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Effects of “*Co-y Ray Irradiation on the Structure and Processing
Properties of Gluten Proteins

CHENG Liping"?, XIJun"’, CUI Long>®, ZHANG Dong>®, WANG Xian?, CHEN Sisi’, YAN Huili**"

(1.College of Food Science and Technology, Henan University of Technology, Zhengzhou 450001, China;
2.Isotope Institute Co., Ltd., Henan Academy of Sciences, Zhengzhou 450015, China;
3.Henan Academy of Sciences, Zhengzhou 450046, China)

Abstract: This study systematically investigated the effects of “’Co-y-ray irradiation on the structural characteristics and
processing properties of gluten proteins. Gluten protein samples were irradiated at doses of 0, 1, 3, 5, 7, and 9 kGy. The
investigation assessed the free sulfhydryl groups, disulfide bonds, secondary structure, molecular weight distribution, color
attributes, water-holding capacity, emulsifying properties, taste profiles of gluten protein, and the pasting characteristics of
the wheat starch-gluten protein reconstituted system under varying irradiation conditions. The results demonstrated that
after y-ray irradiation treatment, the free sulthydryl group content in wheat gluten protein consistently exceeded that of the
control group. Meanwhile, the disulfide bond content decreased gradually from 488.71 umol-g™' to 259.21 umol-g™'. The
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protein secondary structure exhibited a conversion from a-helix to f-sheet. SDS-PAGE analysis indicated partial

degradation or aggregation of proteins. Irradiation improved certain processing properties of wheat gluten protein. Notably,

at an irradiation dose of 7 kGy, the L value of color raised by 14.61%, water-holding capacity increased by 0.09 g/g, and

emulsion activity and stability were enhanced by 1.84-fold and 5.48-fold, respectively. Irradiation exhibited relatively

limited effects on the taste of gluten protein and the pasting properties of wheat starch-gluten protein reconstituted systems.

The peak viscosity, final viscosity, and breakdown value of reconstituted flours decreased only at the highest irradiation

dose of 9 kGy (P<0.05). This study provides a theoretical foundation for the application of irradiation in flour product

processing and gluten protein modification.

Key words: gluten protein; y-irradiation; spatial structure; processing performance; protein modification
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Table 1  Free sulthydryl groups and disulfide bonds in gluten
proteins at different irradiation doses
i A (kGy) T FiFE (umol-g ') ZhnkE S (umol-g ')
0 17.9340.50¢ 488.71+7.44*
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3 20.44+0.20° 439.18+4.68"
5 22.28+0.22° 380.32+5.11¢
7 24.35+0.16"° 337.37+1.15¢
9 21.28+0.99% 259.2146.97°
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Fig.1 Relative content of secondary structure of gluten proteins
at different irradiation doses
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Fig.2 SDS-PAGE of gluten proteins under different
irradiation doses
{E: A ik JilE SDS-PAGE [£]; B AEiR i SDS-PAGE [£].
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Fpeaz s W U, (A ST HLAR il S
Ty 2 E B M BRET . 3 2 WIA, E 2 e SR
BN, mAT S A LB ST S SRR A,
DB HEAR S IG I, o (HHRARRRAR, A 5m R ff 2R
H LMH . o (EF0 b ES532h 85.54. 1.74.22.07, 24
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1 26.19, o {HIE/NE 0.85, b Hi i 25 FH 1 (R A
B0t
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Table 2 Colorimetry of gluten proteins at different
irradiation doses

ARG (KGy) L a’ b
0 85.54+0.38° 1.74+0.04 22.07+0.26°
1 92.31£1.11° 1.60+0.04° 21.0620.19°
3 96.11+0.60° 1.78+0.14° 21.98+1.70°
5 96.80+0.85® 1.58+0.52° 20.51+1.62°
7 98.04+0.61° 0.85+0.12° 26.19+1.18°
9 97.35+0.21% 0.91+0.12° 25.06+1.00°

O CEBI I 3 (52 ) 5 o (BB I D) Bk 2T 5
DB BT . — 5T, 4R RE AL AT BE AR U5 T
By RISEI N2 (GBI 83R) RAE RE, S 350
iR A L, LA 55— T3, RIS Tk b
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P B iR UM, PTRES TS 1 (52) BERY AR fR242 4
2.5 EERXEAHERFKERNSZIN

B R UK B8 1 0238 85 U R ISR PR K 55
MURE ST, S H K . SREZK AN B B8 2K i R, X
TR EERE | ST . XUBR RSN UL SEHR 25 7= A R ), S
) — D RR R, PRk, Xob i A AR 0
R PESEA T PR B B2 U7, niEl 3 iR,
LR Gm RZEAE L, MR IEFIE 1~3 kGy B, [
H R W AR AR (P>0.05) 5 2 5m IR 5T i
b 5~9 kGy B, T8 7 8 1 0 RE KRR &, B Er ik
1.44 g/g. TR FAFREK PR S 0T 58 S 4R RE S T
R S D | YRS S R A )
Wb, BB M T g B B IR RS 5
SyFIRlAE EAE T, W | B8 227K 43, PATTT 1S58 [
W SR TR GVER, S misp k", AHSCHFSE
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M, 7 2 kGy BFIR B ER, R0, 2 5m e m ik —
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Fig.3 Water holding capacity of gluten proteins
at different irradiation doses
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9, M5 ARG EN 7 kGy BRI LAk R e

ISENE AL, 4334 591.20 m> g ' F1 252.71 min; 24
R IE kB 2 9 kGy B, H: EAT 1 ESI B4
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DL, TETA AR (1 2% R AL BRS LA RS A%
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Fig.4 Emulsification activity index and emulsification
stability index of gluten proteins under different
irradiation doses
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A, X I A A RS 2l 2 BT S A AR A B 2
B, RPN, Se i E B B - K S, BEARFLIKR
AU K 7, BEIN T S5 BT FLARTE R . 2 e GT)
IR ZE 9 kGy, BT TRl RYSSHK | [ R4
B HFESE A, S ECHME ATEI/K ST L
HEEBE, FUEPERE FRE. R, MR E LR T
FFAERE R A BESRR, 7 kGy 1458 BRG] &b 3
AR PRI B, IR TS A R LA TS MR LR
FEVEST IR 2 1.84 11 5.48 £i%,

2.7 ERNEEEREREIFZ

A Sy e N R SR S DI R S A s B e e =
FBRHEEAE (G —2 . — 2. ZRAMPUKEEA) PE T
5 WRE W) IS AR ELAE I J7 2, DTS20 2 B 2%
BRUT, R 3R]0, TR AR 2 AR IR B R IR G
{E VA K i 35 A8 6 (P>0.05) , AL EBFIR (B FE 1 kGy
A T HA TR 5 (3~9 kGy), 7 R85 BT 25 1 (R
BREBORA B 5 22 57 (P<0.05), (B AR E
HYTC IR f50-13, RIDA Ok §s BEEIT S 10 A 85 11 X 30 1R
BRUST), BAHH 9 kGy AN 4 EGR) B REAS B 5o) i Al 25
FIATREIR T A 520, 33008 T A AR I E B I Py
R HEA B X .

FATEIR S B IR 1) 2 BRI B, VR 25
2B, 3 ORS00 4R BRAL IR SO 2 52 i B 5 A 1)
BB, i A RE A B XUBR Z R R I 2 . 191
in, 3 kGy LA Y p f@ RE A AT {2 2 AR B2 X Jisg 2R v 9
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P8 it JBT A XUARRFE . S22 v, 7 oA RS HE A e
AR | ZFERR A R S 07— A4, 2GS
H AR,



%474 % oW FERHTE , 55 Co-y SR M I AR 454 KON T-HERE A5 ) - 155 -
3 [)%E BEGR & T A AR G R
Table 3 Taste of gluten proteins under different irradiation doses
iR IR 7 (kGy) e iR i [l Bk fEIR JT S WA
0 —17.11+0.02* 1.524+0.09° —0.34+0.05° 0.13+0.01* 0.02+0.02° 0.10+0.02° —0.07+0.02°
1 —17.444+0.05° 1.54+0.07* —0.37+0.03* 0.14+0.01° 0.02+0.02° 0.11+0.01° —0.06+0.01°
3 —17.10+0.02* 1.49+0.07° —0.36+0.05° 0.12+0.01° 0.01+0.02° 0.12+0.01* —0.06+0.01°
5 —-17.30+0.07° 1.47+0.06° —0.37+0.03* 0.12+0.01° 0.02+0.02° 0.11+0.02% —0.04+0.017
7 —17.67+0.02¢ 1.47+0.08° —0.39+0.04* 0.12+0.01° 0.03+0.03° 0.10+0.01* —0.05+0.017
9 —18.07+0.01°¢ 1.52+0.06" —0.35+0.02° 0.11+0.00° 0.02+0.01* 0.10+0.01* —0.07+0.02°
T TR SR TEWR B4 R —13, —6, X N AR S (IS T _L R B U B A 7 TC IR 3
F 4 ARG ET BB IRE
Table 4 Pasting characteristics of reconstituted powders under different irradiation doses
IR (kGy) WEERG B (cP) ARG EE (cP) IR E (cP) HEIAE (cP) [ml A= (cP) VBT (min)  WILIREE(C)
0 2504.00+£74.95% 1793.00+50.91° 2888.00+49.50° 711.00+£24.04® 1095.00+1.41° 6.24+0.05° 90.10+0.49°
1 2471.50+54.45% 1746.50+31.82° 2840.00+62.23% 725.00+22.63° 1093.50+30.41° 6.17+0.05° 90.13+0.53°
3 2436.00+£14.14° 1747.00+25.46° 2808.50+17.68® 689.00£11.31% 1061.50+7.78° 6.24+0.05° 90.50+0.07°
5 2429.00+£21.21% 1736.00+76.37° 2822.00+1.41% 693.00+£55.15® 1086.00+74.95° 6.23+0.14° 90.48+1.10°
7 2398.00+9.90% 1756.00+9.90% 2797.00+0.00% 642.00£0.00" 1041.00+£9.90* 6.24+0.05° 90.48+0.04°
9 2329.50+27.58° 1715.50+16.26° 2749.50+33.23° 614.00+11.31° 1034.00+£16.97° 6.27+0.00° 90.93+0.60°

2.8 EEBXEAHER- M EEMCEERIR

T A0 8 AV Sy T T e R 91) e b 4907 7910 S e A
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PR BT 2% 3R - B T JH e e D R i3 A P T oK T %
PR REE B RITHELERE R, A Sy T o 1) FE 22 o0, T AR
FARNTERS Z 18] 4 AE B4 FH B il T A (R 2E03) 1
WA TE, BETTEAR AR FE e T e 28 i B4 il
JEBY, BRI, AR G B INZE E R E AR PETE S,
I ST AR - N TE M E AR R, RIS
1A TE 7393 2 0 TR (B4R ) AR WA ARe PR i T 5
i, G5 4 PR, EAMRRARARKE | [BIA(E
IR AN 22 T 7 2 A 4 BEGR R 5 . 0~7 kGy
YU BP9, 1A 2R A9 WG {EDRY B R B £k B 4 G tg 35 1k
(P>0.05) A5k [H Y57 BRI E S IN 28 9 kGy B, W(E
K EE M 2504.00 cP g/ 3 2329.50 cP. H LKL
2888.00 cP J# /L F 2749.50 cP. ZEIHAE M 711.00 cP
I8/ & 614.00 cP, FEIE 43 5 28 6.95%. 4.78% Fil
13.64%.
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WL R BE DR , FERIUR B, e TORLAN & A=A B A
Bk, AR R B EERE TC Bl A SN I TRIRE G, SRRz 21
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TERYSE G455 7K 5, (457K 53 10 e T RS 32 BH;
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JEE SE AL B T L 0T, S R I 55 , FHL
i TR VERTORILL, T RS E AR R, PR AR

B, WIRFIE AT 9 kGy B, TH A8 X AR &
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3 ZEip
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BB SAEALSEYEA . fRIEFIE R 7 kGy B, T Al 85
FIUE B SR AL B-Pr 2 3 i e e, BUSH AT A7 48 1 i (2
L FEAREE . FURE RIS R MR ] T B
W, [RIAS, TATAS 8 1 ATE AR LA S T A B - N2 A R
HARZR IR R Z BB B RS2 . 2448 REFT]
EIOKZE 9 kGy B, TH 8 H T il S B R
IS, BJFE ST SDS Al PR & =2 30, it
BF, T A AR I B D BB R SEAAR LU GERE, (HE 200 1
UEAEDRY BE | B 2R BE L I IUE 50 T 6.95%.
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M S5 F AN T RE SR F 3R T —Fha o . =80
FEB, A B T2 1 i 2 A B

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 30k
(1] B—, 2 F% RxT, 5 LA @B 00 5@k
e [J]. AR 5 i g, 2019, 32(9): 30-34. [ FENG Yidan, LIU Xi-
angying, KANG Lining, et al. Optimization of potato noodles for-
mula by response surface[J]. Cereals & Oils, 2019, 32(9): 30—
34.]


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

- 156 - £ Tl B4

2026 4F 5 A

[2] R A3, BAEE, F AT 2 RHFovh B85 A Z A
R 3 A B B R @ A S R 89 % va (] LR S AH, 2024(1):
214-223. [ ZHANG Shan, REN Chuanying, CHENG Jianjun, et al.
The influences of three quality improvers on the quality of ferment-
ed corn noodles based on principal component analysis and re-
sponse surface methodology [J]. Modern Food Science and Technol-
ogy, 2024(1): 214-223. ]
[3] sk, (MR, R 36, 5 WB T EEM- N A BB RATL
BACLT]. RSB R 5 K, 2025,46(9): 156-164. [ ZHANG Yu-
ting, REN Qiuyan, WU Yan, et al. Optimization of two-step enzy-
matic hydrolysis conditions of wheat gluten[J]. Food Research and
Development, 2025, 46(9): 156—164. ]
[4] SONG Jialin, JJANG Lijun, QI Mingming, et al. Study of ul-
trasonic treatment on the structural characteristics of gluten protein
and the quality of steamed bread with potato pulp[J]. Ultrasonics
Sonochemistry, 2023, 92: 106281.
[ 5] HU Fei, ZOU Pengren, ZHANG Fan, et al. Wheat gluten pro-
teins phosphorylated with sodium tripolyphosphate: Changes in
structure to improve functional properties for expanding applica-
tions [J]. Current Research in Food Science, 2022, 5: 1342—1351.
[ 6] LI Weixiao, ZHOU Qianxin, XU Jianxia, et al. Insight into the
solubilization mechanism of wheat gluten by protease modification
from conformational change and molecular interaction perspective
[J]. Food Chemistry, 2024, 447: 138992.
(7] £FF. 58 BT HH S b 2AK R 3 AR 5 ML st &
[D]. ¥ & K%, 2013. [ MAO Qingxiu. Research on irradia-
tion degradation effect and mechanism of nitrite in bacon[D].
Changsha: Central South University, 2013. ]
[8] FARKAS J, MOHACSI-FARKAS C. History and future of
food irradiation[J]. Trends in Food Science & Technology, 2011, 22
(2-3): 121-126.
[9] MSHELIA R D, DIBAL N I, CHIROMA S M. Food irradia-
tion: An effective but under-utilized technique for food preserva-
tions[J]. Journal of Food Science and Technology, 2023, 60(10):
2517-2525.
[10] LIU Litong, QIN Junwei, LAN Bifeng, et al. Functional im-
provement and characterization of protein hydrolysates prepared by
the fermentation of irradiated tilapia skin[J]. Food and Bioproducts
Processing, 2024, 147: 219-229.
[ 11] NIU Li, YAN Mengting, LIANG Wei, et al. Effect of elec-
tron beam pretreated wheat flour on dough properties [J]. Journal of
Cereal Science, 2024, 120: 104031.
[12] sR¥pd, xihdk, R A&, 5. 42 BARSEH AT BB £ 5o A
Wy Fem [J]. AR 5 b A8, 2023,36(4): 40—44. [ ZHANG Ting-
ting, LIU Boye, CHEN Fusheng, et al. Effect of irradiation preserva-
tion technology on the quality characteristics of alkaline noodles[J].
Cereals & Oils, 2023, 36(4): 40—44. |
[13] &, ki, 3RIEH, 5.y i D EhEHRa%
B B b0 e AT 9T (1], Rl Ao FH, 2024, 32(4): 76-83.
[ SHEN Huishan, ZHANG Jie, ZHANG Yanyan, et al. Effect of y-
irradiation on functional properties and structure of wheat gluten
protein[J]. Science and Technology of Cereals, Oils and Foods,
2024, 32(4): 76-83. ]
[ 14] BEVERIDGE T, TOMA S J, NAKAI S. Determination of
SH- and SS-groups in some food proteins using Ellman'S reagent
[J]. Journal of Food Science, 1974, 39(1): 49-51.
[ 15] LIANG Ying, CHEN Zilu, LIU Mei, et al. Effect of curdlan
on the aggregation behavior and structure of gluten in frozen-cooked
noodles during frozen storage[J]. International Journal of Biologi-
cal Macromolecules, 2022, 205: 274-282.
[16] Eth, XFH, Mk s RPN EBEEARSEOL
My R a9 LR AT (7). R At 42, 2016, 37(3): 43-48. [ WANG
Hongwei, WU lJingjing, KAN Jianquan. Comparison of structure

characteristics of gliadin and glutenin in highland barley and wheat
[J]. Food Science, 2016, 37(3): 43—48. |
(17 ] RBE. A BUR AT R A0 @ ) & A B G R4 R AT B e R
a5 [D]. #1 % A s AHE F B2, 2022. [ ZHANG Lin. Ef-
fects of freezing storage temperature on gluten protein of non-fer-
mented dough and quality of frozen dumpling skin[D]. Xinxiang:
Henan Institute of Science and Technology, 2022. ]
[18] £k, ZAE, T4, F M -Fa- AR ENLEY
%5 M) AE B 3T Pickering SLik A% % [J/OL]. & &AFH K
4R, 1-21[2025-03-25] . http://kns.cnki.net/kcms/detail/10.1151.TS.
20241213.1141.002.html. [ JIANG Lai, WANG Jiarong, WANG
Xuemei, et al. Structural characterization of pine kernel protein-lo-
cust bean gum conjugates and its effect on Pickering emulsion sta-
bility [J]. Journal of Food Science and Technology. 1-21[2025-03-
25]. http://kns.cnki.net/kcms/detail/10.1151.TS.20241213.1141.002.
html. ]
[19] ke, 24, PRE, F. RRA T XabE 5 & K AR
A BB Rk 8y % vh (1] F B A sk &, 2025, 50(1): 35-40.
[ ZHANG Ling, CHENG Zhe, HU Junjun, et al. Effects of differ-
ent processing methods on physicochemical properties and sensory
flavor of Tartary buckwheat flakes[J]. China Condiment, 2025, 50
(1):35-40. ]
[20] SU K R, FAN Z H, USMAN M, et al. Effect of Spirulina
platensis on the structure and aggregation of gluten proteins to im-
prove texture and physiochemical properties of wheat noodles[J].
Food Hydrocolloids, 2025, 162: 110959.
[21] X@FE, k@4, TFR, 5. ARG BB L8 5%
& B AR R B 4EM e a [T]. B fe T A3, 2026, 47(1): 54-62.
[ LIU Xiangjun, ZHANG Yuting, WANG Xuedong, et al. Effect of
different proteases on the enzymatic hydrolysis efficiency and struc-
ture of wheat gluten[J]. Science and Technology of Food Industry,
2026,47(1): 54-62. |
[22 ] XIONG Dandan, XU Qiangian, TIAN Liangjie, et al. Mecha-
nism of improving solubility and emulsifying properties of wheat
gluten protein by pH cycling treatment and its application in powder
oils[J]. Food Hydrocolloids, 2023, 135: 108132.
[23] LIU Yun, HUANG Mengling, LIU Xiazhong, et al. Struc-
tural characterization and functional properties of egg white protein
treated by electron beam irradiation [J]. Innovative Food Science &
Emerging Technologies, 2023, 84: 103262.
[24] BRE, 27, Zds, . &1 vy HEI R AT A
R EFROR WGBS LT]. AR F 4Kk, 2016, 30(5): 897-903. [ CHENG
Shuzhen, WANG Ning, WANG Xiaotuo, et al. Research on elec-
tron beam and gammma irradiation on preservation effects of chilled
pork[J]. Journal of Nuclear Agricultural Sciences,2016,30(5):
897-903.
[25] HOON LEE J, KIM Y J, CHOI Y I, et al. Effect of gamma-
ray and electron-beam irradiation on the structural changes and func-
tional properties of edible insect proteins from Protaetia brevitarsis
larvae[J]. Food Chemistry, 2024, 434: 137463.
[26] ZHANG Yanyan, LI Yinli, LIU Ying, et al. Effects of multi-
ple freeze-thaw cycles on the quality of frozen dough[J]. Cereal
Chemistry, 2018, 95(4): 499-507.
[27] ZA8, ZFMW, X 54k, B R EIER T dext Bl fo ol &
A REAKR ARG A Y U] RS g, 2012,25(11):
12-15. [ WANG Chao, WANG Anna, WU Ligen. Effect of corn
bran dietary fiber on dough of wheat gluten and wheat starch[J].
Cereals & Oils, 2012, 25(11): 12—-15. ]
[28] KIMTK, KIM Y J, LEE J H, et al. Effect of various reduc-
ing sugars on the structural and gelling properties of grafted myofib-
rillar proteins [J]. LWT, 2023, 182: 114812.
[29] KIM Y J, LEE J H, KIM T K, et al. Influence of radiation
types and doses on the structure and functionality of myofibrillar


https://doi.org/10.1016/j.ultsonch.2022.106281
https://doi.org/10.1016/j.ultsonch.2022.106281
https://doi.org/10.1016/j.crfs.2022.08.014
https://doi.org/10.1016/j.foodchem.2024.138992
https://doi.org/10.1016/j.tifs.2010.04.002
https://doi.org/10.1007/s13197-022-05564-4
https://doi.org/10.1016/j.fbp.2024.07.009
https://doi.org/10.1016/j.fbp.2024.07.009
https://doi.org/10.1016/j.jcs.2024.104031
https://doi.org/10.1016/j.jcs.2024.104031
https://doi.org/10.3969/j.issn.1008-9578.2023.04.010
https://doi.org/10.3969/j.issn.1008-9578.2023.04.010
https://doi.org/10.1016/j.ijbiomac.2022.02.085
https://doi.org/10.1016/j.ijbiomac.2022.02.085
https://doi.org/10.1016/j.ijbiomac.2022.02.085
https://doi.org/10.1016/j.foodhyd.2024.110959
https://doi.org/10.1016/j.foodhyd.2022.108132
https://doi.org/10.1016/j.ifset.2022.103262
https://doi.org/10.1016/j.ifset.2022.103262
https://doi.org/10.1016/j.foodchem.2023.137463
https://doi.org/10.1002/cche.10053
https://doi.org/10.1002/cche.10053
https://doi.org/10.1016/j.lwt.2023.114812

4785 % oM

FRAAE , %F: “Co-y SR MO T 454 AN T PERERI N - 157 -

protein[J]. LWT, 2024, 205: 116503.
[30] F#R, BAT, Wirg. FHERBEEE G HRBA R
wHE A A A AR T, F B RvR S, 2022, 47(9): 190-193,198.
[ DONG Shirong, MA Chunxue, HE Hongrui. Study on xantho-
phyll loading capacity of flexible zein nanoparticles[J]. China
Condiment, 2022, 47(9): 190-193,198. ]
[31] LEES, JOK, JEONG H G, et al. Freezing-induced denatura-
tion of myofibrillar proteins in frozen meat[J]. Critical Reviews in
Food Science and Nutrition, 2024, 64(5): 1385-1402.
[32] EPUR, B4 FRE, F B L o80T 2@ EG 7
T Aw 25 64 % vm [T]. SRR Fa A1, 2016, 32(3): 177-182,280.
[ WANG Kaiqgiang, LI Min, LUO Shuizhong, et al. Effects of enzy-
matic modification on the characteristics and structure of wheat
gluten[J]. Modern Food Science & Technology, 2016, 32(3): 177—
182,280. ]
[33] Réed, IRE, 5N, . RRAM A D L@ HRESERLE
My AF AT ], RS B S I A, 2024, 45(2): 72-79. [ XING
Jinjin, ZHANG Xia, MU Mengyu, et al. Analysis of gluten aggrega-
tion characteristics and structural characteristics of wheat with dif-
ferent gluten strengths[J]. Food Research and Development, 2024,
45(2):72-79. ]
[34] KUANG Jiwei, XU Ke, DANG Bin, et al. Interaction with
wheat starch affect the aggregation behavior and digestibility of
gluten proteins[J]. International Journal of Biological
molecules, 2023, 253: 127066.
[35] M &&, e, iRk, . A ZRBYTREMNBRH HEG
fA g Fem (1] F B & & 5 4R, 2021,21(9): 225-232. [ LIU
Xinxin, CHEN Yu, CHEN Xuhuan, et al. Effect of ginger extract on
the oxidation of myofibrillar protein in squid[J]. Journal of Chinese
Institute of Food Science and Technology, 2021, 21(9): 225-232. ]
[36] KA, IMET, KRR, F. R ik 7 XaPob i 505 W E R
B & A R A ow [T, & & A R F 4R, 2022,4002):
161-171. [ ZHANG Li, SUN Jianing, ZHU Mingrui, et al. Effect of
different thawing methods on oxidation of lipid and protein in mus-
cle of Kazakh sheep[J]. Journal of Food Science and Technology,
2022,40(2): 161-171. ]
[37] k. Ep#ALid 2 b i &G REH LA E([D].
M. FT Tk K %2, 2024. [ GONG Wei. Study on the change of
gluten aggregation characteristics during wheat flour ripening[D].

Macro-

Zhengzhou: Henan University of Technology, 2024. ]
[38] Ha4th, 35508, B8, & A5 E AR & 4%
i [J]. B R 5 T &, 2025,46(3): 62-67. [ YI Zongwei, CAI
Wenchao, CUI Mengjun, et al. Effects of ultrahigh-pressure treat-
ment on quality of jujube wine[J]. Food Research and Develop-
ment, 2025, 46(3): 62-67. ]
[39] ki, KEG, B30k, . DA FETMXS TARTHA L
HEIRE[T]. ¥ B R F il IR, 2025, 41(16): 21-27. [ ZHANG Nan,
ZHANG Shichang, PENG Yifeng, et al. Validation of molecular
markers related to yellow pigment content of wheat flour[J]. Chi-
nese Agricultural Science Bulletin, 2025, 41(16): 21-27. ]
[40] RH, fR4RIN, X\ B85, . — AP AR E T4
4y kA A [JOL]. & F# 4 F #, 1-10[2025-06-29].
http://kns.cnki.net/kcms/detail/46.1068.S.20240202.1156.002.html.
[ DENG Hui, HOU Jinna, LIU Congcong, et al. An improved
method for yellow pigment content micro-determination in wheat
grains and its application[J/OL]. Molecular Plant Breeding, 1-10
[2025-06-29]. http://kns.cnki.net/kcms/detail/46.1068.S.20240202.
1156.002.html. ]
[41] RIGAS N, MAHARJAN P, PARTINGTON D, et al. Ad-

verse effects of high-dose gamma irradiation on wheat quality and
processing traits [J]. Cereal Chemistry, 2023, 100(4): 945-953.
[42] ASENSTORFER R E, APPELBEE M J, MARES D J. Im-
pact of protein on darkening in yellow alkaline noodles[J]. Journal
of Agricultural and Food Chemistry, 2010, 58(7): 4500—4507.
[43] #% =, &, S8 F AR O @AM @& R
BARSE 4 i AR B8 Hom [T). W Tk K SR (A AAHF
M), 2024,45(6): 10-18. [ HAN Manyu, CHEN Jie, YAO Ke, et
al. Effects of egg white protein powder on dough properties, noodle
quality and in vitro glycemic index [J]. Journal of Henan University
of Technology (Natural Science Edition), 2024, 45(6): 10-18. ]
[44] YAO Gang, GUO Yanan, CHENG Tianfu, et al. Effect of y-
irradiation on the physicochemical and functional properties of rice
protein[J]. Food Science and Technology, 2022, 42: €12422.
[45] #RT3, IR, R K%, 5. R RIA12 L3R4 Sext @ A5 B G 4F
e e (], AL il Aig, 2023, 36(9): 48-52. [ ZHENG Xueke,
CHEN Hui, SANG Daxi, et al. Effect of wheat bran fiber with dif-
ferent particle sizes on gluten protein properties [J]. Cereals & Oils,
2023,36(9): 48-52. ]
[46 ] K3, B Lge, 2T, . REIAE O R B R RAA
Ty @ AR G A e (], F B AR b 3R, 2024, 39(12):
73-80. [ ZHANG Yanjie, FENG Yixuan, JIN Qingqing, et al. Ef-
fects of oat antifreeze protein on properties of gluten protein under
different frozen storage conditions [J]. Journal of the Chinese Cere-
als and Oils Association, 2024, 39(12): 73-80. ]
[47] #I6HR, BEZ, TR, 5. &N LR Sk ko) 2ok K
H & R AR LA 2ok R HF R R[], B T AR,
2025, 46(21): 464—474. [LIN Yigin, CHEN Bingyan, WANG
Rong, et al. Research progress on the taste characteristics, prepara-
tion, screening, and taste changes during processing of marine fish
and shellfish umami peptides[J]. Science and Technology of Food
Industry, 2025, 46(21): 464-474. |
(48] &utim, EIML, 7 LR, 5. AB R R AR 0) T LA
B RS Roo A 0. & & #1505 JF &, 2025,46(12): 156-165.
[ CAO Jinghan, WANG Gengwen, WAN Wenlu, et al. Steaming
and roasting process optimization and quality analysis of ready-to-
eat wild chestnuts[J]. Food Research and Development, 2025,
46(12): 156-165. ]
[49] HUANG Xiaoxia, YOU Yun, LIU Qiaoyu, et al. Effect of
gamma irradiation treatment on microstructure, water mobility, fla-
vor, sensory and quality properties of smoked chicken breast[J].
Food Chemistry, 2023, 421: 136174.
[50] LI Ling, ZHOU Qian, ZHENG Zimeng, et al. Enhanced fer-
mentation of radish Paocai with Lactiplantibacillus plantarum
CBPC and shelf-life extension using e-beam irradiation[J]. Food
Bioscience, 2025, 64: 105829.
[51] 32 % K, uf 5. Shch ot @ ds 4 R IG5 Hh
BB ] T Tk K F £ (8 KAL), 2024,45(3):
78—85,94. [ HAN Manyu, CHEN Jie, YAO Ke, et al. Effect of
gluten on glycemic index of noodles and its mechanism[J]. Journal
of Henan University of Technology (Natural Science Edition), 2024,
45(3): 78-85,94. ]
[52] 3pak, ike ), S10E, 5 RSB PRSI AT GF B
IGACLE A B 5 i # B oer [T, ARk TAZ 3R, 2025, 41(3): 280-289.
[ GUO Feng, ZHANG Jinchuang, HU Hui, et al. Effects of starch-
es on the expansion structure and quality properties of peanut pro-
tein extrudates during extrusion processing[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2025, 41(3): 280—
289. ]


https://doi.org/10.1016/j.lwt.2024.116503

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 面筋蛋白的辐照处理
	1.2.2 面筋蛋白游离巯基和二硫键的测定
	1.2.3 面筋蛋白二级结构的测定
	1.2.4 面筋蛋白还原性/非还原性SDS-PAGE的测定
	1.2.5 面筋蛋白色泽的测定
	1.2.6 面筋蛋白持水性的测定
	1.2.7 面筋蛋白乳化活性和乳化稳定性的测定
	1.2.8 面筋蛋白滋味分析
	1.2.9 面筋蛋白-小麦淀粉重组粉的糊化特性测定

	1.3 数据处理

	2 结果与分析
	2.1 辐照对面筋蛋白游离巯基和二硫键含量的影响
	2.2 辐照对面筋蛋白二级结构的影响
	2.3 辐照对面筋蛋白还原性/非还原性SDS-PAGE的影响
	2.4 辐照对面筋蛋白色泽的影响
	2.5 辐照对面筋蛋白持水性的影响
	2.6 辐照对面筋蛋白乳化活性和乳化稳定性的影响
	2.7 辐照对面筋蛋白滋味的影响
	2.8 辐照对面筋蛋白-淀粉重组粉糊化特性的影响

	3 结论
	参考文献

