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Rapid detection of lactoferrin content in infant formula by enzyme-linked
immunosor bent assay
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ABSTRACT: Objective To detect the content of lactoferrin in infant formula by enzyme-linked immunosorbent
assay with lactoferrin rapid detection kit, and verify the accuracy, stability and reliability of the method. Methods
The standard curve was made according to the instruction of the kit. The lactoferrin negative sample was selected for
the spiking recovery experiment to test the accuracy of the method. A lactoferrin positive sample was repeated 6
times to verify the stability of the method. Twelve lactoferrin positive samples were selected and tested by the kit and
HPLC. The test results of the 2 methods were compared to verify the reliability of the kit method. Results The limit
of detection of the kit was 2 mg/100 g. The recovery rate of the kit method was 101.6%~109%. The relative standard
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deviation was 5.34%. The deviation between the kit result and the label value was —6.90%~6.45% and the deviation

between the kit result and the HPLC result was —6.45%~6.9%, which indicated that the kit method had good

reliability. Conclusion Lactoferrin kit detection method has high sensitivity and simple operation, which can

quickly and accurately determine the lactoferrin content in infant formula.
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BEFLE LB SR m R IR, KRR 7 ik
MRS bR dE . FUERER A . S BREE (LR R S T 1
W 55 AL A7 L P A A T 3 P e

BAE 1939 4, AT ERB T —FielaEm,
B L4578 1 (lactoferrin, LF)2%) 7E 1959 4F M 2 FL Hr 4389 3
o Bl —FHA ZFEYEIRE R B T A B R,
FEAAETHA SRR M AR AR AR EY
K 1.0~32 mg/mL, B4 BH 10 FELTTES
0.02~0.35 mg/mL), i ¥l AEFLEE I 20%, B8R,
FUBREE (I HLA T IS BUE, BUm R B AR, BRI IR 4k
H-, JRCTT R AN M i A A, R E AN A AR, TRTITAL
e e, WaRMUABURRE S, FLEREACIE N &M
TRz v TR A LB 5 Wk R A5 R o R S R

B4y JLIE 7 FLR A 7 Al A 25 % B4 LR Jr SL S vh
(A TC 5 B4 DA T 40 F ARG, PR i 2R &0 LIE ) LR A 23k
JUAF i) B0 BEAG I, AT e % F R I 5CRA AR  2EK,
PR L BRI S A A A R R . B RTE
ARSI LF 9 )7 12 3 5 e Bk ek SR L
WA 0O G i B R A A B, (B RS A
LF & i m MRE i FKIA R E AL R, Fr AAE T
AR At 1 [l ARSI s 5 A ik BE PR 5 LF, R
BEXTHBRA LI P RORE S, TRHAR B i & A A oe Ak
W, WA TRTANE, Had A mE] LF, REC X
BN FLAAR V2 LE T W A T T IRATF R RIS, AHF
5% W FH T IR 4 9% WK i 92 (enzyme-linked immuno sorbent
assay, ELISA), R T8 LA 8 Al 3 ) o e s A ) 22
LT 7 ks vh LAk B 1 A fik, LAY A fi P bt G It
5 FUR AR A M A B RIS %

2 MHERE

21 UHE5ERH

LF30211 FLAREE I Sy kil ) & (P ke d 8 4E
Y AR A FRZAH]); BIO-RAD-608 BEARY(SE E A R 2 F]);
BS224S HLF RV (TEEZEZF /A F]); GENIU S3 & Ak
Vit (18] IKAR VORTEX A #); B #$(200.1000 pL, £
[% Eppendorf /A H]).

12 HEUOA R S 2 2R 40 LT 5L
22 EWHE
22.1 KA &4 R

120500 0 1) OB e 0o 18 R A 8 A BT O vk R AT R
AR P A LR PR (—BD), AL E AAR
e ERRE i S, LR bR o A R R LR R S
FLAR P HURLE &, FAUERVE R A& M bm i i slbE 5 J5
ABEFRCRIZLERE B (), BJa v LRSS
B ZHL, IMAJRPIRF B A, AR AL W5 B b i
O B, FAREFRAE 450 nm 3K T E WG, #E
mb PR G B SRS P R FLEREE T B s BE b . DRI A
1) OD {H NYNAetR, HrRdl bl LB PV B B AL A, 18
FRUERRZE . ARIEAE LAY OD 1H, MAbRHERNZE S EEBORE
ABEARERE . AT BB, FILEE s L
BRI 1 A B U B Sl DR v I 8 A e B 3 AR R A5 B
222 HRehH&

BN & 20 FARA TR, FIRZEKFRE 20
EREH . HETRFRIEL 0.50 g WikiAE ST 15 mL B0,
10 mL BUEKE R, REEUCNFRE 20 £f), KI5
T RV AR W R TR A 200 £, 1RSI B AT TR
M EELFRBAEHCN 4000), AR REALMS FRARE RS
S TE IR S AR E B R B 22 A0, AT DAGE S R sk 4R
FE b B B 2R A R
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BRE o WO B T SR M AL AR T LR |, IR
100 pL A5~ B2 B AR o Sb VA R R BRI A R O I VR
S AIMARELAR P, REPRIE S AR I E AL, 25 CHF
H 40 min; WEF ARV 5 K, A 100 uL EEFRicy,
25 CHFE 40 min; WEE L5 HGVEMR 5 UK, JIA 100 uL JEY
R, 25 CHREAMEE 20 min; BHE 45 RS MA 50 pL & -
W, AP EEAR SR 450 nm KA BWGAE, BRI
A A B FUR R AR TERR 2R
2.2.4 KA E&FHEAA B REE

A S UL B RLE R RS 10 ng/mL, %R F
FESAORE PR A 2 mg/100 g B A B PR 2 LEL
A VE R T ] IOR AR i, e S R i LA B 1 A
IR 2 mg/100 g, B T 6N, FAMEFLFEATHE,
R e S 25
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T B L A 2 11 B g S L ZR P S om0 ol 3000 A
mh, T M LR B AR, SIS 2.0 20,
40 1 80 mg/100 g, ERAHREAIN 2 21, + MR & 75 Tk i
ATAS
2.2.6 KA &7 kAL T MIE

TE IS0 — 7 e B LR A 1 ) B A JLBC Jr B
A, RHEGRE R, R 6 ¥k, THEAAZ,
SRS AAE | AR UEDR 22 (standard deviation, sd) . AH XA 1
7% (relative standard deviation, RSD),
227 RAEF R T EHEIE

PR 12 FPOR TR 2L R B LFU AL, 251k
PR G007 TR AN S AR RS A TR, R RS A
R 2 ¥k, %o EAa I 0 e AR i R TRORE o T R 8 B
BRI & 1 AT S

3 HEREHHR

31 RAFEREREZEREN

B & P R A AR AES (0. 10, 30, 60, 120,
240 ng/mL)#% 2.2.3 W BRI TE, SEHEST 4 AR HER
2k, T ML 2 ANRLLPAT, BT OD fE K78 55 R AL
(CV), W3 1. DAL Ik B i Ae bR, OD {H h A ALH,
PR A P BSR4 dIbriE 2, etk R
W2 1.

N 17K, 4 4R Il 2R 56 R 8050010 1, °=1.0000;
1,%=0.9997; ry*=1.0000; r?=0.9999, i B34k H (W T e
10~240 ng/mL i ML C R REF .

32 WFAEFHEK L REE

FEIRF SR A3 B ehr, A s BRSPS Sy &
B RE ARG H PR R SR RS R REAS MERAG I 2] B AR
AR B AR S ik P, R RS HBRH 2 mg/100 g
TEECELAK AR 1 B A B LU R S B o DR A 5, 1)
Hh AP ARESS, WRINER 2 mg/100 g, ML
17 6 Has, BAMEILTATRE, BllFfFidRai R, 45
W2 2.

M 2 SR A, 6 Hu KT E R
2.04 mg/100 g, sd 4y 8.7%, RSD Hy 4.3%, UiBATERE LIk EE
2 mg/100 g K70 £ AR I 45 21, 50 & A ARG s PR
72 mg/100 go BEH L flb X F LR R AR A 75K
33 WHERAEWEXLE

FEIRT SR A3 B e, vk 0 M R RS S R [l
WM, HRUP R 2.2.2 FTRESL AL B, 2.2.3 LRI TR
W, PRARI S A AR R R,

E0NFR 3 R, WIS 0 mg/100 g A 18 R
AIRPILREA N &R, TR IE T AR, K
ZH CV IR 1.1%~8.3%, [FIAN 101.6%~109%, L5543
HH LR o T 2 AS ) e B8 o5 34 5 4 vy T s 6

F1 IAHEBEAMERTKERODE
Tablel Thestandard solution concentration and OD of lactoferrin
FRUE b (ng/mL) ol 5 5
oD, CVi(%) oD, CV,(%) OD; CVi(%) oD, CVi(%)
0 0.054 5.2 0.050 6.7 0.056 6.7 0.053 5.1
10 0.147 8.2 0.135 2.1 0.153 1.8 0.138 1.5
30 0.313 0.5 0.301 2.5 0.332 1.9 0.316 2.6
60 0.521 0.5 0.503 1.5 0.552 1.3 0.533 1.1
120 0.862 2.7 0.815 1.2 0.887 0.3 0.885 0.5
240 1.387 3.2 1.326 0.3 1.402 0.5 1.396 0.5
2t re r1>=1.0000 1,>=0.9997 r;>=1.0000 rs=0.9999
F2 HEKRHRER
Table2 Resultsof the limit of detection of sample
wm 1 2 3 4 5 6

KM {E (mg/100 g) 2.11 2.05 1.89 1.96 2.08 2.13

SE-H1{H (mg/100 g) 2.04

sd(%) 8.7

RSD(%) 43
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34 RFEHEaEMSE BRI SAS I gk 0y Al S, RBOR bR 12 ALk

P E2V ¥R Al i R o = I e s &6 2 RS
25, DI RN ZS SRR et . I 1 N zLAek
I BALEC A A, BRI 6 Ik, HEA-FAIME FRiE
2% (sd) . AR DR 22 (RSD)

L5k 4 R, KPFAESN 59.33 mg/100 g, sd i
3.17%, RSD K 5.34%, S5RFINZFN 75 HA RIS .

35 WFEHEAEMERE
FLERER F R ARGy i o ik, T

A BHPER B LS TT 208 (2 MR bR 7R 3% i), 23R
JH TR0 3B 2 v RN R & i B A AN, A i g
JrkiaEE 2 R, BOPME ., ARG AR g R a5
o 255 (R w0 3050 A € % T ARG T 45 SR AT HL AR, T 2,
BRI £ 5 T e A S

gEAngk 5 PR, AF SR TS LR i O AR A
1, 2570 BTE—6.90%~6.45%, 1/4 HIRE LA TG R 22 5 0;
RGN )y 722 o R SRR LS T R 45 5, (22 Y 1l
E—6.45%~6.9%; HLnl LIEE, A &6 05k g

#3 AHBARWERENER

Table3 Recovery test resultsof lactoferrin

Vv R T R fi FHE cv fal e %
mg/100 g 1 2 mg/100 g % %
0 100 0.71 0.73 0.72 2.8 /
2 2000 2.78 3.02 2.9 8.3 109.0
2 2000 2.71 2.8 2.755 3.3 101.8
20 4000 21.61 21.37 21.496 1.1 103.9
40 4000 41.23 43.29 42.26 4.9 103.9
80 4000 83.95 80.02 81.985 4.8 101.6
*4 E—HRKENGETHIE
Table4 Thetest statistic value for the same sample
Lk A 1 2 3 4 5 6
KB (mg/100 g) 55.64 57.18 61.6 59.97 57.48 64.12
I (mg/100 g) 59.33
sd(%) 3.17
RSD(%) 5.34
®5 TREHRENERG T
Table5 Thetest statisticsin different samples
WIMFLRE 2 4L 7 PRA(E ELISA #3354  ELISA 5#5%  HPLC #&#ll°F  ELISA ‘5 HPLC
[k (M mg/100 g mg/100 g {ELf 22 % ¥{E mg/100 g 1B 22 %
G4 LI Iy Wy 073024 30 32 6.45 31 3.17
3o I W kY 073123 30 32 6.45 30 6.45
o I Wi kY 072701 30 28 -6.90 28 0
e L LI Iy Wy 082611 30 28 -6.90 29 -3.51
B AR RBILI T Y58 082671 30 30 0.00 32 -6.45
R A 2 4 LIE Wby 092964 30 28 -6.90 28 0
R 4 2 M LIE Wy 122723 30 28 -6.90 29 -3.51
BR AR REILI T Y5 122983 30 30 0.00 31 -3.28
3o I W Y 133123 30 32 6.45 30 -6.45
G4 LI Iy 133024 30 30 0.00 28 6.9
e L LIS Iy Wy 142611 30 32 6.45 33 -3.08
R A A LIE Wy 142964 30 30 0.00 29 3.39
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