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Analysis of the mechanism of quality deterioration in egg white powder based
on multidimensional perspective
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ABSTRACT: Objective To systematically investigate the quality changes of egg white powder during accelerated
storage at 90 days, under experimental conditions of temperature (37.0+0.5) °C and relative humidity (75+5)%.
Methods A comprehensive approach employing color analysis, Maillard reaction assessment, Fourier transform

infrared spectroscopy (FTIR), fluorescence spectroscopy, scanning electron microscope (SEM) and gas
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chromatography was used to systematically characterize the physicochemical properties, structural changes and
volatile components of the samples. Results The study revealed significant deterioration of egg white powder with
prolonged storage: Accelerated browning manifested in color, with a continuous decrease in L” value (6.66%+0.39%).
The Maillard reaction intensified, characterized by the accumulation of its signature products, with 4,95 values
increasing by (18.08+0.68%) and the A4y increased by (30.93+0.17)%, indicating protein oxidation. FTIR analysis
revealed a restructuring of the protein secondary structure. Enhanced fluorescence intensity further confirmed the
formation of Maillard reaction products. SEM images showed that egg white powder particles became rough and
aggregated during storage, closely related to the decline in physicochemical properties such as solubility.
Additionally, the composition of volatile components exhibited dynamic evolution. Conclusion Comprehensive
analysis indicates that quality deterioration of egg white powder during accelerated storage results from the combined
effects of the Maillard reaction, protein oxidation and structural changes. This study systematically elucidates the

deterioration mechanism of egg white powder under accelerated storage, providing theoretical basis for optimizing

FH1TE

packaging and storage strategies to extend shelf life.
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fi )[5,5 -dithiobis (2-nitrobenzoic acid), DTNB, #f fif =
98%)] . JRZE (4l =99%)( i AL IR A D, + =
Y BRI 4M (sodium dodecyl sulphate, SDS, 4 =98.5%).
. K&V 2,18 (ethylene diamine tetraacetic acid, EDTA, #4[i
FF =99%). Tris-HCI (pH 8.0, #liff =99%). BCA &AW E
5 33857 £ (AL AT Solarbio RHE B FRAA ).
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Massachusetts 2~ ]); F-2700 H 7256 0EH(H 4 H LA
A)); XMax50 Bt 4RO A3 (D [ B 22 0 24 HE A A HD );
JSM-7800F 4 L 7 B i (H A AR I H A H T4 BR A A]);
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5 min)MUIETE, WELIERTE R W R & = BT VR &
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RGN LLUE B, 38 AL I AR 40 H (425 pum)fii M
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PR ISR 2 B0 1L U8 2% 60 H (250 pm), FRJH Biichi
INBUWSE 55 TR LA T 55 Tk . T2 S80% % dERHR
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T IR AL 43T o
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BCA I &ME B b A& i . RO A
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e A Bl IR & i, mg/mL, B g BUIREM R
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0.04 mol/L EDTA KB i 7 B 2 i AR FL 10 mL, 5 Uig
BRI A B 2.9 mL F Tris- T & #2 2% ik (pH 7.0)
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Sy IEIEIETE, FE 412 nm WREE PR T LR . #
ARSI R HI A

B 5 5L/ (mmol/g prot)= 73.33Xnx Agyy

)
C
P A4 9 412 nm P RIRIEEMEL; n A HE A BTG BEA
B, C kR P A A TR R, mg/mL.



160 B il 2 A iR AR U A 4

FH1TE

1.2.6  EFAHHE by EHIE B M Fe il T A2 B T

2% LUAN ZEUIib i )ik, B AMHEERE T
W SE R rp ) =4 & B AR AR SR B . L 50 g TRIE AT
25 mL ZE{8E/KH, LA 8000 r/min ¥t FE 2 min, FE)ET
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JLFE 4000 em™ % 400 cm™' . JERESFEK 4 em ! A Rk
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K FAZENCI BE T 8 B B I AE D . TE S S
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(60 °C), BL 0.8 mL yEAJHIE 80 °CI) MXT-WAX E414 {4,
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PEOIAHOG, T B T RE BT v e i 300 D 1 [T B, AR
WEh AT EZ A NIRRANALRR . BERR) T EUA R pH FFE.
A SR 8 /N3 3 SR (N SR . R T A R
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A K SR . AR E 0 B TR A
o D, HEEE IR R . BRI I IR R
P FE 0 38 R 9T 18] 2% 18 R [ (P<0.05) . TR R E T
(282.91+9.75)%, 75 90 d J5(94.96+3.7)%, W2 Itk if
[B] RE & T B T (66.442.3)% o FH X558 i T 3 R 1) i A7
BT 2 S EURTE B AR I A R AR e M TR .
J ) PR BE T T BB T 3R 1T IR AR ALK PR, 1z AR b
XHIES TREAF-KAHEAER, BT IHKERET, DK
EABRS TS EESKZEMMHETER, mHHEX S
AR 12K U B I8 A 55 1 ST A, AT S5 300
WA P W, BERE R B A R e AT RE S
YRR R R WK S, BRI AR MR e, 2
R ARG A e 5

10T R T AR A R Vs T P SR S A P R
HIFEAR . W L), BRI A M B A I 4 ) L
I 3 N B (P<0.001), HKIN S, 5 0 d B R
(84.99+0.75)% #H kb, i B IET A 90 d J5 A R E R
(61.49+0.02)%, = B H W& M W % M B BT
(27.77+0.37)% o JIFENFE SR HEAS AT 35 1 &1 4> F R 1
REMBIE R, XLERERSBUBWAIERKEES) . RIEMEE
W RERFE o f TR b WSS A p-HT e 2
B 1 B AR I I SR A A R T S K R e, 5K TE LA
HEMRE T 2R TR, R RAER R SR, MELUL F3L
Ve MR EE T 200 s e B R TR A o B VOB L R L
FULAR RGBS Ul R i iR D D REFE AR, TR O RE
I AT RE 2352 ) FLAE /KR P 2 Bk L 7 B A R R S
CPERE. WEREAR ™ A EESS | BRIyl S H
TR M4 T B SR gt AR AR, R R P KV T
22 MEEREPEEMPERRENSHT

TR M I I 35 L ik S A A ) 2248 T B
[E 2(a)]o 7 1A U 2 50 i 5 ek Bl 25 O3 )R] S8 R R T
(4.69£0.15)%. X RN REGRIIE AR E T &8 B, X
SRR R (U BR AR 1 L IE R R ) AU 8 S R
ER(3T O 4 & B T(Fe*/Cu) % fk, BT ik, It
R I B AL SR TR, 5 LR b7 BT
kA o X R AN R R A A B R RS
TN AT 4> T2 5 R A8, i & kit
Fe, AL YIE T2 Strecker MR, Al ELEE S &AL
OO0 S AR A 5 i S 7 S I H ) 4R ) T A SR A Ak
R HEVERIES, I HEERE & B A i35 R 4L HyO0) T B
BT R T I B SR AL A, R AR

5 LA SN 7 ) R 5 % 5 S ) B B Y R o s £
TR R R T SRS AR S5 A =2 ) s SR A A SR
YRR o 294 nm Ab ' (A R RS2 RO AR DR
FEAL A WA A3 F- i A S5l 25 (O RTAR, T/ 420 nm AbAYIK
BT A 8 I S5 8 12 7 45 oI 4 A5 2 1) o8 4
RPN 200)~(c) iR, EIFEMIEL T, I As
I Agpo 1 B EHEIN(P<0.05). 55 0 d BIFESAAEL, 90 d AY Ay,
BN T (18.080.68)%, Auzo HHEHETN(30.93+0.17)% 43l
T2 Ao (BRI AR A B 1T R S S BBV 0 2 JEE I
B TINTR (1 G B A o 45 SRUE S, SEPITE RN & A A BT
T g 3k T B R I B R IR S AR A Y
FEN R — 1 H R R R A vh 2 IS RE R T R rp i v
BRI, ML & 2T, MERE R NPT
JE S FEAA; R & = A B MR R IA R pH, feik
Schiff Bl AT AL 551k, s b ] =4 i 4 25 7 AL R,
23 MEEiEFEEMTERRTL

8L B AR 21 S S R A BT B T I 4% R A A
Ty T H, o, R B f sl BB 147 (1600~1700 cm ™)
AR Ry 2 TR B A R U B o 45 D DX sl Ay
SRR AT 1650~1658 em ™' %R o-425E, 1660~1700 cm™
X B-FR S B-Eifa, 1640~1650 cm ' X FEALE R . 0
Bl 3(a) N, R IEH EIE h Bhe 10 B i RE 0 R B, R
O P R 2 A DRI ST 2 A 52 o S A A I e e
WRALI R, T H G T B A LT A E
FRAE i, A5 SR IETF RS | C=0 JEF R4 iRs),
U7 DA 1650~1660 e ' BB ZE 1630~1640 cm ™' F-LLFfISTE
JEvE, R g T RIS EAFREMKE, £90d
W H I, p-4T 78 L BT 2 T - 5 i A o B-BT s i 14
B ER 5T RS U Sk, 51 R RE ., X—A k] RE
H FRERE AR IS . ER2REE /Ny R Al 2 B BN
R4y T N, SR g AR A S U R 2 B3
1540 cm ™' Zb(JZ M N-H 251 5 C-N {45 i 2 19 e 1T 47)
SR VR, I KA JR T B Kk i R P 3300 em!
(O-H i 4R 1) il 1400 cm ™" (C-O ik 3h) Ak 1 W i 5,
AR5 6 7 7 R I 7 A R R AR

W 3(b)FER, R IESE G BT M 7EAS [
P T R 2OGIRE . ATLAE H, 5 0 d FRARATLL, RIERIT
PRI IR 7€ Y3 EL A I I s e T ) i T B 2 s o L,
T 90 d 1) R A AR i 9 i B e iy o DT R 2l
T RS, LS B 98O B R R E R, X R SR S
Amadori =Y FIF W SERLE b A MW R L RAV) A, X
Aty gy R LA SR 2 R T AT SRR E . SLEIET, 6
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Fig.1 Analysis of color, foaming properties, foam stability and solubility of egg white powder during storage (n=3)
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Fig.2 Free thiol content, Maillard intermediate content and degree of browning analysis egg white powder during storage (n=3)
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Fig.3 Secondary structure (a) and fluorescence intensity changes (b) of egg white powder during storage (n=3)
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