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Determination of Vitamin D in Infant Milk Powder by Ultra Performance
Liquid Chromatography-Tandem Mass Spectrometry with Isotopes Dilution

CAO Hui, CHEN Xiao-zhen, WANG Jin, CHEN Wan-qin
(Zhejiang Institute of Quality Inspection Science, Hangzhou 310013, China)

Abstract: In order to establish a reliable method for quantitative analysis of vitamin D in in-
fant milk powder, a ultra performance liquid chromatography-tandem mass spectrometry
(UPLC/MS/MS) with isotopes dilution method was developed. The samples were sapon-
ifed with KOH and extracted by pentane-ethyl ether solution (V(pentane) : V (ethyl ether)
=4 : 1). The target analytes were separated on the Waters T, column with gradient elution
using methanol and water (containing 2 mmol/L ammonium formate for both) as mobile
phase. The identification and quantification were achieved by using electrospray ionization
in positive ion mode and with multiple reaction monitoring. Internal standard method was
used to determine the results. The linear range of the calibration curve was 5—150 pg/L.
The limit of detection (LOD) of the method was 1.5 ug/kg, and the limit of quantitation
(LOQ) was 5.0 pg/kg. The recoveries of the method were in the range of 97. 0%—104. 7%
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and 92.7%—108.0% for vitamin D, and vitamin D, respectively. The relative standard de-

viations (RSD) of intra-day and inter-day were less than 10%. The simply, rapid, accurate

and sensitive method can be applied to determine the vitamin D in infant milk powder.

Key words: isotopes dilution; ultra performance liquid chromatography-tandem mass spec-
trometry (UPLC-MS/MS); vitamin D; infant milk powder
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BOXMERE. BRI, X T4AR DR EZRA
PR AR M TR EER D G &
IR, 2R T4 7 2, AR S X 4k A8 3 D HE4T v
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BERDHTHERER.
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1.1 FENLEEEKE

Acquity™ i & R W A 35 A Xevo™
TQ-MS JiiiX : & E Waters 22 & 7 it , BL A H
%3 H B #2 O (ESI) K Masslynx % 35 40 ¥ &
48 s Milli-Q M4k 4% : 32 B Millipore 24 & 7 i 5
RHEB O £ E Thermo A F] ™ i AR T
A R E A B A A E P s R X AE R
BFRIRG &% . DR W AR & A PR A J) =
w IR ETR A8 KT RMBLRREFRL
Cila T
1.2 FEMHERAF

R ikl , 8 E Meker 22 7] 7™ fh 5
FEbE L BEIE SR : B4, 32 [H Tedia 2 A

i BELEC TN - TH & M s EAE R D, FgEA:

R Dy FpifEdh: £ E pharmacopeia 24 & 7™ fi 5 4E
AR D H (1 mg) MZgEER D2 H, (1 g/L, 1
mL) ¥R #E 5 : 35 E IsoSciences LLC A F 75 5.

o VHE Y VA T A - 43 1) ME R R 10 mg 4k
AR D, MYEER D fpEm T 10 mL FEH
HORARFERER IER 1 g/L MiE&R, B
EHFF—20 CUKkFEF. BIME 1 g/L B4E4
2 D, M4 R Dy FMER R 50 pL T 50 mL &
B AP EER, ER 1 mg/L MRS
TEVR R, P B 7 R L — &R 9 WK B B A v T R
(SRR

WA R A BC ] : B 1 mg 44 R D,-"H,
WHER T 10 mL FEMP ARERER . IE
A% 100 mg/L B4 5 W, B £ 87 T —20 CUKAd
. Bl mL #EER 1 /L M4EA R D" H; b5
#Em T 10 mL AREHEH, ARFRER, LE R
100 mg/L F) 1 W, B B A T —20 CkHg
B, 43R 100 mg/L B 4E4 R D" Hy 4k
4K Dy Hy SR 100 pL F 10 mL A8
FOAREER BEM 1 mg/L WRE NIR

1.3 RE&KH
1.3.1 @& M ki Waters Acquity

UPLC HSS T, # 2.1 mm X 100 mm, }¥if¢ 1. 8
pm HER 35 Ci PR E 25 Ci AR5
pLs W 0. 3 mL/min; J 3140 : 2 mmol/L H R
B EE(A), 2 mmol/L R KBS W (B);
Ve : 0~ 1min, 95% A,3~6min, 100 %5 A,7
~10min, 95 %A,
1.3.2 JRiG&EH BFE-ABEEEFHRE
(ESD;H# 7= EEFEAG RN T X 2R
NI (MRMD) ; B40E L E: 3. 00 KV LA
JE:20 V; B F IR B 150 C; By M <R
500 C;BRBHSKFHE:1 000 L/h,
1.4 ®HIREFZE

BRI 2 g BB TR0 7, A 100 4L ¥
A1 mg/L MRE NIRER.0. 4 g HUIR I AR
10 mL 7K, IR 5 5, B A 6 mL H iz
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M5 mL 45N A EH B, BT 75 CKB
BRI B AL 30 min JFRB AW, A 22
mL VAEREE) : V(Z i =4: 1 FIREHERM
6 mL ZJEXEHL, A HLHZ KB E A, 7 40 C
TRERETF,MA 2 mL V(FEE) : V(K =
95+ 5 MR A W WIS R

2 #BR5WR
2.1 ‘iGN Ae

I3 AR5 TN R BE VA R 2L S A9 5 A
SEMELER D, AR Dy, AR ME TIER R
Xof £ HLME 15 L HEAE 2 B AR A R A, Ko
Waters Acquity UPLC HSS T, (2. 1 mm X 100
mm, 1. 8 pm) B IETE M7 B HOR B i, X R H T
T, G35 AT DUR S AR AL & W 9 R B O 5 4l K
TR A IR , (U TE X PR AR 2 . Waters Ac-
quity UPLC BEH Hilic(2. 1 mm X100 mm,1. 7
perm) 68,38 L B SR L A HLAH » 2K AR B AR /S
AEEHEER D EYRH 3T, Waters Acqu-
ity UPLC BEH C;3(2.1 mmX50 mm,1. 7 pm)
EREE R TRERE, THR™=, HE4ER D,
FdEEE D, FEEE MO B . Waters Acquity
UPLC BEH C;3(2. 1 mmX100 mm,1. 7 pm)Fl
Waters Acquity UPLC BEH Cg (2. 1 mm X 100
mm, 1. 7 pm) @ 3% 8 fy T4 B8 52 4 36 2 4K AH
WBhAE, T H R 8 E B B RCR AT .

HHL Waters Acquity UPLC HSS T, (2.1
mm X 100 mm, 1. 8 pm) & 354, 4 5 ¥ &% H B=
MCTEERRE R RS AE . RIUER : 4 ZIE1E
TSR B, B A4k 32 BN [F AR BE B W 3 BE B
B, S BCRBE T B, T B R AR
BB AT 20, diA< ol 56 R AP 5 % 5 IR 3h
. TEWBIAH A B Rk B 3 in 4k A R D,
MYgEAER D, £ ESIHEXTHE F 8 FE. &
R4 HIECH 1.2 A1 5 mmol/L #y F R 4% - H B
A R 7K AE R W3 A8, il 3 R B, 2 mmol/L
B R B 1R R RE R ML B A B AL A e T AR
SRR, REERE. B 1 REER D, Mg4E
£ D, IBEMUER R E MRM & i%H
2.2 RiGFGHMRL

T HL B35 BT L IE B M A KT, 4 )k
BHERE EARE HEERMERRFF
BT T RS R AL IR A R S P S R
I T B T E B MR T, 5 € Hik

FEREIRRE B A M IR (. AT BE E N5
F . FETHNHEERESFSEIITE L.
2.3 EIREBAEHMRL

KA VGERE : V(ZE =41 ES
WWAE N EREN, 52 A mBE A, B A
8 Bk 6 IR SRR R A R A 5 E K BBGR H
ANLEBER AR TEREHMHESE, AF T3
fb. FERTALEE SR IA T RO R MR, BE%R T
B F ZRBOREE W AR, 88 T & BT
A ER T .
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Fig.1 Multiple reaction monitoring chromatograms

of vitamin D, and vitamin D;

F1 HEED MELEZED HRIESTSH
Table 1 LC-MS/MS parameters for

vitamin D, and vitamin D,

WwEF HEFLH R AR
(=} e
S AW 3 m/z E/V R/
397.18/107 20 26
1 HFHER D,
397.18/69. 2 20 22
385.12/107 20 16
2 %A% Dy
385.12/259. 2 20 20
3 4% D,-2H; 400.18/69. 2 20 18
4 #er 2 Dy;-2H;  388.12/259.2 20 12
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2.4 FHEFERWIE

2.4.1 ZMEFEEMKHERE BOKES SN 5.
10,25.50,100,125,150 pg/L 9 — 2 5 b5 fE VA
VB 5 LA TG AR (o) Xof A4 L ) S0 R VR B (o) 1B IR, 79
PRl 2k T8 2, 33K i HE B A 48 o [ 9
BEMAREGERI TR 2, EREH . %4
R D, M4EA R Dy 7£ 5~150 pg/L MR ETLHE
WEA RIFMSRMRR R RE A H7E0.999
b, % 3MEERITER IR H %L R D,
MAPEERD, WK H A 1.5 pe/kg, EER K
5.0 png/kg.

2.4.2 BEEAREEEIE EASARLER
D, 1 Dy MW #E S B BT P N 20 pg/kg VR BE
KFEW AR D, MYGEER D, FRER R 1% 1.4
T AT B3R, AT BRAE 7 IR HEAT 40T, 4R AE
D, M4EER D, i RSD 43 54 1. 07% F
0.77%. ¥ B WAEHE R TALE %, 8 KB
14y, ESME 7 R fgAERD, MGEER D, 1Y
RSD 451 4 6. 82% 1 5. 63% , % i 5 & # 4%
BIF .

2.4.3 FERERLE SHEASHEREERD,
Dy B9 55K FE & BB E N 5.10,20 A 100
pg/kg 4 FORRIW B 44 K D, M4t & D,
PRUEVSVR  H 1. 4 AT B 3R, [ di R 51 F

3., EREW FER D, HEERLE 97.0%
~104. 7%, 4t A= & D, BB RTE 92. 7% ~
108.0%.
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Fig.2 Calibration curve of vitamin D, and vitamin D,

2.5 EEREmEIIE
X b 3 A ILEC T ik . RAE 1. 4 J7 ik
AT RE , BHCPATIE 3 WL ERFI TR 4.

R2 BERD MELERD WAUARBAXAB QHRMERR

Table 2 Linear equations, correlation coefficients, LOD and LOQ of vitamin D, and vitamin D,

R L] 3 MR R K B/ (ug/kg) ERMR/ (ug/ke)
1 #H:E D, y=15.089 5z+2.906 44 0.999 9 1.5 5.0
2 #irk: % Dy y=7.522 91x+0. 303 522 0.999 1 1.5 5.0

R3 BERD MELEERD, HEKERLER (n=3) R4 BERD MELERD HUEER

Table 3 Results of recoveries of vitamin D, and vitamin D, Table 4 Testing results of vitamin D, and vitamin D;
EY W/ (ue/ke) [m R/ % 95 YK Dy /(ug/ke) Y& Ds/(ug/ke)
#HER D, 5.0 98. 4 1 - 7542
10.0 99.1 2 - 110+3
20.0 104.7 3 _ 9243
100. 0 97.0
Y4 Ds 5.0 101. 3 3 gﬁ %
oo 027 A TAREESL T 8 5 RO AH £ 335 50 BR B ik
W B ILE TP gEE R D, M4EA R D,
-0 . Gk, WO R R R A R
100.0 108.0

[ e R Ry L A RE A B RAG 4 BE R SR R
TIERTAL B 7 I P IMA T R R A bR, 5 B R AR
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