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ABSTRACT: Objective To explore the variation patterns of rheological properties and microstructure of
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quinoa Willd. flour substitution ratios. Methods By measuring the thermomechanical properties, gelatinization
characteristics, tensile properties, microstructure and dynamic rheological properties of mixed flour dough, the
variation patterns were analyzed. Results The formation time and stability time of the mixed flour dough increased
first and then decreased with the increase of the amount of Chenopodium quinoa Willd. flour, the maximum value
was reached when the addition of Chenopodium quinoa Willd. flour was 20%; the breakdown decreased first and then
increased, the resistance to extension, extensibility and setback value of the mixed flour dough showed a tendency to
decrease. The weakening degree of the mixed flour dough showed a maximum value, the gluten network structure
was destroyed seriously, and the Triticum aestivum L. starch granules fell off obviously with 30% of Chenopodium
quinoa Willd. flour proportion. Storage modulus (G') and loss modulus (G”) were positively correlated with the
addition of Chenopodium quinoa Willd. flour; during the creep and recovery stages, the strain and recovery of the
mixed flour dough were negatively correlated with the addition of Chenopodium quinoa Willd. flour. Conclusion
The thermomechanical properties, gelatinization characteristics and rheological properties of the mixed flour dough
are better, and the gluten network structure is relatively complete when the addition of Chenopodium quinoa Willd.
flour is between 10% and 20%. The research conclusion can provide guidance for the application of Chenopodium

quinoa Willd. flour in staple dough and theoretical basis for the development of Chenopodium quinoa Willd.-Triticum

aestivum L. mixed flour products.

KEY WORDS: Chenopodium quinoa Willd. flour; mixed flour dough; rheological properties; microstructure

0 35

#i3 (Chenopodium quinoa Willd. ) 2k 55} 22 J& W
MR, RIS TR RN A T Lk — iR s . 3
wBOBMERR . Y. gER . BEI4ESET
WAy, DA W, R REEEER . A, R
TS A N BT R, HE Pl R v T
HmAYC BE AP . Pk . o ek AR iE
WRESE ORI RE, R RT A D DA R S bR J & i
HEAEW, 2013 45, FE IS ERE KR4 (Food
and Agriculture Organization of the United Nations, FAO)IE
A Tl T B e e E R, R84
R RpERE SR 2,

R, BEAE FE RS KT BB s ANE RS T R, A
IR E R T2ouik . Bl @Rk E 7
b HHREAREREEE T EEZ—, BAMRK
BT R ) AR, BEE R N L L 2B W, 47
“EFEMIEEL I, RIS R DT Ry T
il E AR LK E AT 3, [ PR M SC I T B 32 5 I TR0
Amrita FOWFTE R, VB RS EDI ARG, FEAEIRZE
PR N RE A% S 25 i v T M T B £ 1 B i, O A AR AR
FeE R, PESUWIR RS, MEZREINEY 15%H,
T 25 HAT B0 B ET TN R b7 . Cannas 25U 5% 32 0] 422
BRI KT 50%00, 222 T8 D1 8 v A i xk LABSH
e Heaz o R A VI 3 B A VR BRAE DT R A e,
ARG 30% 00, T TH L HA e KIKR TR

il

BETIE], ELGET HA B TR AT R Ry N
By it AT— 5 OIS, AU 128 Bk LU i 1 )
()RS, [ A0 DR /N2 T a3 I T 22 22 IR A 1R 3R AL
WRU), B B 7R 2 0 T B — S BU L SRR
P | PSR R R T RE AN -/ N2 R o A T AT 1
R, BCE SRR )R WM A TR A% | AL S IR
JRORRFES 1, SR AR 42 T 4T HL R 2 B () VR Ik /N2
PAUBARE L WA . ORI R AR 2 R S5 A )
FEAR AR, Xk AT - B 15 I 2% 2 g 2 1 £ b ] AL o 48
FEREA N o

AT VLR 2 5 /N A i IR bR, i B[] L
BR A, X HARA MU AR | WA Re I LA TR R 1
P RORES Y« BRI S A 2 Rk BEA T RGeSOy
Mr, PRVTEEZ Ry U LL IR R R P R i LA, et —
A 53 TR A 20 T ATTE B R v s UKL 5 2 1 B 2% 45
Fy Z [N AE FHAIL, B8 A2 /N IR ] b 69 T e 3
A

1 #MR57H%

1.1 RS
ARG O i 52.24%, KBS 14.27%, KK
i 6.53%, KAM T 12.11%, JRAY Sk 1.75%, BRp%E
M PR ) B ONEZ R SR (ER A
67.82%, ML SH 11.16%, MBI &8 1.21%, K&
Bt 14.00%, JRAP 07t 0.35%, BEPTEA4 HATH ).
TEM SRR G (B R 2% Megazyme A9/ H));



224 B il 2 A iR A I A 4

FH1TE

ToK IR, R BB S, BERE (e, =
2y R 2E R A A R D) o
1.2 UFE5E%

MIXOLAB 2 H#55 IR AL (L FE H I HE AR
A7l); Nova Nano SEM-450 ¥k B4 o+ Wi ss (3 H
FEI /A]); TAXT plus FHJ{YL[#E SMS (Stable Micro
Systems)Z\ 7] ]; DHR-1 3 A8 (35 [E TA /A F]); MSP-IS T
W SHSL(F A | S22 w); EMCPD300 8 1ifs T4 A3 (1 [
LEICA /A w]); Tech Master Htisi %k B4 A% (B it PERTEN
/A w]); ME204E HLF KF- (RS 0.1 mg, Hi L MpRr 307 2
HBRAHE
1.3 ZWTE
1.3.1 R AR N E

BIER &R Megazyme i F & K0; HEASE
218 GB 5009.5—2016 { &l & E Kb & hE AR
BN SE ) 55—k HLIE 2 ] GB 5009.6—2016 { £ /i
GaFEFIRE &R IRITTRINE Y5 — 1R, K& &
Z: 8 GB 5009.3—2016 { &L EEbRE iK1
WSE ) 8F—3R I KA S I GB 5009.4—2016 ( &
LAREZERUE BRI ) R .

132 ®BhHé&

PG REFEH 5 /NEE R IR 0:10., 1:9., 2:8.3:7., 10:0 (m:m)
WWENR G, BRIFEEZBRIER 0%, 10%. 20%, 30%.
100%MTRAH, FArIRSI& .

1.3.3 o AAUAK S 45 ] 2

K MIXOLAB 2 IRA52561Y, 28 Chopin+hU i
JF 53 TR K3 -/ N 22 Byt o T A (1 LA R o AR TR
IR S A K 2, HERRARIBUR R T B (20 50 g), K JE
A BN 75 g, PA(1.10£0.05) N » m Jy HARFHAE(CL), W
ABEFE T 80 r/min, KA R 30 °C, 153 Rk
IR I A5 Ak 1 T e el
1.3.4 bt 2

Z: [ Devi U iR fE M s, 2 BIFREL 3.5 g(Lh 14%
KA I A R A LB B BE 22 05 -/ NE Ry,
T RVA S8HIRES B, A 25 mL ZEKIRA ., B ENES
B, BRI IR RALE 50 °CRREEEHE | min, LA 12 °C/min Y3
M50 °CIMEE 95 °C, R 2 min; 7EMIE )5 11 min
IREHIZE 50 °C, 1445 2 min, MIE IR 10 s N
FE N 960 r/min, ZJ5%2J# 160 r/min,

1.3.5 @A &

e 1.3.2 BRI LB SN ERIFRE, SR
Mixolab 54 S50 2 AWK F 7K, BEAR TR A i A,
RrI DG A, R0 T HE 30 min, #5H.
1.3.6 @ 3 Ah bl 2

S8 Luo ZMUr sk I FRVE sl o K ] 45 i 0 T A

R, AR &R, RABEARER, 15205801
2 mmx60 mm FRFFINAR G, ORG24 b Tk
BT AL, H AKIE Bk E, 3®I 6~8 135
FER AT EE W E, LA RBUhiipe Sy o 00 AR 3T
Mr4eds .
1.3.7 1 AL 2 My UL AR

2 [l Atudorei %5 I FRIVE RS, Kl £ g T 4]
YIRS K 3~5 mm, J& 1~2 mm B TEE A, B H7E
4% % T RER W IR 12~16 ho FRERTE 0 B M RR 28
T 30%~90% A [FIAH BE 2L JG7K Z B T 3~4 IR Ve,
R 10~15 min, FRRIFE R 7 2)5H m A BUEAE CO, Jl
R AP 4 h, BORTH R, FOEHF SR ES 14
1.3.8 @& HRE 4l 2

(WSS E

£ Galkowska Z9) Rk sh, 76 25 °CIHIR %
PEF, T R RS 2 mm. EASZY 40 mm B EITE
h, BTFRAONECE &, PATRMEEE 1 mm, BT FFAR,
FAREMIR PRI R AM S o B Rm A2 Ko 7R A TAR AR
i 5 min J5 LASHAS IR ST 09 7 AR 45 AR 1 T 1Y)
AR, PR TR .

(25 - [l 42 ) 5

SR Lei ik R Ve sh, 76 R AR 2R T,
LAy S 250 Pa, REELREE 25 °C, HEMZEN | He, F
5T E] 100 s, AT (E] 100 s, [FI5AT[E 300 s,

1.4 HIEAIE

K SPSS 20 B X B 4T /224341 . Duncan £
&4, SR OriginPro 8.5 FATIERE], 440 Szue 547
EED 3R, GRS EAREMEFER

2 FER5HH

2.1 ERRRNE S

B Ky -/ INFE R TR RS 1T AT ) AL R 2 S G el 1
TR, BT 100%32 22 8 A 18 7 26 1, JCvkIE s A,
(R R (A T LA e 22 o LA ASTR) AP RS 1T ] A
WK T B IE] R A ) 5 2 22 R S L A3 17 33
SIS RE N R, TERZZ U 10% 8RR HAT
R K R, B 20% B Rk B i KT B st [a] A i
], 3 0] RE R T2 by oL 2 o g, Hih RS K
ST T ARG, R TIRM ACRI, YR R
JEKTF 20%0F, kR, RUERRIFFIGE TR, X e
TR N 23 e /INZE B e T 2 e, AN T A Bl A
Hh B AT A A, Sk P RN TR i A
S0 (C1-C2) 53 37 By UN it 52 IEAH DG, 43232 By vk Jn
it 30% R R, X B TR R S NS BOR R i T



55 14 3]

FRITGS, S BN/ N BRI AT AL 27 Rk S SO R A5 225

F B 1 O A B A 0 L 1) (% B T el 2L, K T 888 1K 1 77
SR 3 R TRG P S8 YR R T T 1 S 4 fEL(C3—-C4) B 2E 52
USR03 0 S N S R R B R B, SO A
20%~30% AL 15, i3k 7R WL 2 Ry AN N & (14931 222 AR v A
HOFAFEEERREE . Bl 222 By US in Lo 91 (e 3 m, TR #1141
(Il A L (CS-CA) 35 TR, SRR 30%4H 1
T, X RBIZEA By (U T A — e FE RS2 A ) 22 4k
ik, ABF5E45 5 Rodriguez-Sandoval ZP0¢ T2 R
93 T8 L R 2 R 0 AR AL A — B
2.2 R

B W -/ N AR AN B 2, 3R 2 IR TR
W IR 20 B M 2L 22 M VS I 2 R [, T REf T
HEPRE R AR T3 5K Mg &, 2
TR RN TE R RPN YRS A Foe 2 286 P B 2 22 A3 0 5
S5 FFHE TRk, ZEEMEINE 20%8, W EA &
KWm AR, X HEEEH P ETHETER LG Bk
Fr AP BB IR RGN, YRR A4 R R R
K, BRI BT, FRMAZEER DA AT LA S TR Y A
W ENE, XEHTEERPIER. EA. Bk, £
W% 20 3 2y BAE T A VE R, SN TR 3R T B3 27 2 ko

WA IR, SR B IR K . AR, SR [l A Y
AL SR WK I AR, B TR R S T A e A T A
EHE, K0 THEK B K S 454 A U o6, HENTERL
il vk — B Y GEAORE, MEEMB IR
10%~20%H B 453 ELA B4 I Ab Pk

257 0%ZE 4y cs\
10%2EZ H)
20F 20%HE 2Ky

30%3EF Ky
15}

1.0 HFF

FAHE/Nm

0.2

0 5 10 15 20 25 30 35 40 45
5} 8] /min

TF: Cl. PR AN f BB, ok &, C2. TaT AT foe/ )N B
B, ATIE S A B AL RE; C3. &M A id iR KR E 2L C4.
TE R IL s R R/ NI C5. B 1A B B AR
P TR T AT AU e h 2

Fig.1 Thermomechanical properties curves of mixed flour dough
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Table 1 Thermomechanical properties of mixed flour dough
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Fig.2 Gelatinization characteristics curves of mixed flour
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Table 2 Gelatinization characteristics of mixed flour
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Fig.3 Tensile properties of mixed flour dough
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Fig.4 Microstructure of mixed flour dough



55 14 3]

FRITGS, S BN/ N BRI AT AL 27 Rk S SO R A5 227

FRESRPEDS, fE— BRI, G GrH A TS
LIRS, X TR MU0 AR 0 55 T 1hi A 8 R
W2k 258, (HREFEZE 22 s 3, ERAESHLEA
JBE I 4 Hh I SE R BRI 22, T B T SR RRUE R S5 AL T R T
TR TR ASRRPE o B 100%ZE 22 4%t BEAE i A1, 20%~30%%E
22 M3 1T A R R R B o SR, B AR AR AT AT IE
B 37 T N BRI 25 i T AT R AR, (ETE S B g R
10T 9 48 S5 R ST AR K e ) BRI . 2 WAE 1 vl g
A1 B2 R W SR B VR FRLAR ), et — S s 2 vp 4%
B AR ) AR

400000 = 0%ZZ A H)

et
350000 | 4 20%7%
v 30%2L 4 H7} e
300000 * 100%%25ky, — —*
>
250000 4%
Kd
< 4 v
£ 200000 [ .- v a
S T
150000 | v X 4 -—
Lo " _e *7 I =
100000 #, o 3w
50000
05 2 ) 8 10 12

6
ABiZE/Hz

Pl 5 SR T AT 8 A AU A T 4k (i E A 1)
Fig.5 Dynamic frequency sweep curves of mixed
flour dough (storage modulus)

- 0%HEA K
100000 %8:;;0'%”
o 1022
90000 v 309444 2 f P ,;;i;25222§
70000r * 100%%3H,, ——1r— .
_ 60000 e
= -
% 50000 P e
»> //I’
40000 o
30000 -
10000
10000
% 2 g 6 8 10 12
% /Hz

Pl 6 R K T AT ) 2 A A 4 Al it 2k (L FE A 1)
Fig.6 Dynamic frequency sweep curves of mixed
flour dough (loss modulus)

252 ¥E-wmAAN

AT T A 855 72 - [ 52 o 4 T s e T P I 1 3l A v 32 41
JiIfERE RSN AE AL, o DA TET e e T I A 1% S AN A i
PEBO R T P A A - [ A AR 2R B 7 B R o TR T
AR RS . Bk SR M i S A OG, /N I A
TEUEAR B BER R AR FcR,  100%3E 32 493 16 A1 A9 0% 28 e {3
2 WZE A2 M B U IRt D A9 2 11 R B AR R AT, DA
T P s e, AR AR RO, AR 1A BB, B REA K
WG, T A S W E BlR/NEA R, WS TE

AR ORI TR R A L BREA AR
EPYESF AT NG 1 AT AT AN R 2 23 ) R EE 7, o T AT A
WV FUELURAETEAS, PRI RIS i R PP A
S A A ] S Y B, 1 0% A2 A3 U A A AT 149 02 /N5 70
B A f AT, R EEL YU 10% 6, 2852
TEN REAS S T 2 A SR, AR T AT D 2% A5 A,
LIRS I P A Rt i | B B S RN T

20r . 0%HAH)
1.8} o 10%2E 5 M}
A 20%H 4Ky
1.6+ v 30%%E K
m +100%32 4
§m-
2104
Zog
0.6
v
0.4

LS S5
\’vam—v Yvy Fﬂ&f{!

) Wq&ooowo&«q
0 50 100 150 200 250 300

I /s

Pl 7 TRR THT AT 4 0 - ] A

Fig.7 Creep-recovery properties of mixed flour dough

3 &

AT RGIRTT TR B X 2 -/ N TR A W
T P A 28~ 5 S IO R B R0 ), 7R 1 S e
F14 B PR Ak e HG 5 T A5 P I 2% A 2 T 9 AR EL AR AL
il BEFHREA B AR (3G 0, B2 R IORL R B
s DR BRI IS, 2 IR ORI K . R4, BEIR A
MELIWITL; ZELRPUS NGt 10%~20%0F, TRk HA 3471
WA AN AR P o TRT AT AR AR R ROUL S F 44 2
B 7R, B (N T A5 R v A 1A AT 1) 295 25 4 1 B IR
ANZETEARIOR I R v, AR B R AR T A
BPAFLI P, BT G G SR AU 2
IEAMIR, /R T 2/ NBURLBE Ry SOEAE 55 10 2 1 3 R 2%
WO T A R R SR A B, R Ry U i A
10%HE A 1 A AT B O 2 3k | @ BN T 25
BT, MBLEBBEINEN 10%~20%00], F2 2 38 k3 - 1
R 22 8] AT T SRR A 1 P 45 25k, R A T DAL R A 11
WIAERRE | WAL 2Rk RN etk . SR, 2 4%
BRAU BN A, Wk EAR ALY B
O Z I R BN R S 2%, ARARATy G X 25 2L o3 [l A
BRI EATERABIETE, S PEAEE A5 0 13 4R (B AR,
VA A 7 i 22 o A S

SE B

[1] Mu Hongyan, Xue Sophia, Sun Qingrui, et al. Research progress of quinoa
seeds (Chenopodium quinoa Wild.): nutritional components, technological



228

B

2R

) 2

1l LERVE

[10]

(1]

[12]

[13]

[14]

[16]

[17]

treatment, and application [J]. Foods, 2023, 12(10): 1-21.

Mg, £, BERM. FALBERA LY IRV HERT]. R
5, 2022, 35(4): 11-15.

He Liyuan, Wang Ling, Lv Junmei. Research progress on nutritional
composition and biological function of quinoa [J]. Cereals & Oils, 2022,
35(4): 11-15.

W Ft, TRELRE, JURRIE, 45 FEAEIR I AL SN 17 T AR5
BERE[T]. AR SR, 2024(1): 18-23, 28.

Yang Dan, Xing Hongyu, Fan Zhiyao, et al. Research progress on
nutritional quality of quinoa and its application in noodle processing [J].
Cereal & Feed Industry, 2024(1): 18-23, 28.

Lan Yongli, Zhang Wengang, Liu Fuguo, et al. Recent advances in
and food
applications of germinated quinoa: a comprehensive review [J]. Food
Chemistry, 2023, 426: 136390.

Agarwal A, Rizwana, Tripathi A D, et al. Nutritional and functional new

physiochemical changes, nutritional value, bioactivities,

perspectives and potential health benefits ofquinoa and chia seeds [J].
Antioxidants, 2023, 12(7): 1413.
Gomez M J R, Prieto J M, Sobrado V C, et al. Nutritional characterization
of six quinoa (Chenopodium quinoa Willd.) varieties cultivated in
Southern Europe [J]. Journal of Food Composition and Analysis, 2021, 99:
1 7.
XGRS, W, FAEI, 55 A EIRDRERHE XA YA

E’JWFH . R ERRIMAEAR, 2025, 40(8): 226-234.
Liu Xinghao, Cui Yajun, Wang Jiakai, et al. Nutritional and functional
properties of quinoa and its application in plant-based foods [J]. Journal of
the Chinese Cereals and Oils Association, 2025, 40(8): 226-234.
Amrita R, Alok K S, Suresh D S. Quinoa germ-enriched pasta:
technological, nutritional, textural, and morphological properties [J].
Journal of Food Science, 2023, 88(12): 4907-4917.
%E‘Q, G, TRARS, AR BEA-/NZERY TR 2 R BT T

. f‘Mtﬁuuﬂ-&, 2020, 36(7): 184-192.
Liang Xia, Meng Tingting, Zhou Bailing, et al. Rheological properties of
quinoa-wheat flour and development of its noodles [J]. Modern Food
Science and Technology, 2020, 36(7): 184-192.
Cannas M, Pulina S, Conte P, et al. Effect of substitution of rice flour with
quinoa flour on the chemical-physical, nutritional, volatile and sensory
parameters of gluten-free ladyfinger biscuits [J]. Foods, 2020, 9(6): 808.

JEINETN, AR, BT, S5 BRI/ N T A AR 2 R B R
TR, &R, 2022, 47(6): 191-196.
Zhou Yali, Cui Lihua, You Xinyong, et al. Effect of quinoa flour on the
rheological properties of wheat dough and the quality of crisp biscuits [J].
Food Science and Technology, 2022, 47(6): 191-196.
‘Wang Sunan, Zhu Fan. Formulation and quality attributes of quinoa food
products [J]. Food and Bioprocess Technology, 2016, 9(1): 49-68.
Devi A, Sindhu R, Khatkar B S. Effect of fats and oils on pasting and
textural properties of wheat flour [J].
Technology, 2020, 57(10): 3836-3842.
Luo Xiuzhi, Yu Hui, An Jing, et al. Determination of extensibility and

Journal of Food Science and

toughness of wheat-flour dough based on bubbles blown by sheeted dough
and airflow-3D imaging technique [J]. Journal of Cereal Science, 2023,
113: 1-12.

Atudorei D, Atudorei O, Codind G G. Dough rheological properties,
microstructure and bread quality of wheat-germinated bean composite
flour [J]. Foods, 2021, 10(7): 1542-1563.

Galkowska D, Witczak T, Witczak M. Ancient wheat and quinoa flours as
ingredients for pasta dough-evaluation of thermal and rheological
properties [J]. Molecules, 2021, 26: 7026-7033.

Lei Mengxu, Huang Jihong, Tian Xiaoling, et al. Effects of insoluble
dietary fiber from wheat bran on noodle quality [J]. Grain & Oil Science
and Technology, 2021, 4: 1-9.

Tao Chunsheng, Wang Kejian, Liu Xuejun, et al. Effects of potato starch
on the properties of wheat dough and the quality of fresh noodles [J].
CyTA-Journal of Food, 2020, 18(1): 427-434.

FHIGEEL, VERRE, 455%, 55, 24808 & o i A A I i o

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

HIZIRT]. o ERRIIAR, 2023, 38(10): 177-184.
Tian Xiaohong, Wang Liping, Li Yi, et al. Effect of multi-grain flour
content on dough processing characteristics and bread qualities [J]. Journal
of the Chinese Cereals and Oils Association, 2023, 38(10): 177-184.
Rodriguez-Sandoval E, Sandoval G, Cortes-Rodriguez M. Effect of quinoa
and potato flours on the thermomechanical and breadmaking properties of
wheat flour [J]. Brazilian Journal of Chemical Engineering, 2012, 29(3):
503-510.
TLER, FLSAT, e, 55 R IHILRe e S B R R E ). &
iEHE, 2019, 44(4): 285-289.
Kong Lu, Kong Maozhu, Yu Jiaxi, et al. Digestibility and physicochemical
properties of quinoa starch [J]. Food Science and Technology, 2019, 44(4):
285-289.
VLI, MFRGL, (RO, 55, ARIFZEEE R i B PE TS T AR
[9]. "PEARINEER, 2021, 36(7): 77-83.
Jiang Fan, Du Chunwei, Ren Yanjing, et al. Physicochemical properties
and digestibility of starches of different quinoa varieties [J]. Journal of the
Chinese Cereals and Oils Association, 2021, 36(7): 77-83.
@Hffi SRFME, RN, S5, BRIV VR AR B S T Y
I BACEARHE, 2019, 35(12): 112-121.
Zhong Yayun, Wu Leiyan, Zhou Jinfeng, et al. Effect of quinoa on the
behavior and bread quality of frozen dough [J]. Modern Food Science and
Technology, 2019, 35(12): 112-121.
Kheto A, Das R, Deb S, et al. Advances in isolation, characterization,
modification, and application of Chenopodium starch: a comprehensive
review [J]. International Journal of Biological Macromolecules, 2022, 222:
636-651.
¥, VIS, SRR ANTRZEZE SR xd /N He i o . A R
L5 I RERFE R M), £ 5 & BTl 2025, 51(9): 277-282.
He Ling, Jiang Hao, Zhang Guoquan. Effect of different quinoa whole
flour additions on quality, gluten structure, and functional properties of
wheat Chinese dried noodles [J]. Food and Fermentation Industries, 2025,
51(9): 277-282.
Feng Y Y, Zhu Y L, Wang Z, et al. Effects of whole quinoa flour addition
on the pasting property, dough rheology, and steam bread textural property
of wheat flour [J]. International Food Research Journal, 2023, 30(5):
1212-1220.
EIER, LT, PR, S5 TSR/ NAE T AT i AR I B
AR STTRSE M), £ 5 ARkE, 2024, 45(10): 72-79.
Yan Minghuan, Wang Libo, Chen Jing, et al. Effect of common buckwheat
whole grain flour on rheological properties of wheat dough and quality of
fresh wet noodles [J]. Food Science, 2024, 45(10): 72-79.
Ma Yanrong, Guo Lei, Chen Yifei, et al. Quinoa flour addition improves
the rheological properties and resistant starch content of wheat dough:
from the view of starch physicochemical properties and starch-protein
interaction [J]. LWT-Food Science and Technology, 2025, 223: 117804.
Peng Yuan, Wang Dongyue, Yu Jian, et al. Multi-scale structure and
digestible process of wheat starch as affected by distribution behavior of
rice glutelin amyloid fibril aggregates during gelatinization and digestion
[J]. International Journal of Biological Macromolecules, 2025, 284(P2):
138197.
A, BRHT, ARG, A MR RO /INZE T AR BT T A 5 )
[7]. BRI S TR, 2021, 42(1): 134-140.
Li Na, Chen Qian, Li Haifeng, et al. Influence of oat flour on dough
properties and biscuit quality [J]. Food Research and Development, 2021,
42(1): 134-140.
IRV, RRGE, B, 45 SRl AS A= AE 2 P i JTTAN o (R
FHWFFE[]. M 5imiE, 2023, 36(10): 35-39, 55.
Li Xinyang, Chen Fenglian, Yang Chunhua, et al. Study on the application
of basic rheology in the quality evaluation of grain dough [J]. Cereals &
Oils, 2023, 36(10): 35-39, 55.

(FTE%hE: 2/ 2 B85



