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Abstract: This study investigated the effects of high-amylose maize starch (HA) on the pasting properties, gelation
behavior, and anti-digestibility of whole wheat flour (WWF) under different high-temperature cooking conditions.
Composite flours were formulated by incorporating varying ratios of HA into WWF, with the protein content standardized
at 13.8% through gluten adjustment. The composite flours were evaluated for farinograph properties and pasting behavior,
thermal characteristics, gel hardness, and digestibility following heat treatments at 100 °C and 140 °C. Results demonstrated
that the addition of HA increased water absorption and reduced dough development time. Wheat starch (WHE) in WWF
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could gelatinize and form a gel network at temperatures below 100 °C, while HA largely retained its granular form. At

140 °C, HA could be fully gelatinized, with its granular structure completely destroyed. Notably, gel hardness did not show

a consistent trend of reduction with increasing HA content. The enthalpy values of amylose-lipid complexes (ALC) in HA

and WWF were determined to be 3.2 J/g and 1.9 J/g, respectively. However, no significant changes in enthalpy values were

observed in the composite flour after the addition of HA. The RDS content of the composite flour decreased significantly

compared to WWF (P<0.05) and the sum of SDS and RS content was greater than the theoretically expected value after
treatments at 100 °C and 140 °C. Therefore, the addition of HA could enhance the anti-digestibility of the starch of the
composite system more effectively than its own anti-digestibility effect.
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Fig.1
characteristics of different proportions of compound powders

Effect of different heating temperatures on the pasting
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Table 2 Thermal properties of mixed flour in different proportions
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BF, VEBPBITL R EE RS I, HA I TAR S8 AM &
HE, HA WG5S B I TERs 4345 n] LUIEL e AR BRI

P 3 ANTR] IR B AN [a] He 91 52 OR A8 e P B4 52
Fig.3 Effect of different heating temperatures on the
rheological properties of different proportions
of compounded powders

PR 265 &35 ) 2 8 B M ] PR IS, TR ZISTE My = BT AH B
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FBHIEMIEEIAAR 22 TR B PE RS, [ Z BEREAAR 22 (W)
PERRTRPO FE 100 °C In#FET, WWF-HAG [ tan 6
M HA @S0 B g 55 g m, 280 & 5 BRI
VBT BT . WSINEESh 20% AT 30% BT, tan &
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B I Bl P B 38 — A FEAS B9 10 05, NS AR S BRI
BN . 7E 140 °C AT, WWF-HAG 4 tan
S BEAE HA BN b Blra3ghnmimis)s, RHE SRR
R sless . f 140 °C 19 RVA Wbl LA
H HAG HAA T 8 A9 [ A= S (e R B Bl A b)),
FHILFE 140 °C 4 FHI HA £ 8 3 B e & 0
M

2.5 SEBEREMEEEMEUEERIFNN
I T BB A HA SRS
A3 R A B B 7 D AU F) 2 TT OMLIE 25 A8 fe .
&l 4 T, BEFE IR IS, BRI T R AR, )
LR LEAARAGIRL, FLI P BEAS I, S BRI S e
JES LS 4548 o XA [l AT AR v, BECRF/KAE
AORRATS, S ECH BRI S B B GR, JTE s i e 1Y
BEIL LA, G TER B ITE S ST PEREAR . A

P4 [ DIERRR FRE XoAN [ A2 T SloWL e A4 )

Fig.4 Effect of different heating temperatures on the microscopic structure of different proportions of compounded powders
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100 °C B, WWF H1 WHE 582 Wi1k, 80k =
JG W WHE TE¥4 H1 5 BRNZTE AlLEE S X 265 25 A 18 e
RS, T ALY HA [ E R R B FELE LI =
Hh, AT RLE— 2B B INEE RS R BEPY, £E 140 °C B, B
T HA 54001k, IR TEBURLIE 28, AM iiE—
SRR e A BLAT B % (A i A 3 4 X R R R 2
LEIBEIRS, AATE T RN AM ZREE .
2.6 EEEEKTHITEZEMNEIREE RN

EHMA R BTER AT AM BTSSR
5500 AP R, WK 5 s, 78 100 °C B, WWF-
HAG A9 IS BERE J152 55 1 5 R 2 HA AORITAL R B2 5
I, 100 °C Jin#EH T, 8 milEikge AR (3 2),
ANBEIE B B [ 4 &8 e X 465, 1T 2 A v AP &1
WHE $eXE R AE P8, Bk E HA B 00E: 088, &
FERE R 25BN AE HA BRINEESN 20% F1 30% B, #E
AR I IE i 2 25 5, iX S AR tan 6 ZRfRAHXT
WEo TENSEEHA 3 d F0 7 d B, SRR i BE P A B
HA ZS A A B R i RIS, 12 T iEs7e
g B K A 12, T RGEEIE PRI 45 5 A s S Ay ke 25
WIFEAE B 45 p i S5 A S st . Rk, 7F
WWF-HAG 1, HA 134048 vl A i GE R 0D, A
TS BE S SR B RARATR, ELR, N, BB T e K Rl A=
BRG) =A, TOUBL AT S AE X b 1 SR e e i

5 100 °C Jin#J5TE sl EE I AH L, WWF (158
JEERE BEAE 140 °C JINFF BEAIK, X &+ WWF 1
WHE JERY FIURE/ZR AT %] B8 56T 20 1 2% 38 2% A I i 22
PEEE2EP, B I ZE A B R FNAE B R R e 85 4
BT A e T 5 A AR TE, I ELASR B InFAIERE AT R
AR ITFREIRTER 1 F &P 4E 140 C B,
BERCAE BE A HA MBI o, By iz
HA v LIFESRiAk, BEAE B 3, 45 55 2 i
B AM 1] FHF B 45 I ik, H PR = AR R i TE
Ko FRERRE AN BEE RS, B
B AM [0 4= FIZE1E 1 AP B2 45 i, 18 558 e 10 A 38
.

£ 100 °C 1 140 °C B, ZENK 3 d 19 HAG
TSR 2 B s AT A . e AR, B
ok UL HAG 3Bl 25 T 5ue A (4 84, g8 B o, i = 344
e, (HJEH T HAG IO BIAAAE, ff HAG 19
BEBKRREAR S EEAE, AR, HH

S TER BRSSPI i — SRS, 55455 7K BIGSEAR
AARE, BT EA I A 5B A T BEAS 23 R AR
AM FYTER I EREE, SR BT =S a2 B /b 1 pEpr i
(8] 73455 AR RL, 520 T IERp A

100 C

w2z WWF 2 10%HAG g&& 20%HAG 1 30%HAG mm HAG

e SRR ]
140 C
900 [ sk 22 1096HAG 5 20%HAG == 30%HAG I HAG
850
800 [
750 F .
% 700
a 650
M\
w0k il -
0r (1edcm“ degégw de‘e
0 L= e ro A= g2e 8=
2h 3d 7d 14d
e S ]
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Fig.5 Effect of different heating temperatures on the gel
hardness of different proportions of compounded powders
T B PANR PR 22 57 .35 (P<0.05) .
2.7 SE#HERENTEEEMBUECERR D
N3 3 7R, 76 100 °C Fl 140 C A9IREE Tk
J&, HAG 1 RS &% 553 5] 37.9% Fl 37.8%, i
WWF HE&H 19.8% Fl 24.9% ) RS, Bi 140 C T
AEBRY) 30%HAG Sb, B HA @934, 52
FCAAR Z2 19 RDS & &2 HIE . A, WWF-HAG
i RS F1 SDS HA| Z AN T3 T Bl ek i fb 4t
TR TOE (R 3) . a5 R U, —Jr
HA 1 TS By i i A 12E T RaARR A2 e A4S 52 6 ek i Ak
P, J3— 5 HER Z A AR B AE HH REAE I — A REAIIH
(Lo
TE 100 °C B}, T HA ANREFESMILE, 1hREfR43
KRBT REE ISR TELS o HA 7T LALRFFEC R S 4

%3 AIF IR B e RIEE T BIL)5 19 RDS . SDS FiI RS & i
Table 3 RDS, SDS, and RS content of different proportions of compounded powders after pasting at different temperatures

e 100 °C 140 °C
B RDS(%) SDS(%) RS(%) SEPRSDS+RS(%) HEESDS+RS(%) RDS(%) SDS(%) RS(%) SEZPRSDS+RS(%) HESDSH+RS(%)
WWF  63.3£0.6" 16.9+2.7" 19.8+2.1° 36.7 36.7 72.7+1.1° 2.4+0.3° 24.9+1.4° 27.3 273
10%HAG 61.4£0.8° 19.1+4.1® 19.5+3.3° 38.6 38.1 66.1£0.3° 8.9+£1.4® 25.0+1.8° 33.9 29.8
20%HAG 60.1+0.7" 18.0+£0.9® 21.9+1.6° 39.9 39.5 61.3+0.4° 13.4£4.4° 25.3+4.0 38.7 32.3
30%HAG 58.9+0.2° 22.7+5.5" 18.4+5.8° 41.1 40.9 63.1£1.9° 18.5+7.5* 18.4+9.4° 36.9 34.8
HAG  49.4+02' 12.7+1.5" 37.9+1.7° 50.6 50.6 47.6£0.8¢ 14.6+£0.9° 37.8+1.7° 52.4 52.4

TF: RDS: PIHTER; SDS: M IHLTER; RS: PUMETEsr. BEIESDSHIRS Z AN SLsi i+ fE .
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BT AKIBDR Z5 44, WWF H1 89 WHE 7 H R AT
5 HA M RK R & A A0 B AR, e # i i vh
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TE 140 °C BHI#EAEE &L, HA 7] RASESmIfh, JE8
SRS W A R 22, DA RN S R, U HH I TE Y
HERT LAFER EN R TP AR G ST e . 5 100 °C
FHEE, 7E 140 °C BHM#JE WWF 1) RDS ¥4, iX 2
T WWF H111 WHE 8938855 190k 88 e s 58 8T Z1 1)
ZRAE ST 13 2%, 6T S R EE AT, X UE Ry
IR T Sk P8, 30 T e AT AR, XXt S WWEF
FE O d W A 45 SR AR X 7 s BPAE 140 °C T AbH Y
WWF B B /NTF 100 °C L BRAYRE BE . @ 00 HA
J&, WWF-HAG ROPTiHfettsgss, HAra WWF-HAG
FESY SDS F1 RS Z MIE R FHUSIE ., tEsTH
BI04 T sk, AM AY284S FIAH 5 AE S L1
AL AP HRP FH ik M WWF 180 HA
b, HEIIN AM 431 HAG AR5 imsht, vl A
T BT AP 5 F, &S T4, A R TR s
e, H 43 F T8l i s @4 A8 BRI B 0 5 1Y)
BEE
3 g

ARSI L RVA, DSC. XRD. SEM FIASMNY
ACEEIIFSY T i BLAE oK VE R 5 422 T I 2 58 11
1 e G S v B W N S R R il o N ) = = o1
TFORTEAG G I T 1 A B oK ER, 4R%E T ] AT At
o 7E 100 °C pYFEE T, HA A1 USURIE =X
TE, HASkirE WHE JE 38 0% 5 I8 X 265 2548 H 488, 33
WSS A I E S, WAE 140 °C R An#EF, HA Fl
WHE #R58 211k, W15 PR iR #R LA FIEAS
T74E. DSC B RFF LB, ALC & EHEA R
PR, XN ANEEG IR 2 AM {2 3E T 3E
Aoy TREZ RN AR B LS, RN T TEm i iEit
K, AR HER T WWE A HA J5, £33
FIASIRIRLRE BRI TR T A ARG T LR,
& HLAA B MBSO BOIG GT JE o B It 7o
P RELES
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