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Effect of Dynamic High-pressure Microfluidization on Egg White
Protein Allergenicity and Digestibility
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Abstract; Aiming to investigate the effects of DHPM treatment on allergenicity, digestibility and
structures of EWP, EWP was processed under a continuous pressure array of 40 MPa, 80 MPa, 120 MPa,
160 MPa and 200 MPa. After DHPM treatment, the degree of hydrolysis and digestibility of EWP was
evaluated by in vitro digestion test, the allergenicity was measured by ELISA assay, and changes in
molecular weight and conformational structure of EWP were characterized by SDS — PAGE, circular
dichroism spectrum and fluorescence spectra. The results showed that DHPM treatment with pressure
ranging from 80 MPa to 200 MPa could significantly reduce the allergenicity of EWP, especially at
120 MPa. The Ig E-binding of DHPM treated EWP and its hydrolysates were reduced by 63.7% and
93.5% , respectively. Meanwhile, the molecular weight distributions of DHPM treated EWP were not
changed. However, the DHPM treatment contributed to an increase in relative fluorescence intensity, but
the spectral peaks shift was not observed. At the same time, the surface hydrophobicity and free sulfydryl
group content of EWP were significantly increased after DHPM treatment (80 ~200 MPa) compared with
native EWP | and some a-helices were destroyed and converted to B-sheets and random coils, indicating
that the secondary and tertiary structures of EWP were changed. It was found that the reduction of
antigenicity was correlated with the changes in the structure and epitopes of the allergenic protein. Thus
the content of a-helices was decreased with the reduction in antigenicity, suggesting that Ig E-binding
epitopes might be located in the «a-helices structure of EWP. Moreover, hydrolysis efficiency and
digestibility in vitro of EWP were markedly increased through the DHPM treatment (80 ~ 200 MPa).
These results suggested that DHPM can be adopted as an important physical modification method for EWP
of hypoallergenic and improving digestibility. The research can provide theoretical basis for the
development of low sensitivity egg white products and their applications in food industry.
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HIEH M (Egg white protein, EWP) 35 4 A it
T8 b T AL R , S SE R AL T, 2 1 5 ) Bl
W E KR . EWP B =5 098 55 0 (8 . 5 T LR
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HPIL#E Rl Hm £, BELIHSSHE
T ERZE EM T B E A . B Uk
HESE EWP 28 8 b i 32 B R AR R F
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TG, HAS JASCO 24 7] ;SHA — B K i 48 1R
P 4 1 MACE 53 A2 s A R ) 5 BILIR E A
A, I i EF K AN A B 2 A 680 TR il A AY , 55 [
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% B FERRANTI 25/ F1 MA 451 1 97 15 9
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W o
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Fig. 1 Scheme of simulating digestion in vitro on EWP
1.3.2 K B2
AR PENAS 251" gy 482 — HI s 2 (OPA) I 1%
TEME . 400 WL A il BEA I A 3 mL OPA 551, i#
IR T, HEE SV 2 min, [ AR K A B Al s xR
S, T 340 nm RE OB RE KRR A
_1.811 4AAd

H . x 100% (1)
A AA— K AE &l 19 WL BE 5 R K i A il T
JCE M ZEE

d—H B AR AR



314 & o Bl B ¥ iR

2017 4

c——H AR REE /L
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Z: R JIN 2210 {05 i, SR T i) 5 6 10K 4 38 W
7% (ELISA) . ¥t DHPM 4t #J5 () EWP %5 S 14 4
AL AR B 2 50 peg/mL(0. 02 mol/L i IRk 2% v il
(PBS) ,pH {H 7. 4) ,JUFE Sh ] 100 wL/fL 19 96 L
FprAl T 4°CHfE 12 h Ji] PBST( & kil —20 Y
IR ER 22 o) VR 3 WK, 40 T TE B AR AR AL N A
A 50 mL/L i g 4 W5 i PBS H P W, 200 L/ 1L,
37TCIEIBA T 2 h, 7 L P Rbt &G E A
I3 (4% 1: 400 # B ) fm AR L, 100 pL/fL,37C &
A EE 2 h, W L YRS A HRP ARic PR
Ig E—OVA(1:1000 # ) =% HRP 5 ic (9 5
Ig G~ OVA(1: 15 000 Fi B ), 100 pL/fL,37°C fd &
AR 2 b, A R A BLEC f 5 OPD ($F R —
JHe) IS W 8 U, 37°C k% i 5 20 min; il A 50 pL
2 mol/L (JH,S0, % 1k & , FHEG A% AL T 450 nm b, DA
25 0 BEAL A 2 5 T 4% LR DR 5 B (OD i) &
1.5 SDS - PAGE
S8 YANG %7 [ 07 v, W A R A5 o I AR
B 5B IS TR A BN 12% |, vk 4 T R Y B0H
3% . FEMAEEE S (RO E W 1 g/L) 5
Marker 5 0. 01 mol/L EFAEZE Wi DA 1 1R FR LR
AN 5 min £5 H]. HL20 pL 5 BAE, B T0V
Lk 30 min, S8 J5 120 V Fa R f Pk 50 min, F 2% 3
ZLUE R —250 YL 0 3y (50% LA 10% pk it iR ) Y
o, R J5 F IR A6 (10% F AT 7% vk S IR ) 1 6o
W5 58 B T eI R R g A R OF AT A A
1.6 EZ®ig&aH
FH JASCO — 815 RUJiE 6 AL % EWP [y 4% Ak
B — kA fb . B AL EE S B EWP 3 EA 0.1 em
JEE ARG IO Eb €6 0L Hh, #E 25°C i 2k 78 A 2% 1
T, AT I 5 AP X8 (190 ~ 250 nm) $T 4, 3B Ry
50 nm/min, JEREE B 0. 1 nm, 3 R R, H AR
fIL1Y Yang [C 2 B8 CD SGi%AH5T EWP ) 94544 o

x 100% (2)
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(BT AR S 10.4 ¢ Tris,6.9 ¢ HE MR ,1.2 ¢ EDTA,
pH {8 8.0), i A 0.1 mL Ellman’s & 7| ( &
4 mg/mL DTNB 1) H 2R 2 h s W) IR 2. T=EIR
HEOG Y E 30 min, B VE AR 412 nm 200 5E WK O
&, G2 vl g 0 B B S B DL IROG B BR LA
FERIH 6 R % 13 600 L/ (mol-cm) , 3 LA pmol/g ¥
HEER,
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S FGR B A 1007 R s e,
JH0.02 mol/L pH {8 7. 0 i iR £h 5% v i 7 B 25 1 %%
WTT R O 0. 1 /L fd 55 43 606 B 1 He
PR . Hoh Bk WK 350 nm, BT K R
360 ~ 680 nm, BRAETEE 5 nm, B4 mL R R Hk
JEREM A 20 wL B9 ANS(8 m mol/L) IR & 4
SR S 9 G R, S B SR T 9% 43 O O BE T AE
370 nm 30 E KA 470 nm (1) & B KR I E RE
mi I GO B, B BE D 5 nm Z& AT 4 A A O i
JE o DASEOGR X 2 5k B AR il 4, il 4 ARt A< D
Ry BB BT 43 1 2 T K o
1.9 HESH

I P T S5 SRR 3 U i - AL TR
PRufEfR 22 o K Origin 8. 6 B4 %5 £ 4l 17 0 A 5
il 8, >R H] SPSS 20. 0 B4 k47 J5 22 43 B #2557
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JE W T e R G AR . & SIF k2 h 5, 5K
Ab PR AH L, DHPM 203415 W] S 32 55 1 EWP [ 7K i
J . EL7E 120 MPa 1 160 MPa 454 F , 2 /K fif B 4
TIHABALHEL . K 2 A0, 75 SGF il SIF 3 4k Bir
Bt ,DHPM b3 EWP {5 4k 3 5 A 4 BLZH AR bE 3 A
R, H 120 MPa il 160 MPa 4b# 5 EWP 74
R R LZ, A SR T 19.4% F116.5% .
PLANCKEN %5 ' f}f 5% & JE 4b ¥ (500 MPa, 10°C ) &
THW(10% ) J5 3#E47 B I 000 A0, 25 3 & 90 TR
(931 Ak 2 BT @ 3 fn, MIGUEL 47" it 59 (1 & 1
(OVA) 4T Bk AHRLAL B S, OVA 7K fife 5 75 LA 2
7 [ B 3 BT 3 IR, DG A B e 1R B
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Fig.2  Effect of DHPM on hydrolysis degree and digestibility of EWP

Bro M4 E AT E £ 160 MPa 1 200 MPa, EWP fi)
TR iR E A AL Rl AT B, R W5 v i R ) B EWP
TR W K I AT R A PR R AR SR G TR B AR E 1
S5k o

A R — RS D) e K R Y B A
BE R B 43 HL B i K M A R A IR 5 R B 1 T
TK A A S T A0 2 TR R ik 4 G ) R B T AL A
PR . WFSE L AR LW, DHPM 4b 2 AT B & 42
i EWP 1 K A 2503 e T Ak %, 33 18 B s S e 240 o ik
FErp R ZUAL R R T R AR S 14T
o R AR A 3L 1 AR 7 AR R B AR Y Tl
fifp SHCER P T 4 i LK R A, Itk EWP 3 AR
LR R o O A B Ak 2RT5E 5l A AR
fifp 4T 25 S A A S A T SRR 1 S R 2
(9 Sy P
2.2 DHPM 3t EWP &% 8 80

AR 5>k ELISA 353l % DHPM 4k 3 j5 EWP
1 1g G Ml Ig E 45 & 66 Jy #F i il JL s stk . i
F 1 ATH, 5 5 R R M e, DHPM. 4315 EWP (1)
Ig G UMD, HAE 120 MPa 2% /4 N L 5Btk ik

PR A, SGF I SIF JH AL 5 K ™= 11 1g G 455 fig

A /M Pa

Jitit— B T DHPM 4b B4R & T EWP 1k
P e T 80 MPa 411 T, SGF Fil SIF 4k J5 /K fif
7R BB R N B3 IR, HO7E 120 MPa i
160 MPa, H: Tg G 2 N 5 K. Ig E 454 [ 07 i 42 b
fath g Ig G A —3, F B DHPM 4b ¥ (80 MPa )
) AT D BE Bk aE oy EWP 4 4y, Jt H 7
120 MPa, EWP K4k J5 K fift 7= W) 4 1g E 45568 )
SR E A M T BT 63.7% . 89.5% F
93.5% , AHF5EH DHPM 4b B (80 MPa L) I-) A BH
WAL EWP S, DF 52 R B DHPM 4b 38 0] L) il
I EWP {175 [H] 45 k4 328 1M i S8 28 1 A Al R R A7, 1l
HARE Slg GuX Ig E 454, 35 20 30 i meR | A it
SE45 5 ZHONG %5 B 58 4548 — 30, (24K J1 ik
160 MPa F1200 MPa B, EWP [ S 1 X ws 45 T+
Fio SATHE 25" i 38 2k & 2K 1 i 4b 31K 7 8 %)
— R LSOOt W B T, R T R A
FE ) S R 5 35 A 2 i VR T 0, (45 D A i
FEEE IS5 M N TR PR RO 8, T 5 Tg G 5
Ig E 254 M JL3, JE T 384 N2 (1 Hu etk o ook, ik
M AREE UG, KA 7 0 0 SBUBCEAT A 58 A B
FUNHAL G i F L8 Ik R Be A PR R AL 3R A& -

&1 DHPM #ET EWP F E M5 g kiR iR B 8% (OD )
Tab.1 Allergenicity of hydrolysates of EWP under DHPM treatment ( OD value)

K3/ Ig G 454 Ig E 44
MPa EWP EWP - SGF EWP - SIF EWP EWP - SGF EWP - SIF
0 1.69 £0. 09" 1.35 0. 06" 0.78 £0.02° 1.24 0. 08" 0.98 0. 06" 0. 80 £0. 04*
40 1.66 £0.05" 1.28 0. 05" 0.73 £0. 03" 1.20 £0.07° 0.90 £0.05* 0.74 0. 05*
80 1.52 +0. 04" 1.05 £0.09" 0.61 0. 03" 0.89 +0. 04" 0.58 0. 04" 0.40 +0. 02"
120 1.19 0. 02¢ 0.73 +0.03" 0.35 0. 02" 0.45 +0.02° 0.13 20.01" 0.08 +0.02°
160 1.28 +0. 03¢ 0. 80 0. 04" 0.41 0. 02" 0.60 +0. 03" 0.25 0. 02° 0.16 +0. 03"
200 1.33 £0.02° 0.93 0. 02° 0.54 £0.01°¢ 0.69 +0.04° 0.31 £0. 03¢ 0.23 £0.02°

T - [ 50 B 22 1] A ] /NG 7 B R 22 5 3 (P <0.05) R [l

2.3 DHPM 3f EWP & F =12

UntEl 3 pros, B 0 s d H Marker, 1 278 R

ZALH ) EWP,2 ~ 6 Fox A Ak J (40,80,120,

160,200 MPa) DHPM 4t ¥ (¥) EWP, DHPM /b 3 j5
EWP (B Ik AT O 5 IR AR R AT H A B AR
DHPM b 35 37 B A7 il EWP S A4z R op 7 R4 s
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Fig.3 SDS —PAGE analysis of DHPM treated EWP

RN T, X W] EWP [ 4y FREH Mk, X
HREAE YRS S TE AL B S-B R R4 T
AR 45 B — 2, ZHONG 2™ 1 LT % i 5¢
EIEAEEYRE A MK E s EEAE LW, RE
R = G4 M e O (E L kAT S AR BF 5T
2L 19 45 A . CHEN 270 §F ¢ 45 3 3% W)
DHPM 4b B3 A 51k K R (R W, TR R T
IR A A R B T T A SRR
2.4 DHPM %t EWP — 2 & #1898 g

¥ CD %5 Yang [RZSHR CD Sl & 5 fh &
th EWP 450 o-1805¢ \B-3r & . B-4% M A HL
B BT AR, R 2 TR B A R Y
BK o825 A B S R IR BT, BT A A i
EIHE TR R 5 5 3 & O e, DHPM 4b B
EWP -2 i & Ik AT - B S|l L. i,y
JE 7 4k B8 g 120 MPa i, EWP () «-32 i & i M
44.5% KT 31.5% (P <0.05) , 70 B-IF& & &M
10.9% 4N ZE 18.6% (P <0.05) ,

%2 DHPM 43/ EWP —REHETSEIL
Tab.2 Content of secondary structure on DHPM
treated EWP %

1/
MPa

o-BRTE B-Ir & B TG R 2

0 44.5+1.51" 10.9+1.02° 18.520.99* 26.1=1.17¢
40 42.8 +1.63" 12.4£1.09" 17.9 +0.87" 26.9 +1.67¢
80 38.5£1.59" 14.4£1.02° 17.6 +0.67™ 29.5 +1.83°
120 31.5+1.65" 18.6 +1.05* 17.3 £0.86" 32.6 +1.65"
160 33.2+1.62% 16.9 +1.09" 18.4 £0.65* 31.5=1.79"
200 35.3+1.59° 15.4£1.07° 18.5£0.72° 31.0%1.86"

DHPM 4b# 5 EWP [ — 28 o-8U5E 45 14 B¢ IR
i) B-Yr LG, F W] EWP (1 "R UL, Hi
ARSI IIAT 63X 5 HU 4 R ST DHPM X 46
AR I G B R R ] ST g Ak B
Jo R U R A R A A e — B s BT

PREE ST RN &y iR R € g AP SR
— B, B ME BE o- MR B A e T AR, R W)
PrJR F AR 0] BE £ E AL T EWP Y o3 JiE 25 4
R
2.5 DHPM 3t EWP REIE (—SH) & /%10
DHPM 4b ¥ ) EWP 3 [fi—SH & & 45 1k
Bl 4 Fis o M, BT 4E Ry EWP [ g0 =
REHEEREZEN . AP HE DHPM 4
BER] A oA B A B R —SH, i 15 %
TH 57 3 75 B0 B BUROME R . AR RS P, R
% DHPM 4b 3% EWP 2 i —SH [z & B /K ik i
2.29 pmol/g, Fifi & F& J1 34 fin & 120 MPa, H 3 [
—SH & & — H B S50, 508 i B i i 2 5 3
B R m—SH 2 . X4 & Ji A 160 MPa Al
200 MPa I}, Ho& 10 —SH & &0 A T BEHEA 835,
IXCA] BB A PRI 43 B 7 AR B R RN AR E , 2 M
NIV Y

w107 FE

< b
£ st Sl
i

*g 6

I

- C
& fodo g
o ool
&
% 0 1 ! 1 1 1 1
la 0 40 80 120 160 200

TSR ) /MPa
4 DHPM % EWP 2 [ 5i 4 & Gt 1 % 1
Fig.4 Effect of DHPM on free sulfhydryl group
content of EWP

AN, X AR Y 1 E 8 1 G 45 G R ALY
SERPE AR B R EE M IE R, X5 EWP [ B0
ZaY)™ . DHPM S EWP () = 5 d v 2> 9 H.
LR AR, TR R 5 BE D 22 A7 114 348 4 2 AR X 4 7K
i AR 2 B I K e T iR R A 5 v R
P il R i 2 1 DR 3 K A 9 Ak, 1 T S0 R B
PEIREAR, 5 T Ara h2 (B4 K A) 7 M B-FLBK 2R
F B IR RS B AL 2 e . [ A
— B S AT R A A X 4ERE I E B Ig G 45 A
FOIMGR TR WL, 7T LLfEN DHPM &b
FHE 1 s EWP 948 52 0 AR L Bofik: o
2.6 DHPM i EWP #5338 & 71 3 T B 7k 14 89 250

HE S AT, 5k 4 DHPM b B EWP [L %,
HAE I B R K AL 8 490 nm, F 3% F b &
JE 3 AR AR T & A B 3, LB % TR ) i Bk, EWP
(52 TR B W] R . 24 TE ) B TR 120 MPa i,
PG B R B Bk H R 2 i TE A S L SEO6E
A B . ZHONG %5 fz3 T DHPM 4b Bl 5 3¢
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Fig.5 Effect of DHPM on fluorescence intensity and hydrophobicity of EWP

B-FLERHE 11 R0 5E 6 Bk 8 480 B8 T i A i 0 o Y A
KR, DHPM 4B G EWP (9% 't i 3 1% 9 2
W 2R 11 B4 H R T, O 22 K X 4 R 5%, E T EWP
K P 4G 5, X F W] DHPM 4b BB AE T EWP [y =
G0N DU % 45 . 24 JE J1 160 MPa 1 200 MPa,
EWP 145 3% 658 B A7 0k 59 , 2% W) 5 % 9 i 7K 2 A
TR AT BT R E IO 454 o

MIE S 0] L, EWP B 25 1 B K P AL 5
PG B I A AT — B, B AL B R 3 i 3
EWP {32 1 Bk Pk 55 E TG F e, 56 T i 1 4k 3
SR Y T B K R AR AR £
MBS R A TN R R E R,
MAKEREA M AEA %, K54 R
IESC EWP 4549 19 ok 48 & [H 5 DHPM 15 K 4k EWP
ZEM S A % . [, EWP = g% 45 # 1 vk A8 i —
i B DHPM Kb 3 FEAIG T L S0tk o 4 il & e
A B AR T HAL SR (1 (KRG B &AM a-
TEASEEF R )M Tg B 45 A, EE R B E
5 = 45 W ik A8 51 A 1

3 &XRiE

AN TR i T Ak 2 5 35 e £ ) 2R 1 B Ak
JoT, AR N7 5 e 2R 1 T AR A I R SOt .
AHEFE ) DHPM Ab 3 (80 ~ 200 MPa) 7] B & 45 &
EWP 81K fif B K 25 14 5T A6 2%, [F] i EWP S
PEB R FEAS, UL B DHPM 3B B &/ T EWP 1)
TK A 03 R AR S, (H 2 B Ok R 1 A0
1o ik DHPM Ab 35, EWP (/)5 F 8% H 221k,
P 5 He g i o, JE 3R T S 1 R 2% T g K
AR LT RAREIEE A, M o-R e S R, B
o-BR € 1] B-97 & % Ak, X W] DHPM b 3 {ff EWP
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