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Abstract: In this study, an ultrahigh liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method was developed for the
determination of biotin content in infant formulas for special medical purposes. Samples were hydrolyzed with 0.2 mol/L phosphoric acid at
121 “C for 30 min before extraction and purification by a biotin immunoaffinity column. The analyte was separated on an acquity UPLC BEH
C18 column (100 mmx2.1 mm, 1.7 pm) and eluted with the mobile phase of acetonitrile -0.1% formic acid in a gradient mode. Analyses were
performed by the MS/MS system with electrospray ionization (ESI) in a multiple-reaction monitoring (MRM) mode and an internal standard.
Under the optimized conditions, a good linear relationship was obtained for biotin in the range of 0.50~50.00 ng/mL (R’=0.9986), with a
detection limit of 0.75 pg/100 g. The relative standard deviation of the biotin in the infant formulas for special medical purposes was
0.42%~4.77%, with the recoveries of the spiked samples at three levels were 97.27%~102.06%. The method has several advantages (simple
sample processing, high sensitivity and short analysis cycle), therefore, can meet the requirements for determining the biotin content in infant
formulas for special medical purposes, providing strong technical support for enterprise quality control and government supervision.
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L1 AR5 R A

D-AWER (4i/%>99.0%), fE[E Dr. Ehrenstorfer
ANTF AEMER-A2 (4iE>97.0%), i ISOREAG 2
H AR AIESEARE (3 mL), EEFEAKAR, W
B, 2 (taitkal), 55 Fisher A7) ; TR (i),
%[ Sigma-Aldrich 2 #); TRlR BFR 208 (4,
E 2R AR AR, KGR AWM. +
TOKABRE . BEME OrbralD, EZERL
LRAARAF . AVELIEE (022 pm), g%
EREEEAPR AR .

SIS PR R 2 B i ) LEC T & O SRD
T ERRED: TAMR T (A HERAMH KR
Br (B) FLEEAREKMIC (CD. &Ry

(C2) Frf&H AT LA (D). 2R
WREASHC S (B) BEFUEFRAN A (F) BT,

12 (L& 534

ACQUITY ™ B RupAH X . Xevo TQ-S Jii
WA IC £ HME % (ESD) HLESJRAT Masslynx ™ (53 T
fEuh, S5 Waters A a]; Milli-Q #2AUKE &4, 52
Millipore A7) BT IIEVERS, TH0H Z AR
AR~ MS3 imligiRA#, IKA 2AF]; N-EVAP-45
PEEMRAN, 3£ Organomation A#]; SQP-HLFRF,
T L FIHTRIA AR AT .

1.3 ik

1.3.1  ARpsR LA
D-AEVIEARUERE A (100 pg/mL): VERIFREL 5
mg ORI E 0.1 mg) AW britE T 50 mL &=,
MWBREIK (1:1, V) ERRBZE, -18 CROLIRIE.
AW 2-d2 FRUERE AT (100 pg/mL): VERFREL 5
mg CFEMZE 0.1 mg) AME-d2 T 50 mL &S,
MWBREIK (1:1, V) ERRBZE, -18 CROLIRIE.
¥ D-AEVDZ ARG 25 TR W AR R Bl A & s
BN 0.50. 1.00. 2.00. 5.00. 10.00. 15.00. 20.00.
25.00. 50.00 ng/mL (&AM ER-d2 Whx 15 ng/mL)
() R B BRE AR
132 Hauitz
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FERIRAEFREL 1 g OFEffE 0.001 @) % 50 mL
tbei s, A 750 ng A£¥E-d2 WER, I 25 mL
0.2 mol/L BERRVEWRFE 704850, 1E 121 “CTRIKA# 30
min, AHEZERE, H 1 mol/L S AN pH
HZ 45202 J5, HFZ 10 min. FAFEERERE
50 mL A, KR, Pal & IFT 50 mL
eI, FKERZE S0mL, ZE4dIE.

1322 ¥k
R REE B IEF
Table 1 Gradient program for mobile phase
BFiE)/min - A/% B/%

0 97 3
1.0 97 3
3.0 85 15
45 85 15
5.0 1 99
6.0 1 99
6.1 97 3
9.0 97 3

R AR PR EER R B A DR E -, B

1 mL R SR BUA T 50 mL B0, IIA 10
mL R £ 22 AWR (0.15 mol/L pH 1 7.0), JEAI,
WpH R 7 o4, b, #HFEN 2 mL/min, 28
Ja A 20 mL R EEZZ AR (0.15 mol/L pH {H
7.0) A110 mL 7KL, STAERAAE, Bf5H 2 mL
FREESER, W AR, 45 CEKET, H 1 mL
WITERANAHE VA, 2 0.22 pm B HUHIERB IS BV
133 &idin
133.1 it

Acquity UPLC BEH C18 (100 mmx2.1 mm, 1.7
um); JiLi#: 0.3 mL/min; Jz0AH: 0.1%FERIER (A)
MM (B); kER: 40 C; #iFEE: 5 ul. BAEEVE
IRAZ P WAR 1 7o
1332 JRiESME

BRI S TYR (ESD; s IEE
T, ZRMEN (MRM); B HEE: 3.0kV;
HEFLHLE: 30 Vi VA TR 450 °Cs B FIRIRAE
150 C; BuyaFI<tE: 850 L/h: HEFL MK IH:
150 L/h; Rl <0E: 0.12 mL/min; 4905 K AFRIK
SEME B T B T R RIS S B 2.

R 2 £EMENRIESH
Table 2 The optimized MS parameters of biotin

Wwedth BBET/(mz) TBT/ms~)

Jiget/ms  AEILEE/NV  ERIEGEEV

227.0% 80 30 18
D-A¥& 2453
97.0 80 30 27
229.0% 80 30 18
A ME-d2 247.1
99.0 80 30 27

i AREBT.
14 PR

SR AEAHS ) 5 A P DT R 35 4
B WS U TR L (8L, VF 7 38 0
(Matrix effect).

A-B

Matrix effect factor (MEF / %) = A x100%

A MEF ARARE AT, A HAEA T N0 EH
et EAE, B AMSRBGR Y M AR & AR LA,

MEF 4 0 SR/ oo RS, A B RS o v
R5E, 7E-15%~15%2 (8], FKoNZEFRUN AN
1.5 #HAEaE

R 5SS B Masslynx ™ {03 43 2
G 5E R RAE 540 EE, DL Origin 8.0 #7421,

2 ZR5WL

2.1 oMttt

2.1.1  Eagitreikd

BT A= A 254 TR S PR AN e A A —
ZRIRIRINEE, Fir LASEEHEEL T Waters Acquity UPLC
HSS T3(2.1x100 mm, 1.7 pm) F1 Waters Acquity UPLC
BEH C18 (100 mmx2.1 mm, 1.7 um) PR AR
SRR VRN AR IR . 45K, BIR
TR BS AR AR LU CUT, (BA 2 (E BEH C18 failifE
TR NAE L. BTLASEERESE BEH C18 il
s

AR T ZHE-0.1%F R Z.55-10 mmol/L Hi
B (3 0.1% R« ZHE-10 mmol/L B FEREL . FE-0.1%
HET BRI B AR . R IR, Siie
KB, HRREIR RS, FIE-0.1% IR RAEAR H 2
SRR, HRRATH R (5 0.1%H ) M MNAH.
I3 AT T i 22 57 o T ASE SR E £ L 1-0.1% H R
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B 1 H49E KEYE-d2 FRERRRY MRM &iLE
Fig.1 MRM chromatograms of the biotin and biotin-d2
AR R F P 55 fL B IE B S, Rk
749 100 ng/mL f) D-AEWI R AAEDZR-d2 FrAEIE RS
AEVAT, 0 B AR AEE N, S IO HE
FLR . AR EES L, RATE D-AEMRNAEDY)
F-d2 e tE R 0, RSSO 2. 200
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1L1] HPLC-MS/MS 44T, Az (10 ng/mL) K
WAR (15 ng/mL) FRAEER MRM i E LA 1.

22 HTANEE AR AR AL
221 #IH X aghie

—enzymatic digest

1007 pzacidic hydrolysis
90 -

=
=

"N el | ] %
iR

A B Cl1 Cc2 D E F

Biotin content / (ug/100 g)
(=)

E
=
=

Sample
& 2 ARG RS EYIRIEAIRT
Fig.2 Effect on the extraction of biotin with different extractive
methods
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W

(1) FEATIIN 45 “C~50 CHIZKIEMIRS))G,
AN 0.1 g JERIEE, 7E55 C FEEAR 30 min J5AHIE
i, WA pH 2 1.7£0.1, JHEZ) 1 min
J&, W pHAEZ 4.540.1;

(2) FEEHH 0.2 mol/L BRI TE 121 'CFK
fiff 30 min, YWTTRFERRI pH (E A 4.540.1;

SR (B 2), PIRpECTT 206 T AN RIRL 7 (1)
REIREE 5 H @ 28 LG 7 6 i AR 2 AR U 2 0
AN, ABRRKAEY & T HE . R TR B A
MRFEIFEEAR S EO RS G RAE, X
THERIVEY R R EM R TSR, =ik
B IK A v LM AR 3 R LR E AR TBUE K
ANRIEC T BARPIR IR 2 P i 28 ) LI 7 & AR 2 i
PSR, FELERER . Frolscimks
FHBEIR /K AN
222 BRBRREAEAL

T SEIR R A e B o A AL, 1 IR £h 2%
MV G G T ARV FAE TR IR FBAL,
It CASEEG R R /K RS FH T AR AR FE A s AR
VIFEIRI R R —, S 52 | BRI L
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BN, Hid 0.2 mol/L A i NRE. RIREREBINBEIRIAE
BARI AR & S EMR SRR, BRI
FERGRIN 2 SRR B B, 4 R WA, I,
KR IUBRIRI EE N 0.2 mol/L.
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Fig.3 Effect on the extraction of biotin with different
phosphoric acid concentrations
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Fig.4 Effect on the extraction of biotin with different
precipitation methods
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AVUERCR REF, B TEEY], (AR E =R
i T pH H2E 4.5 J5, BRI KM 77 Al 5
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FHI&ZE ) UBC T 8 S ISR NS 1 VA, DTER
REEF. JEKRTReE Y ZRSEDTE & A S5 R
WYTIE 7 BARY), IWEREUL - e i A sl
WERRRER X S 5 R B BB E, e
T AR B TRRREE 2 R LG TT & e 7T
R MEA T 2Z2RA M 2 e, SB0H pH HE 4.5
J5 s BRI 7 A B RRIC T 1 2 3 ok,
{EAFEmRRE G IS RS, PTRASEIR e £ pH (2
4.5 YLE R A

224 BEAAFRAEGLE

FRR RS IR LEC T & e 7 ML 2R R,
FESH S G IIOKEY). BB AR 20
RS S T Z I E, 5B 1 HE
k. FTCASRIR 5 | A LI RUEBRiE s L B
g 0 VP38 R4 ) [ A 2 R Prime HLB AN e 7P 11
G AL, X AE R I TR AN RIS

80 7 C—JImmunoaffinity column
Prime HLB
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Fig.5 Effect of different elution volumes on the matrix effect of

biotin

SERRT): RPPREE S R B LT B T & 4
PERAIFEFAL Jm JE i BN ] 2 /N T Prime HLB. F4dh
% Prime HLB {405, JoFUHEMC 77 50T RN 48 0B /)N
T 15%, FEFUIRBEEIELN: HERTEIRT 15%,
SATAET S FE RN . TRk e 2 & 2 LG 77
TR EL . Sk, AL, WA RN
WIsE s M ARPEERA R T HURNGUA S, FREE
ARSI AT R, &Pk, #LRCR RIT,
BB SN AN o R, AR IR R 2 s 2
JUBCTT B R FURE A SEER IR S R A 1L

23 FEFEER

231 ZKMATEE. Bl AfT R

¥ 1.3.1 SYRECHIARAE R I TAEMRILHRE AR
B 75 PRI 1 ) 8 8 vy 20 €0 - B DR B 136 AT 2
HrillsE, UL D-APnEbriE TR REIRE (OO
REAARR, DL D-AEV 3R E B B bR i i e S W T A
SN ER-d2 B VAR S T AR 2 EE AT AR
YIER-A2 TR IR (V) RNNARER, hilbriEih
2k, 1F 0.50~50.00 ng/mL VOB NZEME R R R AT, 2tk
FETFEN Y =0.917333X +0.43483 , HLRMM KR
IR T 0.9986. % 1.3.2 AL iEAL IR, MAIL
fEMEEL, DMEMELL S/N>3 15 EIA4 4 2 s tH R (LOD)
8 0.75 ug/100 g, LMEMEEL S/IN>10 18 B4R E &
FE (LOQ) N 2.50 ug/100 g, &SRR #HIE 2L
Be 5 £ b R AR R e E T
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R3 FHREFAREI KA EREYERNSEREEE
Table 3 The content and precision of biotin in infant formulas for special medical purposes

Hen kA ENEE T g100g) F34%/(ug/100 g) RSD/%
1 2 3 4 5
A 1191 1138 1183 1159 1124 1142 11.56 229
B 1722 17.63 1689 1767 1692 1758 17.32 2.07
Cl 1049 1123 1112 1011 1031  11.28 10.76 471
2 19.07 2003 1924 1903 1919  20.08 19.44 248
D 2108 2163 2189 2147 2103 2159 21.45 1.56
1442 1433 1402 1459 1403 1448 14.31 1.66
F 100.57 10136 101.09 10149 10047 101.27 101.04 0.42
F 4 FEMEWENEEE
Table 4 Recovery and RSD for the method (n=6)
el AJEAL/(ug/100 g) A E/(ug/100 g) EICE /Y% RSD/%

5.00 97.27 5.64

Cl 10.76 10.00 97.03 4.79

20.00 102.06 3.16

&5 KFHES B 5009. 259-2016 A HREZ AR LR A RMPEDR L ENITERILE
Table 5 Comparison of results of biotin obtained by GB 5009.259-2016 and the method in this paper in infant formulas for special

medical purposes

‘ . AT EAMELE GB 5009.259-2016 7 = A ¥ % 5&
Heakn st
ug/100 g ug/100 kJ ug/100 g ug/100 kJ
1 11.56 0.54 11.11 0.52
A 2 13.11 0.63 12.38 0.60
1 17.32 0.81 18.52 0.87
B 2 21.38 1.06 21.22 1.05
1 10.76 0.51 10.10 0.48
Cl 2 14.52 0.69 15.18 0.72
3 13.17 0.61 12.62 0.59
1 19.44 0.92 20.73 0.98
@ 2 15.63 0.74 14.47 0.69
1 2145 1.01 22.77 1.07
D 2 17.80 0.84 18.89 0.89
3 13.82 0.63 15.02 0.69
E 1 14.31 0.71 13.73 0.68
1 101.04 5.54 98.38 539
F 2 53.81 3.26 55.50 3.40

232 HEE

FPRIR RS L & eI . L&
&R 7K ARIC T« FLER IR FE K RTC 77« IR 7
AR AR AR B LEE Ty RIS i 7
BEAEFAN A B PATHURE 6 41, % 1.3.2 FiAbs Ty
FHEE, BATIE . BRSSP AR S E R R
3. RN, WEEENT 4.77%, IR E .
233 ®EkE

272

MR P K fARRC 7 Wk (C1) AR AT IR
PR LEC T B RS, s 5.00
ng/100 g. 10.00 pg/100 g+ 20.00 ug/100 g, 3 MAN[E
IR SE PR HER AT RIS RER,  SAKAT
JE 6K (R4, HE4THL, IIFREICRTE 97.27%~
102.06% 2 [, ABXFRAEMRZETE 3.16%~5.64% 2 [H] .
TREE /K FRICTT Wk AR IR IR 7 s 228 ) LG 77 8 il Hh i
HIRIIFER, VLI Z Rk s 2 P s ) L T &
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st HHAN R B A 2 (1 I e B 0 s (PO R
234 FRAELIRN

A7 2R AR S 1% A B2 YRR €S HR BB R A
SRR EL TR T 3R o B B R EN,
BRI b A 5 iR FH [R5 2 AR VoA IE T AR B L A
Wik BRI 5180, RIS R Ere e e S g
SRR S AT L, DA R L 22 B ot T4
e WEFLRM, ARTiERE RN IITE-15%~15%2
], JEJ RSN B
235 FEERAFSANE

IE AR 75 32 A £ 2 A B K bR T 15 GB
5009.259-2016 X B AN [F] it W () ek 5 2 T & 22 L
BeJs b TCANERC T FUER AR /KR . AL
FIER K AREC T« RIERRAC T« T oMK A i i 2
JUELTT . EERAH RS EL T . BEFALE FRANRFIAT
IR, ECBE AR 52 AT 22 S SR BGAIE T N 7 VA I
HEmYE (R 5). SiFRH, MR &N eSS RICHH R
225, PRSI T 1) 715 mT LA TRk s 27 FH i 2
JLEC 77 £ b H AR 2 AR

R (GB 25596-2010 FFiklE 5 IR %) LA &
AN K CRERRIE S &R LG & sl (GB
25596-2010) MEFH AR EENSRIGE N 04
ug/100 kJ~2.4 ng/100 kJ, FoA 7L AR (VR /K AR 77 5
RAFERRNC 7 A VL A 0.4 ug/100 kJ~5 pg/100 kI,
B A 2 LRC 7 R BREFLE FR4 e 7] (BiE &
FHRPARARE A L) TRE TR N<8.8 ug/100 kJ.
HH 5 0%, FrIRER R 5 & 2 LG 7 & R A4
CEETTE E FAREESR

3 ZHig

3.1 SEIREOAEIRER TR ) LT B R ACTT Rk
AL, RAGBORAEEEAT L, AR T2
TP e RAIFN R WA E &, FEAIRIE
USSR AR IE B AL R AR R R w22, 42
1 T e AR e

32 ARTTIERR AR /K AR R A 40 3R A et 50U £
We-FR IR TINE , AR TR, S
TR 5 EERIRACED) T34 Ll e 45
R BZER, EERAERE. AR AE. REUE A,
HIUELF, & TR 2 R ) LR 5t b A2
R HTRE . W] LIONRRIREE 2 iR ) LS T B dh
AR IMESR BRI, ™ iR B
A TR SR
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