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Uncertainty evaluation of determination of lactoferrin in infant formula
milk powder by high performance liquid chromatography

ZHOU Rong-Jie, GE Cheng, YI Can, ZHOU Jun, CHU Xiao-Gang, WANG Cong*

(Ausnutria Dairy (China) Co., Ltd, Changsha 410200, China)

ABSTRACT: Objective To analyze the uncertainty of determination of lactoferrin in infant formula milk powder
by high performance liquid chromatography (HPLC). Methods By analysing the uncertainty of the standard
materials used in the experiment, sample processing, measurement repeatability and recovery rate, the uncertainty
model was established to calculate the combined uncertainty and expanded uncertainty. Results When the content
of lactoferrin was 64.9 mg/100 g, the synthetic uncertainty of lactoferrin in milk powder was 0.023, the extended
uncertainty was 1.5 mg/100 g, and the content of lactoferrin in milk powder was (64.9+1.5) mg/100 g, (=2, P=95%).
Conclusion This evaluation reveals that the preparation process of standard solution and working solution is the
most influential factor of the test method on the results. Therefore, specification should be strictly followed during the
operation procedure to improve the reliability of the test results.
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B LI T AME RN B EEYZ—, &% H
FE, X T HA T bR ARt B V1560 . miAs I
FErf, M FIRERIEAE, WSS RS Bl 2 1) a2 A e —
FEREERNWE, Hib, b T ESC RS R e, =Xt
FEHEAT I S AN A BE B, AN BB N, Ao &f SR iz
VT EAH, RIS AR o I Nt o B A e )
ani QAR e S G

FLRE I XRR AL R AZ R 1, 2 — A IR A kG
HREENP MR, FLBE M A 2R IhAE:
ETT7 SN /11 5% 11 IR 8 v B 0 = N 1L = £ 2 O S i
oG i I S R i e Ty R A B A LIy Rk R s L
BREE M, AT SR 40 LI 8 95075 | 1 T8 9555 114 g 31471,
R ILE K R BRI, SRR S R B WA %
TRK I 25

XEFFU P FLERE (I RORI, HRTIT A BN
Lkl R e vk U O R A (g 0 R
FH 10 55V €0 T A ) LAk B AT B T B AR L A
W e, ARSI BP A ZMAMENR, HERT
o s R A € i ) S Sy L 5 LA PR L R R
ASHRE BE M AT IR3E, R ARBF ik HE JIF 1059-2012
PLR JIG 196-2006" 711 Xt Lk 2R (1 ORI 45 SR T TR
i 2 BE AT, 0 S B A AR R 4% TR R A OB R S,
TE RIS R E B FE N K, DU s AL
BREE o A R R, VB L P AL E A R
PR VR I SR B2 A i

2 MREREE

21 UESEF
Agilent1260 # = R € 1% 2 T iy 28 SMG I 2%,
X E LR AL A PR F]); ME204E B 43 1 K AF- (G 1
METTLER TOLEDO 73 #); SB-5200D #75 Ji k % e (7 9%
BZHBRATD; 3K1S BB VRELHLEERE SIGMA A F).
FLAEAPRUES: A0EF =95.9%, HAS WAKO A+,
(g, f5E CNW AH]); —HOR . MiRE
WL BRRR . SRR, KIBRMERRA R, LR
% K R Milli-Q BB 467K ; 0.45 pum 7K ZR B MR (IR 24350 7)),
3 mL FEEMECL R EIEER).
22 ZWHE
22,1 HSwEra®
DL RS2 B ARE £ 0 ZLAR AR I i (iR
LAY ) A ST
222 HEORAEELA
A Symmetry300™ Cy 4 (4.6 mmx250 mm, 5 pm);

FEMR: 40 °C; WRBhA KL (A 1% = F L BR LB, (&=
MR ZE=1:1000 V:V); B:1% = ZBR/KIER, (M
M2:7Kk=1:1000 V:¥), AL 30 pL; B K: 280 nm. FRENAH
PR Y L3R 1

F 1 ORENEEEEE
Table 1 Mobile phase elution gradient

Al% B/%
i} i /miin /(ﬁfnn) %= RN 1% =Rk

sl I

0 1.000 30 70

5 1.000 55 45

10 1.000 60 40

12 1.000 30 70

16 1.000 30 70

223 HAEAR
B FLERE O & e ()T
 OxVyxI3x100 |
T mxV3x1000 @

i

X WA FEBE A SR, mg/100 g C: pidnERl
AR AR P LR LU RMRBE, pg/mL; vy iUE R IRER,
mL; V, iR SRR 008 A5 MR, mL; Vs R W 8 A5 ARR,
mL; m: IRAFERFRAE &L, go
224 FikkiEidse

SRR SZI A WO B 10 mg/mL AR I it £ TR
AR FE B2 20.0.50.0.80.0.,100.0, 150.0,200.0 pg/mL,
I 6 AN AR HE ARV VB He /N B R BRI 43 3 3 4,
VLR DU Py 1 e B R A Al b, R 0 A 5 5 B O AR A,
il b et Ze, 15 2000 2 Ze kY N I 2tk R AN AR ¢

FrPREE R 1 ANBLEC T Wik AR S (B
BRI BETEE W), X F—FRIET 15 ROP7585,
T35S 25 {5 FAH T B HE J 22 (relative  standard deviation,
RSD), H1538I4 5 R %

WIS AR S0 AR 2 2 4 LI FUR AR AL, 1
B3 AT HEAT S8, 43202 30, 60,
120 mg/100 g; FMEMACTAR 3 AFATRE, —3L 9 AN Ibeee .

3 HER5HH

31 FEEUESER
NHZ Sy B AT IR, RIS R L 2,
HHEFRUE GB/T 27404-2008¢ S2 56 i B P HI ML &
i ERARAG I ) U912 0y vkl 2 SR 4l LIy Lk P Lk
B 5E o



555

JRIZRAN, A P R RGBT Gk I 40 LIC 5 FUR P LR EE 13 o A9 AN o 1637

32 THEESENEEXRIE

SR ER LI vk, AHEE FENNE RS M B
S AL B AR AR SRR . E SR AR IR | AR T
VTR P Aok R e A T A B v I 3L A X TUAS T 5 T o
3.3 IAHEETFE
331 MEBEAMEZBRGYRALE

FREUA] —HE R B FUBHRFE AT 15 ROPATSEER, AbBE
SR AT 4 R I 3.

BALYR IR A S B0 VARG 22 A

S(X)
uml(fmp)_?77
332 HeuH&IAEIIANG T EE
(1) FESFRES|ARIATHE R
FRIBURE &l 1) T o 3 2232 8 RKOF R HE R ), R
T W AL RV (9 LAtk F0 4 B T A~ i
TR RHIE R T REZeE 1+0.001 g,
R FSETE A3 A b B, bR AN 2 R
0.001

u(ml) = W = 0.000577 g

KAV-B I HET1: R T KRR, R 315

=0.00847

s@) = |E=Ki= X0, N R R B R T A
n—1 0.0001
o u(m,) = = 0.0000577 g
I T B A MR BRAEAHE JE stpet(foep) W V3
FT2 FHAEWIEER
Table 2 Method validation results
UFS AL B IE 2,
e HE S5 B /(ug/mL) 20.0. 50.0, 80.0, 100.0, 150.0. 200.0
2k By Y=1.75906X-8.4801
FHK R 7=0.99834
iR JikE R RSD=3.28%
I R i e iR 95.89%~100.54%

#3 HENEREITEER

Table 3 Sample measurement data and calculation results

BERRIE  FRRCFHIE

EE BB At

i AR g C/(ug/mL) C/(pg/mL) X(mg/100 g) X/(mg/100 g) S/1X) trlfer)
1 3.0254 78.952 65.2
2 3.0142 72.009 59.7
3 3.0558 79.874 65.3
4 3.0044 75.422 62.8
5 3.0042 80.207 66.7
6 3.0093 78.194 65.0
7 3.0036 78.879 65.7
8 3.0266 79.859 78.337 66.0 64.9 2.127 0.00847
9 3.0039 77.075 64.1
10 3.0026 79.219 66.0
11 3.0448 82.441 67.7
12 3.0548 82.995 67.9
13 3.0052 74777 62.2
14 3.0101 77.128 64.1
15 3.0087 78.023 64.8
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FH RS FR 2 BT 5 | A AR TN B 22 B mT AN & 1l
u(m) = {u?(m,) + u?(m,) = 0.000580 g
FERFRE T AR ARX AN R

wa(m) ="~ 0.000193
m

(2) HARLHET A A E

TERE SR A AP T A 2% 50 mL FAARER S
21 JIG 196-2006( 5 FHBE B (L f Ao e AR 95, 7 20 °C
B A % 50 mL BRARZEZS HEfA & 22 9+0.05 mL #HETE
I E, T k=3, [ R R AR g A
WETRLBE 5 R AR o B, THE U0 R e

JIG 196-2006 (& SR e R ) e, 1£20°C
Bl A 9% 50 mL BARER 25 AR AU SR AT 2 B8

0.05

u(Vl) = W = 0.0289 mL

A 2% 50 mL FRAR A IR 5 R R 2 u(V)),
TR BEAS YRy A1£5 °C, 20 °CHFIK I K B %k 0=2.08%107 /°C,
IR 51 0 A

u(Vs)= aVAt

V3
M)A G 50 mL HUbRZR 2 R AN E B

u(Vyy ) = VU2(Vy) +u2(V;) = 0.0417 mL
A 9 50 mL PAFRER A OIS | A AR AR R
u(Vsoz)

50%¢

YRl & 1 RS | AR AT o

PR SR it i A VA 0 5 B 3 B A BB R i
IS ARIAESI AR UEAT E B upe(sam) H

urel(sam) = yfue’® (m) + e’ (V s0%) = 0.000855
333 AeARElICE GG KA

I 3 AT INAKT-HEA T SRS, 435 R A B i

=0.0300mL

wrei(V 50%) = =0.000833

1 0.5, 1.0, 1.5 4% ®WATIMATAE 3 A FA7HE. nbrE
e H R L2 4 R 2% 4 EICRBE, R=97.54%(n=9), [Al
3 R BIFRMEIRZE R S(R)=1.673%. W [EIs 28] A FAERT
FRUEAT E BN
S(R)
Mrel(R) = \/; 9 E
Sof [0 g 26 HEAT 0 2 1 40 B DA ) S8 R 45 SR B i 2 7
LA BENSCRA I F fr:

=0.00572

Y CE
Cu] T

AR e I A 0 Y R T — PR S 6 = R
BCEEIER 95%, £ B W AR 8 B TIGFAE N To05=2.306,
T< Toos, WIZRBIENRYS | ZBIGEHEER, ALK
YRR ES AR IE R F fro
334 HEMRINGTHEE

() TAER il AR A E S AR A E

PRUER R IE G R Bl B P A A 2 1 mL BRpREk
B A 25 mL BAREA BN . A9 10 mL B4 4R
Mo

H JIG 196-2006 ¥ FABE A E R ) HE, 1£
20 °CH} A 2% | mL BRARZEI 545 1Y 75 5 f2 22 +0.007 mL,
BUETE Y 510040, W A 2% 1 mL BAPRE R AS IR R S 1Y
ANHE R

i3
7

i

—T§Z=ODWW4mL
A % 1 mL BRI ARG R A AN

u(Vy) & BEAS AL Sl A5 °C, 20 °C B 7K B9 I Ik 2 %K

0=2.08x10" /°C, &I E 43 15:

aVAr  2.08x10" x1x5

N V3

M A 9% 1 mL BABRER IR AN E

u(V3) =

=0.000600 mL

uVa) =

T4 MEREIYERHHEN=9)
Table 4 Standard addition recovery data (n=9)

5 Fitd/g bt /g WRE 54 ng AN pg B R/% R S ER %
1 3.0029 1000.5 1005.8 100.52
2 3.0176 1000.5 993.7 99.32
3 3.0324 1000.5 975.1 97.46
4 3.0128 2001.0 1939.7 96.94
5 3.0318 2001.0 1966.7 0.0 98.28 97.54
6 3.0220 2001.0 1902.1 95.06
7 3.0409 4002.0 3873.5 96.79
8 3.0301 4002.0 3906.5 97.61
9 3.0272 4002.0 3837.4 95.89
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u(Vistin) = Ju’ (V) +u’ (V) = 0.0041 mL

u(Viwsig)
F£ 20 °CH} A 9% 25 mL HAREA BN AE RN

+0.03 mL, BUFTEHI5I50A0, U A 2% 100 mL HARLE 7 )

AT A AT 22 BE A

u(Vs) = f

A9 25 mL BBRER A I AR A0 AN E JE u(Ve)

PR EASE N A=5 °C, 20 °CHFK I IEIK R 5 0=2.08x

107 /°C, FHI 51434

olVAt  2.08x10™%x25x5

N V3
WA % 25 mL BB A T LI AN o S

=0.00409

urel(Vistie) =

=0.0173 mL

uVe) = =0.0150mL

u(Vaswizs) =’ Vs) +u(Vs) = 0.0229mL

u(V 257

urel(V 2swbizs ) = =0.000917

25 HUBRZE
TE 20 °CH} A 9% 10 mL Hppk K mif AR REN
+£0.02 mL, HUEIEE1 040, M A 9% 10 mL BArL AR
PRFRHE SR BB E B -

u(V,) = =0.0115mL

25 b, bR R TAEREC AT AR i 2R A M S A B
AHEE S EILE 5. mE 5 BEEAbRIE RS TAER
JE 2o A AR | AR E S o (Viaa) M
wel(Vad) = 18 Visstsie) x T+ Ixtirel Vasiisn) + 6 xtu e Viowtaz) = 0.0113

(2) FriErTZ S| AR E
FH SRR AR 8335 43 B % 3R B0 bR e W R T I E, 15
FIA D AU T AR, Fd/N IR EIAT RIS, S BRI LAE
AR Lt B 5, 2RI 6,
A 6 B, XHAEENE 15 Wk, MELs R IE 3,
TRV H LR R 11 I F YR 3
C=78.337 pg/mL
DUV v R 22 3L PR AN 2 3R
u(Cay =50 Juuw—az
O PRI SRR
KA, SOV MR ZERHERZE; b AR, b=1.75906; a K
TR, a=-8.4801; p AR EL W I AE BB, p=15; n MR
TEWINE BEL, n=6; C RFEWH R 0T34,
pg/mL; C BRI FLERE A E YR B (E, pg/mL; C,
AIFRAER W LR EE F A5 R BE, pg/mL; Y PR
25 25 T AR RE A
AR 6 Buds o= EAs 2

V3
A2 10 mL PRARZR 2 B RIE AR A 5 AT 2 B u(Vy) SO) = el = (G + a)]? 459
VRS E R A5 °C, 20 °CHEK B REC a=2.08x )= n-2 -
10% /°C, HHET 451 401 e
VAt 2.08x10% x10x5 C==g—=100.050mL
u(Vs) =220 2 2208 TR0 ,00600mL
V3 V3 v
U ) Sy |1 1 (C-0)
N A 2% 10 mL HUBRZEZS S AN 2 N u(Caa) =—=— |— R 1.32pg/mL
b \p n Y (GO
u(Viwnsiz) =Ju (V1) +u’(Vs) =0.0130mL " . " L
) DA UE 2R LA 5 A B AR XS R IEATH E
eV romizas) = ) G 60130 C
Tel /T;'O\' == . s
10k rei(Ca) = 4G _ 0168
Fx5 EHRPOESIANMEMIRERHEE
Table 5 Relative standard uncertainty introduced in the calibration of the gauge
g AL /mL A B AN R 5 R %R
A 9% 1 mL HUBRZEM A +0.007 0.00409 7
A %% 25 mL AR SRR +0.03 0.000917 1
A 2% 10 mL BLRAR A H +0.02 0.00130 6
Fz 6 ABTFEAMEMENERBEMITELER
Table 6 Data and calculation results of standard curve of lactoferrin

bR R 1 2 3 4 5 6

e /(ug/mL) 20.010 50.025 80.040 100.050 150.075 200.100
FLAE g R 26.079 73.754 130.185 163.621 254.081 348.884

2Rk e

Y=1.75906C-8.4801
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(3) PRUEDI BT AR E BE

AR HERE B R AL IE | BR i 2R 51 AR VR E ) o o
MU b i 2R AP G AN B 2 B 0 B 5 A b v 5 | ALY
AAXIHREAIE BE ye(std) A :

ure(std) = \Jurer’ (V) + ther’ (Ca) = 0.0202

335 ERIAZTE

FT R 2% AR o s VAN Wl R S JLRE SR b L
BREE A R AR AR MEA T E L uee (X)R:
urel( X)) = wret® (frep) + urer” (sam) + wret” (R) + uret”’ (std ) = 0.023

33.6 ¥ EAFRHZE

AR A5 00 2 AN 80 A S5 V2 i R X — e ) S 5 3 R
BASMER P=95%I, B k=2, ASIRANINASFLERE Ao &
4 64.9 mg/100 g, KA SIS 40 LI FLb 2Lk
EASENY RBATEE N Uskxug(X)x X =2x0.023x
64.9=1.5, k=2, WA FLARE M2 2558 0

X=(64.9+1.5) mg/100 g (k=2)

34 THEESTELSER

LR A WU E B IT A2, = RORORE 0 357 T e %
W FLEREE S AR E B AT A R AR 7. R

PLRBL, BRI DA MR ROK, AR RL R
RRWIZE A0 S M, AT RO A B I, T
e i 905 GRSV TR MORL B A LA
R R S T AW 0L, L (R BRI
P

4 FR5itie

AWFFETIE T FUM b 2LAK B 1 I 1 N
FFZERIE . AR AT E i, i i Bl
SV FERRTAL IR | RE S RIBCR DL FREYI X 4 A7 T,
TSR R AR AN . LR R 1 I 25 SR
(32.3£2.9 ) mg/100 g, (k=2, P=95%), &34k, SBORAH{
TN FLR T LA S R R E R R v, XA IR 2 SR
S B KA R AR VT A TE R . R B bR o M 2k AR
bR, HOR R A M, SR A X 45 R A AN
D] 7 T B VA TR P D R v, B g ™A 1A T RS AR
P, AT v A 6 ) A 38 B RV A . Lk oM T LA 7%
H 1 RACRORE B I F LM v LR B 1 R R R Bk
U8, A F TP S0 R vh SCERAL R, DT 2 e A6 0 45 5
P HERR 1 5 ] S

®7 IHEBEEIENENEMTETHEERERETR

Table 7 Relative standard uncertainty and result expression of lactoferrin content determination

N T E’Eﬁ R b & FrUED) 5T ISR ANT S S B A E FIRFOR
trel(frep) Urel(sam) Urel(std) rel(R) Urel(X) X/A(mg/100 g)
AREA 0.00847 0.000855 0.0202 0.00572 0.023 64.9+1.5
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