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HRR, A, RAR, 2 O&, LB
(R A PRI DL BEACHE K= BRSO0R, AL b K= b R U B R B b (1), 14 20000)

# E: BN 2 IEC BRI, SRR 5%k (high performance liquid chromatography, HPLC) Al =25 R AH
ok - HR B BT 1% 7 (high performance liquid chromatography-tandem mass spectrometry, HPLC-MS/MS)Z3- | 5&
B LI TR 4R R A (vitamin A, VA)FIZEAER Dy (vitamin Dy, VD), K HMTIMA
VD;-d; WHRJE AL, IEC LRI, R & F/KIFUEIE O be s BOR LA L BRAG I & A . In A
PEHBEKFNIE CLE ARG 2, F0E 2 PR IE Che s BORR 4 2 T IMAFEEEZ 2 10 mL, B 1 mL 3R &
ROBRA G E VAL TR 9 mL @ W48 2T /5 AR 1 mL A28, R i ROBOR €233 - R B T i vk
WE VDo &R VA BMEERY 0.2~6.0 pg/mL, J5iEK R 30 ng/100 g, J5 ik B 100 pg/100 g;
VD, BT R 0.01~0.20 pg/mL, JrikA B 0.5 ng/100 g, 5k B 1.0 ng/100 g. 4tk A AR F7 v i
22 FL AR XS AR vl 25 259/ T 5% A TZ 5 il 1 2020 4E2240 JLBC I Wik VA VD HERLRE T B0
WEE . i %07 T ARG D HARVE RSP, & 1T 240 LIRSy Wk b VA F VD5 II5E .

Kigim: BYJLE Y, diAR A; 4% Dy IECES; SAGRMAGIED, @80 G5 -5 I5T Sk

Determination of vitamin A and D; in infant formula milk powder by
n-hexane extraction-high performance liquid chromatography
and tandem mass spectrometry

TIAN Liang-Liang, HUANG Dong-Mei, CAI You-Qiong, WANG Yuan, KONG Cong’

[Aquatic Product Quality Inspection and Test Center (Shanghai), Ministry of Agriculture and Rural Affairs of PR China,
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China]

ABSTRACT: Objective To establish a method for the determination of vitamin A (VA) and vitamin D3 (VDs) in
infant formula milk powder by high performance liquid chromatography (HPLC) and high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The sample was saponified after the
addition of VDs;-d; as internal standard, and was further extracted with n-hexane, cleaned with deionized water to
remove potassium hydroxide in the extract. Sodium chloride was added to promote the two-phase stratification of
water and n-hexane, and the n-hexane extract washed to neutrality was concentrated to dryness. Ten millilitres of
methanol was added to dissolve the dried sample, and 1 mL of the solution was sampled for the determination of VA

by HPLC. The remaining 9 mL of the fixed solution was concentrated to dryness and reconstituted with 1 mL of
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methanol for the determination of VD3 using HPLC-MS/MS. Results The linear range of VA was 0.2-6.0 pg/mL,

the method limit of detection was 30 pg/100 g, and the method limit of quantitation was 100 pg/100 g; the linear

range of VD3 was 0.01-0.20 pg/mL, the method limit of detection was 0.5 pg/100 g, and the method limit of

quantitation was 1.0 pg/100 g. The relative standard deviations within and between batches were less than 5%. The

method has been successfully used to verify the capability of VA and VD; samples in infant formula milk powder in

2020. Conclusion This method has the advantages of less extraction reagents and simple and quick operation, and

is suitable for the determination of VA and VD; in infant formula milk powder.

KEY WORDS: infant formula milk powder; vitamin A; vitamin Ds;; n-hexane; high performance liquid

chromatography; high performance liquid chromatography-tandem mass spectrometry
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A2 A (vitamin A, VA)FIZEAF D (vitamin D, VD)
#EFARE A R, R ARSHETRY T VA X490
EE, %P R LA R A K R B A AR E AR
M, B2 SRR EAE, Rht g RER . R, ek,
PGB . S B A LA LIK ] eie &t vD 45
B85 A W, X DR A A B -y LA B AR, =
AR EAEN . BCE W E SRR, WS e s I
i A AL RAEN . B AR TER VD RER4EAE R D,
(vitamin D,, VD,)Fl14E4: & D5 (vitamin Ds, VD5), SBIRPIE
AR ST VD IEE, (HIBCE B S KRk 2
TSR T A= 1 20 K A B9 AR CODEX STAN 72—1981 (241
By £ b AR B s LS )y ) e, 2LEC TS
B E W VDs, BT 24 LB 7 9 32 B I
VD; M. HTELEYRIESR—, TR L
B, F8E GB 10767—2010 (&2 EFFriE Bk
WULAIL LB )5 £ ) il GB 10765—2010 { ik %2 F %K
FrRdE BEILTC S B dh ) X B LTy £ a3 IR A ik
T HE, HpdiE Z 2R BRI Rz —, VA
B3 B Sy 14~54 pg/k], VD B9 R =30 Bl H 0.25~
0.75 pg/kl. A 100 g 240 JLEL )y §# K2 2000 kJ it
B, BAILR TR VA BRETERR 280~1080 pg/ke,
VD; M FRE VLl 5~15 pg/ke.

HHETXET VA & F Ry 2 32 2245 WA RO 63
PP ROHBAR L) ok (- S B, %
T VD H FH AR5 75 A BOAR L O AR
SR/ O e R A A B R e
{2l i8S VA I VD RN E i )7 Bt Ay
B2 3t TR LB WK VA R VD, [RIEGIY
7 E BRI R AR - FR R T 002021
TR €3 - BB B A I R Bl LI T R R B VA Sk
RORZER A m, MR EAREH 2240 ) LBC 5 ik b VA (5%
FREN 280 pg/kg, AR, KAWL R W2 2
Ko XT VD, SRR G RRHEN E B, A7 2 A G

TSI T 4 B AT LA R ROA 3 e E K,
TR A, A ERtEREER m, IR E AR E T 4L 5 Wk
VD; MERARMREN 5 pe/ke, BUHBAL, RAWAE C15%-FREK
JOTRE I A 2 B A TR B A o T AR BRI S W
VA I R R AR G35 R A0F, VD5 ARG R FIVROAH 13-
FRIR IS . B ETE A RO T4 LIS Uik VA
F VD BRI 5 i e, SRR RO | HiTA By VAR AR
FERT, S5, AW IECHARIUE, 40 BIR A A0
3% (high performance liquid chromatography, HPLC) &
15 AW AR 8 3 - 58 B 5T 3 45 (high  performance  liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)ill]
RGBT I VAL VDs S Bkl ik, DU
HULEC T Wik VA VD, & BERHERRIN 2 S5 5%

1 MR5RE

1.1 RS

VA4 JE =99%, 1 [E BePure /A Fl); VDs(4iJE =
99.6%, f&[E Dr. Ehrenstorfer 23 w]); VDs-d; (1.039 mg/mL,
[ IsoSciences 23 Fl); VA 1 VD, Y RESL (VA 4
X MFE N 496~633.6 pg/100 g, VD5 BYEHVEIX 136 [
8.517~11.381 pg/100 g, " E kIR AR #0053 e AT
M), IECKE. K OEE . RE(ERESE, 3£ E 1T Baker
T, PUIRIMLAR (6% =99.0%, 5[ Sigma 2A7]); 2,6-—
BT X H By (i al, 3¢ Aldrich 24 |]); SALH . TG
KRN . AL TAl, 28R A AR A R D
12 UFE5EE

Agilent 1200 BAH 5 (FC £ AMG 7%, 32 [E Agilent
2\ w)); Qtrap 5500 R €833 HR I = H DUBRAT B34 [AC AT H
W55 55 85 -1 (electrospray ionization, ESI), 3¢[E AB SCIEX
A H]]; RE-52AA JEFEZE LA (AR AINER T )o
1.3 &R

VA FRUHERE S IRICT: HERRFRIN 25.0 mg VA FRAEVIIT,
TR BT RS A 50 mL Z560firh, ERTZIE. K
VWU R AR, RVREE B o I AR i
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IRZ 20 °C, FHHIEARME GB 5009.82—2016 (& 2e4E k5
HE AR AL DL EAOIIGE ) B B M T ERE

VD; bRERE R VTR BE T HERIFRER 10.0 mg VD, FrifE
Y, FHICK QBRI E5F A 100 mL 2540, ©45 %2
ZIBE . KRR BRI FDR T, B URE A 15
FIPEFATR [BHR 2 20 °C, FFHHEFRIME GB 5009.82—2016 Fff
& B TR OE

AR VDs-d; ArdfEH EECHN (1.0 pg/mL): HERf G EL
96.2 uL 1.039 mg/mL ) VDs-ds AR AIA 100 mL %5 i
e, FAFEER .. BEREEEEaRRE T, BIRE
HORAF I FH AR R 2 20 °C.

VA FRES A H(10.0 ug/mL): MR TF BIAE 4
WM R, TR —E B RT 25 mL AEEH, H
FEE R BZE . BB ERCRAT

VD bR EH AR (1.0 pg/mL): HLHE IE A6 45 T
W, MERRI R —E AR A T 25 mL ZEabiih, HIH
RERZZE ., BIREIEOLRA

VA PRERI TAERECH]: 20 E VA il rp )i
0.20. 0.50. 1.00, 2.00. 4.00, 6.00 mL T 10 mL f5 0%
B, AR e AEZE, WA, WhsHERS TAERR
FWSE 4 0.20, 0.50, 1.00, 2.00, 4.00, 6.00 pg/mL.

VD, bR RS T AR 250 VD b ifE o 8]
0.10, 0.20, 0.50, 1.00, 1.50, 2.00 mL T 10 mL f7{a%
T, SMA VDs-ds NRtrdEREE 1.00 mL, FIHEE
ERBZNE, RS . MFRHE RS T AR R 5 R 5 5k
0.01, 0.02, 0.05, 0.10, 0.15, 0.20 pg/mL.

SRR (50 2/100 g): BRI 50 g E A b, A
50 mL KR, BEGE, EfF TR
14 SKWHE
141 2 1

HERIFREL(2.00+0.05) g H5# T 50 mL &0 H, A
100 pL VDs-d; brufEHR R . 0.4 g FLIRIMERFN 0.1 g 2,6-—
BUT T B, A 6 mL JRUK, KU s 0w, 115,
JIA 10 mL Jo/K Z.FE 1 6 mL 2 S8 AL EI A (50 g/100 g), 7
DPRZIRE], 80 °CRAL 30 min, AH1,

142 & &

JA 10 mL IF OB/ IR G 4R, R, BT
A5 — 50 mL B.LEF, BHA 10 mL iF O BERE—X,
AIFIEC K.

143 2% %

TEIECERBUR P IMA 10 mL /K, &%, A2 g &
1bih, IRFEBEI, BESZ, ZHTEK, FiA
10 mL KIFTE—K
144 K 4%

B EEESEEBAY— 50 mL &.0EH, IAER
ToKGRIREN, TR, #E, I C BB AR @S0

i, 40 °CIEZET, FIW B YO 28 K i 5% B8 i
fEIF R R 10 mL 58, &%, B 1 mL #17 HPLC W 5E
VA, B4 9 mL EEBEFEHA | mL FREEE,
HPLC-MS/MS {ll5E VDs,
1.4.5 HPLC 547 VA #9454+

% Agilent ZORBAX SB-Cg (250 mmx4.6 mm,
5 pm); FEIR: 20 °C; ZAMEM AP 325 nm; PEFER:
10 puL; iik: 1.2 mL/min; JishtH A: HEE, Fishtd B: /K;
PEMLAREE L3R 1.

x1 RISEHERRER
Table 1 Mobile phase gradient elution program

A 8] /min Al% B/% i 7#/(mL/min)
0.0 90 10 12
2.0 90 10 12
7.0 100 0 12
14.0 100 0 12
16.0 90 10 12
19.0 90 10 12

1.4.6 HPLC-MS/MS 5#7 VD; #9 &4
&% & 1F: & 3% i & CAPCELL PAK MGII
(100 mmx2.1 mm, 3 um); F:7E: 40 °C; #bFE&E: 5 puL; Fik:
0.7 mL/min. F3hHHH: A A7K(0.1%F L), B i HEE(0.1%H R);
T E VM AR Y I35 2,
2 RINESERRER
Table 2 Mobile phase gradient elution program

i} i3] /min B/% I /(mL/min)
0.01 80 0.7
1.00 95 0.7
9.20 100 0.7
9.50 80 0.7
10.00 80 0.7

B i 2 B T AR W8T 55 L B (electrospray
ionization, ESI), 1FE &0 948 5 20 R s 8 5 b il
(selective response monitoring, SRM), k4% S5l W i 7 5
T TR TMRHERE R LR 3; Wi HER 5500 V; iR E
4 550 °C; AT 40 psi; WEZF N 50 psi; HEIINER
A 60 psi; fif i<~ medium,

*3 EERNENZGSETF. FEFMiERES
Table 3 Precursor ions, product ions and collision energy of

SRM
Htrfbad  BTmz)  TETmz)  REERE eV
259.5% 31
VD; 385.4
159 45
VD;-d; 388.4 259.5 30

G kR L
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1.5tz

W VA FRfER S TAERCR TS 80RO @380 &,
VT B AR BR(Y) . DA AR (X, pg/mL) KR AL bR
HIBRERRZE, T EIH SRR OC R AL, ARk,

¥ VD3 bR RS T AR R FH o S50 AH 35 - R BT i
g, UL VD; 5RALE AR IETTFR LU DAL FR(Y),
LI VD; TAEWRHE (X, pg/mL) s ireslbrmEhss,
BRI R OC R, PR E & .
1.6 #NERITE

IFEH VA 5 VD (18 w4 (D)5
CxV x f x100
T (1)
A X, i RS, ng/100 g; C, ARIEARHERN 545
FIgEA ZWRE, ng/mL; V, EAMEE, mL; f, MR,
VD; B H AR, BORRAEECH 15 100, #55REG m,
FRFEHE, 2o

2 GR55HH

2.1 tREAREIRREM

B FARMER AT, K5 VA R VD; & AR #E GB
5009.82—2016 Fff 35 B #-47HR BERLIE  7E-20 °CRE A7 564 T,
K PRBE A B AT ] A0 HERS, 4l RARMERE & B S T
R Ra s, VA SRUERG 5 IR VR B T R U Je 5 12, 9 d MR
TBET 50%LL 15 VD3 bRt A MR B T BE AR X 2212,
27 dWREE TR 10%, WL 1. BAR VA W R, VD, ik
JE RN, AF R T ORTEARS DN S5 S v, BRI AR
BRI TR AL IE, DA iR 25 .

X

100.0

)
o
(=]

=N
15
o

N
=)
=

e [F S AR v
HeAE/%
8
(=]

0 5 10 15 20 25 30
20 °C& A4 T il frast[Rl/d

1 VA B VD A WO FE 720 SCREFEAPE T 1)
FaE P45 (n=3)
Fig.1 Stability results of concentration for VA and VDj; stock
solution at —20 °C (n=3)

g
o

22 BURHHEE

XF IR AL RN 80 °CrEAK 30 min 2 Bl 44T R
PERE A I BARRCR, & IR I R AR VR B R AR
80 °C R ALIA R A B (0 S VR B 4, 2 Rl R AL 4514 80 °C i fk

30 min I E (E RS =, ST 948 BALET ], SR 80 °CR2 Ak
30 min A%,
2.3 RBUBFIHIML

SR VA N VDs 8 SRR i X £ BGaHR) vl k A E 2
BEFAT S, RIX 2 AT VA B EIERER AT DLk £
90%LA I+, {ER A RIS VD; A9 IR E] 80%,
SR HIE CUBEBEEUST VD, i IR IR 5 90% L) I, #sE £ IE
CEAE IR BUA T
24 BULTERNMK

K FZK U OE O St 48 BUR S #0840 )2 L B8, i A
SHAAMA DT EIRG, J T RIGXA A8, AR
FTIMA 2 g SALENR 5 ok B 2R 2L A4 200 B 1
TR U/ N T K AR A8 BILAH EL %) B, AT sk 2 $ B 6
&K, HFIF R R,
2.5 VARG ERITEE

W13 4 thERUE ) GB 5009.82—2016 SAHISE Jr ik
Tl VA (% LU DL, AR IEERTRK . JTka
B EEARE . RGNS HEAR T 2/3 Lk, ML
TARME I T Ry 3R (] Bsf B TARA 53 32 i ) L 20,
ATDAHIELE 50 mL 2508 Tl T AL FIHRI, AT 2 i)
WIS, ERIfE THEAEALER, W4 T
F4 #HETSE GB5009.82—2016 5K 55EEN VA BIxTLE

Table 4 Comparison of GB 5009.82—2016 with this method for
determination of VA

AT L GB 5009.82—2016/mL ZMJt fLﬁ%
[ INIPIN 20 6
TR L1 30 10

A 10~20 6
PRI 100 30

ek 300 20

2.6 FHEEREFBEE

VA [IbrdERRZE 7 BN Y=56.9718828X+1.6728446,
r’=0.99976, ZEVEVEE N 0.2~6.0 pg/mL, J7 ¥k H RN
30 ug/100 g, JyiER Rl 100 ug/100 g; VD5 FFRHE TR
5 BN Y=0.01573X-0.37585, r’=0.99753, £k 1 ¥ [ N
0.01~0.20 pg/mL, JiER LRy 0.5 ng/100 g, ik &R
1.0 pg/100 go AT I KRR AT, REUEE .

AT BRE TTE N B4 LB Wi i i, B4l L
B Wik B E R ME VA BREVEREN 280~1080 pg/ke,
VD; R FHEE K 5~15 pg/kg. BT HHRESL AOHIVE T2
55 SERAE A S T, T LA T SR MR M 0TI 1k 1
WHEE ARG B, W T 45 G I DX R) 2R 9 o s e i e il A 7
FEEIE . RIS VA AR EME X A 496~
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B dn 2 4 R R I A 4R

12

633.6 pg/100 g, VD; BYFRUE(ELIX B8] Ky 8.517~11.381 ug/100 g,

BRI 5o )5 TRRINRE (LIS AE B4R i B A X TR] 1A

LA PAY AR X A o i 22 R 0 AR XA o i 22 0/ F 5%, 13t
B2 5 3% ) Y f R RN 5 LAk A 20K

£ 5 VA M VD, BT R ZE (n=6)
Table 5 Accuracy and their precisions of VA and VD; (n=6)

s WH FHIME/(ng/100 g) I P FE A v i 22 /% HE A X AR IR 22/ %
1 540 227
VA 2 567 2.92 2.46
3 557 2.03
1 9.90 4.23
VD; 2 9.82 2.97 1.12
3 10.0 3.78
2.7 % 1‘2%% LIN YZ, WU H, GUO RS, et al. Simultaneous determination of vitamin A,

SRHNZITESIN 2020 4 [ 5 3 W B 4 PRI ZH 21
TF R 1) ] R RS B A LR g 0 3k 3] b B 4L 3
WA A RE TR B (0 H 45 CNCA-20-03), VA
fHH 523 pg/100 g Al 732 pg/100 g, VD; Kill{EN 10.4 pg/
100 g 1 9.02 pg/100 g, SE5HRAHE, Wbk,

3 4 1

AW S TR O B PR BUS, 4351k Al HPLC F
HPLC-MS/MS & 224 LB Jr Wik h 4i2E 2 A Dy it
KWl oy 2 o AR J7 vk B R R R % W H AR i GB
5009.82—2016 55—/ 2/3, XFF VD5 AU EARBFFT AR
FHREARZEBORE, faifb 7 S2a02b 08 . A ol B iR o 19 3000,
7 % VR RO 8 B Xl A IR R . BT SR T B
JLBEE W h i R AL Dy T EMER I E R 5% .
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