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Simultaneous Detection of Eleven Water-soluble Vitamins in Infant

forMulae Using Liquid Chromatography—mass Spectrometry
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Abstract: A novel method to simultaneously detect 11 water-soluble vitamins in infant formulae using high-performance liquid
chromatography -tandem mass spectrometry (HPLCMSM S) was established. The sample was pre-treated, followed by the separation using a
Waters Acuity UPLCHSS T3 (2.1 <100 mm, 1.8 um) columnby gradient elution, with 0.1% formic acid in methanol and 10 mol/L ammonium
formate solution (pH = 3.5) as the mobile phase, in conjunction with electrospray ionization multiple reaction monitoring (MRM). The results
showed that each sample could be analyzed within five minutes, detecting 11 water-soluble vitamins a well as exhibiting a good linear
relationship (r >0.999) and a detection limit between 0.02 and 3.00 ng/mL. The recovery rate was tested at three levels with five repeats a each
level. The results showed that the average recovery rate ranged between 88.0% and 110.0%, with relative standard deviation of < 5%. This
method was rapid, simple, accurate, and sensitive, and could simultaneously analyze multiple vitamins within awide concentration range. This
method can therefore help to improve analytical efficiency and reduce cost of food testing laboratories, for the detection of watersoluble
vitamins in infant formulae.
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BT A o . RERIN AT 2 Ay i
B 1) 25 01 B o AR SR RUR €03 BRI SR P VAT
I, AE T Bl Py R I X 22 4 LIRC T Bdh P R2E R
Bi. 4R B, (5 F). 445 By, MW, ME%
fis MERSRE. AR (4EAER By)y MR (4EAEE By).
2R (AR B AR (EERH). 4R C,
11 MK IEVELE R FEATIRIE A, AT pud Ay
HERf . REEERE R R SR BT A PR 22 Mgt A
RUATFRD M, ABD TR R A IS B A B
R, BEAREAR. TR T2240) LT Bl A4 R )
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1 MREREE

11 a5 %E

WA (SR,  #%2 U3000), —HE Pt
JRREA (SEE, ABQTRAP 5500). #EAHAY (FFH,
KQ5200DE). E-UL(EEE, SIGMA 3K15). 4K
1 (S Millipore A7),

12 WG At

e 2 B (4l 91.5% ). 4iA4E2 B, (401 98.9% ).
YR By (41 95.7%). MG EE (4R 99.1%). M
R (4l 99.5%). MR (4 91.5%). 2R (4ifF
99.5%). AWK (4lifF99.0%), fE[E Dr AF]; Mt
i (A 99.5%). Mt (4ifF 99.5%). 4% C
PrifE s (21 98.4%), [ Sigma AF]; HEE. HER
B, WAL, SRR, SR N e
g (BgIE /7 =15 Ulmg, £[E Sigma A#]); SLEGHIK
NHERAEK

1.3 R¥FE

131 Hmfmx

1311 FUEMAE S FREL 1g W0FF CREAf 22 0.0001 gD
T 100 mL #EIEHEH, N2 20 mL /KA, A
0.1 gUEknlig, o DG, TRA), B TRFRF 50 CH
7 30 min, HUH AR 2.

1.31.2 AFIEk e FRECL g 5t CFEf %2 0.0001
g) T 100 mL HETEH A, ALY 20 mL iR /KIEE, TR
A E A EI B =
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1.3.2  FmiRey &

W43 % 5 mol/L 1 0.01 mol/L ft) Ehma 1A i
1 pH % 1.704.0, 7E 2 min, FH 5 mol/L #10.01
mol/L I E A WA TR T pH & 4.504.0, Wil
W E 100 mL fREEEY, KM,
VEEIET 100 mL AR A IR, AKERZ2ZIE,
RAJE, HUE BT 4000 fmin &0 10 min, _BiE
W nk 0.22 pm LI I 3E.
1.3.3 AR B

PRERES: AR B R R (ORI RAFREL
PRI 0.01 g FIEEAKIENE, NN (1+5) 3RV
MR SEERM GBS 100 mL s EiAE
K ER, T4, ek 0.1 mo/mL Anitkfis &) 44
% By MRS, MBRLG. M EE. 4EE R C. ZRR.
VIR, MR GRERRRER #EY) i 0.01 g & Bk
fiRt Jo iR RS A 100 mL R 7S i R Ak e %S,
5], WA 0.1 mg/mL ARAERETBDs R GHERRFRER
0.01 g FrAEYI S S/KIEIE, A 10%Z/KIEHR S
SE VAR JE A B RS A 100 mL R A Eal K
SER, FEA], EOK 0.1 mo/mL FrEfE 200 «
1.3.4 @t

itk Waters ACOUTITY UPLC HSS T3 (2.1
X100 mm,1.8 pm); #if: 40 °C, JiaHH A: 0.1%H
R VA, RENA B: 10 mmollL HERER /K TR

(pH=3.5); ¥iii% 0.3 mL/min; #EEEE: 5uL: BEEFVE
it 2% A1 L2 1o
=1 BEEER
Table 1 Gradientelution

B 18] /min Al% B/% R
0.00 1 99 6
2.00 1 99 6
3.00 55 45 6
3.50 99 1 6
4.00 1 99 6
5.00 1 99 6

1.3.5 JRigstt

B ESI+, ZEBER VI (MRMD,
BFmEE g 5500 V, EFURIREE: 550 'C, AT
<. (CUR) 40.00psi, %1k< (GS1) 55.00psi, i
K (GS2) 55.00psi, MRM 2143 2.

2 FR5VE

2.1 FERETAE XM
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Table 2 MRM conditions

. . FEBE AUTBE AEIEL
AR EBFBT FET
(DP) (EP) (CE)

141.0% 90 13 10.2
®eAEC 1710
95.0 90 13 15.2
. 243.0% 80 10 30.0
MEE 3771
172.0 80 10 45.0
o 202.1* 45 13 14.1
EER 220.0
90.2 45 13 17.3
. 152.1* 79 7 20.0
wSEE  170.1
134.0 79 7 27.0
150.1* 34 7 19.0
SRS 167.9
94.1 34 7 27.0
) 152.0% 75 10 17.0
w5k 169.0
134.0 75 10 29.0
. 80.3* 80 10 20.1
JRER 124.0
53.1 80 10 37.2
122.0% 66 9 19.0
Y%A % B, 2651
144.0 66 9 17.8
bipE 2452 227.1% 91 12 21.1
* ' 96.9 91 12 35.8
295.2% 87 8 18.0
TR 4421
176.1 87 8 52.1
359.3 120 11 30.0
$4# B, 678.6
REE By 147.1* 120 11 37.0

E: *RTEER T,
R 3 =HMETASES A E R
Table 3 Recoery rates of three pretreatment methods

WAy Ay ARG AATAE

2 4 % (1) *(2) *(3) % ik
EDCEL EDERM EDREM SR M

%A% C  81.08 80.08 78.56 88.09
% 95.37 91.05 96.08 96.60
2B 95.23 87.25 81.25 96.98
LS B% 90.12 85.31 89.21 96.99
LS B 90.22 96.57 88.79 100.76
o5 i 90.89 90.35 86.33 96.27
iy 100.08 95.22 90.27 100.21
%A% B, 9487 80.66 95.87 95.23
EX7F 94.22 83.24 81.67 99.11
B 90.14 85.19 80.26 93.78
A% B, 9005 78.23 75.92 91.89

IKEPRUEE R BV Tk, ANE T IRITAAHLE
s Gy . HRYEELN LR & S RRIE, B X

BRAEG. A, ARUTERE 10 Rl s EGT), JHH
EAE DR R R, Pl RS DS EOE FE K
U IR . MR SCIR® ki T =R AT A 1 -

CLYRE S AR5 FH S mol/L 1) HCIE Y pH £ 1.70,
JBE 2 min, 5 mol/L f#) NaOH %5 pH % 4.50,
EZR, Bl (2) I 0.01 mol/L HCl, #E7, Jin5%
=R I0mL, HE, AL KER, B (3)
F 18 GB 5413.11-2010 #AT/K AR A7 (1) i
ITAAL, P RSRIEDK, STERE S, FIATE R
BT AR NS e RS KIE RS, AR RTAb B
J7i5 1.3.2 B e BB 2 LB 77 £ A28 iR kb 21
JEHAT BN RS, Fe RIS 3 L3R 3. &5 AW,
PR AR SCHT AR 57k 11 Fh4H 5y RN ER 35 PTIk 3] 85% LA
F, FFHARE TR .

22 EiEF MM
221 @EigARenE

Intensity / cps

00 Bactbachat~i | | L™y _m
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1 f£F HSS T3 Bl 11 ML REETR
Fig.1 The total ion chromatograms of 11 water-soluble vitamins

using a HSS T3 column
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Fig.2 The total ion chromatograms of 11 water-soluble vitamins
using the C18 column
K I7iEL R T Waters BEH C18 (2.1<100 mm, 1.7
um) Fl Waters ACOUTITY UPLC HSS T3 (2.1x100
mm, 18um) A, KN T KGR R Z DA
BT S TR IR, 7E i/ A C18 A
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Fig.3 lonextraction diagram of 11 wate r-soluble vitamins
Er LA FE C(171.0>1410); 2.4:4 & B,(377.1>243.0);
3.i% BR (220.0202.1) ; 4 vt "5 BE (170.1>152.1); 5.8 BA
(124.0-80.3) ; 6. %4 4 % By(265.1>1220); 7. £ ¥ &
(245.2>227.1); 8.7t 84 (442.1>295.2); 9.4 A % B1,(678.6>147.1);
10,975 B (167.9>150.1); 11.747%%2(169.0>152.0).
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P A= R AE C18 il FRAE IR, K odet
RAE LB, MR HSS T3 i, mrLlR
WFHIHHAT 8, RIE A A S e S, HTR
FH MS/MS i 2%, i i MRM AR GEE T I 11 Aok
VMR R BRI RER 1 BAHRL (9 ST 251, 75 mT LA
e PR R, TR TEIEE LK 3.
222 AhraehintF

Ak BT LA HIEE R 10 mmol/L FP & 4k I i 3
M, #EAEER B R, e s UL 4. ik
Ji » TRBIAHIE R 0.1% HER i FF B VR 10 mmol/L FH
BRI, BRIV, 10 K A 4 2k e i
YRR, 7E 5Smin AiGHT (LR 3).
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Fig.4 lon chromatograms of vitamins B, before optimization
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AL EfFEEE (DP) FMIADHE (EP), i 11 ek, MCREr>0.999, TR . IEMZ T
b o A2 2 BEES e AR E . =FRE B KRS /Y DP {1 EP FUEHRE . FHORREL R R, Z55R IR 4.

; /\\\ﬁét‘ ,;H\: N = \H\\E' H‘, N
B; SCREERE (CED, PR —+2 1 m B oK i 25 I Aok

i€ CE{H.
1§ KR 8850 LR 50 b BT =4k
28 M3y 5
24 GEEEREGR MR RE, kTR S K, WE 5L
LRI IENBCE R O, HITBOVIVER il JOFEMCR>88%, RSD (<5,
(y), BRIRIITEE. 11 Rk EeAe A T B
® 4 FENEMEASEIE. EXRBEALR

Table 4 Linear regression equation, correlation coefficient, and detection limit of the method

2 AR K MTEE /(ng/mL) )25 A2 HE R A dFRng/mL)
Y%k & C 10.0~10* y = 315 x +5.99¢ 0.9997 3.00
wm¥kE 0.5~500 y = 4.81e%x+1.34¢° 1.0000 0.20
2B 0.1~500 y = 1.05e*x -1.61¢> 1.0000 0.03
A 0.1~200 y = 3.4¢%x - 8.35¢° 0.9999 0.03
A 0.1~200 y = 2.2e°x +3.84¢* 0.9999 0.03
k7S 0.1~200 y = 2.59e%x -1.34¢* 0.9995 0.04
JAER 1.0~1000 y = 5.74e3x-1.24¢ 0.9995 0.10
%A F B, 1.0~200 y = 1.09e°x + 6.6€° 0.9993 0.30
EXN S 1.0~100 y = 9.21e* x + 1.32¢° 0.9992 0.30
Pt R 1.0~100 y = 1.16e*x -2.3¢° 1.0000 0.30
$4% By, 0.05~100 y=2.21¢* x-7.13¢" 0.9990 0.02

% 5 ElEIMERE (n=5)
Table 5 Recowery rate and precision (n = 5)

AR AR pgke) T Eugke) FMMEugke) Rt &) RSD/%

5000.00 8798.12 88.09 45
Ak C 4987.25 2000.00 6874.78 98.39 3.1
1000.00 6035.06 100.80 3.8
100.00 169.11 96.6 2.7
MmEE 74.86 50.00 123.51 98.92 1.9
25.00 98.23 98.37 2.8
200.00 386.31 96.98 25
2 198.33 100.00 298.07 99.91 1.2
50.00 259.65 104.56 2.1
50.00 104.67 96.99 3.6
o7 B 57.92 25.00 80.11 96.61 25
10.00 69.72 102.65 2.9
15.00 30.41 100.76 3.9
A 23 15.18 10.00 26.53 105.36 2.3
5.00 21.06 104.36 2.8
5.00 9.82 96.27 2.1
7 e 5.20 2.00 6.54 90.83 2.8
1.00 6.51 105.00 3.2

BTR
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#EER
400.00 780.05 100.21 2.6
B 378.44 200.00 580.11 100.29 2.0
100.00 471.78 98.61 1.8
50.00 95.13 95.23 1.2
%A% B, 49.89 25.00 70.35 93.94 1.0
10.00 62.12 103.72 2.1
1.00 2.23 99.11 2.7
EX7F 1.25 0.50 1.64 93.71 3.0
0.20 1.31 90.34 35
5.00 8.74 93.78 2.8
ot BR 4.32 2.00 5.92 93.67 2.2
1.00 5.11 96.05 3.0
0.50 0.68 91.89 1.8
YA % By, 0.24 0.20 0.40 90.91 2.3
0.10 0.31 91.18 2.7

2.6 SLERA BN

KA AT 50 10 ANREA LI S 2240 ) LRC T3 958
) LT A RE R AT IHTIE Ao A SRI T

E R EE A E S bME GB 10765-2010 (22 )L
B ). GB10767-2010 (i ZE) LAY LTy &t )
F1GB 10769 (%241 JLA24H B A e

%* 6 HERHER (B pe/100kJ)
Table 6 The results of sample examination (Units of pg/100 kJ)

4k #1 #2 #3 # 4 #5 #6 #7 #8 #9 # 10
$AEC 2.6¢° 7.1¢ 1.9¢® 3.2¢° 4.6¢° 1.8¢° 2.3¢ 2.5¢°  256.2 2425
wEE 14.3 214 12.2 38.4 29.8 ND 14.8 31.2 317 32.0
ZER 108 234 79 110 162 ND ND 106 ND ND

w75 B3 4.9 5.8 4.7 8.8 7.6 ND ND 9.3 ND ND

A2 S 2.1 3.1 3.3 5.4 4.2 ND ND 6.2 ND ND

w75 1.2 2.3 31 438 35 ND ND 5.8 ND ND
B 78 134 119 212 202 92.7 ND 312 253.6 251.9
$AE B 19 43 12 33 29 20.8 18.9 43.2 31.2 31.3
LN 0.5 1.9 0.5 0.6 0.7 0.61 0.72 18 ND ND

ot B 2.7 7.1 15 2.2 41 ND 1.0 3.2 ND ND
%A F By, 0.029  0.103 0.04 0.07 0.05 0.03 ND 0.08 0.06 0.07

E: ND Abdh. AP, R HER. REEER R, DN BRI

3 &g

AR ST T VU €0 R IR = T DY AT R Y &2
SN CMRMD B854 22400 ) LBC 77 & s 4EAE 2R
Biv BEBEER. 445 By MSEE. MR, LS EE.
AR 4E4E K C. 2R EWER. MR 11 Pk 4E
AEZ, HTETEZNT 5 min, 2R PESE R R 1F(1>0.999),
Far 4 BRAE 0.02~3.00 ng/mL Z [f] o 2E = ANK SR Il Ui
FiR5e, FNKFEE 5 K, HAPEGEELE 88.0%
~110.0% 2 [8], Wl 5 &b SR AR FReE 22 /N T 5%. B
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