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Abstract A series of diluted and concentrated wheat gluten solutions were used in this experiment to carry out deamidation under moist
heat. During the moist-heat-induced denaturation, the effect of-molecular structure and aggregation state of wheat gluten on the degree of
deamidation was analyzed. The results showed that the degree of deamidation, degree of hydrolysis, and zeta potential significantly decreased
with increasing aggregation of native wheat gluten. Additionally, both-degree of deamidation and hydrolysis had a good linear relationship with
the changes in the aggregation state of wheat gluten. The .intermolecular force of wheat gluten significantly increased with increasing
aggregation of native wheat gluten, and:the red shift became smaller. The intermolecular noncovalent bonds, including hydrogen bonding and
hydrophaobic interaction, were the main molecular forces for the‘aggregated wheat gluten; disulfide bonds had a minimal effect. These results
demonstrated that the aggregation state of native wheat gluten is closely related to the rate of wheat gluten deamidation via moist heat treatment
using food-grade organic acid. The‘aggregation: state-of native wheat gluten is the most important factor for the unfolding degree of protein
molecules and aggregation trends of wheat gluten.
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hydrolysis during deamidation by moist heat treatment
E: BPARERRFEEATERRE (p<0.05).
HE 2 TRLER], ERANBEIZ SR,



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

AR A0 FRAE T KR /N TR ER AR EE B
0.01 mg/mL K% 10 mg/mL B, HoK A EE N8
40.64%[ %A% 1.99%. I A et A2 Bt ot e
FERUKAREIRARSEPE, 58] R=0.96, LI 145515 ]
N R R AR RS BB T 7 450 SR
FE RN R A R AR FR S, IS T /N T B T
PRI A s R B a0 AR FE L B A
LRI AL AT AT 7 T A B B R A TE LR AR /K
J 3L 2 P B R PR SRR HT, ST %02 S Ak ke () e
BN, (ERIACET, BEESETERAKM, HB
P [ MR AN o T8 I HOEAS R A HLER ATt
TR, G5 RAE Shiht®An Kato " HRiEsk | T-H KL
BRI HY, KRS B COO-FH B I [H4s AT A
7 1E FRE R RN T AN B R A S H ST 4561
Ry, ARG IR L R PG LR B B e
Bt BRI e B A A T I e
PR, WHRSEKARIE FITRES . M OCHER IR R IR AT
o8, HNIBOKIERE, BAEERIA N o1 IKEEDR /N
F R T T ERRSCRNEY, 2EATRERMIE
MEFHEZ—. BIELL AL, T/
R A RS 5B A ML R IO 2 B A R
MAHELCR, WUFEH TR, B ERMRSE
TEASA S URTE TG AL AR B R B e i e A
REEFRER.

23 MXEHEARRRESHHL Zeta 4 (r

Wy % v
30
> 2T I
E
= 10}
=
g
‘9 ;
ﬁ . -
20 ‘I_‘
0.01 0.1 1.0 10
/NG T R BE / (mg/mL)

B 3 IREX I NERAER Zeta BRI
Fig.3 Effect of wheat gluten concentration on Zeta potential of
modified wheat gluten

E: BPARERRFRHATERFEF (p<0.05).

Wk 3 Fos, S AR R R R R
R KRB R B BT . BEAWRE N 001
mg/mL F1 0.1 mg/mL B, 4 FRE TR AT A
BT, T8 (I 1 mg/mL AT 10 mg/mL i,

N TR T ISR TR BT FRARE N IE FAT . X2
F MBI EE N 0.01 mo/mL i, BRI o,
IR R KR IR A F IR RN ke 52 1) e
[l AR BRI T M B RS A 1 mg/mL A1 10 mg/mL
i, BRI 2R (1 P i BRIT A B e A 2,
T8 AR s, IR AR A oI AR IR
5, BIRCHELE R R, B R iR
FEAR, LM FE B i, A ) 47 s s
AR, EER I BEERL R, S fERisE R b
TR, BUEEEWE N 1 mg/mL AT 20 mgimL 8 A
I3 BRI FELTAT R AE FELAT o0 AR TR N 1 mg/mL i
(8L 7R ATy IE AT R 10 mo/mb 3R
Hor PRI ERe, (HERIRAEE, PIaEER
DX AR IR SRR R (L, AEEIRE
A 1 mg/mL IR FE R ORI ME 55 1240 mg/mL 14
FHAVR FPRES T AEHE B 38 1 mg/mL 22
TR T I R . AR, JFIAEA R
ERE RN T R A COOH-& &, #E— B IAIE 1/
FE I £ R AR SR B S T TR TR
FNERAE S R gE FEE, dbsomn T BERE LA S H e fil

Py
He./Jo

24 NxHAEARBREST LT LW

\ By
Vol
ku M 1 2 3 4 CK
200
116
97.2 B
66.4 HMW-GS
; : o-gliadins
443 ES
g : LMW-GS
-y (Group B)
290 Wy LMW-GS
(Group C)
" “ a-and y-gliandins
20.1
14.3 .

[ 4 FREEXTUM N E AR B AR F Ik
Fig.4 Effect of wheat gluten concentration on SDS-PAGE; results
of modified wheat gluten

E: ARAKIE, REIREARABBRE ) L@ ARG

EREHKE (M: FfEEE; CK: RZEBAKLEY RIS LH

BEG; 4% 1:10 mgimL FULBUR ks 2 @ A5 B8 &0 2;

1 mg/mL FRBLEL O & & # &8 44 3: 0.1 mg/mL T

BRI N R d &G, 4% 4: 0.01 mg/mL FUBLBAEECH )
@ HEE ).

N EE FER R EEEEANEZ R EA

83



MR B R

Modern Food Science and Technology

2015, Vol.31, No.10

YK, BRI R A 90%, kAR
WE 4 i CK FES AT A MBRETR. ZRERALS
HEEMZREA, BTIERO RS TREY, H
HorFER, —MN 40 ku~300 ku, M1 17~20 FiA[H
2 KB . HP 365 N i FER & A WA

(HMW-GS) Ak FEAREE T (LMW-GS).
£ SDS-PAGE 1, HMW-GS )4 T-8&Z1 90~147 ku.
LMW-GS 7> T8 K41 N 34~54 ku, AR IR AT 4>
N B. C. D =AM, FHEEAERARAMAEN, H
Iy TR/ Ny 30~80 ku. 7E SDS-PAGE 1, HR#EIT
B R ALSTEE R A av By F o PURHSERY, HAy
) AR 1 AR 25%. 30%. 30%F1 15%M7, M\
4 HET VR, AR T /N I R GG R
BREYHE S TESEOMMESTEREA B. C
oy, UK o-BAE A TRA MR, JFHK 0.1
mg/mL [FFEEL AL, BEIREE IR BRI AZETE K. %
SERIEARIAE T — M R G R G E AR ES
RER SRR R K RREE, ULIIREE IR E )
W, SRR A PRI RN, AN TEM
JRIT, R RFTIEIR S A PR E A
KBRS 2, BT RAKIR LRI R,
EASEE ) 1 mg/mL #10.1 mg/mL i 60 ku~70 ku
Oy TESEEAN LT, R 1 mg/mL
BONAE, UL RESI R RRIE A R M SR
Ft B R AN A = A R /Ny IR B B BT R R B T BT
REM. ZREMRTRGE D TRINEREHTEES
B RZ T R LA 2R, A nReR/ N
T3 () B 1 R B R A SR TR R E A TS
MFIEWER S, RERK T S5 TRENE AT,
Schofield 207V /)42 i i ek (5 7F = il B A 7
HorraE¥mEms T RER, Frale S AamiRE N
75 CUL i 248 AR REYS 196 1 7 R AE FLEk
1 R A IR L o T I V5 B 1160 A B 3L N
121 C, R AEEM b R EE, ff
HAS TEIRER &,

25 NEEHEREREEATLN LT

711 L9 % 7

Wl 5 FoR, AR (D MEERERIE R,
WA T IR JIAIE R, 1t B /N2 1 5 8 1 B
WRFEFCIREEREE TG K, @I R FE AR A 2 A IR
EREATAR: (2 WE—RERES, KEUEE
%40 R: SDS and Urea(S6)>SDS(S2)>Urea(S3)> ME
(S4)>PBS(S1)>SDS and ME(S5), %45 Hiit LA IR

84

A I J /)N 22 T 2 1 701 P A 31 )G )
TEF NS BRI B KN 5 (3D Fif% S2. S3 Fi S6,
W AR M Bt i f5 N2 R o1 A, KB
SR (4) Ebfk sS4 iS5, AT —hisE, Bt
5K N7 PR B AR B PR, 00 B B MO I v i (5
YERF /N T 1 A E B, X TR A
RTINS 23 1) P i B e 0 058, /N2
M AT R, BUKHEREAIREE R, KK
MIEAERAMA B EFR G, mRSKRAE 121 CH)
i NEET, e BT A, R R A,
EREEA S FHERRMIE; &) MEEIREN 0.1
mg/mL H1 1 mg/mL I, HAE AR S2 £ B FRARH S 1X
W e S AT RIRIT AN 5 /NI B e
VB 0.1 mo/mL B RAEZREEASL, T RT3
TR 7 ARG B, 1 F K B Bk a6ty —
o

0.251 -#-0.0lmg/mL
-4 1 mg/mL

-o- 0.1 mg/mL
-+ L1 mg/mL

/INZETH iy B TV AR5/ (mg/mL)

1 1 1
S1 S2 S3 S4 S5 S6

& 5 REXNKIE N EEHEB S FIER SN
Fig.5 Effect of wheat gluten concentration on the intermolecular
forces of modified wheat gluten

26 WIREFR LHEE

600 - — Untreated wheat gluten
—10
—1
500 .1
—0.01

400

300

UV signa/a.u

200

100

300 320 340 360 380 400
Wavelength / nm

[ 6 FREE BN E AR B NIRRT E RS2
Fig.6 Effect of wheat gluten concentration on the endogenous
fluorescence spectra of modified wheat gluten

M6 FIZE 2 ATLAE e (1) XTEEARGALB) /N
FHHEA, LEAREN 10 mg/mL i, HigRK
M\ 346.2 nm AEF) 344.6 nm, FIOGRERA T RS,



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

BIE IR 2 I € R A L R A A i,
MR FR MR D, AR EBERAIMIREE . XA
PITIRNRDE . — R B AT AT T L SN A
MR R T REE, HBDABERZAE AR, SR
FRIEHCE/D, T IR A Zeta BV IE LA, PR
B AR AR . . M8 RN 10 mg/mL
W, IR A TR ESYESE, A EAEH
IR (K5, EAFIRRERIZER: (2) HEH
WA 1 mg/mL. 0.1 mg/mL A1 0.01 mg/mL I, A
SR R A TR, W3 2 haf IR R,
HHEWKEZY 0.1 mg/mL I H 717G LR R
JEART 1 mg/mL, XANATHEEBONAE S HIR BN
0.1mg/mL I}, EHEFIRSCRA T RE, BUitER
WAL TR Fa I/, 1X 5 L R FLK R rh ) S A 0 8

(3) FAWKE N 0.01 mgimL i, HEADTFHIZE
LIRS e, X5 HR B e ok

xR 1 REXRE N EEHEBRIRE RS I ERIESH

A
Table 1 Effect of wheat gluten concentration on emission
maximum and peak height of modified wheat gluten

L g4k fnm o

JRds N EE R 346.2 378.2
10 mg/mL 344.6 359.3

1 mg/mL 349.7 572.8

0.1 mg/mL 348.2 3919
0.01 mg/mL 350.0 514.9

3 Zhip

ARSI /N A AR AR P (R AR
MR SR AR V2 SRR L, R FE AR TR
IRV BLAZALEE 10 min J&5, N2 ER F K 75254
RERAT A M, EEA LRGSR NI FiEA
AR RER LB MILRE L . KRS . Zeta
A COEAT ) S A I IR 1 =4k, /N2t
W3 £ IR . KRR Zeta RAZ (HARLAT) B
% H A R IR RIS NI T 22 B, ELBBRE
ATZKfiff RERE /N 22 T 9 £ 1 R R SRR AR AL SR I A
Kbk AN E A>T ATER IS & AR iR RS
ENIOEE D TRTE 2 DN AR * 73U 2 NN 171
SRR FHIE | aa g Sk it =N ek -d S P Rl
B M, —mEERRh. YU RN
WEARELS RGPS RN B E R B AT E5E
FIAHE R R, EABIRIIREILSA R RE 7T T4
R LA B IR A e 34 ) i B PR

A Lk
[1] Day L, Augustin MA, Batey IL, et al. Wheat gluten uses and

(2]

(3]

(4]

(5]

(6]

[7]

(8l

(9]

[10]

(1]

[12]

industry needs [J]. Trends Food Science Technology, 2006,
17:82-90

Wong HW, Choi SM, Phillips DL, et al. Raman spectroscopic
study of deamidated food proteins [J]. Food Chemistry, 2009,
113: 362-370

Belton P S. On the elasticity of wheat gluten [J]. Journal of
Cereal Science, 1999, 29(2): 103-107

CHAN WM, MA CY. Acid modification of proteins from
soymilk residue (okara) [J]. Food Research International,
1999, 32(2): 119-127

LIAQ, L, LIU TX, ZHAO MM, et al. Functional, nutritional
and conformational changes from deamidation of wheat
gluten with succinic acid and citric acid [J]. Food Chemistry,
2010, 123: 123-130

Paraman |, Hettiarachchy NS, Schaefer C. Glycosylation and
deamidation of rice endosperm protein for improved
solubility and emulsifying properties [J]. Cereal Chemistry,
2007, 84(6): 593-599

Chen L, Subirade M. Elaboration and characterization of
soy/zein protein microspheres for controlled nutraceutical
delivery [J]. Biomacromolecules, 2009, 10(12): 3327-3334
Islas-Rubio AR, Singh H, Chittrakorn S, et al. Stability of
wheat proteins in solution [J]. Journal Cereal Science, 2006,
43:169-174

Roussel H, Cheftel JC. Mechanisms of gelation of sardine
proteins: influence of thermal processing and of various
additives on the texture and protein solubility of kamaboko
gels [J]. International Journal of Food Science &Technology,
1990, 25(3): 260-280

WU HH, LIU ZY, ZHAO YH, et al. Enzymatic preparation
and characterization of iron-chelating peptides from anchovy
(Engraulis japonicus) muscle protein [J]. Food Research
International, 2012, 48: 435-441

Shih FF. Modification of food proteins by non-enzymatic
methods [M]. Ch. 7 in Biochemistry of Food Proteins, ed , by
Hudson B J F, Elsevier Applied Science, London pp.
235-248(1992)

Wright HT, Urry DW, Nonenzymatic deamidation of
asparaginyl and glutaminyl residues in proteins [J]. Critic
Review on Biochemistry and Molecular Biology, 1991, 26:
41-52

85



MR B R

Modern Food Science and Technology

2015, Vol.31, No.10

[13] LIAO L, LIU TX, ZhAO MM, et al. Aggregation behavior of

[14]

[15]

[16]

86

wheat gluten during carboxylic acid deamidation upon
hydrothermal treatment [J]. Journal of Cereal Science, 2011,
54:129-136

LIAO L, ZHAO MM, REN JY, et al. Effect of acetic acid
deamidation-induced  modification in  functional and
nutritional properties and conformation of wheat gluten [J].
Journal of the Science of Food Agriculture, 2010, 90: 409-
417

Shih FF,Kalmar A.D. SDS-catalyzed deamidation of oilseed
proteins [J]. Journal of Agriculture and Food Chemistry,
1987 ,35(5): 671-675

Kato A, Tanaka A, Matsudomi N, et al. Deamidation of food
proteins by protease in alkaline pH [J]. Journal of Agricultural
and Biological Chemistry, 1987, 35(2): 224-227

[17]

(18]

Schofield JD, Bottomley RC, Timms MF, et al. The effect of

heat on wheat gluten and the involvement of
sulphydryl-disulphide interchange reactions [J]. Journal of
Cereal Science. 1983, 1(4): 241-253

LIAO L, ZHAO MM, REN JY, et al. Effect of acetic acid
deamidation-induced  modification in  functional and
nutritional properties and conformation of wheat gluten [J].
Journal of the Sciences of Food and Agriculture, 2009, 90:

409-417



