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Abstract: Milk protein is an important component in milk and dairy products, and its content and composition are important
factors influencing the functionality of milk such as nutrition and immunity. Protein components in milk are complex, and
the content of different components varies greatly. With the development of functional properties of milk protein, it is of
great significance and value to determine the content of milk protein components in a faster and more accurate way.
Currently, enzyme-linked immunosorbent assay (ELISA), capillary electrophoresis (CE), high performance liquid
chromatography (HPLC) and high performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS) are the
main methods used to determine protein components in milk. In this article, the measurement principle, applicability, and
the characteristics of these methods are reviewed, which could provide reliable technical reference for accurate
measurement and establishment of a novel method in milk protein evaluation, while this could also be a theoretical support
for dairy nutrition research, development of dairy products and infant formula optimization.
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Fig.1 Schematic diagram of ELISA

1.2 FZENA
H mrAs [ FLIE A FLEE FH BFEE s e i1 & 1A i

TR S R 125

F 1 FLEAARRE R E T LA T
Table 1 Comparison of different quantitative determination methods of milk protein
g FERAb B PIRES SHSY DTk
LR 1195 55 i b LT, BRI D, e TLD R ILODK2 me/100 g, FHACHAE01.6%~109%,

AR LS,
HEAL SN 2 6, [

BIE.

fE—E AT, A

PURHR STl B AR R
TR, B AR

a FEIMAIRE | #h

BANE TR P o A PR,
ik PEF T RS 3 1 R b sk B I8 45 pH4. 63
TiSEBL B VERREE .
a R 5pHA. 6L
FRRLE RS L
FAORAM TS EEEE A %u%%g%m
) Afkry R T FRERE
IR T o AR AR 2 .
o W 75 3 77 725 A
B
e L T
F e EWkEE s b T
IR Ba R E B g o it

HZH &

ke, IBEEE 1 M

HERERE AR B E A
PEFe AEANBEIR] BN 2 A 7]

FLEHATE .

SrES TR, FTs et D, @&

Fr i LI A I E e v

o A BB AR I

BRI R 2, AR
E HARER H AN R A AT A
HT7 vk, AT A E) BLAF 8O
OISR, KRR

el S &, A FLE A
o et T i, WS 2
FFLER Y RN E o Ak

HIZ I B, T A 5

RSDN5.34%;

T 2R (2R PR FE10.5~13.5 pg/g, TIAE HEH BE99%!;
B-FLEREHLODHN0.038 pg/mL, LHEJEHE0.047~
1.50 pg/mL, #1562 %70.9923, kiR 228.88%!",

FANFLER T A OC R B K F0.99, MIIKKE8.1% ~
110.8%, RSDA1.76%~3.28%!"); FL&kHE FALODFLOQS
21,70 mg/100 mL, Ml #H87%~112%, RSD4.4%~
12.1%,

AFHFLIE 8 1 414LOD40.002 /L, HIEREK T0.99, [k
#93.0%~97.0%""1, FLEHE TLODHILOQS H H70.57
1.90 mg/L, [FYLR 7351 4988.3% . 90.2%F195.1%; 1gGL
HFF10.2~5.0 mg/mL, [IHi%86.0%~117.7%0.

FLEEHLODMLOQSM 438, 11 mg/kg, M1 Z74.5%~
103.6%, RSD7.7%); £k :3 il - 3L 14 2 F440~1000 nmol/L
HB-FLEREE F180~2000 nmol/L, LOQ}40.02 /100 g; Jinkx[al
W H84.7%~95.6%, RSD A 1.6%~5.8%), A-FLERHE 14k
PEFEFEI2~100 pmol/L, LODFILOQZ3 ) 40.2., 0.6 mg/100 mL,
RSD/hF6.2%54,




- 398 - £ Tl B4

20224 2 A

A= fh, I AFL SR . FLEA R . FLERE .
HMEE A ZL AR R S

FEKAREET @ LX) p-FLER SR A TR, H A
B-FLERIE AP UARICEY TR 1eG i S bl — P, i
T4 p-FLEREE (1 & [A)32 ELISA M5E )ik, IF
DA v 80 A £ 35 125 AR He X v, B8 E T TR 422
ELISA Jrikpynldett. p-FLERE I Z2FLEE AT
FEST, W A LR P O, A e R AR Lk
PURU)E ELISA Jriknl M H &M g-ZLERE A
LEROR I E . SRS SR R S AL BEIDE S yis ik
FlE T T B2 LB 7 WA v LA R 1 e ) v
fifgk:, 3mSR S AR BR L iR DR | B
EVE, SAREEPRANE 1 RO LRI A5 A
FEXT, i s G Ao e A I s LRy v FLAK AR 1 S i v
fa . ATEE, J5 s I BR 9 (LOD)2 mg/100 g, fEMEH &
TR o

Pt 4 SR L P B R U, 5 a-BEER .
B-BEFE | k-BSER | p-FS AR AR 0RAA, TRy S50 >Rk
JH ELISA J7 e 1 i 85 2LKs v i 25 13 & i, D5
L5 R S hRZEAR N E—EEIR ] 99% LU L, ARAFIEE
PRI P AR R, TR T oM | S-BEEE AT -
Sl S EE R NI 7 T LN 2.6~ AR s |
XFAEFL -l AR AN B-FLERFE 11 ELISA J7 it
ATHFFE, MBUARTERE | DUt e 5 | S n 54k
Sy T B G2 R 52 LR A T R G, ik
TR EEME . Michaela 2603 SR 22 vafiedioiAafss
FUEFXTRIR a-BE R 1. S-B AR PR -T2 11 S H
LIRS IE 2T T R G2 I o Jrids, 453 R4
PRI S R S PR AT PR, RIS TR &N S
TR ] B 25 55, B T ik R RR E NI AR . fHH
ELISA Jy ¥ B0 1 A 1 R i), A [R5 1 2
FA AR LU A5 i 2 1 i 2 S
1.3 R4S

it B Ao 2 75 00 5 LR 1 5 B P P 3 T AR
/b (—BIAEEE A 10~50 pL); BE S ETANER AT R.(
PARSI SR RIS TR AT ) 5 B i s et Ak s st
HAT W A SRR, D0 PRk G fe2e ik
LA v B PR S, AN R LR P A 58 S S /)N,
P A P 243 BT A R RE o, AR e FLAE i
PR IE R

R s e FLER e b B I &
— M, AR X ZAZLAR I 4L oy B T i, AN
[F) LA P ZH A0 A A ) 2 T BEAS TR TR s A 74 HT s
BRItz &b, B 2E i) G O HERf M S T e ek
YA al i e tA B R, RFEIERIL) R
PN G R AT E— B 2E
2 EWERKE (CE)
21 FERE

B UK IR S B AL A L S P ZLER 4 o2
SRR RIZ 0B 40AE R ZLEE 1 4 B AR, Jm it

FLE, ANFIFLEE A vh I S5 B AR BE AN [R] T
SEERST S, SR SRS MG R TR e . SR v
AR A DR 3R WA AR 1 BT AR MR DA IR B R AT
a1
22 FENA

FLEAMEZEH S a-FLAEA . B-FLEREN . a-
[ SN o Y N L e = N R = e e = N K R ey =
FIe R BREE H G SFE BN vk RENEAS 2A =AY
Sy S FNHERG AE i, Zead U0IE, 7 Bk %5 B RSD #4571
F 5%, MR IR 83.7%~113.4%, £ FLEHTE
20 min P REAEIA B R532, By idfase ar el e,

B T FLEE A4 S i a2, B AN R vk
A AT FLE H A B AR, ST AN R LI LEE
FIRZES . I RAENT Y T BN Ik 8 Al-4-
B% TR 1. A2-B-F&TE PR B-A-1% 45 11728 FAA, iliad
RERE  HEEERE L MRS IR IR, 158 T RA4T
M) B-I& EE 1 43 18 25 A0k, 0 13l TS 4= LA
B A2-p-EEE AR B8R S A e, a5l
FE AR SRR S EAIIRE ST ATRE. Jasmina 25119
T Adel 51 >R FH B 404 FBL UK V20T 9P LR B Be 5L
T oo-FLEABR A B-FLEREE (1. MLVE FIEE . o, -9 2R
F1. on-BEER . S-BEER . c-BK AR . FLERER . I

BT R 2L ST T R 5, 22 A B ML 5
LR 125 2 AR
SFLEE 178 A 7 0 T e i A AR R A

PAEPEN) o-ZFLAEH . B-FLEREE I 7E pH4.6 B 515
HEAIEYIE, T e a0 R H B Ik R
SyHTT A EL L EORRRL SO R LA o-FL AR
. B-FLEREE A A M g-FLERIEH B &, 7ERES,
Ab PR BER FHBRULTE, B i WA T BN f vk 4y
Br, &5 1A BN w1FL . FoREFLD 3 FhLig & 4l s
TR TRYY . UHT 2R3L. ZRFLAZLE, B T
[l T 7 LA AR He

23 FHEEES

T A0 A HRL UK VA R0 B8 FL AR T 4H 43 T g s TE]
e SIMTRCR S, 8 PP TR M4 BB RIE 20 min
PNTERR . T RE AN b (i >, FRE R —
e A N T, T2 T8 vh ek T 58 il— A0 T
J¥o TR HRIKIE R ERCE, [RIEH AN
FLER A5y Er e, R RLER (I e 2
e AR BER e A M . AR THEON R B 25
I Il 5 9 SRR
3 SukMEeIEE (HPLC)

TR SO 2 1 325 e e LA, 1 4 5y T R R
VLGEJE M FLIE B A | R s A B 4l gy 28
A ERIN 5 i P AN LIS A AR,

3.1 EEMEREER

FLAE S i R . VR pHA4.6 DLTE RS 8 P AE T

AbFH, SR FH s ORAH (0135 58 Ge 22 Tk s AHRS B2 BRI,



843 % 5 4

HUY 45 FLLFLHIA B AN T AT - 399 -

Sy B FLRE S T A LB SR A S IS U T I E

KFLA B SR P pHA.6 S5 HE 5, FVAEPE a-FL A
AR p-FLEREE 5l D TE A, BIEIETE
PEZLIE & A 53 AN P, 2 0IE o-FLIR AR .
B-FLERE I AL B-FLEREE T B A4 MU AR, Kt
B 0.002 g/L, YesE 2% R? KT 0.99, [FIREH 93.0%~
97.0%, A LAMERRIN i FL S Ll i b i LI 2R 4
anisEes o

Efstathia 50 fF5¢ T AR ZL P ZLEREE 1

SR EE X 45 R LA i A0 RE 61 B M AR i U 2
WA FR S 2 B AR B 0 7 IR HERR AN R ZL
T BRI ZH R ZLRER 100 T, #E55r TANFEIZLP LAk
EHEtEEE I . Cai &% RARRTUIEBE
RO AR LTS 53 B RE 53T 248 52 F HH AN [F] b X
FIAFLFLERE A, 132N R FLI BEAFLP RLEREE A
FHEAE 102~385 mg/100 mL.,
3.2 HRMFEMSEHEBRASY
3.2.1 JRJEH HEE A2 SR
BRTR i i 220, FLrh AR PRI ZL R I AT A o
FZHTEE G T3, 18 S BERREL Ik e A SR MR e, 52
WL 4P i (Al A IR TR S5 4 PR 2R
B AT 5 e BEBR R 1 1gG 43 F Fe #B43LAAE
PEAFIY T G TR R R AR SRS A, FUEER Y
RPEERTE AL BB R PRI, i 1gG § b8 s
M e AP,
322 FENH  FURESh S RIS, i L
SRR RS G BT T LA BT, FR SR A
(O B A A3 T e, CLRAE L FH IS
TR A LR BRI Go

B A E SRR UE B T LR A (TSR
T ULAR) RSO i R AR S R A E AR P AL
PR H LB REL PRI, R gk, C4 MigiF
(300 A, 5 um, 4.6 mmx=250 mm )5yESMGE, Chen %30
FIBE = M AP AE R T3 2R FiAt 43 2 2L 2R A,
i FH 2. TR e IR VA1 ZURE i 22 pHA4.6, BR SR AT
AR PR LG B, 3 e N T, B T R SRR
e E R FLAER R M B 55, BT B A — X RRIFL
R M kg, 153 7 ke R FE = FR (LOQ) 47
S 0.57 F1 1.90 mg/L, A [G] 7K -3 4 [0l i R 78
86%~99% Z[A], J5 iK% BEAHXT AR (W 22 (RSD) Ry
3.4%, gy T EME L PR 2 LBC ks h FLEk SR 1
B EIE T, AT LA R AR PRk H R ARSI AN T
BRI B L BT A R

FLARUT S50 g7 T Re 7B rh S s Bk G 1Y
= RCRARIN R Tk, AR RIS 28 protein G ZEAIFE
Tk BER TSRS B, &0y RS I0IIE, FERARE
TE 0.2~5.0 mg/mL 15 BN AR P RAT-, IbR R
R 86.0%~117.7%, REflE i B Wik i S BE Bk 2
G FEIME .

3.3 THAIENEILES

FESH LR 2RI PREE | I pHIEE G
WAR AL IS, AR LR ] 2R G, SR Rk
TSV, ISR AN S HER B4 R 5
M R3S o

EVEEER iE A A AR RS | AR B AR
BB L U S A S, T re-B R L ag-BE R L o) -
M. IS . a-FLEAE M . B-FLERE A B F1 g-
FLERFE T A e 7 B AR S 1A R B Tk, Rl
IR 88.9%~97.1%, AH X FR HE W 25 I 0.8%~5.1%
GEVREERPY I C8 (A 43 Sl N7 1 43 B e FL
R B 7 S i 2R B I Z N 1 B Y v R o 1L 28 S 1
B MR AE AR, 4 PSR S R RN 43S, T
FRIENRCER S5 M 92.74%~98.48% Fil 95.2%~100.6%,
e T TE R AT
34 FHEER

PR B AR PR T TE iy Ab PR PR f (0, < B
FrE, FLIEEAHEME R TG RE. o-FLHAE
. f-FLEREE A AL AR A X AL BRAEURR, 1E P EFLER
FA S5 2 BT R AT LA T PL B AR PR B i T A 1
SR RV TASPEAR AT RE T =, s e LR A
ARt . AESCHR TSR RO FLER I BE S Sl R
JEFEITE 70%~95%, FLAR FH 4l 3 A 2 PERR i 1T L
EHEAMERE . PR ST RE S P ELE AR RIAE S
AR PR A A R A it v 2L T P A e P e R 2K
SrETRORRIME . FLAR S PR R N ZH A i E 2R 5
ZWEN . a-FLHEAM g-FLEREA S S aE N
LAY I FER, TEROAH S T S 20 A HH B AR B4/ N
(ORI, o ER RS2 ER .
4 SREEIEREFEE (HPLC-MS/MS)
4.1 JEIEIE

AR P12 2 e LR 2 A R FH R AR
FI R SR H AR AR P AR BB, e il H
FaE UK B & L, ARSI 5 2L (AR EE JR Ui o6
R, IR EANES S, SR TS R IR
W 2L oS B E AN E 2 fios .

JiB A, - PR S A T 1) S Sk e oS U IS
TR AN, R 1Y) C At (Rl ANE 25 I Sk ik 22 PR B D) 2 2 g
YIRE 1) A= iz S B, 87 FH v 0 B B0 2 A0 43 Mt
ANFEIIRB 2 LR AN % . B | TS5 S | KB
RSRS8O 7~20 A~ A S H fid
AR . P MR N0 2 MR 55 5y i B AL S IR 1 IR B
VE Ry B R S SR S
42 FHENA

SRR R FLER 2 50 S S e I e B A
IEAFEEA 4 Fr. S ARFEN RS HERE: (F1
[R5 FEARICAREE IO AT NBRIEAR IE, X P i &
R IE T B R4 3 L T A B e R A G RN 3 R AL
WP Zhang 45 B0V I Li 45 1O Sy RIHE T AR R



- 400 - 1 Tl B4 2022 4% 2

] T A 34 5.00E+06 B
Bkt . . 4.50E+06
Gdq — JERENGE 4.00E+06
3.50E+06
R kEL b('LI 3 00E106
— = 7 — y — 5 2.50E+06
Z be b 1 2.00E+06
o - 1.50E+06
OO P M\ =~ (;hi 1 y 1.00E+06
C~ —s o @ —s = y . 6
0y, (@, v 5.00E+05
; (/ = 0.00E+00

0 2 4 6 8 0 12

P2 o GO (i B IR B v L 1 7 R
Fig.2 Schematic diagram of determination of milk protein by HPLC-MS/MS
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