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Effect of electron beam irradiation treatment on the in vitro digestibility and

structure of egg white protein powder

HUANG Mengling LIU Yun
(College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

ABSTRACT This article reports the digestibility, antioxidant activity, and protein structure of treated egg white
protein powder (EWP) after pretreatment with electron beam irradiation (EBI) at doses of 5—-100 kGy. The results
revealed that EWP exhibited excellent in vitro digestibility under the tested EBI dose conditions. After EBI
pretreatment, the treated EWP digestibility of the treated sample was slightly higher than that of the untreated
sample. When EWP wais treated at 100 kGy EBI, the EWP in vitro digestibility was high, reaching up to (99.30 +
0.53)%. The EWP digestion solution exhibited high antioxidation capacities of ABTS«" radical scavenging activity (>
80%), Fe** chelation ability (>70%), and *OH radical scavenging activity (~40%). Circular dichroism and
fluorescence spectrum analyses indicated differences in the surface hydrophobicity and secondary structure of the
EWP protein at the tested EBI doses. The protein peptides of the EWP digestion solution observed via sodium
dodecyl-sulfate polyacrylamide gel electrophoresis were close to 25 kDa and 10 kDa. We believe that this study

provides technical support for future practical applications of EBI in protein food-processing fields.
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T RA 3.5% X e H 1 i 20 2 R 40 e il N
T F5 IR IR AL R, B B E TR, LT AR
M.
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2, SR o B 0 I D RR AR PE I TR B < E S )
(1) y % BERT DA 0 K 2 18 ) P A8 A 98 g, AT A
TITRE W% 98 2% M 0 A A0 R0 2 (1 5 AL k2D Sk A=
B L AROAR PR (BB A 3 L 0 2% 7 5 s 7] Py
AR TR B R R AR I EE B b, P AL
S VVERRVE WS, RBEE , SR R R A
PO, e A RS Ak, 15 2 & L AR B IR, 7
N e T Z NS 54 G0m TR AR, EBI
AR A AR REUE A EEUR G
AICAFAE B, RIE AR, AT A ST M PR R - A
RNAEFIN T — Fh AR T 7% EBLAE £ 5 N 356 5 ik
(PP AR /) BT = AR R REFE VK AR LA K mT
DAFE J B[] P 7= 2 e e e

2 HT, EBIACBEXS T &R TE Ky (EWP) [ 7T 2 4R

TR R RS EE A R — R A EU
P 5 DL KA 57 2 5 B S B 2R T Re R PR 5 U T
Seo 21 50 kGy+ 100 kGy 71 i) y %8 I8 b B1 5
TEER A, &I A A HE AR (0 /N RO A I B
A S A s Jin Z50F) F 5.4 kGy 71 & i) EBI T &b FE
EWP, & 45 I8 0T LABE i EWP (1) 7K ## £ ; Liu 260
FIH 5.5 kGy 77l & ) EBI 4% f8 4b ¥ EWP, & Bl 45 I8
A LA I EWP [ b S8 A6 5 M o SR, EBI T4k 2 5%
EWP &5 1 V8 AL REVE (1 BT 70 65 A SCRiRAioE o PRtk , A
3C LA EWP iy Ji K}, SR A EBL CHR U 7 & O 5~
100 kGy) FiALHE , #F 7T EBI Ak H X} EWP 1A 4M 4L
R TH AR DTS TS M AN S5 R s, LI DN EBI
FEARAE AT T 0 AT B FH B AR S

1 MR5RZE

L1 MR SRR S

RS EE R E LR LR A m 3R AL ; B A A
(CAS 5 9002-07-7,BR; 1:250) Al E 25 (A i (CAS 5
9001-75-6,USP; 1:30 000) 14T B 4 T 3R 77 A 7 . 2,
2-BRA- T (3- LB OR IR -6- T R D — 4 2R (2, 2'-
Azinobis-GB-ethylbenzthiazoline-6-sulphonate) ABTS)
8- 7K i -1- 28 i R (8-anilino-1-naphthalene-sulfonic
acid, ANS) . &AL 4N &L SIS AR s 2R A
WERR A B B R — SN SR 2 o I = i o i 4l
| T L TR B SR TN A T e B IR HL UK (SDS-PAGED
I ] 2 R S T AL RS F R A PR A A

1 MeV HL ¥ 5 hnis 25 (35 E Wasik 2 7)) : 14k
BT B I8 10 7] i : H A JASCO 27
RF6000 7 ) 7 6 6 & it - Sy i@ A 8 A PR A A
UV756CRT %403 LR Bl BMER AR A
BRA T
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121 BT REBBEFIH O &

EBI b3 EWP SEEG 71 L A4 22 B gk AT « 0
WAMRYE G, F5T BRSBTS O B R
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IR R T A B, W SR B U 8 N 0 kGy s 5 kGy
10 kGy. 20 kGy. 30 kGy. 50 kGy. 70 kGy Al
100 kGy - K¢ 48 B8 5 [ = TE R B T 4 °CIRAE, 25 H o 57
N0 KGy I B2 R AR, /R 2 (R

122 FFABRISNELE T ik

PR Jing S RIS T VAR AR S 00 B mL IR
9 1 mg/mL ] EWP 3% ¥, )N A 2] 20 mL & A
10mg/mL B & & B M B L B W + (SGF,
120 mmol/L NaCl, 5 mmol/L KCI, 6 mmol/L
CaClL) , W pH N 3.0, IR GV E THIKWN ,
100 r/min ¥%3# ,37 °C T J % 2 h.

A RN S [ REL AR 37 °C R /K, 1 pH
2755, 1 mL KM AIA 20 mL % 10 mg/mL
JoR R 1 T P A5E40L B% ¥1K (STF , 80 mmol/L pH=7.5 1§ iR
GEP D RIRE W E T IK N, 100 r/min ¥ 34,
37 °C'F M2 ho JRBLEE G, I 3E 5 1 A g4
B2 BT AL, SRAS BIE A AR AN A, FE T B
&,

123 FiHEpHARSME LRGN R

B2 0.5 mL ¥ & 4 100 pg/mL 7 AH W 1L J5 5 A
i, 5 2.5 mL 280K 5.0 mL % D W VAR &
S % 20 min, 7E A=595 nm Nl & 48 4 6 AR )
A1 s B E A ba il T ERE R TR E O RS E R
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1

o em NTEACHTRE A B E & & mg/mL:m, N
A SERE S B RS & mg/mL.
1.24  EFHHRRIRAAHFE G 2
ABTS«" 1% F& it 712 I8 Liu 25/ 1038 J7 RS n
10 I R E R T AL ABTS 5 IR R % .
7 mmol/L ] ABTS ¥ 5 2.45 mmol/L 1) i B iR
PRI 7 50 IR G AE B iR I8E G )R 12~16 h, A2 i
ABTSe" H HE B AR5, /D & ABTS " 1 H 2
BEV, ] pH=7.4 1 0.1 mmol/L % B2 2% /h i Wi B, L.
R OEAE (1=734 nm) N 4,,=0.70+0.02 . %5
fict 1] 22 EBI il 4b #E J5 ¥ EWP 35 100 AS 7] ¥R 5 A 1
(0.2 mg/mL. 0.4 mg/mL- 0.6 mg/mL. 0.8 mg/mL
1.0 mg/mL) , W% X 2.0 mL EWP & 5 2.0 mL
ABTS" i A3 5], 2R F )P 30 min Ji5 , F]
FH AN 6 6 FE T E A=734 nm R & SR RO

B A, [FIRE ST W e 25 I ) R A R A, B
ASFE dn P AT I 3 IR F A 3D T T AL R B
ABTS" HHFZFEST (R, 050 %) o

A, -4
R jprs = % x100% (2)
1

3 A, USROS 30 min IG5 4, 87 A IR
JtiE .

*OH i5 & g 71 2 I8 SClR (15 1438 J7 3k 47
JE o 47 i BT EWP 3 VR B2 A 0.2 mg/mL.
0.4 mg/mL. 0.6 mg/mL. 0.8 mg/mL ! 1.0 mg/mL %
1 mL, /&K I 1.0 mL ¥ FE 4 9 mmol/L i 2 .2k
<9 mmol/L 7K R - . B 157+ 8.8 mmol/L XU4A
IRV, 21,37 °CJ ML 0.5 h, £E A=510 nm bl &
W BEAE Ao FH T 8 ARE AR 23 0 R 5 TR
JCIE Ay FH 258 1 /KA XA 7K WA B A4 %o 1R
A, MEWRICE A, o R _EIR FIFE A B IR, LA
[F) 4 B ) 4 A 3R C oy TR TRAE PH X HRZH . F A 5C
GO EIH R cOHIEBRAE 1 (R, %) o

A, - A,
A

c

Ry = (1 - ) x 100% (3)
Fe B4 R 1 2 WSRO 3R 7 53847 - o
) E 1 94 B~ 0.2 mg/mL+ 0.4 mg/mL. 0.6 mg/mL.
0.8 mg/mL F1 1.0 mg/mL [ EWP ¥ ¥ % 1.0 mL, &
YN 0.2 mol/L B P& £5 2% PHRURH 1% Bk B AL HF VA R
% 1.0 mL, %7, 50 °C /K 20 min. ¥4 #Hl 5, A
1.0 mL 10% ) =5 4 » 8 000 r/min 20> 5 min, B
2.5 mL W KN 2.5 mL 7K 0.5 mL 0.1% 5
PR I, 72 2=700 nm Ab i 2 W e BEE 4,0 FH 25 58
TFIRAE AR 2 O B I8 RO FE A, LAARTR]
TP kA K CHEAT [RIRE AL R A A PP R F A 5K
(DT H MR Fe B A E (R, %) .

AZ_A]

2

RFe =

x 100% (4)

125 B &#E5H

FH B 1% £5 22 31 (10 mmol/L , pH=7.0) ¥4 fift 2
TEW BCHIR 0.1 mg/mL & FIE TR, BONFE it
o, AR A Ao B B T R o D A A
25 °C, BAMEE, WK IEH 190~250 nm, $ 4
2 100 nm/min, 75 75 0.1 cmo. 2% Bestal ik #E4T
I HTERET
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1.2.6 R @HEAKESH

Z W8 Sk (17] 4k 38 75 15 58 11 2. A
0.1 mol/L pH=7.0 I iR £h 22 1 i 74 i BRI 0 TC il
% 1 mg/mL ¥, 6 000 g T E5.0» 10 min, X 2 mL #¥
i NN 10 pL ¥ % 4 8 mmol/L ) ANS ¥ i H , Vi
51 AR IS CUEA AT W0 6w o e M 2 A
BRI 375 nm, KK 485 nm , $14 7 H 400~
600 nm , 4 AIBE 1 nm, BOREFUR S5 %6 10 nm.
1.2.7 SDS-PAGE % #7

2 M8 Xue ZU IR IE J5 R AR B 20 BUK FE N
5 mg/mL [ EWP ALK 15 uL, 5 5 pL 4 x L FRZE
TR A 590 °C/KIB N 10 min. 55— A~ _EFEFL N
AN 2.5 uL FEAbRER » 2 J5 B FL EAE 10 uL, 80 VHL
JE NIZ4T 40 min J5 , 120 V B JE FiZ47 1 ho % O fif
SER Y, S s .

1.3 St

ANFESLPAT I E 39K, K SPSS25 A3k T
Zo3 T, 2 7K N p<0.05, Origin 2021 b #4044
K

2 ZR54H%

2.1  EBIFIAIEST EWP B RSN

EWP RS A 552 FH R VE A% 8 131 13 10 g K
AL RE , RENS It — DI AL E R B A )
bt o VAR B, R E IR (R EBT AR R R )
EWP A SME AL R0 1 s o i B 1), ARG &

EBI Wil kb 22 J5 , AH % AR AL #E2H , 4b 3 5 EWP JH 1L %
W& A $2E . {542 EBI A & 5 EWP AL R 2 B A 2
PG I L5 22 b MR ROR 100 kGy b3
J&i » EWP AR 41 A6 26 1573k (99.30+0.53) % o 43 BT Ji
HED 2, EBL AL HLEL 1 EWP 25 45 1), EWP 2R A 7
ANFEOSCRI R R R A T R AR A A8 B R AN
i 2K 1 il O 4t B i EWP, K2 T 2R NG T
JIk o 3% —HEMZE Ji5 22 SDS-PAGE 43 M 13 3 T 383iF .

101
100
or 1 I 1 ] I [ I
98 ¢
97 £
96 ¢
95 ¢
94t
9 F
92 ¢
91 ¢
90

Digestibility / %

0 5kGy 10kGy 20kGy 30kGy 50kGy 70kGy 100kGy
Groups

1 A EBIFIEXT EWP JHAL R A5

Fig.1 Effect of EBI pretreatment with different doses on in
vitro digestibility of EWP

22 EBIQIEX EWPEWLXBRIMELEENE
i

9T T EBI T AL FE J5 EWP 1 40 8 (144 i 4
s, R NE 1.

1 EBIFIEX EWP LS EATEE R
Table 1 Effects of EBI pretreatmnet with different doses on antioxidant ability of EWP digestibility solution

WIS/ kGy  ~OHTEBRAES) / % ABTS«"Ji5RAE ST / % Fe" B RS/ %
Absorbed dose  *OH radical scavenging activity ABTS*" radical scavenging activity Fe* chelation ability
0 41.38+0.20° 86.57+0.36 84.36+0.13

5 30.76+0.99° 82.91+0.14 83.56+0.13

10 32.86+0.19° 80.76+0.14 77.73£0.13

20 41.22+0.82° 87.08+0.26 82.06+0.22

30 43.26+0.30° 84.50+0.13 81.54+0.13

50 47.95+0.04° 83.45+0.13 76.26+0.14

70 46.16+0.02° 85.01+£0.14 81.54+0.14

100 39.94+0.02% 84.05+0.14 83.59+0.13

T AR _Ebr T BHURA BEEE R p<0.05.

Note: different superscript letters represent significant differences, p<0.05.
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HE 1 AN, EBLAR HEFIAL 3 EWP J , TH AL TR )
ABTS" i/ % RE 71 1 Fe? B 4 R 17 10 A8 1L 5 W UL 77)
BRAS S LR EES  HOREAE R IS
LA BE - SR 1T, EWP W 1L i -OH J& B BE /1 5
WAL ENAFAE B 2 b 0 B2 e 2 5 o 4R
HRK (<20 kGy) I, AL -OH T B fig 11 A b 2
TR ) 41.38% [ % T 32.86%. B & " WiC 751 & 189
(30~70 kGy) , *OH i & fig 77 th S I 1G a5, 7
70 kGy FE AL FE 5 «OH G Bt J114 3 T 46.16%. 24
W WAL 571 B ik — 2B 14 0 &5 100 kGy I, «OH 75 B BE 1
HIF % 32 39.94%, Ji7 5 0T g A2 EBTAS [R] W U 741 2 4
PRI, 58 B S5 M R AR A, «OH IS PSR A7 HH B
TSR B ) 5 R . 7R — o R R AL B A R
T, T EWP A BRI ACTERE, 7R AT FE
THALHEE RE W 78 A VB T UG VEAT 2, ANy T 2
K, B 78 R BB K M 2 R R, 3 5 e AL R P A b
TEPED,

2.3  EBIIEN EWPEHURER ZREHNFE
i

KB 43 5t 58 EBI AL B X EWP W 4k &
H s, 45 RNk 2 Fros - R 2 AT 4,
2 Wi A B 100 KGy I o-B2 e 25 A 5.44% 18
I0E]7.7%, B-37 S & 8 M 32.07% FE1% 5] 29.96% , B-
B ANTC RN i AR X 3R B EBL 4R FR T4k
HXT EWP YA 8 5 M 152, AR ILAE o088
Jie & B 3G AN -4 B kD X — 451 SRR
TEAH— 50 Jin 202K I HL R IR AR IS PR IR AR A
2 THI 45 A4 1) 56 B, 384 6 B (1 43 1 R A FH a3
5, AT 52 M0 25 [ 5 - 2 45 44 . EBL 4% FR Tl 21 5
EWP 882 5 [ 25 (1 B AN B 25 B 45 & I3 1A s
BH AR I, A FE R, 2R I R AR
(E VAL s 3 2 7 R, S EUE O FRIIK I — 4
SERIL R A AR

£2 AFEBIET EWPHBE B K AR

Table 2 Effects of EBI pretreatment with different doses on the secondary structure of EWP

IR / kGy a-BRHE / % B-ITE / % B-Fe A1 1 % TERRI /%
Absorbed dose a-Helix B-Sheet B-Turn Random coil

0 5.44 32.07 15.32 47.18

5 7.38 30.90 14.26 47.46

10 6.23 31.36 15.78 46.63

20 2.38 37.85 14.45 45.32

30 3.64 37.30 14.33 44.72

50 5.20 32.98 14.34 47.49

70 6.50 30.78 14.86 47.85

100 7.70 29.96 15.18 47.15

24 EBIAIEST EWP HUREBREHRKMER

A1)

EBI &b 3 % EWP 75 14 3 8 [ 32 1H1 B 7K 4 52 1)
UL 2, P 2 7] 5, EBL AL 3 f5 EWP 5 401 25 7%
I U B R IR ST A AN AR T I WAL iR R R AR T AR
1k, 1X 5 B EBT IR WS 2 AN 52 1 EWP YH AL 2R 11 =
oy A S P G e g S BTN B2 A7 S e
TR R (70 kGy A1 100 kGy) , T4 44 9 3 T i
AKPERE AN, J5 BRI AT R d R B 2 e TR A B K 1
BRI 2 N T R AR K . B AT
FEH, B B RS AL AR 05 B iR E SR 1)
SRR R, =GR 2 N A B R A
M EIRAILRTE 2 IR mE AR, X —
SRS 4R

6000
5500

=

@ 5000F

3

£

g 4500F

=)

Q

(5

2 4000}

5 —— 0kGy —— 5kGy

2 - —— 10 kGy —— 20 kGy
3 —— 30kGy —— 50 kGy

—— 70 kGy —— 100 kGy

480 500 520 540 560 580 600
Wavelength / nm
2 7N[E EBLFFI &0 EWP A6 T 5 /K A (1 52 1
CRAA LM 2% i)
Fig.2 Effects of EBI pretreatment with different doses on
surface hydrophobicity of EWP digested solution (color online)
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25 EBIQIEXEWPHEHLKLBREAS FENY
Vg

K SDS-PAGE #E % , iif 5T T EBI & it Ak 2 X}
EWP VA B 15 T2 40 A 52, 45 5 W1 3. |
3050, 4 EBLACEE )5 , EWP JHAL R R 4> T & AE
24 kDa 11 10 kDa 4 H B 1 B2 2% 7, tH a2 i
EWP & FH AL , A2 Lo 7 =8OR 1 £ Ik 7E SDS-
PAGE 44 | 2 L{E 24 kDa ftift , 4= /N4y F B 1)
ZJIREEH T 10 kDa 2571 fIT . B 3 16T LG, B
G, 2% B BE A AL , K H Quantity One
B At EAT 78 2 o0 M, 2R A N T AR AR 4k N
90%~100%, 25 F 3 B < WS 7 AR A i o 27
WAAFAE G TE 22 B35 1 o 2% 68 AR e 1 Ji A
AT HE A R R R AL T, B CI R — D W R
N TR %R A NKTE Z B LR BoR ok
X — 5510 5 SCHRFRTE A — B, S e RS SR i 0t g
RFNEE AT AN A, 25 R B, PSR A
94 1k Wi fF SDS-PAGE #t ik F 2 F 24N
24 kDa 117 kDa 2k o

T2
70 kDa

55 kDa
40 kDa

35kDa
25kDa 8

15kDa |
10 kDa [

B3 KA EBIF&E N EWP {61 SDS-PAGE K
M %7~ Marker, 0, 1,2,3,4 K%~ 0 kGy, 5 kGy, 10 kGy,
50 kGy, 100 kGy WS K (1 EWP AL T
Fig. 3 SDS-PAGE of EWP digestion solution at different EBI
doses. M represents marker; 0,1,2,3,4 represents EWP
digestion solution at 0 kGy, 5 kGy, 10 kGy, 50 kGy, and
100 kGy EBI doses, respectively

3 45ig

K FH EBL4E BB Tl AL ¥R EWP, BF 58 T AN Al 571 & %%
R, EWP B A A REPE RN 25 1 AR 4k . 25 SRR B
A [EI R R AL B S, EWP TS AL ABTSe T5E 4 Rt

JIMFe B G Re IS H 1, B A 2O & 1
GuitH 2 5t o ~OH T BR B I IR FETER B /K, 23
e R R E AR TR TE P R A
Al HE 2 BT EBI AL PG 2 11 45 44 1) 52 10 BT 50, EWP
TR SR A R SR T B KPR K o TR N R AT
EBI AL BT G 38 R A T — @ BB I AR AL X —HF 52
BN EBT 4 AR AE EWP & i i T 45038 1) 37 H 2452
TR PR S

feEREAEH X ZRE T ASCHH % BB AL
By, URGRREt; B R TR T AR E
BT MBS R FH R T AR NTiZE
XA IR BT R

Bl RO AL R B TR R OF B S0 1P EWP ¥
AT T RIEBRAHE,
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