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Abstract: The aim of this study was to investigate the characteristics of the degradation of wheat gluten by deamidation using carboxylic
acids (succinic acid). The changes in succinic acid deamidated wheat gluten (SDWG), during hy drothermal treatment, were characterized using
physicochemical indexes such as the deamidation degree (DD), nitrogen soluble index (NSI), degree of hydrolysis (DH), thermal characteristics,
molecular weight distribution (MWD), and secondary conformation of proteins. The results indicated that, during modification, the degradation
of wheat gluten molecules occurred in a stepwise manner. During the first 10 mins, the DD (from 24.65% to 64.79%), NSI (from 11.55% to
91.31%), glass transition temperature (from 50.70 to 61.80 ‘C), and enthalpy [from 1.73 to 2.35 J/(g K)] all significantly increased, while the
increase of DH was less than 1%. Additionally, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and size
exclusion-high-performance liquid chromatography (SE-HPLC) showed that SDWG had atendency to degrade; infrared spectra indicated that
the flexibility of SDWG generally decreased. In particular, significant changes in MWD and secondary conformation were observed a 6 min
after the reaction started. These results indicate that succinic acid has a high specificity for the deamidation of wheat gluten upon hydrothermal
treatment and that the degradation of wheat gluten is astepwise process with different stages.
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Fig.1 Effects of modification time in the deamidation of wheat
gluten using succinic add, with hydrothermal treatment, on the
deamidation degree (A), nitrogen solubleindex (B), and degree
of hydrolysis (C) of wheat gluten (with addition of succinicacid

(®) or without addition of succinic acid (m))

RLUETR, Goud I sk B2 /N 22 10 iR 0 3%
ISFATIRE BT GG/ NE T EE (812 C),
U B IR 3FR M50 P9 e 512 ) /0 22 T 9 2 A R B
e AEREER AL, ERIIPER10 minK, B
I AT, BIRAEARZ H50.70 CiE#i a2
61.80 “C, dHABiME et t FHJS /22 Th i S A T30k B 1
R, BEAEACTRI R AT RE K, SRS AR Y
DLW PG, R EAHRNRESEIIRIZE L
Jee TH e SR A 12 AL B B [ BORZE - R4 Micard
SRR, AR RO R R 45 W R T SRR Y

23



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.1

B NAE, KRB ESERAI05080 N, IZET I L.73
AZE2.350/(g K), (H2EREE AEE ]9k 2L, 14 min
Ja HBLT BRI R B, AR RS B F% £11.82 I(g K) -
U, 3T B A AR IR RN AR M HG M AR (s ka 3h T
HNR K FR T ERE N R B T R RS I A
RAEEL,  H oM 72 A /N T 75 2 1 A R AN i 1k
R A% FEF B4 K T Jeg o
r AH

W 18 min

~T 14 min

(=21
<
[=)}
g
=

=
=]
T

Endothermic heat flow / (mW/mg)
2 s

0 Iativle wpeatlisol‘ate
"0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Temperature / C
2 BMERE) X )N R AR BRI RIS
Fig.2 DSC thermograms of SDWG as a function of heating time
1 IEHIRIARS AR PR MR B)x N E AR EE T IRE . T
MR ER TSR E TN
Table 1 On-settemperature of denaturation (T ), enthalpy
changes (4Hy,), and glass transition temperature (T,) of SDWG

as afunction of modification time in the deamidation of wheat

gluten using succinic acid, with hydrothermal treatment

B st AT TSGR IR A TR
BE/min - MRE/C (g K)] JEIC
0 22.60+1.09°  1.73#0.09°  50.704320°
2 21.90H.14  1.9840.10°  53.90+2.90°
6 2440H1 28  2.2240.20°  56.10+2.78"
10 24801259 2.3540.15%  61.8042.9C°
14 255041249 1.8240.100*  64.9043.15°
18 21.004098  1.8340.140* 56.6042.60°
B 3510473  3.0622.13°  81.2024.00°

E: E—HERR b AR FRGHIER 25 £ 5 (p<0.05).
2.3 AN EZEME G RGN TN

MR 2 AR, i M A B S 1R/ 22 TH AR

(1) R EELD p-37 8 (RiIA 50%), B 42 a-
BRE (31~33%) M- (17~19%). 1E -z,
ST TR S EIRR T 80% (31~33%), 5 o-iZjiE
(31~33%) AHIT. Nk 2 75l fa, B EBURE 21 1A
(1) B-FrB A FAT p-HrE5 WM 0 734t i) 1608.50
cm 1 1695.30 cm ™ 45 1606.60 cm™ il 1697.22¢cm*,
Hopth — R BB AR p-4% o B BEIE A

24

() RSN TG O, 2R BH /N2 A A A IR R AL
RAE IR G B SIS, 4 I e Al R A T H i3 e A g
BABMRAZ AR RE T HEAFRN, X2HTH
RAIRFIR LR IS B A Ry, HALT AR
™, Fah, BRI S T g B R
WD, R RPREAEINAEE 6 min i IR T B S AED .
Rk, Bl e & ais 730, (oS -
B L) BT A 0.625 (0 min) 7+ 6 min ¢ K%
ik 0.654 (18 min). FT L, i BEA% otk i AR HH B
JR oI AEAE et 2255 6 min B 7K.

24 W ZEME A REL A RL

KDa M Bl G020 38 4 B E8

\

97.4 .
S=85H -QJ\HMW-GS
66.2 \ e e
2 ] w-gliadins
365 e LMW-GS
(Group B)
LMW-GS
] (Group C).
21.5 a-and y-gliadins
144 =

u“ ‘ - _ o-amylase
trypsin

inhibitors

(&3 psei At 3o/ )N 22 AR B L B A T 2200
Fig.3 SDS-PAGE of SDWG as a function of heating time

E: KEMACH A A TFATES T Z O fo Rk B BB AL 22
&G, RE 1655 ZT2i20,2, 6,10,144718 4P ek AL 38 5
F3) 0 HE G,

Bl 3 o B /N 22 THI 5 A 1 ROV 2 oy 70 AT 24
PRI (AR 5 . So0) RREH P S 2% i e (kT )
FEL, HMW-GS A1 AN E 34541511 GREit 97.4 kDa,
VKIE C) BEFE AL B I HERS THZ Wk ss, [FINF,
HMW-GS ) 53 — 8o 1 B 5k Ukl 1, S
KPR: VKB C, BEHEkEALED BRI, %
S5 R LAEIM IR IR AE R IR T /KA 8 h Z 5 /N1
B QS MO AT ahfk B (R, SDWG [l %
JEFEFEN 24.65%, B 1. {ERAKET (WkiE 2~6;
2~18 min A, VKIE 1 5587k BRI 3 SRAE I 0
TE ISR b B e AU [RIRS, BT AR, —
ANE BT ey (UKl 6 557187 k), B e
HMW-GS 1 o-F#iaE F 18], FFBE AR R E K
PREEETIIN . ZER 5K 1 PSR A —,
i B AL B, ARSIt N R B TR AR
T BH TR, 4 6 min 224 A AR .

25 WEANXEMEEL TR EL W RN



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.1

R 2 QLA E SREEN A ER L
Table 2Secondary structure distribution of SDWG as a function of heating time

o g & oM g R

oy EORE Be (ko) o-827% B35 BRAT B4 & S wpdi
min L mEE . HEGE . HEGEE . HEGE . bpeg SEMOE
0 femt 0 fem? 0 fem? ° fem? ? fem?®
0  18.0F 1608.50 3154° 163551  31.68° 165290  17.66° 1679.87 1100 169530 50.66° 0.625°
2 19.87° 1606.60 31.87° 163551  32.90° 165290  17.95° 1679.87 1.05 1697.2 527 0.623
6 1593 1606.60 3119 163551  32.25° 165290  18.3% 1679.87 1.38° 1697.22 4850° 0.665°
10  17.3% 1606.60 3129 163551 3148 1652.90 1855 1679.87 1.36° 1697.22 49.97° 0.63C°
14 16.50° 1606.60 31.43° 163551  31.93° 1652.90  18.78° 1679.87 1.35° 1697.22 49.29 0.648"
18  16.18" 1606.60 31.36° 163551  32.00° 165290  19.08° 1679.87 1.38" 1697.22 48.91° 0.654°

E: R —F TR AR B FE a9 ER B 25+ (p<0.05).

16 ¥ — 0 min —:2 min

—6min —10 mi
14+ V — 14 min

Absorbance (214 nm)

5 10 15 20 25

Retention time / min
El4 pgltadiE) s\ EE HE B S FRES RSN
Fig.4 Effect of modification time on the MWD of SDWG

3 #ig

P R R Iche VAN i A B L R B S
A S E I, TR T kA B A R Tn 1 i
W5 S TR . DHU A R R WA IS T BE
FERX/INZE T B PR BRI et P R A e v S »
HoetEd R, /N2 i GO A i dinfbi
RIS HERE 5 LR A RO T P A, RONTE 2
A P Aol P S AT R e ) R 70
T H A R0 BRI S B Bk A0 o3 B BbE o Stk
6~10 min /N Z2 18] AR B = 4R 448 40 AR R 58 AL
(¥ 2 B FEHT 6 min, YRHVEEL SEUE A TR,
S JEAEAN T FNEREAR, BRI AV ER B
4G 0. 6~10 min Ji=, FEHE 77 PEREFHF /IR AR
BRI TR N 2 i B ARSI E A, 73
T =R A R R TR R, BRI
AR A BRE 5 25 PEAIR . T LI P FEIR ML R fre o —
ot — Mot I ek /INAE Ty B 1 EL R U PR/ N 22
TH 57 28 1 W) GRRAE PRI A%, S 98 P A B e e B A e
PEHABE S VIE iR IS %

BH Ik

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Shih F F. Deamidation studies on selected food proteins [J].
Joumal of the American Oil Chemists Society, 1990, 67(10):
675-677

Foegeding E A, Davis J P. Food protein functionality: A
comprehensive gpproach [J]. Food Hydrocolloids, 2011,
25(8):1853-1864

Riha W E, Izzo H V, Zhang J, e al. Nonenzymatic
deamidation of food proteins [J]. Critical Reviews in Food
Science and Nutrition, 1996, 36(3): 225-255

Chan W M, Ma C Y. Acid modification of proteins from
soymilk residue (okara) [J]. Food Research International,
1999, 32(2): 119-127

Schlichtherle-Cerny H, Amado R. Analysis of taste-Active
compounds in an enzy matic hydrolysate of deamidated wheat
gluten [J]. Journal of Agricultural and Food Chemistry, 2002,
50(6): 1515-1522

Day L, Augustin M A, Batey | L, ea al. Wheat-gluten uses
and industry needs [J]. Trends in Food Science and
Technology, 2006,17(2): 82-90

Shewry P R, Tatham A S, Halford NG, et al. Nutritional
control of storage protein synthesis in developing grain of
wheat and barley [J]. Plant Growth Regulation, 2001, 34(1):
105-111

GB 8607-88, =i fffi /N [S]. A B AN [ [ b, ]
Z bR At 2013

GB 8607-88, High gluten wheat flour testing standards [S].
National standards of the People's Republic of China, China
national standards press, 2013

Liao L, Liu T X, Zhao M M, &t al. Functional, nutritional and
conformational changes from deamidation of wheat gluten
with succinic acid and citric acid [J]. Food Chemistry, 2010,
123(1):123-130

25


http://scholar.google.com/citations?user=3UDIz2YAAAAJ&hl=zh-CN&oi=sra

M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.1

[10]

[11]

[12]

26

Liao L, Zhao M M, Ren J, et al. Effect of acetic acid
deamidation-induced modification on functional and
nutritional properties and conformation of wheat gluten [J].
Joumal of the Science of Food and Agriculture, 2010, 90(3):
409-417

Liao L, Luo Y, Zhao M M, e al. Preparation and
characterization of succinic acid deamidated wheat gluten
microspheres for encagpsulation of fish oil [J]. Colloids and
Surfaces B: Biointerfaces, 2012, 92(0): 305-314

Tang C H, Chen Z, Li L, et al. Effects of transglutaminase

[13]

[14]

treatment on the thermal properties of soy protein isolates [J].
Food Research Intemational, 2006, 39: 704-711

Micard V, Morel M H, Bonicel J, et al. Thermal properties of
raw and processed wheat gluten in relation with protein
agoregation [J]. Polymer, 2001, 42(2): 477-485

Shepherd A J, Gorse D, Thornton J M, et al. Prediction of the
location and type of B-tums in proteins using neural networks
[J]. Protein Science, 1999, 8(5): 1045-1055


http://scholar.google.com/citations?user=Z9WsvVsAAAAJ&hl=zh-CN&oi=sra

