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Determination of lactoferrin in milk-based infant formula by liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of lactoferrin in milk-based infant formula by
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods  Lactoferrin was extracted by
urea-ammonium bicarbonate buffer, reduced with dithiothreitol, alkylated with iodoacetamide, digested at 37 °C.
Afterwards, the lactoferrin was quantified using the derived signature peptides using liquid chromatography-tandem
mass spectrometry in positive ion mode with correction of isotope-labelling internal standard. Results The method

showed a good linearity between 0.00080-0.16000 pmol/uL (correspond to 10-2000 mg/100 g) with the correlation
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coefficient #=0.9997. The limit of quantitation for the method was 0.0020 pmol/uL, which was equivalent to

25 mg/100 g. The recoveries ranged from 89.71% to 106.28%, and relative standard deviations varied from

2.96%-4.15%. Conclusion The proposed method has good accuracy and specificity, as well as high sensitivity,

which can be used for the determination of lactoferrin in milk-based infant formula.

KEY WORDS: milk-based infant formula; liquid chromatography-tandem mass spectrometry; lactoferrin; signature
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Fig.1 Flow chart of research and analysis
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B% 1 (SFQLFGSPPGQR, #lifEf =95%). FRAERLEL 1 [Af Bhr
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(GSNFQLDQLQGR, i =95%). #HEIKEL 2 [ ZhRic
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1.2 UFE5E%

APUS PLUS AH 35 (BLER I BB A RA A );
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IKA ZA7]); K-80 Y H HVE T /KA ( Eil—a R A BRA D),
D-63505 fH I FRA (FEIR U RBHEA BRA A,
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K- IEE RO AR RE, IO ST R ) 100 pmol/uL
A o TR B 0 N A TR B I 459, —20 °CRA T RAE, A
RO 6 S o A3 IR W EBURR T K B AN [R5 28 AR IE A5 U
& 1mL T 10 mL 250, F 0.1%H BR7K- 2 5 1 i B
B, W SRR E 10 pmol/ul AT HE AR,
20 °CLAFORTE, AW 3 NH o 4 BIER I br i
FRENE 4 1 mL F 10 mL A8, F 0.1%F BR/K-2 5%
W R 20, Bedl i B 1 pmol/ul IARIE T4E
o 2~8 °CIRAF, BLFIBRRL

WERFREBUE LR B HESS 1.0 ¢ F 10 mL 250,
T/ BB AR R, BEEA R 10 mL /BN 4R E AR
HEA B TR
132 $Lék&E A RIRAH 7

VERIFREL 1.00 g (£0.05 g)idke, FHIRE-RIRE L nh
WA E A2 50 mL, T(60+£2) °C/K¥ Nk 30 min,
RS, RS EHEER. B 500 pL FREHEREET 96
FLARH, A 40 pL DTT, WHERA, F(60+2) °C/KIEHN
30 min, BREHEFIRFTIIA 40 pL 1AA, WiER A, #
Fe0; 30 min, B 20 pL A RAE 5T 96 FLARH, A
60 uL R S TR 5 40 pL R g, TR, (37+2) °ClER
it} 2 ho
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ST R M SRR T 1000 mg/100 g (AL, AT
Ja IR 50 uL, JINA 50 uL HERIK-ZREHW(80:20, V3V, 0.2%
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BRI S RE 1000~2000 mg/100 g HIKES, UG iR
50 uL, JIA 100 pL B E/K-ZAEHB(85:15, ViV, 0.15%FH %)
5150 pL 0.02 pmol/uL AR TAEW .
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f4,4i% #F: Phenomenex Kintex C;g (50 mmx2.1 mm,
1.3 um); WalA: A: 0.1%H FRIKIEW, B: 0.1%H K- JE
W PR 0.35 mL/min; FEIR: 25 °C; MEFEER 5 ul; B
YEMRAER: 0~1.0 min, 90% A; 1.0~4.0 min, 90%~65% A;
4.0~4.5 min, 65%~10% A; 4.5~6.0 min, 10%~90% A .

QBTG4

B BB R IE B T (electron  spray
ionization, ESI+)Bi; BTz AL/ 4500 V; FIH##A:
22 [ v W i (multiple reaction monitoring, MRM); J#AEE £
ML 450 °C; FUiESHLE 1.

F1 2MIAKBEARBERARYNRIES K
Table 1 Mass spectrum parameters of 2 kinds of lactoferrin
peptide and their internal standard substances

EVER X ERE X KRR AHERER

B
= (m/z) (m/z) v v
9/698.4 4 14
SFQLFGspp 060-9/698 660.9/698.4 ’
GQR 660.9/554.3 40 12
681.9/829.5 40 9
GSNFQLDQL 681.9/829.5
QGR 681.9/232.1 40 12
SFQLFGSPP
Gorr | 665.9/708.4 / 40 11
GSNFQLDQL
QGR . 686.8/839.5 / 40 11
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I I 1 A 5 & A 4R B} (Bovinae), HiE S5 TR Bt
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BE I P e T R s

AR5 1 RE R AR R BEAG IS S AR s AR T AR
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DRAAHVKQVL
GTEYVTAIAN

31
|

41
|

51
|

SQPEWFKCRR ~ WQWRMKKLGA PSITCYRRAF 60
YKLRPVAAEI ~ YGTKESPQTH YYAVAVVKKG 120
LRPYLSWTES  LEPLQGAVAK FFSASCVPCI 180
YSGAFKCLQD  GAGDVAFVKE TTVFENLPEK 240
SHAWVARSVD  GKEDLIWKLL SKAQEKFGKN 300
SKVDSALYLG  SRYLTTLKNL RETAEEVKAR 360
ATASTTDDCI ~ VLVLKGEADA LNLDGGYTYT 420
GYLAVAVVKK ~ ANEGLTWNSL KDKKSCHTAV 480
APCADPKSRL  CALCAGDDQG LDKCVPNSKH 540
TNGESTADWA  KNLNREDPRL LCLDGTRKPV 600
LHQQALFGKN  GKNCPDKFCL FKSETKNLLF 660
LKKCSTSPLL ~ EACAFLTR

2 AFLBER AR

Fig.2 Amino acid sequence of bovine lactoferrin
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TR|Q6LBN7| Q6LBN7_BOVIN KSRISFQLFGSPPGQRDLLFKDSALGFLRIPSKVDSALYLGSRYLTTLKNLRETAEEVKAR 333

SP|P24627 TRFL_BOVIN KSHISFQLFGSPPGQRDLLFKDSALGFLRIPSKVDSALYLGSRYLTTLKNLRETAEEVKAR 360

TR|C7FE01|C7FEO1_BOVIN  KSHISFQLFGSPPGQRDLLFKDSALGFLRIPSKVDSALYLGSRYLTTLKNLRETAEEVKAR 342
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Fig.3 Alignment of bovine lactoferrin based on database searching
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ik i
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A3 84 B ] /min {5 B B 7] /miin
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Fig4 Typical MRM ion flow diagrams of GSNFQLDQLQGR and SFQLFGSPPGQR

222 EHEMHEA

SeJa K F Waters Cortex Cig (2.1 mmx75 mm, 1.6 pm),
Agilent Poroshell Cig (2.1 mmx100 mm, 2.7 um) . Phenomenex
Kintex Cjg (2.1 mmx50 mm, 1.3 pm)@ ST T @i% 55
B AR, 45 2R, SR Phenomenex Kintex Cig (2.1 mmx
50 mm, 1.3 pm)EFEHS 2 I )% (6 min AT RASERL 1 44
TG PR ) . 4 AR K B B2 I JE] 3E ‘B (SFQLFGSPPGQR,
4.10 min; GSNFQLDQLQGR, 3.57 min). JFTHE/N, filik
FEZALETEAL A TRAIE IR BER 73 25 70
223 RiEEHA

X BTG A AT T LA IR | 55 B e RN A
ALt SER R 1 RIS EOE, KW 2 M
TERBema N RAF . JCR 50 BB GR, GEH TR BLAt s Ak
PR B . HAT RO B HLE 55 1 T U T8
23 EEfEMEEEREMIEE

R EERAE AR BO FLBREE PR Al o BEES A AT BE P,
ATy R Y AR A2 o BROGZIE R T A S FL R
FI8k, HAbZH o35 20 LR YR 4 A4 B R ARRL), SR IR HE
WS T R S AT HOX o

3 531 AR VUK B v W -5 LAk A s T VRS L L 0
W UEATES N A S2 5, £E 50, 100, 500 mg/100 g K |
A A FLEREE 1, 20 ) 2 ] 20 LB AR 1 R JoT DG I A v

B 2 R AR AL P B3 0 7 s o o 2 R AT 2 B2 A, [l i 2R

JI_JJ%% 20

ETEENBEHERR S FAKERNRME R
(n=6)

Table 2 Comparison of add recoveries of characteristic peptides
based on soy milk powder and lactoferrin (n=6)

W5 f6/(mg/100 g)

*2

oS T T ik
/ fng] 172(04:%) RAREN SFQ?;JE}&P&GQR
CERVERCERIEMZD gt tiek)
50 46.70+1.71° 48.30+1.77°
100 95.19+5.89° 98.44+6.09°
500 492.54+4.00° 497.66+4.04°

T A —47 A ) 7 BE37m JE e 3 122 57 (P>0.05) .

tie 2 AL, i A E AR IKBY SFQLFGSPPGQR %4
Tl ARV R b oA I R T S 5 fofT R A Lk B T R ST DL 1Y)
4 F I B 22 ] (P>0.05) . 7R 0] DL SR B ARAE K Bt
SFQLFGSPPGQR 1y & 5t AR B4 LR 2 1 i 2 il
FE ST
LR IR, EMEFFEIKB: GSNFQLDQLQGR Y E
ST HT A SR B AT AR LR AR L SRR I B 1
BRI, $277 GSNFQLDQLQGR MBI s AR s
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FIZRRBAE S P R B R LA, (AL EA5 R e
PR3 T DA A R Bk H .

ARSI, B ARB R BT SR AR B Y
U150 F 2 A5 R ik FZ MR B AR B P Y BNR BE R LA, &
DNDKE 5 M) fre 24 2F FLAKFR 10 5 RS SR, AR 6 SR
FEFF AN X — 7 A TIRIE
24 ZMSEEIREZR

R EER PR KB 75 A 5 TR M Bl A e kv
e R BRE Al E ALREE EsRA AREER, AR
T EFMEARES SFQLFGSPPGQR #47 T bRtk iz,
2R RIZE B KB EEAE 0.00080~0.16000 pmol/uL(FH24 T
10~2000 mg/100 g)fEREINIIA RIFLM X R, FrEdriE
g Y=11.7X+1.08x107*, r=0.9997, I i JEHE S E BT
2L UL 10 RN (S/NY R R = RN 0.0020 pmol/pL,

AHYF 25 mg/100 g, W 21N RR AL 53 0 FRYE L
25 EMESHEEE

o AR ST A ST 1 1 ol 5 A LR 4 LB 9k
(0~6 Hi, 2 B Tisin B, 24 e i 355
W 2F S I AR IR B4 (113.0043.08) mg/100 g (n=6),
ISR 100, 500, 1000 mg/100 g, FNERAEFITHE
MR, S5R L 3, RN, Sarlix &Lk 24l J LA
PRI FARE D HENE, EEOLH 3 M EREA AR
PERREA IEF T 2 BB, L4 FLEE (AR IR 43 3R
(81.50£2.15), (153.80+3.26). (452.40+£2.98) mg/100 g (n=6),
ZER LR 4. S5RA3H, IRTE 100, 500, 1000 mg/100 g Y
BIACE- F, BRI 89.71%~106.28%; % A S BLHEN
ESE R B R, Ik 0 M X AR UE W 22 (relative  standard
deviations, RSDs)H 2.96%~4.15%, IR AT

F3 HIAEBYIESTB DI AKESMIREEERLILER(%)
Table 3 Recoveries of the spiked samples at three different levels (%)

‘ YR
VSR £ /(mg/100 g)
1 2 3 4 5 6
100 98.44 92.00 98.92 97.52 106.28 101.20
500 98.33 101.90 89.71 98.33 98.45 97.87
1000 97.76 99.37 99.37 97.53 94.54 95.46
x4 ENEYEIBRER
Table 4 Results of in-house reproducibility
‘ Il %E {H/(mg/100 g)
REA G 5 AR TR AR RSDs/%
1 2 3 4 5 6
86.14 84.19 82.00 83.38 84.42 88.21
FEAS 1/81.50 mg/100 g 80.96 79.70 78.55 78.89 87.06 80.27 3.98
82.23 77.97 81.08 85.68 86.03 87.75
155.26 167.91 167.91 163.31 171.36 157.56
FEAR 2/153.80 mg/100 g 162.16 161.01 167.91 159.86 154.11 162.16 2.96
163.31 167.91 163.31 164.46 158.71 167.94
480.98 447.03 460.48 465.88 503.63 498.18
FEAS 3/452.40 mg/100 g 496.03 497.98 499.68 456.48 472.98 497.98 4.15
463.48 459.68 468.68 449.68 477.18 450.03

2.6 SERRAEGRNE

ILFHATT I T TR 7 FIASIE] b AR [ B )
B2 LT WS, A INAS SR A 5™ i A A FLER R 1A
FEHIS & T SRR, IR R A 7
AAAEB BRSO, 53— 5 AR R AT i I 2 (S
AR R Z AR 225+

it B2 S ] RE A4 I DR BT A LIS T W i A7 T
A E AR BRI AR A | SRR ),
o R 2 S EUE LR AL Uik R A S R R
FUBRER FURTEARTE, A3 A= FLEk 8 A i & i A PR s 1,
A RE R SRR SR S 2 2 R PRSI R AR B A SRR
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