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Effects of “Co-Gamma Irradiation on Wheat Processing Quality and
Final Product Texture Properties

WANG Xiaojie", HAO Baozhen, XIE Yike, MA Jingli, CHANG Xia
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Abstract: To clarify the effects of “Co-gamma irradiation on the quality of wheat, dry seeds of wheat was irradiated by
%9Co-gamma irradiation of different doses (0, 35, 50, 75, 90, 120, 150, 200, 300, 400 Gy), the quality of M, generation on
gluten content of wheat flour, dough rheological properties, steamed bread texture and sensory evaluation were analyzed.
The results showed that irradiation treatment made the gluten content develop in the direction of high and low; In the dough
rheological properties, 4 different types of dough characteristics were obtained by irradiation treatment, the energy, 50 mm
extension resistance, 50 mm extension ratio, maximum extension resistance, maximum extension ratio of 400 Gy irradiation
treatment were showed the biggest (except for fermentation time 90 min), 75 Gy irradiation treatment were moderated in
extension ratio; In the texture of steamed bread, the hardness and chewiness of irradiation treatment were reduced, the
cohesion and recovery were not significant (P>0.05); In the sensory score, 75 Gy irradiation treatment showed the best
quality, followed by 90, 50, 200 Gy, other irradiation treatment had no obvious influence on sensory score compared with
the control (P>0.05). Pearson correlation analysis showed that the hardness was negatively correlated with stable time and
farinograph property (P<0.05), steamed bread flavor was negatively correlated with wet gluten content and softening degree
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(P<0.05), and positively correlated with gluten index and stable time (P<0.05). Thus, the objectives of mutation breeding

were determined according to sensitivity of materials and doses.
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Table 1 Criterion for sensory evaluation of steamed bread
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Table 2 Effect of “Co-gamma irradiation on gluten-related indicators of wheat flour
PR & (Gy) I A7 % 1 (%) T (%) THREL(%) TR (%)

0 29.22+0.56° 10.37+0.32° 86.57+0.49¢ 18.86+0.26%
35 29.54+0.42¢ 10.16+0.69" 91.37+0.27° 19.38+0.98°
50 27.34+0.38% 9.57+0.06 93.03+0.13"™ 17.77+0.33°"
75 26.57+0.23°" 10.41+0.44° 92.04£0.52" 16.15+0.66°
90 26.24+0.34% 9.20+0.22¢ 94.26+0.41° 17.04+0.13%
120 25.60+0.55¢ 9.16:0.03¢ 94.35+0.26" 16.43+0.54¢
150 28.09+0.38¢ 9.96+0.29" 93.26+0.27® 18.13+0.66%
200 26.01+0.55% 9.87+0.20*¢ 83.15+0.81° 16.14+0.62¢
300 38.110.69° 12.48+0.49° 64.73+0.78¢ 25.62+0.61°
400 31.42+0.53" 10.02+0.59™ 70.96+0.52" 21.40+0.63°
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Table 3 Effect of “Co-gamma irradiation on farinograph properties of wheat flour

QbR (Gy) WK (%) JE Bt ] (min) FaE Y] (min) S51LEE(FU) W BHR AL

0 55.27+0.06° 3.07+£0.29° 3.87+0.06¢ 75.3343.51¢ 54.67+3.51°
35 55.33+1.05¢ 2.10£0.26% 4.86+0.06° 37.33+4.51¢ 179.00:8.89¢
50 55.56+1.05¢ 4.10 +0.10° 8.43+0.25" 7.00+0.10¢ 243.33+16.74"
75 56.10+0.10° 1.67+0.06° 7.57+0.06° 25.67+0.58¢ 181.67+10.02°
90 56.10+£0.10° 3.17+0.31° 4.77+£0.31¢ 33.00+3.00° 173.33+4.51¢
120 55.77+1.05° 1.67+0.06° 4.50+0.06° 22.67+3.21° 224.00+19.52°
150 55.07+0.06° 3.80+0.26° 4.87+0.06° 20.67+3.79" 214.33+8.02°
200 55.87+0.06° 6.03+0.06" 2.33+0.06° 48.67+0.58¢ 154.00+11.00°
300 58.37+0.15° 2.23+0.25¢ 1.200.00" 220.00+1.00° 13.33£1.53¢8
400 60.83+0.06° 2.57+0.06° 1.40+0.45" 178.33+3.51° 32.00+1.00°
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PN, TH SRR, A 5 AIHL 0 Gy ARBR 1Y
A P AT NEL R P XA e vy, i BEAL R R ARG, 1 HA
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Table 4 Effect of “Co-gamma irradiation on extensograph properties of dough

ALHE 5 (Gy) i & 5} 1] (min ) fitf (em?) FEAE (mm) BHS150(EU) FH. F7max(EU) i EEs0 Fifd b max
45 60.00+2.00% 95.67+1.53" 462.00+9.00¢ 577.67+10.50° 4.8340.24¢ 6.04+0.21¢

0 90 70.32+0.58° 87.00+2.00% 658.00+10.00° 677.00+21.07° 7.57+0.63° 7.79+0.36"
135 52.67+1.53% 94.32+2.52° 426.33+0.58¢ 553.69+8.39° 4.52+0.13° 5.87+0.09"

45 58.31+0.58° 76.67£0.58° 299.00+0.008 469.67+11.15¢ 3.90+0.03° 6.13+0.18¢

35 90 66.33+1.53¢ 81.66+1.53" 341.66+4.83" 546.32+29.09¢ 4.19+0.35¢ 6.69+0.45¢
135 68.00+1.00° 77.67+0.58¢ 347.67+2.10° 584.33+9.50¢ 4.48+0.54°" 7.5240.13%

45 61.67+1.53% 97.67+2.31° 498.31+8.50¢ 707.68+4.16° 5.10+0.07°¢ 7.25+0.13°

50 90 77.67+0.00° 95.66%1.53" 710.004+9.00° 729.67+13.65° 7.4240.03* 7.63+0.04"
135 68.00+0.00° 86.00+3.00™ 651.32+9.87° 700.33+0.58° 7.58+0.36™ 8.15+0.29"

45 42.00+2.00" 78.67+1.52% 283.68+13.80¢ 390.00+£10.82° 3.60+0.11° 4.96+0.08"

75 90 48.66+0.58" 80.68+1.54" 365.00+3.00" 477.67+10.50° 4.5240.32% 5.9240.03¢
135 50.33+0.58¢ 85.67+0.58" 355.00+1.61° 487.00+2.00" 4.15+0.40" 5.68+0.02°

45 62.68+1.53° 112.33+1.53° 427.67+10.50¢ 433.67+20.50° 3.81+0.14° 3.86+0.22¢

90 90 74.00+2.00° 108.00:£2.00° 523.00+9.17¢ 554.33+29.50¢ 4.84+0.14¢ 5.14+0.37°
135 67.67+1.53° 96.00+£1.00° 543.67+5.73° 567.68+18.50% 5.66+0.33¢ 5.91+0.23°

45 47.67+1.53¢ 82.33+2.52¢ 394.00+15.00° 452.00+18.68% 4.78+0.04° 5.49+0.20°

120 90 58.00:£0.00° 81.00+3.00" 505.33+9.50 585.67+7.51¢ 6.24+0.20° 7.24+0.23°
135 53.32+3.06 81.67+4.04 420.33+18.50¢ 576.33+0.58% 5.16+0.48% 7.07+0.36%

45 67.67+0.58" 82.32+2.52¢ 645.67+21.13° 712.34+11.50° 7.84+0.02° 8.66+0.24"

150 90 68.00+1.00% 85.00+2.00°" 647.68+0.58° 718.00+18.33" 7.62+0.17° 8.45+0.17°
135 66.00+1.00° 84.33+1.53¢ 585.67+17.50° 673.00+2.00° 6.95+0.33% 7.98+0.17%

45 52.3340.58" 75.67+1.53¢ 278.32+19.43¢ 585.67+7.51° 3.68+0.33° 7.74+0.11°

200 90 58.67+0.58° 81.68+4.51" 486.33+11.24¢ 624.00422.11° 5.96+0.19" 7.65+0.31%
135 54.00+3.00° 83.67+8.50"¢ 541.3346.66° 557.67+23.46° 6.52+0.76° 6.72+0.79°

45 44.001.00" 96.32+4.51° 305.66+9.07¢ 400.00+2.00" 3.17+0.062 4.16+0.20¢

300 90 56.32+4.51° 93.67+2.52™ 443.67+21.46° 551.67+31.82¢ 4.74+0.29¢ 5.89+0.39°
135 53.67+2.52¢ 84.00+4.36>¢ 454.00+39.51¢ 558.33+£22.74° 5.43+0.74¢ 6.65+0.14°

45 75.33+1.53° 90.00+2.00° 728.67+15.28° 782.3244.51° 8.10+0.03" 8.69+0.14"

400 90 73.67+0.58° 90.33+0.58% 658.32+13.50° 709.31+18.45% 7.29+0.11° 7.85+0.20°
135 78.001.00° 89.66+0.58% 736.33+8.50° 805.67+10.02° 8.21+0.15" 8.98+0.07"

s ANE/ING TR R [F) 1 [6]— I T A [l 5 IR AR B 22 5 103 (P<0.05)
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Table 5 Effect of “Co-gamma irradiation on texture properties of steamed bread
PR & (Gy) T (gf) S NELIEHE (gf) Jie s (gf) RN nl 5 1
0 1420.00+11.14° 0.78+0.06® 1235.16+39.03" 1122.09+52.90° 1.04+0.00° 0.110.01°
35 803.33+4.16" 0.6240.03 579.33+20.64° 940.78+33.22¢ 1.05+0.01° 0.12+0.01°
50 1000.00+£19.08>¢ 0.68+0.07 696.85+20.54° 1042.43+21.61% 1.04£0.01° 0.11£0.01°
75 932.67+32.15% 0.67+0.07 609.64+33.75° 977.02+31.10™ 1.05+0.00° 0.11£0.01°
90 1101.33+38.48" 0.60+0.02¢ 690.27+35.86° 1158.76+43.35® 1.05+0.00° 0.1140.01°
120 1047.33+43.00" 0.67+0.09* 745.38+16.59° 1096.82+27.52% 1.05+0.00° 0.12:£0.00°
150 1151.33+46.56" 0.89+0.02° 1128.83+15.99® 1212.35+23.14° 1.05+0.00° 0.13+0.00°
200 1022.00+58.61" 0.75+0.05" 806.76+39.32" 1068.42+10.80™ 1.04+0.01° 0.11£0.01°
300 1058.00+52.85" 0.75+0.02" 835.37+8.81"™ 1109.99+32.51® 1.05+0.00° 0.1140.00°
400 1000.67+45.09* 0.66+0.04 711.01£21.70° 1048.81£21.25" 1.05+0.00° 0.110.00°
Tt (4 FHEWr 24, MO 5 | A 8 1 0T T i A8 (a) PIERLE R oo 0 Gy
fho XTI, 150 Gy HlBALBE F Sy, 1] 80 —-m—- 35Gy
AE DA A AR A B 2 A 53 R A T R, e e 506y
VAR RN AR A & s T LA BIre AR, T 52 A
SIS P A0 i P SR 25 £ L R R S 75 AN ) ZZ Zy
—K— y

N B4R S BT A B RO RE &L, 35 Gy 48 B AL B AR T
B8, AT HE SR p TR R ALK, A MR IT R B i D g DA,
HAth % HE A BH ] 5 %) BE 2 18] 22 57 ok 38 B 35 KR
(P>0.05); FhERPE AL S NFR IR G 1, 254k
> [A] 2253 35 (P>0.05) ; 12 - iy R 1k 8 2 A4S
183k 32 12 )5, PRADIRZS AR L, B35 L8 S5 I
ASALFREE, oA 150 Gy 4% RE AL PR R 3 i g, A
W=DEr i ) =M LI =K & iek sy s R SRS IS LHE PEL s & SvN
BERIE(P>0.05)
2.4 “Co-y $BHAXIESL R E MmARAIF NN

SR FA) L R0 C 0-p 5 BE X8 S S8BT V4352 i 4
&1 TN, BEE TR BN, 123k i BB P S S
TS D NS AR B, 330U ARG 114 i AL AT 555
HUPACEAE Sk BB R DTSy, 13 SRR DR Rl B A e R A
AT )T T 2 1 2B S5 M 4ERE, BERS AR 12311
PIBIREE4, DTS S B R4S A4 . 75 Gy
A FEAL BT (A S BRI S 4, (23 L 254 L A
I JERHRELAT A ZER, B VRS B o AT REJZCo-
y SRS AR T 3 A A AR S 38 o i R AL BTG
TR A SR R 4 TR A A AR I R R e,
FOPTI RS I S, Forpsg oA AR DX
JINAZ PRI TR F AR PO A g R TS
FHEL A Co-y 5 M8 AT LARAE /N I T 50 5T, 3 S5
IMFFE B 4h Fe—3 1020 90 Gy F# BE AL F R JBCE PP
SYIRZ, 50 Gy 4@ FEALFE R 8B PPt gsc ey, fm AR5
T 90 Gy BBk N FL R/ N 5], S50
S HAER LA 2 TaT H BRRE 48, 18 Sk 4 A 4 AR 25 (n
El 1c FiR), B MRSk S MILRES), A 7T GEJE Sk
1o 701 e i PR A G T A3 T3 0 oA AN [ R B R fi
sRNTZVE ), 1 R TEAN I 22, INZE Y K 22, 3K
55T T TR A DCFE PRI o 1 25 3 — 2, B2 gk
VEASA AT REIE Wl as TRl et i B il i 19 e 008 8, I

SN Sk (1) T
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Fig.1 Effect of “Co-gamma irradiation on sensory quality
evaluation (a), scoring results (b), and steamed bread
appearance (c)
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Table 6 Correlation coefficients between physico-chemical properties of wheat flour and texture properties of steamed bread

Eiztan Tz ik NELEPE Jie s T Il 52 1
TATTp R 0.120 0.125 0.175 -0.071 -0.016 —0.149
T HE 4K -0.230 -0.117 -0.231 0.111 0.309 0.426
Wk A 0.013 -0.378" ~0.190 -0.121 0.040 —0.400
JE B ] 0.128 0.211 0.204 0.156 -0.371" —0.005
FRE i) -0.401" —0.284 —-0.415 -0.139 0.224 0.039
SR 0.288 0.066 0.230 —0.033 —0.190 -0.361"
bV TE R -0.441° -0.172 -0.367" -0.016 0.351 0.399"
hrfhpeit -0.229 -0.333 —-0.218 —0.144 0.227 0.07
SEAfEE 0.427° -0.038 0.166 0.280 -0.259 -0.198
SENL i) —0.022 -0.092 0.018 —0.026 —0.035 0.048
I Rhi i —-0.222 -0.062 -0.058 -0.150 0.100 0.142

TE: *FRRTEES LR 0.05I , A B3 Y5 R 18 BLAR N 0.0 1IN, ARSCHERAR 3 HY; 2R 71

AR (P<0.05), X EEFEBRAG(E K A, 12 S hi
SN, WA SR AN ), RS, 5 R B
FAZ(P<0.05), SHABITURAAE; sk 5K R 2 B
FEAAAHSE(P<0.05 ) 5 RHIEM: S Re 0 Bt A ks B e i
0 AHIE (P<0.05), X - FEPRER I, 182 S g J3 6
N, FRRH MR Bl = A8 /1N e 2 TR bR ) 518 S iR
B PEAHSCAS 255 RV ST pnst A 2 Wk 25 A AE 5¢
(P<0.05); MM STHEEC S BT He 4 & 2 1EAH
HK(P<0.05), S KEEFEG S B MAESE(P<0.05) .
2.6 “Co-y IERAIEMEMIBNIERSIELRE MR
HBXMath

MR 7 A LR, AP 518 BT 2 A 0 25
FHIR(P<0.05), S EFERAHIC AT 18L5MNE 5
R B [a] e {e B S b i 25 TEAHSC (P<0.05), Sk
PP AR B3 AH I (P<0.05) 5 18 S XK M1 S5 18 T
Ay B AN S0 5 W 2 A 2C (P<0.05), 5 Hi s
AL FRE BT A] 5 2 IEAH DG (P<0.05), SRy e g st
R S TEAHSE (P<0.01) ; 183k 1Y) NP ES 4 SRR e B TR)
E R IEAS(P<0.05), 5HAMZTFEIRAFHIE, 3K
KR E PRGN 75 Gy>90 Gy>50 Gy>200 Gy>
400 Gy. 150 Gy>300 Gy>0 Gy. 120 Gy>35 Gy, 55

TR BRALAE ARG SRR S A AH S E T
Table 7 Correlation coefficients between physico-chemical
properties of wheat flour and sensory quality of steamed bread

Eitan RS iz IRV 1 )R R4

T T AT -0.132 —0.164 -0.385" ~0.284
T i 4 0.050 0.125 0.413" 0.230
&S 0.147 0.145 —0.042 -0.261
JE B[R] 0.139 -0.030 —0.085 0.207
FasE st Ta] 0.720" 0.468" 0.436" 0377
bR -0.199 -0.076 —-0.422" -0.290
IR IR 0.219 -0.021 0.473" 0.194
Prfdhhe 0.110 0.041 0.074 —0.147
HE fifr 3¢ 0.077 0.611" -0.037 0.333
SN i) 0.028 —0.071 —0.204 —0.133
Sy AL -0.031 -0.382" -0.174 -0.297

FRJI A A2 SR (RS | 55 | PELIRRE | JREE T A —Lk
M2, AT BBV D3 2 ] 1 SRR E 5 B HTTHIA
FFAE2E 5 WAl BB AR A RESS BN INTE R
i A MER S . 1 N A B s Bh A
PRI ASHY
3 g

AR B, TR AR SCHE b, i B Ah PR A T
3 B i L AR T 0] 4 58 s X T8 B AR R i 5
Wiy, T LASRAS 4 FioAS [R]SEHY  Ta ATAR A, AR S R
o X RARRRER SR, Behr . AR BHOI M
it LL AR TC R, A8 55 4 S 501 TR o PR AT 0 PR IR
B, BAE MR, X8 Sk S TR, 18 Sk TTM i TE,
OCo-y FmRBREAL T 18 Sk AT B2 AFNNE M, X REER M
RIS PEFEIASK . JBEE PPN 10, 75 Gy fa R4 P
AR S ARSI, (35 . 454G . AR I B R AR
TG 2R, BB PR, 90, 50, 200 Gy Wz, HiAh
AN EAH b 22 T AN B2 . ARIFRAE IRl /N
B AP B SN BTN, S/ N2 0 BT R e AR
S

25 BT, SRS i SRR, TR R B AR
SEMEMEEKA, nLEE SO E SR T
PRI /INZE d R, P HAG R MR AT R e MR
OCo-y i BN T L o RIEAVEM F R Ik iy — K
BB, TFERLITTR] N 2RS5BT RN BT R, S
T EMRCE, Aa P A R S B A AR
S A, PRI AR IR I R R AE R 73 T HLE .
PG AR RS E et S 4 P oRIIIIFSE HE

S 30k

(1] BfdG, @ik, R4, F k2 25 R R L& (T].
B R Sl R, 2021,37(24): 1-5. [ MA Sishuang, BAI Haibo, HUI
Jian, et al. Advances in research on main quality traits of wheat[J].
Chinese Agricultural Science Bulletin, 2021, 37(24): 1-5. ]
(2] BE, BitWl, B4hE MHiF T RAFREET]. HOLA
%3k, 2016, 25(4): 302-308. [ YANG Zhen, PENG Xuanming,
PENG Weizheng. Advances in crop mutagenesis breeding[J].
Chinese Journal of Laser Biology, 2016, 25(4): 302-308. ]


https://doi.org/10.11924/j.issn.1000-6850.casb2020-0563
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0563
https://doi.org/10.3969/j.issn.1007-7146.2016.04.003
https://doi.org/10.3969/j.issn.1007-7146.2016.04.003
https://doi.org/10.3969/j.issn.1007-7146.2016.04.003
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0563
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0563
https://doi.org/10.3969/j.issn.1007-7146.2016.04.003
https://doi.org/10.3969/j.issn.1007-7146.2016.04.003
https://doi.org/10.3969/j.issn.1007-7146.2016.04.003

E RS

FNE L A CCo-y RN/ NN T

JOT B 287 (i BT AR R A ] - 81 -

(3] 3ARIE. “Co-y A Aot F AP AT L2k (1], Ak 55 SR BT A
%,2016, 32(2): 107-110. [ HUANG Guidan. Research progress
r “°Co-y ray radiation breeding[J]. Forestry and Environmental
Science, 2016, 32(2): 107-110. ]
[4] MBA C. Induced mutations unleash the potentials of plant ge-
netic resources for food and agriculture[J]. Agronomy, 2013, 3: 200—
231.
[ 5] WANG Shuming, LAN Hong, JIA Huihui, et al. Induction of
parthenogenetic haploid plants using gamma irradiated pollens in
‘Hirado Buntan’ pummelo (Citrus grandis L. Osbeck)[J]. Scientia
Horticulturae, 2016, 207; 233—239.
[6] ATAY AN, ATAY E, LAURI P E, et al. Phenotyping gamma-
ray-induced mutant population of ‘Amasya’ apple for architectural
traits, precocity, floral phenology and fruit characteristics [J]. Scien-
tia Horticulturae, 2018, 233: 195-203.
[7] SHAHNAWAZ K, SAMIULLAH K. Genetic improvement of
two cultivars of Vicia faba L. using gamma irradiation and ethyl
methanesulphonate mutagenesis[J]. Legume Research, 2016, 40
(2):338-344.
[8] JO Y D, SANG H K, HWANG J E, et al. Construction of
mutation populations by gamma-ray and carbon beam irradiation in
chili pepper (Capsicum annuum L.)[J]. Horticulture Environment
and Biotechnology, 2016, 57(6): 606—614.
[9] Xz, ZH, FIG4E, F. CCoy HEIM N2 A F 2
AR A a‘& (B & A5 5), 2018, 43(1): 186-192.
[ LIU Ling, WANG Dan, LI Yirui, et al. Biological effects of “’Co-
y rays on freesia freesia[J]. Journal of Nanjing Forestry University
(Natural Science Edition), 2018, 43(1): 186—192. ]
[10] FXA, THhB, TRE, F “Coy & 9 A B
W% 09 554 HOS AR D). AR 3R, 2020, 34(4): 681-690. [ QI
Wenquan, JIANG Zhenwei, WANG Yagqin, et al. Radiation effects
of ®Co-y rays on nine kinds of Chinese rose cuttings[J]. Journal of
Nuclear Agricultural Science, 2020, 34(4): 681-690. ]
[ 11 ] MOHIT K S, MADHU B, SIMRAT S. Induction of novel in-
florescence traits in Chrysanthemum through “Co gamma irradi-
ation[J]. International Journal of Radiation Biology, 2020, 96(10):
1-8.
[12] AMIR K, HUSSAIN S, SHUAIB M, et al. Effect of gamma
irradiation on OKRA (Abelmoschus esculentus L.)[J]. Acta Ecolo-
gica Sinica, 2018, 38(5): 368—373.
[13] FLORES S A, PANDO L R G, COTA F I P, et al. Technical
note: Gamma irradiation induces changes of phenotypic and agro-
nomic traits in wheat (Triticum turgidum ssp. durum)[J]. Applied
Radiation and Isotopes, 2021, 167: 109490.
[14] ALMOATAZ B A E M, IBRAHIM H F. Elicitation of salt
stress-tolerant mutants in bread wheat (7riticum aestivum L.) by us-
ing gamma radiation[J]. Bulletin of the National Research Centre,
2020, 44(1): 458-466.
[ 15] ALGWAIZ H 1. Cytological effect of gamma radiation on se-
lected mutants of wheat (Triticum aestivum L.) in M generation [J].
Pakistan Journal of Biological Sciences, 2019, 22(12): 607-613.
[16] &Akek, x| FA4F. RIUEMEHHF LA AP RRE]. ok
A % 3, 2017, 26(6): 484. [ ZHAO Linshu, LIU Luxiang. Re-

search progress in crop radiation induced mutation breeding[J].
Chinese Journal of Laser Biology, 2017, 26(6): 484. ]
[17] AHMED S, AKHTAR N, ALI S, et al. Impact of gamma ra-
diations on wheat (Triticum aestivum L.) varieties (Batoor and Jan-
baz)[J]. Pure and Applied Biology, 2017, 6(1): 218-225.
[ 18] FARMF, 4L RAF. AL 9023 HE M, R =5 %At
KIS o 47 (I, # F, 2015, 34(5): 67-71. [ WANG Tingting,
WANG Min, ZHANG Congyu. Variation analysis of yield and qual-
ity characters of M, radiated by “Co-y with Zhengmai 9023 [J].
Seed, 2015, 34(5): 67-71. ]
[19] F#H#H, TH, X4 “Coy H&EBAT LAY A
Ul 544 1 1k, 2015, 4(2): 4-9. [ LI Mengmeng, BIAN
Ke, GUAN Erqi. Effects of “Co-y ray irradiation on wheat
quality [J]. Grain and Feed Industry, 2015, 4(2): 4-9. ]
[20] EA%4%, 24, RIF. “Coy ST L D & M, Ru ik
Keg AT F oA 0] & EA4EH F R, 2019, 39(6): 675-681.
[ WANG Tingting, WANG Min, ZHANG Congyu. Genetic vari-
ation analysis of quality traits in wheat M, generation induced by
%Co-y ray[J]. Journal of Triticeae Crops, 2019, 39(6): 675-681. ]
[21] SRATF, 24, F LI, . “Coy H&atiz £ S0 M, RRE
P Bt AR 69 T 208 [J]. #4F,2014,33(12): 80-83. [ ZHANG
Congyu, WANG Min, LI Wenyang, et al. Effects of “’Co-y ray on
agronomic and quality traits in Anhui Wheat 50 M, generation[J].
Seed, 2014, 33(12): 80-83. ]
[22] E 2, Wabi. S 446 ROATHR L EE M) 2L 30 R4
a9 [J]. W BALE 54k, 2010,25(10): 95-99. [ WANG Ruolan,
YANG Yanyuan. Effects of irradiation on grain microstructure and
germination characteristics [J]. Journal of Chinese Cereals and Oils,
2010, 25(10): 95-99. |
[23] AZZEHF S, AMR A S. Effect of gamma irradiation on phys-
ical characteristies of Jordanian durum wheat and quality of semo-
lina and lasagna products[J]. Radiation Physices and Chemistry,
2009, 78(9): 818-822.
[24] ZH, # &%, 2l 5 A3 d AR T FHRA @ L
R e e [T]. & A 52, 2019, 40(20): 43—-50. [ WANG Dan,
ZHENG Huihua, JI Yang, et al. Effects of auricularia powder on
dough rheological properties and noodle quality characteristics [J].
Food Science, 2019, 40(20): 43—50. ]
[25] feX#, TAR ZE8F, 5. AHAimEd@m@At$4
e 6L S B 69 e [J]. R Tk A, 2014, 35(21): 282-285.
[ FAN Wenjing, YU Jicheng, WANG Siyu, et al. Effects of inulin
addition on dough rheological properties and bread quality[J]. Sci-
ence and Technology of Food Industry, 2014, 35(21): 282-285. ]
[26] 2T, BoE, 284, F. #3505 @b R 0¥ ast L
[J]. &k k,2015,36(7): 156—159. [ DOU Kangning, SHI Xiao,
WANG Zhaocai, et al. Effect of licorice powder on flour quality [J].
Food Industry, 2015, 36(7): 156—159. ]
[27] i, F0W, XAH, F L F ARG TGHR
TR KRS ARG RN T, R HBFE, 2018,
39(21): 72-77. [ ZHANG Yanyan, LI Yinli, WU Mengmeng, et al.
Effects of ultrasonic-assisted resting on dough rheological proper-
ties, water distribution and protein secondary structure [J]. Food Sci-
ence, 2018, 39(21): 72-77. ]


https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3390/agronomy3010200
https://doi.org/10.1016/j.scienta.2016.05.028
https://doi.org/10.1016/j.scienta.2016.05.028
https://doi.org/10.1016/j.scienta.2018.01.003
https://doi.org/10.1016/j.scienta.2018.01.003
https://doi.org/10.1007/s13580-016-1132-3
https://doi.org/10.1007/s13580-016-1132-3
https://doi.org/10.11869/j.issn.100-8551.2020.04.0681
https://doi.org/10.11869/j.issn.100-8551.2020.04.0681
https://doi.org/10.11869/j.issn.100-8551.2020.04.0681
https://doi.org/10.1016/j.chnaes.2018.02.002
https://doi.org/10.1016/j.chnaes.2018.02.002
https://doi.org/10.1016/j.chnaes.2018.02.002
https://doi.org/10.1016/j.apradiso.2020.109490
https://doi.org/10.1016/j.apradiso.2020.109490
https://doi.org/10.3923/pjbs.2019.607.613
https://doi.org/10.3969/j.issn.1001-4705.2015.05.018
https://doi.org/10.3969/j.issn.1001-4705.2015.05.018
https://doi.org/10.7606/j.issn.1009-1041.2019.06.07
https://doi.org/10.7606/j.issn.1009-1041.2019.06.07
https://doi.org/10.3969/j.issn.1001-4705.2014.12.023
https://doi.org/10.3969/j.issn.1001-4705.2014.12.023
https://doi.org/10.1016/j.radphyschem.2009.04.003
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3969/j.issn.1006-4427.2016.02.020
https://doi.org/10.3390/agronomy3010200
https://doi.org/10.1016/j.scienta.2016.05.028
https://doi.org/10.1016/j.scienta.2016.05.028
https://doi.org/10.1016/j.scienta.2018.01.003
https://doi.org/10.1016/j.scienta.2018.01.003
https://doi.org/10.1007/s13580-016-1132-3
https://doi.org/10.1007/s13580-016-1132-3
https://doi.org/10.11869/j.issn.100-8551.2020.04.0681
https://doi.org/10.11869/j.issn.100-8551.2020.04.0681
https://doi.org/10.11869/j.issn.100-8551.2020.04.0681
https://doi.org/10.1016/j.chnaes.2018.02.002
https://doi.org/10.1016/j.chnaes.2018.02.002
https://doi.org/10.1016/j.chnaes.2018.02.002
https://doi.org/10.1016/j.apradiso.2020.109490
https://doi.org/10.1016/j.apradiso.2020.109490
https://doi.org/10.3923/pjbs.2019.607.613
https://doi.org/10.3969/j.issn.1001-4705.2015.05.018
https://doi.org/10.3969/j.issn.1001-4705.2015.05.018
https://doi.org/10.7606/j.issn.1009-1041.2019.06.07
https://doi.org/10.7606/j.issn.1009-1041.2019.06.07
https://doi.org/10.3969/j.issn.1001-4705.2014.12.023
https://doi.org/10.3969/j.issn.1001-4705.2014.12.023
https://doi.org/10.1016/j.radphyschem.2009.04.003
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.7506/spkx1002-6630-201821011
https://doi.org/10.7506/spkx1002-6630-201821011

- 82 - £ Tl B4

2022 4 6 H

(28] WEE, T4, ZTE, §. Bk X H0 s @hh A%
By AR M d e ¥ ea (U], A4, 2019,40(2): 67-72. [ YAO
Huihui, WANG Yan, WU Weiguo, et al. Effect of acid-modified
wheat bran powder on farinographic properties and texture proper-
ties of wheat flour dough[J]. Food Science, 2019, 40(2): 67-72. ]
[29] 3k4e, tkitde, MF1h, 5. 4 FRER L b @O D FAE A
& B A e Ba D], s, 2017,38(8): 82-86. [ ZHANG
Hua, ZHANG Yanyan, ZHAO Xuewei, et al. Effect of bamboo
shoot dietary fiber on farinograph properties and texture properties
of wheat flour dough [J]. Food Science, 2017, 38(8): 82—86. ]

[30] E#h, i, k& @AALFHRSE @OBRERR ]
2 5 A3, 2009, 34(7): 122-125. [ WANG Wei, XUE Wentong,
ZHANG Hui. Rheological properties of dough and bread baking
quality [J]. Food Science and Technology, 2009, 34(7): 122-125. ]
[31 ] ZHAO Dan, ZHOU Yun, LIU Hangda, et al. Effects of dough
mixing time before adding konjac glucomannan on the quality of
noodles[J]. Journal of Food Science and Technology, 2017, 54(12):
1-10.

[32] WILLIAMS J K, HONG M. Probing membrane protein

structure using water polarization transfer solid-state NMR[J].

Journal of Magnetic Resonance, 2014, 247: 118—127.

[33] JIANG Y L, ZHAO Y M, ZHU Y F, et al. Effect of dietary
fiber rich fractions on texture, thermal, water distribution, and glu-
ten properties of frozen dough during storage[J]. Food Chemistry,
2019, 297: 124902.

[34] E%M, K%, LB, 5. KA LA EFTLHE-
F AR Sk S AR v e [T, AR e AHIL, 2016, 32(3):
132-139. [ HOU Feina, MU Taihua, SUN Hongnan, et al. Effects
of different varieties of potato on quality characteristics of potato-
wheat compound steamed bread[J]. Modern Food Science and
Technology, 2016, 32(3): 132—-139. ]

[35] BME, HHK, AT M EEHSTESRORAAR S
FH AR R T]. & E A4 F 4R, 2007,27(2):358. [ YANG
Suizhuang, SHANG Xunwu, YE Chunlei. Advance on improve-
ment of wheat high-molecular-weight glutenin subunits via molecu-
lar breeding[J]. Journal of Triticeae Crops, 2007, 27(2): 358. |

[36 ] LIUS W. Genetic variation of high molecular weight gluten-
in subunits associated with processing quality improvements in
wheat[J]. Plant Physiology Journal, 2011, 47(6): 531.


https://doi.org/10.1016/j.jmr.2014.08.007
https://doi.org/10.1016/j.foodchem.2019.05.176
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.1016/j.jmr.2014.08.007
https://doi.org/10.1016/j.foodchem.2019.05.176
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.1016/j.jmr.2014.08.007
https://doi.org/10.1016/j.foodchem.2019.05.176
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.1016/j.jmr.2014.08.007
https://doi.org/10.1016/j.foodchem.2019.05.176
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037
https://doi.org/10.3969/j.issn.1009-1041.2007.02.037

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 60Co-γ辐照处理
	1.2.2 试验样品准备
	1.2.3 面筋相关指标的测定
	1.2.4 面粉粉质的测定
	1.2.5 面团拉伸特性的测定
	1.2.6 馒头的制作
	1.2.7 馒头质构特性的测定
	1.2.8 馒头感官评价

	1.3 数据处理

	2 结果与分析
	2.1 60Co-γ辐照对面筋相关特性的影响
	2.2 60Co-γ辐照对面团流变学特性的影响
	2.2.1 对面粉粉质特性的影响
	2.2.2 对面团拉伸特性的影响

	2.3 60Co-γ辐照对馒头质构的影响
	2.4 60Co-γ辐照对馒头感官品质的影响
	2.5 60Co-γ辐照处理的面粉理化指标与馒头质构相关性分析
	2.6 60Co-γ辐照处理的面粉理化指标与馒头感官品质相关性分析

	3 结论

