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gy b — B 22 A AR R AR AR O R N
(Cow’s milk allergy, CMA)™ Fh 4= 15 88 1138 %
B LR R ) B BT, D CMA B
)L R B Y ez 8, L
IgE Jv 551 & W L B 4 W5 i WUk e H ol 0.5%~
3.8%°M, JLRHEE Az I AR Wh ik SO LA BE RE AR
U 7 by HEAT IR IR RO 75k 3 B
ook b i A R R IR A= LA A IR BE , AT
e AR BT Bk A W 2 1 ) S e R B, BRI R A A
W28 A O RURGE S il A, B D R 6 1
G AL R EIR | G S MR AT . Tm] I il /K A
PN 2RI AN, S 2540 2 T4, L3 BR s
Py/b 2 B A AR T R R E A A R
e BC 7 B K SRR EE T 23 kg 3 2 AR 43 K A (Partial-
ly hydrolyzed formula,PHF) ¥ & 7K f# (Extensive-
ly hydrolyzed formula, EHF) #1424 & 2 BC 77 ¥
(Amino —acid —based infant formulas,AAF), PHF
TR T A U i s i LR O A,
EHF F= 2413 8 28 % R A 053 ey 2L, 1t AAF
FEMT BRI F Y& A ™ #2240 L,
e 75 n] i SR LER b E LR, X2 L)
ARABEERELE,
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ST B4 )L T Ry K SRR EE | Y ] e
KU LG IR AR AR R, HAR B e A
FIRASTRI - B SRR 3 7K Atk I T oy R R J3E K St I6C 7
Ky REAR T S e i, (HI2 AT AT RE 2 51 it U
ST PRIt A K A TC R 1 2 4 v AR B A
B REPEEE B H AT, H A T AS O 2 2
JFH U 15 24 3h 1y 3k BSOS AL R P Al SOOI . SR, 1%
Tk F . BUBGRAR S YRy ORI 52 SR R
s, BRI A & AR Z T S B
MENIE 7L (Dot—immunobinding blot assay,DB)fE
Jy—RRSNEMN 7 1 AN TS EE AT B K B,
A ] R AR AR A e RO B, AT
P I (Western blot, WB),DB FEH 45 | 5
VETRT B AR AL BAIR, 2 — Fh bR B TR | 28 5 1Y
LR £ B R A T € = N oA U SR IR R (2
PUARIR, 1T A I3 38 4 o0 A BRI 2 40
JLBYILYE o A PEAG 2R 4l JLTC 7 K53 1 T8 7E 598 B vE
PE A5 F 30 o S B R B i AR
Wik BUR LR I VR — B, BRI S Ak i
(Horseradish peroxidase, HRP) #ric (19 1l £ 4T A
IgE 1B =40, WIDH0E HARFE S Y S SO Pk
SR JH V1] 2 58 4 928 BRE sl B 0 05 DPAk A it ) 1 S
AU o 5, 3 2ok IR B 98 W B % (Enzyme linked

immunosorbent assay, ELISA) % 1iE DB 4553, AWt
FEETE P — PR A, R0, ARG, 45 2R
ASE B PEAS fo e RN ME T VR, O R TS HE AR LAY
B4 L it B L E B0 28 PEAG 3L AR 17 i AR I
IO i BT AL

1 MRERE
1.1 #R5iF

T 96 fLAEbR AR (8 fL/%&x12 %) wi A,
JE IR A W HARA R W] 5 A 1R 2 2 3R % B
JiX (Nitrocellulose filter membrane ,NC i) k2% %
YEIE#Y) (Enhanced chemiluminescence , ECL) , 3¢
Millipore ; HRP #ic th £ 4T IgE $iid, & Ab-
cam; Western & %6, b 2R R A RA
F 5 TMB f (3 AR i #i i SLO10, Jb st &3k
FHEABR A,

A LT T M A i E PR St B S B AT R
NS /NEIE 2 i N e o ) DO € S DI
T3 8y BEAT I3 2 S 8 B R M IEAR, BIVES 0 7K A i
Tty (FE i 6) AR BE /K A Be 5 43 (FEsh 7)o R 1 3k
— L R I 27 5 1k AT ROTE B BE T b TR OB
TR SO IR e 7 A, BAR - A5 B
FFef B ER S REINE 1R,

1 7TAHRERREEQRE

Table 1 Information and total protein content of the seven samples

5 M 4 AR H ik B L BEGAF/(g100 g)
1 AR - iE Ay [ e 2 B8, 11.457 + 0.094
2 A SLEE A RO R A R 75.842 +0.728
3 T L E A H R 38 RA 2T R 92.636 + 0.379
4 3K R L E R Ao R o K AR R A 2T R 77.045 + 0.458
5 WK L E R G B R A TR K R A R 84.333 + 0.284
6 B 5K BT By K A B 57 A 13.144 + 0.244
7 R K R B T Ay K AR B T A 10.411 £0.101

AT 5 BT R I3 ok A TR £ BR BE T
R B T R e R B e, S HUR R
S R M AEASR SR TT ik WA Tk WH9E07
G B HEA L B B AT Al s RIS AR
HZE 12 i At e, AT SR B 0~2 % /F
Wi R LIS BEAS 34 51, b B R L 14 1
AL 20 B, AFRAE 0~12 H i 8L 12 i,

13~24 H L 22 ], Horp A5 24 A~ LT3
TIRE R HRRIE | L I R Y S5 A 1
PRI O IR , 48 LR B A 12 Wil i 12 S A 153 B
343 10 91 58 L2 76 5 AR R v gk D s I v X
A A v o S A AN R R B R A5 R, TR
FRE 2 s,
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Table 2 Information of serum samples from children with cow’s milk allergy

55 DR i W& AR5 Wi SR BAF B

1 3 2 % A G (+) ;45 (+)

2 % 14 A EE 445 (+) 5 2F A (+)

3 % 2 % F R BEG (+) ;W (+);F A (+)

4 % 14 A F AR A %3 (+) ;44 (+4) 52 1 (+)

5 3 1% MK G (+) ;45 (+)

6 3 11 A 25 BEE (+) ;W (+) 5 F 1 (+); FH(+)
7 =S 2% B G (+) ;4 W5 (+-)

8 * 14 A FRA A ()34 (+) 5 8 1 (+) 5 F A (+)
9 4 2 % N X ARG (+) ;445 (+)

10 % 2 % F A ARG (+) ;445 (+) ;5 M (+)

11 ki 2 % F A 495 (+-)

12 ES 11 A bz R G (+) ;45 (+-)

13 3 7A A 445 (+)

14 % 2% A ARG B G (+); 4 W (+)

15 4 2 % F R X8 (+) ;45 (+)

16 % 23 A K 5 (+) 53 2 (+)

17 3 2 % W ARA B G (+) ;W (+)5F A (+)

18 3 2 % &3 WERE (+); 445 (+); 7 Z(+)

19 + 2 % F R Ttk (+) 54 %5 (+)

20 % 1% K B (+) ;445 (+-)

21 3 2 % N X ARG (+) ;445 (+)

22 % 2 % F A F R () F W ()R A () F R (+)
23 4 2 % ey X X8 (+) ;45 (+)

24 B 1% F A G (+=) ;W5 (+)

25 bt 20 A F ORI ARG (+) ;W5 (+)

26 % 15 A &/ A (+) 5 (+)

27 3 2 % o oR i R ARG (+-) ;5 (+) 5 2F A (+)
28 % 9 A S 45 (+) 5 2F A (+)

29 3 7A FHARA 45 (+)

30 ES 7R IR 443 (+)

31 =S 9 A TR A 25 (+)

32 3 2% AR A M EE (+);F W (+)

33 3 1% H AR A 45 (+)

34 B 1% W AR A 4475 (+)

TE c4— SFPHME s+, 0 B2 AR N SRR 53 M Tl s ++. T S5V 38 A0 I S 4 S5 I

1.2 FEMUEE

HLF KV, 1P B2 A A R A ] 5 4l FR S, FRE 0.5 g BEAL B A WIS, ImA
KA, TR A R AR A AL PR ER 0.4 g AR ,6 ¢ BRERANMEILF, Ik i me s b =
1 K=360, 2 Far S 56 % % 45 5 oy ( ) B BR A ] EW BSOS 0S5h 5 B HIER
Z Y REMEARAL , 55 [E Thermo Scientific; fb2% %06 &, LHLZEE, FHBNER MG MO, in 2 % HP L2 -

AR RS, LB A R AT

1.3 WEHZE

1.3.1

Pl S U 2 1 o

=

EER

PESCI e — R U, SR PR Rk I R i 8

H M 2 di 7 7], 2808 10 min J5 5 20 28 18 W HE 2
L, 98I TV B R Ui, P AR 1 min, XU H
PIMERSER %R AR AR s BEE T i, L HCI b v E 7
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T E IR [ s P TR A =0
X = CX(VZ—VI)XO.014O «Fx100 (1)

m

KX 100 g A a8 BT A, /100
g5 N R TR bR E T 2 WO B mol/L; V, R FE A
U mL; Vi 2 25 FR B, 0.2520 mL;m Sh Ff
Jife g F o 1 BT ia 580,625,
132 HERERESEE  NCBRIEME 1 emx]
em /NS HRBY , 281K iR 5 min, &I T, 7
FORE A FH2E KB A 1.0 mg/mL IEE W, HUS pl
S THRAGERBEIFFGHER T, KEERT
Western JCE AP B & R P&, & THREIR 15
EFE 1h, FAEINT 1%t -20 1) Tris 28 whik
(Tris buffered saline with Tween 20, TBST)¥t %
2 K, EERERE 5 min, A LA Western Jo & 1 —3T
s TR R B 11 1o SRR 3 LT 4 mL(1:20 B R, 75
4 CTME LR, TBST Pk 5 K, IMALL Western
ToE A Uk B B HRP Aric 1t £ B0 A IgE
(1:8000 # ), THEIR F WM H 1 h, TBST %
%5 K, BJR K ECL A A B VRAR R BUR & 2 i
e AR R R R 20 s, AR 2R K
o AR
133 [P RPERE S EE  NC %R 1
emx1 em A /ME PR BT Z8 K PR 5 min, i E
i1, AEAh 4~7 4K ECH Y 1.0 me/mL B W,
B 50 WL 75 KR i 5 50 w4 0% i s L il 7
(I3 LL 1:50 #6%),37 CFHEE 1 h, &4mA
50 wL 2 B N 1.0 mg/mL (RS 1, R
WEHEA (50 wL#Edh 15 50 wl 1:50 Fi By
Mg ) . BIPE4 (TBST QR 52 4 Hi 5 AL i ), 37
CTIEE 1h; RAMEMES WL SR T 0 R £F 4
ERIEERE BT R IR T Western JO & H IR
HE P B, S TR EERBEE 1 h, TBST
VeV S WK IEE 0 A g IR 1.3.2 Wk
1.3.4 [A142 ELISA  7¢ 96 LAz 4% 10 pg/ml
BIRE S 1 BBE S, 4~7,100 p/AL 4 Cat % . ¥k H 45
FUINA 200 pL BI0 T 193520 (0 R £h 2% o
7 (Phosphate buffered solution with Tween 20,
PBST) i 3 UK, K FE 5 min J5 78 WK 48 47
T A 150 /AL 1% BSA (PBST % ) 34,
F 37 CWFE 1 h, PBST %% 3 ¥, JH 0.1%BSA

(PBST Fi B¢ ) i B ok S0l 7 (1:20 #6 %), 100 wl/
fL,37 CH#E 2 h,PBST Pk 6 ¥, A 100 wL/FL
1:5000 # B HRP bric IS0 1gE,37 CHEE
1 h,PBST ¥ 6 ¥, JIA 100 wL/FLI% TMB & {7
W ,37 °CFEBEEHE 15 min J& , f# FH 2 mol/L #i iR
VIR Lk A N, 50 wL/AL Al 22 T RE AR A
72 £ FLEE D 450 nm R AIWGAE
1.3.5 [ 42354 ELISA  7F 96 fL# b 42 %% 10
we/mL BRE S 1,100 pL/fL,4 Cid o, [
1.3.4 054k, H 0.1%BSA (PBST i B8 ) #i B 1t
B (1:20 AR RE ), 45 B 50 pl 1.0 mg/mL A4
fh 4~7 5 50 pL i BTG F LAV 1 h
JIASLH 37 CHEE 2 h,PBST ¥Ek 6 Rk, HE —
P OGN E A 1.3.4 95k, 3 E DI
fL (0.1%BSA UG bt B M IMLTE ), AL
(0.1%BSA R TEF BT )
1.4 HIELE

fdi i GraphPad Prism 5.01 {4 it 174 57 4
A ¢ K AT R R R O 22 00T, SR LL P8
(HARifE 227 HIR , P<0.05 FRE7 R,

2 #ERERWH
21 HESEHSHTEERSH

R T WA 0 T R R i A BRI
L 9 B A B A G I AR R R A S A
€W INIIR L EE R LNV RE X d O o e NN ES I W
N o SR R E A5 R A 34 Bl vE A AR Y S
BEM T BUAS R BE 0 S e B i, 3R W 34 191 il v
FEA Y S A A 1 USRI PT ik, Y8 F 1gE A
S A O N, 30 91T FEAS (BR 18 5 .26
528 %5 .29 %5) 25 Bl iEREAS (B 9 5 .25 5,
26 5 275 285 295 305 335 34 5)%
FISRES 2 FEAL 3 BB 60 VR 1 R [ A 8 BE
M, BRUZLERERA RSP R L R E S R
— . 34 Bl REAR R, 33 B (R 32 5 ) S5 kR 4 LU
K 31 61 (Bg 10 % 12 %5 14 5) 5F0 6 Ry &
FIHERGS A RN, HRE 7R B 40 7K i i 2L T 4 R R
REXF T A= 1 5 R Lok BT B — R Y SR
W o HeAh, B IS AEAR BN 5EE G 5 R T Kk
HEgh A PR TR B K A 0 FL I B R A 0 A B
JAURSE 41K
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Fig.1 The binding capacity of infant formula and serum from CMA children using
the direct Dot—immunobinding blot
22 BEEFRERSDLEERIN ng BE1 4 5 6 7 WU

FEPS L B BERE A 1 2 5 e R S ek
A4 MU LIME P bk, HERER %
P2 SN s, IS R SRR AL 1T A A B A
B WTR A DU R s > | B B 35 B A

i AT RAE SR 4 LI A D AR R4
FHER T MEEEZM 95 15522 5
1RO, S5 R 2 R . 3 IS HEAR SRS 1
K BEREE A, SR 4~7 BT R R R 0
G BEBE s, R RE S 5 FIRE S, 7 AT S T R
i 1P IR 3 B VR R K S L R 1 DR B
5 K BRI
2.3 ELISA &R 4H

TCi8 2 L H2 340 I [A] 42 58 - P A 92 TR o B8
BT A IR SR S i B I B R, A T RE
i XoF 52 o 45 S AT AR, AHIE ST HE— 2B fil ]
VE) 22 1 ] 2% 3 4P ELISA J5 B AG I 1 4= 15 0k
JLIMLTE (1 9 5 15 5 H1 22 5 LI iE SR BUR
BRI M FE S 25 5 RE T

6] 4% ELISA 25 R W& 3 s, FEdh 4~7 1Y
OD {H ¥ W F AL FFEM 1(P<0.05), B S 4 19
OD {2 % K T HFEdh 5(P<0.05), i 6 /9 OD {E
BERTFES 7(P<0.05), KR E KA EEA

B2

00 enene.
®c @ 0 @
e o® o 0"

18] $2 32 S 1% G2 B DS SR AT A4 L 5 M A

54 MEgBILnENESEN

Fig.2 The binding capacity of infant formula and

serum from CMA children using the indirect competitive

Dot—immunobinding blot

B SRR K IS T A 1 T A SRR B I T 43 K
firt L3 AR A0 JEORE B T
(] 4% 55 4 ELISA 25 54018 4 FroR , BA X IR

FESD 4 FTEESL 6 19 OD {H¥ B Z M FHES 1 (P<
0.05), FE&L S FIRES, 7 /9 OD R 842 3 PH 1 %o I8
FES 1, HFESY 4 19 OD {EAAE & 5 1) OD {EAF1E
i 22 5 (P<0.05) , FE i 6 FIRE Y 7 Z A7 7
i PE2E 53 (P<0.05) , M5 SR — 50 UF T IR E
KA FLTE B 1A DA B T A 1) VS A SRR A
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020 =
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Absorbance (OD.sou,)

@1 R4

S5 HR6 M7
FE i
Sample
Wk SR 19 OD B AH W A7 7E 1 35 1 22 5 (P<0.05) ;#. 4

li] LG B A T 3 M 25 5 (P<0.05) , T I,
3 B ELISA ZEMEAMERSF I EILNE
HI&EE8E
Fig.3 The binding capacity of infant formula and serum

from CMA children using the indirect ELISA
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Fig.4 The binding capacity of infant formula
and serum from CMA children using the indirect

competitive ELISA

AR T AR OK it LI 2 00 OB BT R

3 itig

FLIE e — 2 B o R A 0 fE T AR
F1, )2 0 T 2L A = b, 2B g-FLER
FEH(B-Lg) .a-FLHEH (a-La) 4 I 75 H & H
(BSA) FIFLER & 11 (LF) 48 5 02, Hor -3 18R
AN B—FLER B (4 A o d5 2 0 i U 4301
b A B LAY S% M1 1092, A1 1 S 2 WnE

R TG R L R AR 5 2R R e IgE (sIgE) K
-1k Rz JoR s B0 R 2 A A O R TeE Ay
T T B R AR A N, 8RR AR S L
G380 Y B S BORE IR Y e 2 509%~70% 1Y
H PR R 2 R IR, 50% ~60% 1Y £ 3 1 I E
TEEAR ,20%~309% 11 55 H I FR G i R 22
gt , 8 oy K i 3L B VB R, A T
HRT 6 ka MAKE & 5 ik 18% Dk 12 4R IH
BT U5 R SO R T, AR R SR AR SE T
X — WA, R S R EAT T AR S K fid )
HUKSRFELEAT IgE S5 B Re I R By, ANiE A et
A R OL TR BE K f C TR, LT B Bk
(4 53 TR ARAE 3 ku LR SRR AR A

L3 27 2 30 2o A I AR 5 B i T
ke M TgE 145 G A8 TR P iz B R T E
BERNE , HOAR P R SN O R L,
A, I E AR AR B B A A R LT R T
o SN AR TEMN AR R B2, B4 LAt ORI
NS B, S B A B — P ] B (Y
R 7k, FHF PR 24 4 oo b B AR R
T, TR R Y T T 4 2% Ik I P £F 4k 2 A
Sk AR SZ e, HEAT B IR PR SN ) 98 2
BT o o1 T8 A SR VR S A AT 5 R
IR 5 L, BEAR T a0 A . it 4h 3
S ER T LB M H A 5 B i 22 R] A 2 R
., BT SDS-PAGE #4718 H 40 5 , #
FoF WB,  H 45 A ok B B O PR R B AR
ELISA 2 —F 32 {09 88 1 5k 0 0 2, I
S RO AR B B AN
FUEPE S8BT B AR S B A B 3 vk AR X R
dn P R AT A, HORERE Y S AR AR
G, ke BAR S A rh AT SUR S A 2R
NI R X EA, SEmEAASEMENA
1A AR R RE o fR i BRE A BN IV d R Y G
Pz SR MG MR, ARWFSE B s B
B0 7 4LFE 5 0 103 (6 FH 4 200 W/ A 76 B s
AEfli NC B 58 232 %, H AR BRI v] [nl i 58 2 A1)
FH 5 TR 5 4 B 58 BRE st B30 100 8 i FH i R 1 s
A, i ELISA B I3 8 FH & 43 508 5 WL/ A 2.5
WL/ PRI T 0 9 50 0 3R A 1) ol 3 2E BIF T fi
FH S92 BiE it B0 7 AN 2K by WA SR s,
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M 2 LR G P B A S v T LY A 5%
34 ] i TE FEAS 3 5B A g R AR TR
[i) 7 B 11 B 92 B 05, 97.06% IfiL 1 FE AR (33/34) 5 &8
Gy 7K A FLH B AR RURE 91.18% Il 75 FE AR (31/34)
580 4 K A IE O Ry e 2R P 5 A A RN T
FAS 55 0 B K Fife LT B 1 DR b TR K S I
Wy A GG RO, BT IA Sk 5 38 43 7K i Do) ke
TR A L, TR K A TR B C 5 # A SRR B
5, &8 43 K At Uk 5 C 75 A % ik R LN L A5 AT
BB A T BECRE AR o [ 92 3 4 f 93 RE ol B 3 12 45 2R
)RR IR T 3 — WA,

928 BiE 55 B[V 30 1) 45 3502 B PR IR 0 4% 41 93 BE
SUBETRE  45 5 S BOR A (8182 ELISA Flji) £
3& 4+ ELISA /& ELISA 19 W F & WE X 8] #
ELISA it €8 S B 5 9 GAF 5, AT LA W b 0
FAER | MR ERAL, PURHREL,; s
ELISA T & 56 4 A H bR P, B T4
VRS E) G 22 ThiRe S v LRI AR A
T PIRD ELISA (00 HR s, 205 8 1T, X fo 08 5
SO A R UEATIRUE , 25 R BoR — 80, e T e
BE o5 BRI J5 ik i HE R R SR A AT A2
2t B A 1 i SR M TE AR

4 g

G 8 BRE w3 YL I8 K e — b iy 507 1 ) S 9 T
5, BT G L S B B IR ) AP A E R
9 BB S P, 4R T R FH 18] 4 5 4 f 8 BRE A B3
5 VA RE i B BOUXRE , B )5 R ELISA X f002
PE A EN IR S5 SR VEAT BAIE , TER 1 A B A5 125
AR I 224 b, oA R SR Y 22 4 )L
A BUR LML T8 VAL U 7 Al G s SR P B
BB BB R AR EE T RA — B8 LIS
5RO R 7 A BE R LR A, IR K iR
BET7 k3 rT T 0~2 % 8 Whad BB LA 3

2 % X #
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Detection of the Immunoreaction of Hydrolyzed Milk Protein in Infant Formula

Using Dot—immunobinding Blot Assess

Sun Lijuan', Han Shiwen', Zeng Binghui', Duan Sufang?, Tu Zhenhua®, Li Fang?, Che Huilian"
(College of Food Science and Nutritional Engineering, China Agriculture University, Beijing 100083
’Inner Mongolia Yili Industrial Group Co., Ltd., Inner Mongolia Dairy Technology Research Institute Co., Ltd.,
Hohhot 010110
*China National Research Institute of Food & Fermentation Industries Co., Ltd., Beijing 100015)

Abstract Objective: Cow’s milk allergy (CMA) is the most common type of food allergy in infants and young children.
Infants with milk allergy need to use low-allergenic hydrolyzed cow milk protein formula for the prevention and manage-
ment. Although protein allergen levels can be reduced through enzymatic hydrolysis, depending on the type of enzymes
used and the various filtering methods, residual antigenic epitopes can still cause food allergies. Therefore, the purpose
of this work was to develop a quick and accurate method to assess the immunoreactivity of hydrolyzed cow’s milk protein
infant formula powder. Methods: Firstly, a direct dot—immunobinding blot assay was used to gauge the samples” im-
munoreactivity with serum samples from allergic children. Subsequently, an indirect competitive dot—immunobinding blot
assay was utilized, using commercially available unhydrolyzed whole protein milk powder as a positive control and other
milk product samples as competitive antigens, to evaluate the binding capacity of hydrolyzed milk protein infant powder
to serum immunoglobulin E (Igk). Finally, direct, and indirect competitive enzyme—linked immunosorbent assay (ELISA)
were also used to validate and confirm the results. Results: The study’s findings demonstrated that partially hydrolyzed
formula can still bind IgE to induce allergic reactions, while extensively hydrolyzed formula is not immunoreactive. This
study provides a new approach for the preliminarily evaluation of the allergenicity of milk protein products using limited
serum samples from infants and young children with allergies.

Keywords cow’s milk allergy; dot—immunobinding blot assay; enzyme linked immunosorbent assay; indirect and indirect

competition; serum from allergic patient



