2 3 5 6 7 4 5 6
fist 8] /min i} 18] /min f 8] /min
385.396->367.300 451.365->187.000 445.335->187.000
100 RT: 4.74 . RT: 10.11 £ RT: 5.53
80 o
i
#H 60 | L
'
Z 40 -
20 F -
0 - —
4 5 6 9 10 11 5 6 7
fist [8] /min st E] /min it ] /min

Hra HEER AL fiAK Ejc. 44K Dy d. 4iEE Dyse. HiEFE K £ 4iEE Koo
B 6 FlIRVAPEAEA TR SR ER U MRM @35
Fig.1 MRM Chromatograms of the 6 fat-soluble vitamins mixed standard solution



5 20 3]

SR, S AR - 0B

HREIE EANR 6 FhlEm e % 7439

3.2 FEEHsmL

ARG G S5, DL 10 pL/min (93, KUK
B —FRUESER (1 pg/mL) 5 # R 200 pL/min MBI
WL SRR AR T AR, AT miz A
100~1000 ¥/ ##3 FEl p LA BST AR T — S B 4, 85
BRI . WS | B TR A IR R AR A T
WESH, HE 6 FIRIATEgEE R . Hh iR A
[M-OH] W40, Hay 5 Fhigva T4 E R [M+H] 14,
e B T, 4y B I T GO R, RS S
St fE e FREM R . LS 6 iR
e K1 MRM S50005% 1.
3.3 HMEBURTIMK

M IREEE A E R RS TR, BT, &, wWitkE
LEHVER, Wk, A0F5T e iS5 00 - S b
(8:1:1, V27 )M - 1E U B6(8:2, V:V)ar %t 6 Figis 1
Yerk FPEATIREL, SRR ER, FE-IEC RS2, Vit
IRV M4 A 2 S i vy, FLA ST PR IBUSR .

ARG H B T R[] H A9 O © e P HR USSR, 45
FHA, B KOE O B L Bl ) T IR A o 4 2R R R, (H2
SRR T, EAR 2, HESME S NS, W

I, ZEAKE, P E-EC K82, V) MARMFFEAIHRE
S8
34 FEFITM
341 ZKMESLE A RIR

1 6 FIARIE M2 2 RINR A bRV W ik (@
T K SRR AT I A, LA T A 0 T AR R G A B
(Y) JRCRE M DR AR AR (X, ng/L)Z il bn v il £k o Bdl 45 21
T, 6 PRI MEEA: R AL A A BTt vk B TE I A C R 8
(DK T 0.999, LR RIUFHEFE R 0.2 g i, LU
B E Sk 3 1 10 By R0 28 A e B A B ARG o 2 B AL 1K
EEE, RATAESHZFENKEEERA 0026~
1.109 mg/kg, EEFRH 0.085~3.696 mg/kg, JiikREUE
1o AHICHIHE ISR 2.
342 FiEOHEE

WS FUREGL 6 1, N T I/ SEUROn;, [ i S 0 Bk
IR S A FRERE S8, B 0.1 g, KEERRE, 400
JIA 300 pL 225 Z0RARIE R, FABI R IR 7 LA 7 5,
TEEEART bR I 22 o 255, 6 Rl 4k A R &t i Al
X+ hRUE A 22 (relative standard deviation, RSD)YJ/NTF 3%, 3
W25 R B, BRI (L2 3).

F2 6 MEEAMEERNLMER. BUFAE. HXREC). REREER

Table 2 Linear ranges, regression equations, correlation coefficients (r?), limits of detection and limits of quantitation of the 6 fat-soluble

vitamins
'S EY LA/ (ng/L) EVEY:¥ ” #: t Bi/(mg/kg) & 18 f/(mg/kg)
1 R A 4.76~380.93 ¥=2.745x10°X+2.366x10° 0.9991 0.220 0.733
2 HAERE 1.53~612.09 ¥=9.761x10°X-2.349x10° 0.9997 0.026 0.085
3 $AEE D, 61.6~615.99 ¥=8.053x10°X—1.272x10* 0.9995 1.109 3.696
4 YA % Ds 1.78~356.66 Y=1.834x10°X+3.405%10° 0.9993 0.050 0.166
5 HrAEE K, 1.47~587.40 Y=1.907x10°X—4.059%10° 0.9999 0.045 0.150
6 AR K, 1.42~566.79 ¥=1.853x10°X+7.029%10? 0.9995 0.033 0.111
=3 o MERAMHERNEEE (n=6)
Table 3 Precisions of the 6 fat-soluble vitamins (n=6)
T sy JinkbR R/ (ug/L) ¥/ (ug/L) [l %/ % AET o HE D 22/ %
1 fAERA 142.9 117.3 82.1 1.4
2 HfeAZKE 229.5 211.0 92.0 1.1
3 HeAEE D, 184.8 177.6 96.1 1.8
4 HAER Dy 133.8 119.8 89.6 2.2
5 A% Ky 220.3 210.5 95.5 1.7
6 $AEEK, 212.6 205.9 96.8 2.0
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343 FEAEKE

FE25 FIRE S TR AR BIES I 3 A KBRS AR EA W, 5
AAEERE 3 ¥, A aliaE, PAREO R RIE K- i n)
PEo FHER 4 WL, RS A IAR R Ry 81.5%~114.8%, #H
SRR ER ZE /N T 3%, ik EICR I 2 R

3.5 SEPREEMABINE
P 3 AR E AR, B4R AR

i S5 R A0 R L8 R, #5 AN T 58 T 38 5 A B i O
Mg, HATFIRE S b 6 MR PELE AR 25 i ME 4SS
REW], MEIZ 3 R AR P BRA IR PR LA R A9 AG
X AT REFNEE R A LA K EE A R i

t, Gl — RV AWML LY, B E 0 AR R
ﬁﬁﬁ%%%ﬁ%mL.%EL3ﬁﬁm%*ﬁ$ﬁ%
TR VEYEE R ARG

Fz4 6 MEEAMEE ZWEIKEN=3)
Table 4 Spiked recoveries of the 6 fat-soluble vitamins (n=3)

P EY TR/ (pg/L) ¥/ (pg/L) S IR % AR AR ARG 2 /%
14.3 12.6 88.1 0.8
1 AR A 100.0 81.5 81.5 0.7
185.7 169.3 91.1 0.5
23.0 21.8 94.8 1.0
2 4% E 160.7 147.7 91.9 22
298.4 296.0 99.2 1.4
18.5 17.6 95.1 1.1
3 $AEE D, 129.4 111.9 86.5 0.4
240.2 247.4 103.0 0.6
13.4 12.3 91.8 1.4
4 YA % Ds 93.6 87.3 93.2 2.5
173.9 181.5 104.4 1.5
22.0 20.9 95.0 0.4
5 HrAEE K, 154.2 156.5 101.5 0.4
286.4 306.0 106.8 0.6
213 20.6 96.7 22
6 YA E K, 148.8 135.0 90.7 2.4
276.3 317.2 114.8 1.8

4 F51e

AWETERE ST T IR E R 6 RS R LR A R
F1 8 e TR € i - FR DB i R, X M U P 4 A 3
(A DG FE G o VR SR, A D 1 TR T Ak BB R
AN EER RS R, R TRIIACE, [RIEHZE R
A RIF AR E ERERG B, AT AR 8 A R AN 57 ik
TR T T A R E R 25, TR A B IR A MNE
PO A
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