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ABSTRACT - This study was conducted to establish the standard method for the contents of biotin in milk for-
mulas. To optimize the method, we compared several conditions for liquid extraction, purification and instrumental
measurement using spiked samples and certified reference material (NIST SRM 1849a) as test materials. LC-MS/MS
method for biotin was established using C,; column and binary gradient 0.1% formic acid/acetonitrile, 0.1% formic
acid/water mobile phase is applied for biotin. Product-ion traces at m/z 245.1 — 227.1, 166.1 are used for quantitative
analysis of biotin. The linearity was over R? = 0.999 in range of 5~60 ug/L. For purification, chloroform was used as
a solvent for eliminating lipids in milk formula. The linearity was over 0.999 in range of 5~60 ng/mL. The detection
limit and quantification limit were 0.10, 0.31 ng/mL. The accuracy and precision of LC-MS/MS method using CRM
were 103%, 2.5% respectively. Optimized methods were applied in sample analysis to verify the reliability. All the
tested milk formulas were acceptable contents of biotin compared with component specification and standards for
nutrition labeling. The standard operating procedures were prepared for biotin to provide experimental information
and to strengthen the management of nutrient in milk formula.
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Fig. 1. Structure of biotin.
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Table 1. Dietary Reference Intakes (DRIs) in Korean : Biotin

Age Adequate intake (pg/day)
0~5 (months) 5
Infant
6~11 7
child 1~2 (years) 9
3~5 11
6~8 15
9~11 20
12~14 25
15~18 30
19~29 30
30~49 30
50~64 30
65~74 30
>75 30
Pregnancy +0
Breast feeding +5
i 5 HILE] ol 2Ast 5pug, 6~1171€¢] Fo}

2 124 %O}, 3~54]9] ojdel= 0~571E Pote] FH
ﬁﬁatoﬂ 033394 Aoz nAyste] zbzk 7, 9, 11 pg

AL ATk 154 o e] Aadd ARl A=
%—Pr*éﬁakoi ARk lem FRyel A

E]-‘”(Table 1).

2o} 2o Ot 4F L APIHE 52 ool 0
XIS HANL 9ot Gote] A9 Bi EE EAG
FOL Fatol voHle HAtn Yo EAFFA Hat
A48 FABt 27HD Yok BARRE Af E=
FIBES ARE So] miel YR fASH FER
BRUEES DR, ZARR, ZASH, 4271824
B, AN GEA S, NHEARS, ASEAST 5

Table 2. Domestic and international standard milk formulas

o frEo= o
of ea A== ATt
CODEX % w=, g, &F TolXe dfrobs i
o] /|¥ Fl wWe} infant formula$} follow-up formula®
TEA ] #48& AR gdon, Y7o wel milk base
g} soy base= :FLE‘ o] #e AL o feuzte] A
nl=, S5 < 28 ARl e ved 4
°] A= A %0} T4 AEE f3 BAR vl
B Qs Aoy,

=23
ARG 9 ForgEANTH 49718
A g g AE B By
3

"HAEY gE % ARFA,

tlo |
e o
o 1= ML

Ho® sl Bf e AR &R 7S
3= *4%%—{01]*1 v 2 El9] 739 1.5 ug/100 keal ©]
B Aol AAE o] AEEL

Hl " o 245 93 S 39 BAHeE AEF
Az 7A77152FFA0d A& o AU S
S EAAES o]8-gt HPLC A JFEAHo] F55of 3l
© ™. EN (European Norm) AT B = He

=

BS 84 AT ske] =3 F fluorescein S-isothiocyanate
¢} post-column bmdlng ANA F3H=E715 ©l-83 HPLC
Ao 'HE“E]O% AREE L AT FQ1 A o]
9] A& F¢] H] Q¥ S Br-MDMC (4-bromomethyl-6,7-
dlmethoxycoumarm)—d o] 83} %A 3 = HPLC-FLD
2 Agsle EAH*3 ammonium acetate EHOE F
Z35t UPLC-MS/MSE d&sh= 2410, ule] QAN E o]
23 A B B2 112 2 NPH-HCI (2-nitrophenylhydrazine
hydrochloride)S ©]-&3% f%=4|3} & HPLC-UV ¥ LC-
MS-ESIE |88t #4199, LC-ELSDE ©|-&-38 &A1Y
2 HPLC/avidin bindingS ©]&3 AW Eo] HE
EUR =

Korea" CODEX?

Australia &

3) 4)
UsS.A EU New Zealand”

Nutrients Min. Max. Min. Max. GUL Min. Max. Min. Max. Min. Max. GUL
(/100 Kcal) (/100 Kcal) (/100 Kcal) (/100 Kcal) (/100 Kcal)
infant ) ) 15 ) 10 1.59 - 1.5 - 1.5 - 11.3
Biotin formula
(ng)  follow-up i i 15 i 1.59 - 1.5 - 1.5 - 11.3
formula

YProcessing standards and ingredient specifications for livestock products. 2014
JCODEX Stan 72-1981_Infant formula, CODEX Stan 156-1987_follow up formula

921 CFR 107.100. 2014

991/321/EEC. 199

Standard 2.9.1. 2003.

9Required only for non-milk based infant formulas
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A= o2 gl
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(98)
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S

o 2 o XN o ofy Iy ¥R
N

to 2 o

EESH Y
H]QEl FFEL Sigma-AldrichA} (St. Louis, Mo, USA)

oM Fiste] ARgsisiTt. Alge] Aol ARS-E potassium
dihydrogen phosphate, formic acide Sigma-AldrichA} (St,
Louis, Mo, USA), chloroform, acetonitrile MerckA} (White
house Station, NJ, USA)ZFE HPLC §2=2 Fste] A}
&3kt

EE Y Noge] XX

H Q8 ¥FF 10meS 100 mL 2 &Z a0 4
A3HA #ste] 100 pg/mLe] §Ho] HEE FHFE X
AR Fg3le] o5 BEPYOR ek v oE BE
AL goco) o] Aol BASRoH, HAgFFAS 2%
H| el EEEAE 560 ng/mL7F EE= 0.01 M 21Ako]

]
0
FELFEAPH 4802 A3k ALt

NL:TREES

FANT AR oF 5o (AFL 1092 AU FA

SolFolth A LA o
o] SREEES A7 F 108

[e)
7 A3 BBl @ 4§42 0°C, 9,000 pmelA 30

Table 3. LC-MS/MS operation conditions for the biotin

Condition

UPLC BEH C (2.1 x 100 mm,
1.7 um)

Instrument Parameter

Column

A : 0.1% formic acid in water
B : 0.1% formic acid in acetonitrile

Time A(%) B(%)

Mobile phase

0 100 0
UPLC  Gradient >:0 80 20
program 5.2 0 100
6.2 0 100
7.0 100 0
11.0 100 0
Flow rate 0.2 mL/min
Column temp.  40°C
Inj. vol. 2ul
Ionization mode ESI positive
Capillary voltage 3.80 kV
Cone voltage 30V
MS/MS  Desolvation Temp. 500°C
Desolvation gas 1000 L/h
flow
Cone gas flow 150 L/h
Parent ion 245.15
MRM " Daughter ion 227.1(20V)

(Collision energy) 166.1 (13 V)

¥ 7 QAR F 4FAL Astel 02um JUE ¥
BEel PHE l3e AL APEAOE Bl

LC-MS/MS M XA

HoEl BAS 93 dAIZvtE e Z-F PR A7)
(Liquid Chromatograph-Tandem Mass Spectrometer, LC-
MS/MS)E= Waters Xevo TQ-S (USA)S AM&-3F3ATh. E4
ZH O 2= ACQUITY UPLC BEH C (2.1 x 100 mm, 1.7
um, Waters, USAYS AME-31 0.1% Eg4F 895 0.1%
ZEA TF MIEUELS o5HOR s /187] §
P2 Aestel BAsgTh 7 oy el ol 23t
© 2= electro-spray ionization (ESI)¥ <] positive-ion
modeE AHE-31 2™ LC-MS/MS #4278 Table 39]
ZFAIsHAl A A ST

rf o H

BN gl AT

LC-MS/MSE o] &3} n9el B )3l §a4
H537] f13tel AOAC AW AF 7hol=RldlA A
AlekE WS FaLsto] 5ol (specificity), 2141/ (linearity),
A 24 (accuracy), 427 (precision), AZESHA(limit of

o
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detection)$} 7 ZFSHA (limit of quantification)S T3}t
NS Folsty] et 5, 15, 30, 45, 60 ng/mLe] ]
¢®l HFENS LC-MSMSE =743t A zhztke] v
Ao wEE HPFAS AT e 2E:
FAE(NIST SRM 1849a)9} EFEH H7PHS o] &3}

Sl 7ot Ik, A s sl
et N gFE DElste] AR5kt

LU P
ol

1w g

! of

i
oo

MS/MSell 3t Aojzl ELEU}EJB‘EOHH A& 3
2 wHe ahu, vig AP HE AFFA 9y
2ol tigste] vleE P Pt

| =] =
BN 3T
ol

FE&AM A ARvETHS
R 27H«] product ion (227.1,
166.1 m/z)°l X HEEHAOH, ST A 7HolA @ v]=
7h BAEE 1Y F AT T3 BFEFH A FAA
MS ©]-2] H|7} Table 49} 722 387|172 W A
o2 gl HAU

Table 4. Maximum permitted tolerances for ion intensities

Relative intensity” Relative maximum tolerance

(% of base peak) (%)
> 50 +20
20~50 +25
10~20 +30

<10 +50

*{Target Area(second ion) / Primary Area(first ion)} x 100

Table 5. Linearity of biotin.

biotin
Standard
Conc.(ug/L) Area (us*min)

STD 1 52 8290.855

STD 2 15.6 25046.760

STD 3 31.2 49799.262

STD 4 46.8 76045.609

STD 5 62.4 101129.367
LA (pH 4.8) 0 Z A3} 5~60 ng/mLe] F& H2 oA
A19E AT RG] 0999 ooz 53 A4
AE g1 F IATh

LC-MS/MSS] B4 z70) whe} Agdel 7197 2 %

Nz
THUAE o] &3te] AEIA 2 AFAE Ttk 4
Z3HA 9t FFeAl= 2+ 0.10, 0.31 ng/mLE YERSTE
(Table 6)

et

EFRIFAE B =2 HA7PES ol &3t AgAd S

J el

Fig. 2. Chromatograms of biotin standard (A), CRM (B), Infant milk formula powder (C) and Infant milk formula liquid (D).
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Biotin
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20000.000 y¥=16259667x-358.7949
R*=0.9399
0.000

000 1000 2000 3000 4000 5000 6000 7000
conc.{ugfL)

Fig. 3. Calibration curve of biotin.

o1l Tt EFQ1=A| 821 NISTA} Infant/Adult Nutritional
Formula 1849aS ©o]-&3lc] H] 2 El9] x%:&LH_O_ :?clows]- )
4, 103%2] 35ES UrEMT:}(Table 7). ZAE5-2F ZA)
T AlEe 47] o2 3 e ZFEAS HUKsHA
Y 5 3aes z‘rﬂo}ait}. 2 A, AR AE
A 101~104%, ZA-6 A BolA 99-101% 52 3]+
€S YERtK(Table 8).

[o

o
ot 0

ox, oY 0
24

_z‘r]g],o;] /\16-] }oﬂouq oﬂ}\} }\LJ_E
A5 10, 15, 20 mL Fste] AFs A3 A=
oF ZAFolA AR AFHZF WE GHEZHAL
0.4~0.9, 1.4~1.6%=Z &)= A THTable 9).

42 397 thE dAtelA 53] ke A3 ES
W dojxl AFAZRE SHL gk FHFETAAE o]
& Attt ZAREfob ZAS-frel A 22t 1.3%
ANALE Rl TH(Table 10).

N do % o rfu g
l-N il

Ji

2
2

)
9} 1.2%E A7+

Table 8. Accuracy of LC-MS/MS for the biotin in milk formula
samples (n = 3)

Spiked Standard ~ Mean = SD o
Sample type Contents (pg/g) Recovery (%) RSD (%)

Infant milk 0.05 104 £0.5 0.4

i 0.1 102+ 0.9 0.9
formula (powder)

0.2 101+£1.8 1.8

Infant milk 0.005 101+£1.3 1.3

frant e 0.01 99+ 0.4 0.4
formula (liquid)

0.02 9 +1.5 1.6

Table 9. Repeatability of LC-MS/MS for the biotin in Infant milk
formula samples (n = 5)

Sample Amount

0
Sample type (g ormL) Mean S.D.  RSD (%)
Infant milk 5.0 0.3 0.0 0.5
formula 7.5 0.3 0.0 0.9
(powder) 10.0 0.3 0.0 0.4
formula 15 0.05 0.0 14
(liquid) 20 0.05 0.0 1.6

Table 10. Reproducibility of LC-MS/MS for the biotin in Infant
milk formula samples (n =5)

Sample Amount

(g or mL) Mean S.D.

Sample type RSD (%)

Infant milk
formula 5.0 0.3 0.0 1.3
(powder)

Infant milk
formula 10 0.03 0.0 1.2
(liquid)

E'_ ‘I;IOH CRM‘Q‘ o] 8]'
o APAT wAHSTES HA o}ME}. Table 113} o] 7]
o S Zbzb A 713 103%, B 7] 89%=E WIS

Table 6. The detection limits and quantitative limits of LC-MS/MS analysis for the biotin

Concentration y=ax+b

Compound R? LOD (ng/mL LOQ (ng/mL
P range (ng/mL) slope (a) intercept (b) (ng/mL) Q (ng/mL)
biotin 5-60 1,626.0 —-358.8 0.9999 0.10 0.31
LOD: 3.3*c/S
LOQ: 10*c/S
(o: the standard deviation of the response, S: the slope of the calibration curve)
Table 7. Accuracy of LC-MS/MS for the biotin in CRM (n = 3)
CRM Certification Mean + SD (ng/g) Mean + SD Recovery (%) RSD (%)
Infant/Adult Nutritional 1.99 = 0.13 mg/ke 2.05+0.1 103+ 2.6 25

Formula 1849a
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Table 11. Inter-lab test of LC-MS/MS for the biotin in CRM (n = 3)

Table 12. Determination of biotin in milk formulas (n = 3)

Mean Recovery
Sample  Laborator; RSD (%
P Yoy ) oo
A 2.05 103 2.5
CRM
B 1.77 89 0.9
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Z AE BE FAZFY 80%0°) A 3Hg-H ojof ?;],E],ﬂ—
Al 7]z AHgsA FEEL JoH, gAFHoE AE
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CODEX 59lA1+= infant formula®] H] Q8 F24& 1.5 pg/
100 kcal o]z A7 Qo] ZAS= HjoE IS
100 kecalg f_ﬂ"j/koit F2b3le] B et QJ,} ZARe=
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Acknowledgement
B AFE 201595 AFoFERPAA AN LA o

2712915161522 6d6)) Sl A om] o)) 7t
ArEgU.

2 Adqe T&54EY 7te7ie 2 AEFE) 9 e

labeled contents
sample (ng/ contents Risult (ng/

100 mpy H&/100mD o) 00k car
INFP1 25 416005 166 6.03+0.08
INFP2 25 486+004 194 7.04%0.06
INFP3 25 417012 167 6.05+0.17
INF P4 25 410+£003 164 593+0.04
INFP5 25 4254017 170 6.16+024
INFP 6 25 4294004 172 622+0.06
INFP7 25 4554009 182 6.59+0.13
INFP8 25 477+007 191 6.91+0.11
INFP9 28 48+0.10 172 7.00+0.14
INFP10 28 4234006 151 588+ 0.08
INFP Il 28 417+0.10 149 588+0.14
INFP 12 28 4474025 160 639036
INFP 13 28 479+0.13 171 694+0.18
INFP 14 156 215+012 138 321£0.18
INFP 15 156 1954001 125 2.90+0.02
INFP 16 1.56 2034003 130 3.02+0.04
INFP 17 156 1844002 118 2.74+0.03

INF P18 208 286+001 138 4.26+0.0l
Infant mildNF_P_19 2.8 447£0.09 160 6.21+0.12
formula INF P 20 2.8 5314002 190 7.48+0.03
(powder) INF p 21 2.8 5.00+0.07 179 7.14+0.10
INFP22 28 500£000 179 7.14+0.02
INFP23 28 4894003 175 6.99+0.05
INF P24 28 4694004 168 6.70=0.06
INFP25 28 4674005 167 6.67+0.08
INF P26 28 5254024 188 7.29+033
INFP27 28 5914002 211 8324003
INFP28 26 4854000 187 7.00+0.01
INFP29 17 3134002 184 4.73+0.03
INFP30 17 3.00£005 176 4.50+0.07
INF P31 215 334006 155 4.990.09
INFP32 21 3224004 153 4.91+0.05
INF P33 232 3264003 141 4.59+0.05
INF P34 241 345021 143 4944030
INFP35 2 5074081 253 7.88+126
INFP36 2 2384007 119 3.63+0.10
INFP37 2 4324028 216 6.67+043
INFP38 1.6 2104005 131 3.12+0.08
INF P39 347 4354030 125 6.49+045
Infant milk NELL_1 2.0 470+0.04 235 6.81+0.06
formula INF L 2 2.0 435+£0.03 217 6.30+0.04
(liquid) NF L 3 25  503+005 201 7.26+0.08
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Table 12. (Continued) Determination of biotin in milk formulas

(n=3)

sample la(b:;d contents  Result COF:Z?tS

100 mty H&/100mD 0 05k cany
FUE P 1 25 480+008 192 7.17+0.12
FUF P2 25 489+0.17 195 7.40+0.25
FUF P 3 28 5124008 183 7.53+0.12
FUF P4 28 5064044 181 7.45+0.64
FUE P 5 2.0 284+0.03 135 4.05=0.05
FUF P 6 21 338+007 161 4.83+0.10
FUE P 7 252 4464009 177 6.18=0.12
FUF P 8 280 4814003 172 6.77+0.05
FUE P9 28 496+007 177 7.18%0.09
FUFP 10 28 551+0.12 197 7.98+0.17
Followup FUF P11 2.8 499£0.14 178 7.23+020
milk FUFP 12 28 4274008 152 6.19+0.11
formula pyp p 13 28 4554004 162 6.49+0.05
FUF P 14 28 3.53+£0.09 126 5.12+0.13
FUFP 15 28 4.12+001 147 589+0.02
FUF P 16 28 445+£0.07 159 645+0.10
FUF P 17 34 553+0.15 163 8.03+021
FUF P 18 34 487+045 143 7.07+0.66
FUEP 19 2  3.18+001 159 4.97+0.02
FUF P20 20 4594006 230 6.81+0.09
FUF P21 2.1 459+0.15 219 6774022
FUF P22 504 659+045 131 1029+0.71
FUF P23 641 654058 102 828+0.73

of 94 ok, FA FHe] 284S 9
AE AR O AR MRl BAES uha
A sty AR MEeR 3R vew

1 sl A9 URe] Hol LCMSMS

T AFES W

o

o
|o
H

HA|

A, A, AEA EHffH ngzqom 5~60 ng/mLe] &
T QA R*=0.999 o]Ate] 943 AL 3ele 5
Ao, LODS LOQE 27t 0.10, 0.31 ng/mL ©] S th.
CRM (NIST SRM 1849a) & ¥FEZ H7/PHS o] &3}

A S AESILH, CRMANA 103%, A &-fol
101~104%, ZA|%-folA 99~101%2] 3|+&S AT
ARt AUAE AEI A7 AE AFF wE A

_&

3

EFHA7F ZAER 0.4~0.9%, ZA$F1.4~1.6%Z 33l
stlom, d@dAe wE TGS ZATFAA 1.3%,
ZA ]%%01]/\1 1.2%2 131}

2 AolA ggE BAHS A8t AT 397,
ZAF 37, A7 EXAER 231 5 HU /e
ZAF7 6570l sl A& AEE AAg A3 HA

AEANA B0l golstgon, BE EAIE A

KeN
=

10.

I1.

12.

13.

14.

shalalaln.
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