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Simultaneous Analysis of Vitamin B;, B, Using
LC-MS/MS in Vitamin Fortified Children’s
Favorite Foods and Comparison with Labeled
Contents
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Abstract

The validation and application of an LC-MS/MS method were reported for the
simultaneous analysis of vitamins B; and B, in biscuits, candy, powdered flavouring
mix, and yoghurt. In order to establish rapid and accurate preparation methods,
enzymatic treatment was used without clean-up step. The LOQs of vitamin B; and B
were 2 ug/kg and 8 ug/kg, respectively. Validation of this method was performed with
the Certified Reference Material(CRM, BCR 121), and the resulting range of error
values was within 2.6%. We analyzed 35 favorite commercial foods of children to
determine their vitamin B; and B, contents, and compare with the concentration
provided on the food labels. Only one sample showed lower contents, and this was
below 80%.
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Table 1. The operation parameters of LC-MS/MS for analysis of Vit. By, B,

Instrument Parameter Conditions
Column Atlantis T3(2.1 x 100 mm X 3 pm)
Mobile phase A Water(0.1% formic acid) 80%
LC B : Acetonitrile(0.1% formic acid) 20%
Flow rate 0.3 mL/min
Injection volume 5ul
Curtain gas 30.0 psi
lonspray voltage 5500 V(Positive)
MS Temperature 500C
Ton Source Gas 1 50 psi
Ton Source Gas 2 50 psi
Q1 Q3 DP EP CE CXP
Analyte /D (@) W) W) W) V)
122
MRM Vitamin B; 265 20 4 25 4.0
144
243
Vitamin B. 377 108 41 6.5 29 4.0

_]2_



3. EEEY =H| LOD =3.3(0/3) (1)

slebe) mEgole A e A g LOQ=1000/8)  (2)
Moz zAST
289 3

: | A Y B, g
R R =g MY of 0.1

o} 1 Vitamin®& 0.01, 0.05, 0 L 05, lmg/kg 6. S+8 H M
TOR ool FMate] ARSIt vt 3l A2 HEH B wheat powder 3
OVEMIE Eafste] AAgste & E—oﬁ‘ﬂ F #RIS=HY BCR-1219 #AFHO e AS#H
=¢9L 0.1, 0.5, 1, 5, 10mg/kg T+ 3| o2 F4s9om By FFE matrix® sk
AMato] 1mlA Fste] A= XUMHMJ% Y EZEUFEES 7 od9 914 BCR-121
sl Helste] E:golo AL, o Hlel B, ARFE A F EFEL A
Tbtol BARAMOR Attt ®AS 53
4. 25 HEste] AlEAS Felstnt
1) ZgaEEY
AR o 1gS QAR &7]d A FHe) o
BAS WA F 20ml Edel wE F O 1Y Za d &
ZF Voltexingatel w43} A7l & shaker® 154
7RG 1587 290 229 F 15,000rpm 1. FELHY 02 H5
(10C) o2 1043t dAdgatsitt. dd&ert B A HE BA AxgW F 2o
B AR 4SS syringe filter(0.2 pm) b 2ZW3 gaRwe T ok o w 23
ofzate] Aol ow ol o] 858S naste] A3E F 20 LEhTh
283 REse] AYRYS e e AR
2) & Tl A7kstel B4R HE By 104%¢) FEd 3]
aaRye AAE AZAETA199 v 588 wolAW FEUFEA @ AT 048
el By #AW Al 28g Fudle] BASIL. & A9d wEY BS 3140 we 3488 4
AR o 1ge AU AT F 10% A2 BTk o)k WER Bio] AE oA wulds
& 20mLE H7HeE F oF 187 voltexingstel  As Pejolmz BCR-121 F A8 B
FASAL. T2 & FIg 0,000rpmIIH L9 FEyont A FEHA FE Ao
oF 30%% YR & F 4% ImLst 4M = 2 HOY AR Hol g dAFEAA nuy
MUES 89 1504, 2% IOR2E 89 3 Q= 289 FFUS o] 8F BARAWE o
50 wE A7kete]l & WAl & 37TCAA 8~10 9j"gom Hrbe HlEp BEREN} LA
AZE AN T AFAS syringe filter(0.2  RXo] AgtA oz AlgH oo} 8-S g3},
im) 2 o] 75 AFgNo R dar, tobelol el E2RaEke] LO-MS/MSE
BM% Azt ek By 103.3%, By 83.1%9]
5. &5 & A duet s5ES YEpWon REdSEAe AT
%ol Heox

19 2A07 39 BEE 5 FEE A 8
& A4 T ICH Q2B(20)e wat 7 27 S

o) mEuAel 712718 olgsje] of @ A% A7 2.6%, 2.2%%h

g Ao o8 LODs¢ LOQsES Tatgitt. LC-MS/MSE o]&3to] wheat flour £F%0%



o
il

S f @ % ¥ § % B o§ § 8§ § i §§

Fig. 1. LC-MS/MS chromatogram of vitamin
By and By in the whole meal flour
CRM.
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Table 2. Accuracy data obtained from analysis of a certified reference material(BCR-121)

Measured(mg/kg) + SD(Recovery(%) + RSD(%))

Certified value

Sonication extraction Takadiastase used extraction
1.70 + 0.04(36.8 + 2.5) 4.78 £ 0.12(103.3 £ 2.6)
5.22 £ 0.08(104.5 £ 1.5) 4.16 £0.19(83.1 £ 2.2)

a : Spiked(mg/kg)

Table 3. Main performance characteristic of the analytical method

Lineaty range(ug/kg)

Coefficient LOD(ug/kg) LOQ(ng/ke)
0.9998 0.7 2
1.0000 2 8
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Table 4. Concentrations of Vit.B; and Vit.B, in Children’s favorite foods and their percent ratio
compared to labeled contents

B Vit B, Vit B,
No. Product Se;i\;;ng Conc. Conc.Anal / Conc. Conc.Anal /
(mg/kg) Conc.Label (%) (mg/ke) Conc.Label (%)
1 18 1.2 89.3 1.7 101.0
2 50 2.4 186.4 3.1 177.1
3 70 2.5 190.9 2.3 174.8
4 56 2.8 209.7 1.5 91.5
5 60 5.3 332.8 2.6 125.4
6 50 6.6 132.1 4.7 120.8
7 50 8.6 130.3 6.3 206.1
8 28 9.0 361.4 11.3 453.6
9 50 9.3 207.3 7.2 134.8
10 50 12.1 199.0 7.6 117.6
11 .. 38 12.7 792.4 2.8 172.6
Biscuit
12 38 12.7 126.9 16.3 90.7
13 28 16.8 167.6 21.7 120.7
14 23 16.9 316.4 11.2 223.1
15 30 22.2 33.3 12.3 18.5
16 30 22.4 139.8 24.1 150.5
17 36 22.9 229.0 19.5 390.6
18 30 23.4 146.5 24.5 152.9
19 30 24.2 242.1 21.4 428.1
20 30 25.5 153.1 19.6 117.6
21 65 35.0 749.5 29.4 519.5
Average = SD 41.0 14.0+9.4 244.6 12.0£9.0 194.6
1 17 14.8 194.0 10.5 111.8
2 17 25.3 252.5 20.7 175.9
3 17 25.6 255.6 20.7 176.1
4 17 29.1 291.1 20.9 177.8
Powdered
5 flavouring 17 31.7 317.2 23.2 197.3
6 ix 17 32.9 328.7 20.7 175.8
7 17 42.4 240.4 49.2 167.3
8 17 52.1 4425 12.8 108.5
9 17 61.5 522.6 12.2 103.9
Average £ SD 17 35.0+ 14.5 316.1 21.2+ 115 154.9
1 9 199.5 179.5 157.4 118.1
2 9 168.6 151.7 136.6 102.5
Candy
3 2.6 335.7 623.5 156.8 254.7
Average + SD 6.9 234.6 £ 88.9 318.3 150.3 +11.8 158.4
1 3.9 3.9 552.3 -
2 Yogurt 10.6 10.6 180.9 6.3 241.9
Average £ SD 7.2 7.2 366.6 6.3 241.9
Total 37.9 37.9 +66.3 26.5 £ 40.5

_]5_



B = AlEQ R ES 2R ES A3
$27t Bdste] & agoR BASNL AR
TR FAEO] Q= HEMY] S Hasjol
NEE 0.1~1gS A3 A $ flof 248w
ol mh AFsisitt. BUHY Ax} ool 7]
SAE F Frd B B #A 14.0+9.4
mg/kg, FF7tEE 2 2FMEERFE 35.0+

14.5mg/kg, AFEH7F 234.6+88.9 mg/kge] 2
ch vlER B9 3 Ak 12.0+9.0 me/ke,
SR7eE 2 2FeUEERE 21.24 11 5 me/ke,
AMRHF7F 150.3+1 8mg/kg°lﬁiq ol tlid Al
59 Hit 13 ATES 2 A2 41.0g, SRt
TE Y 2FSUREE 17.0g, AHRFE 6.9gi
APRTE 135] Algeko] Horg Zhshel HjEpyle]
TEIF B J0R HRT R AR %
Al o]l FEE YERIoY #Ab 17164
ghego] HIEY By EAIRC] 33.3%, By EAF
18.5%%= FEAN7IFQ 80%° mldste]l A7+
%Hhﬂ%oﬂ st AE T TAFEY 200%
g ZY%ete Al HIE Bio] 1971, Byt 811
01211 FAEF 792% 74 diE AR AU
o} o] Avbi= WEhNS W i 250 Jgor
AlZko] Aol wheh e B R JJrEkOfé A7}t

l

497 B Aow Az
w ArelM ZUEE g vk By} Byl o
g 134 %% ﬁéﬁﬂ% 7o R B 13

A = ek
H}2p7F Bio] Hat 0. 57 g, Bo7} 0.49mg, 35
FeE R RS ﬁ 7FES Biol @+t 0.60 mg,
By7k 0.36 mgelSlth. AFFE Bl 1.62mg,
Bo7F 1.04mg, ©aEF+= Bio
0.46 mgo| At A|FHE= Afo
NEo R NS W 13 AlTHgs He A
olo] 1 Al 42~270% F=olAUr}.
FH ofdo] 7|5 A% A9 vER 2 vy
g ol T EE sl o] sivta Fxste Al
%%o] UJ-O] EE] loL]. /\14% Zl|oﬂ
o digk fA7F flo] HdjFart Ak o
ghA o5 sl AlEel g des EAS
53 A&7 U oR AnAEd A A3
RE AFstolof & Ao},

d B

Ngaha e werl B3} Byol FARAL
_Zr 9

#3 tolelaebs ol

MS/MSi A5 LC MS/MSE o]-&3t H|

23l rg/ke, 8 pg/kg
A AR
=3 xjﬂalﬂ“’ e u giaRsgel o A
gaolon o] Zéi“éﬁr S
BCR-121% o]&3 s5&37 utEAge Haz
Azttt 27, BEb B, 103.3%, B, 83.1%

o

g,

Lo

T

>,

>,

oii
O

ol

X

I

o J_‘“_,

&

N DO

2.“‘:
rﬁt’
L

[o
=5
SN
ro
of\
it
i)

o g2 dAaes dEen AT 8L
AUE wEete] AR s HE
B3} Bool Al Agstsith. o aaial-Le

-MS/MSHE ol&dtel Alg freslal Y= HIE

7t ofdol7|aAE 35719 HIE B3t B,

e ZUEFsIt Al 'AE Blad 2

3, Ak 1739 et Byt Bpo] @afol wAIF

o] 80% vlnkelAa WA AlFES B RAIF

olgew ’\]E % E 159 200%5 Z3ate= Al

2 H] Ef7l

B,9 ““]’ EE e 4<l
geo] %} Ao A7kt
Z#n2s

1. oA, z39d, o83 « BIEm! A9 A
Zok 7k tigerekal#], 32(1):13~19, 2002

2. A EREs - AFHT e A, YR
skA} 2008

3. AEEA L AFYFEAA, 2013.

4. Lambert, WE and Leenheer, AD
Quantitative determination of water

soluble vitamins wusing HPLC. Marcel
Dekker Inc, New York, USA, p.341. 1992.
P and Wills, RBH

Simultaneous analysis of thiamin and

5. Winalasiri,

_]6_



10.

11. Pei

12.

riboflavin in foods by high performance
liquid chromatography, J. Chromatogra.
318:412~416, 1985.

Fellman, JK, Artz, WE, Tassinari,
Cole, CL and Augustin, J :
neous determination of thiamin and
by high-
performance liquid chromatography, J.
Food Sci., 47:2048~2067, 1982.

AYE, BT, TET, $AE
SEEELEEEEE REERRE
HIEF] A4S 9leh A e] u
3t3]A], 34-141~150, 2002.

PD,
Simulta-

riboflavin in selected foods

A
o

<

] 3
=

oo I

il
PN

T8
A3

E oo g

2012.
Pilar, Vinas, Carmen, Lopez-Erroz, Nuria,
Balsalobre  and Hernandez-
Cérdoba

matography

Manuel,
Reversed-phase liquid chro-
on an amide stationary
phase for the determination of the B
group vitamins in baby foods, J.
Chromatogra. A, 1007:77~84, 2003.
Rita, Engel, Eva, Stefanovits,
and Laszlo, Abranko :

determination of the free forms of B

Banyai
LC Simultaneous

group vitamins and vitamin C in various
fortified food products. Chromatographia,
71:1069~1074, 2010.

, Chen, Renata, Atkison and Wayne,
R, Wolf :
a high performance

Single-Laboratory validation of
liquid chromato-
graphicdiode array detector fluorescence
detector/mass spectrometric method for
simultaneous determination of water
soluble vitamins in multivitamin dietary
tablets. J. AOAC Int., 92:680~687, 2009.
Alberto, ZG, Antonio, G, Juan, CM and
Luis, EGA : Simultaneous determination
of eight
supplemented foods by liquid chromato-

Food Chem., 54:4531

water-soluble vitamins in

graphy. J. Agric.

13.

14.

15.

16.

17.

18.
19.

20.

21.

_]7_

~4536, 2006.
Pilar, V, Ignacid, LG, Maria, BB,
Marisol, B and Manuel, HC : Dispersive
liquid-liquid microextraction coupled to
chromatography for thiamine
determination in foods. Anal.
Chem., 403:1059~1066, 2012.
S, Ndaw, M, Bergaentzle,

Werner and C, Hasselmann :

liquid
Bioanal.

D, Aoude
Extraction
procedures for the liquid chromatographic
determina- tion of thiamin, riboflavin and
vitamin B6 in foodstuffs. Food chem.,
71:129~138, 2000.

Xueyan, T, Denis, AC and Nigel, PB @ A
simplified approach to the determination
of thiamine and riboflavin in meats
using reverse phase HPLC. J. Food
Com. Anal., 19:831~837, 2006.

Pei, RW : LC/UV/MS-

MRM for the simultaneous determination

C and Wayne,

in  multi-
vitamin dietary supplements. Anal.
Bioanal. Chem., 387: 2441~2448, 2005.
Nazanin, Z, Babur, ZC, Frank, SP,
Martin, JS and John, T :
determination of riboflavin and pyridoxine
by UHPLC/LC-MS in UK commercial

of water-soluble vitamins

Simultaneous

infant meal product. Food chem., 135:
2743~2749, 2012.

BAEA 7SR - AE4W, dsA 2009
AEFEGAA PR AF B AN DY
2012.

International conference on harmonization
of technical requirements for registration
of pharmaceuticals for human use (ICH) :
Validation of analytical procedures metho-
dology, Geneva, Switzerland, November.
1996.

Regina, PZF and Helena, TG : Vitamins
B; and B contents in cultivated mush-

rooms. Food chem., 106:816~819, 2008.



22. Mikihiko, Y, Takashi, H, Masako, O, vitamin B; in a wide variety of food-
Koji, F, Mitsuaki, M, Tomoji, | and Makoto, stuffs with or without polyphenols, Food
T © A novel method for determining chem., 135:2387~2392, 2012.

_]8_



