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Abstract: Four types of commercially available wheat flour, Wudeli (WDL), Jinyuan (JY), Jinxiang (JX), and Sifeng (SF),
were used as raw materials for starch extraction and characterization. Total starch, A starch, and B starch samples were obtained
through extraction and separation. Differences in the starch compositions, amylose contents, particle sizes, transparency, pasting
characteristics, thermal characteristics, and dynamic rheological properties were analyzed. The A and B starches from the four
wheat flours were effectively isolated, with their physicochemical compositions showing a direct correlation with the granule
type. Specifically, A starch exhibited a higher amylose content (31.92%~35.27%), lower levels of protein (0.25%~0.27%), ash
(0.10%~0.13%), and damaged starch (18.15%~20.85%); whereas B starch exhibited a higher pasting temperature (68.90~71.55 C )
and range. In terms of the total starch content among the four types of wheat flour, the size distribution range was in the following
order: SF>JX>WDL>JY. Notably, JY exhibited a higher amylose content (31.91%), an initial pasting temperature of 54.78 C , and
an enthalpy of pasting of 10.33 J/g. In contrast, WDL demonstrated a lower regrowth viscosity, at 303.50 cP. Dynamic rheological
analysis revealed a high frequency dependence of B starch, as well as high elastic and viscous moduli of SF total starch. The most
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notable differences were in the properties of the JY and SF total starches. Specifically, JY exhibited higher crystallinity and thermal

resistance, and SF total starch greater gelatinizability and superior viscoelastic properties. The results provide theoretical guidance

for multi-scale analysis of wheat starch.
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Table 1 Differences in particle size distribution of A-type, B-type, and total starches among four wheat flour brands

7B WDL JY IX SF
N2 12.30 £ 0.00** 9.86 +0.02* 11.20 +0.00* 12.23 £0.06™
D,/um B 4y 3.86 0.02°° 3.90 0.02* 3.63+0.01° 3.05+0.01°
£ 7.77+0.01° 8.28 +0.01"° 6.41 =0.00° 5.98+0.01"
A R 19.00 +0.00™ 18.50 = 0.00* 18.37 £0.06™ 20.67 +0.15"
Dyy/um B 4 6.81 £0.04*° 7.04 £0.05 7.14 £0.06" 6.04 +0.09°
IRy 18.50 +0.00"" 16.57 £0.06™ 17.40 £ 0.00™ 18.00 +0.00™
AR A 28.67 +0.06™ 26.67 0.06™ 29.80 +0.10™ 55.73£21.91"
Dyy/pm B4 12.17 £ 0.21¢¢ 12.90 £ 0.26° 17.47 £ 0.60°° 14.40 £1.35™
B 31.40 +0.00" 31.20 £ 0.00* 30.77 +0.06™ 31.90 +0.00*"
A A 19.80 +0.00" 19.20 +0.00" 19.53 +0.06™ 3227 +1.52*
Dyyz/pm B iZ# 7.51 £0.07°° 7.83 £0.09° 10.03 £ 0.25* 9.72 £0.93*
B 19.20 0.00™ 17.50 0.00" 18.20 0.00® 18.70 £ 0.10™
A EA 319.20 £0.30% 376.20 = 0.70* 335.17 £ 0.65*° 287.10 +2.86°
(t Eiﬁfﬁ’; B4y 917.97 +2.87" 895.33 £3.16 890.27 £7.27% 1051.00 +15.72**
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Table 2 Basic physicochemical indicators of total, A-type, and B-type starches among four wheat flour brands

T H

WDL

K5 1%

9.49 £+ 0.03"*
6.50 £0.02"
4.61 %0.00°

B 51%

0.13 £0.00*
0.20 £0.01™*
0.16 £0.01"°

Q%

0.25+0.01""
0.35 % 0.00"
0.29 £0.02"

A A /UCD

19.20 + 0.00°
25.40 = 0.00™*
20.30 £ 0.14™

HAEIRB %

31.92 +2.42*
28.06 £0.55"
28.71 £0.93*

Y IX SF
10.54 £0.07* 9.43 +0.03 9.59 +0.05"
6.51+0.04" 6.32 £0.02" 6.50 £0.02"
4.12£0.07°° 3.93 £0.04 4.65 % 0.06'
0.13 £0.00° 0.10 £0.01° 0.12+0.01"°
0.18 +0.00°* 0.21+0.01* 0.19 £0.01°"
0.16+0.01" 0.20 +0.00** 0.15 £0.02""
0.25 +0.00°° 0.26 = 0.00™" 0.27 = 0.00*
0.35 +0.00" 0.32+0.00"* 0.38+0.01**
0.27 +0.00"" 0.26 +0.00® 0.34+0.01"°
18.15 +0.07° 20.85 0.07° 19.55 +0.07"
24.55+0.21 25.70 £0.14* 25.10 +0.00"
19.45+0.21" 21.65+0.21°" 19.55+0.21°"
3243 1274 35.27 +0.86™ 33.64 +0.42*
25.93 +1.80" 23.58 +2.62°" 26.27 +1.76"
31.91 £2.05% 30.60 +2.77*" 31.46 +0.36"
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Fig.2 SEM of A-type, B-type, and total starch granules from four
wheat flour samples, magnified 5 000 times
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Table 3 Differences in the pasting characteristics of A starch, B starch and total starches among four wheat flour brands

I WDL JY IX SF
A RS 66.55 £0.28™ 67.48 £0.25™ 67.58 £0.18"¢ 68.88 £ (.53
#ILBE/C  BREH 71.55 +1.41° 68.90 + (.64 69.30 £0.21°° 71.25 £0.07"°
B 78.15 £0.21* 78.00 £ 0.00* 77.65  0.35" 77.75 £ 0.00*
AEA 1558.00+3536™ 1684.00+38.18%  1504.50+26.16"  1516.00 +32.53™
MAEKEE /P BIEA 1068501626  1251.50+23.33  1096.50 £19.09"  910.00 + 18.38°
BoEH 1113.00+£2828"  1146.00+19.80"  1136.00+38.18"  1069.50 +2.12°
ARH 170950 £53.03"*  1902.00 £19.80"*  1677.00 £45.25"*  1635.50 £4.95™
RAKE/P BREH 1136.00£5.66™  1301.50£24.75" 1137.00 £86.27"°  1011.00 £16.97°
YoEdy  1240.00+28.28"  1237.00+18.38"®  1325.50+40.31"°  1263.50 + 13.44"°
ARH  1334.00+19.80"*  1382.00+12.73**  1289.50 +82.73"*  1272.00 +16.97**
FAKFEE /P BIEH 849.50 + 13.44™ 1018.50 +12.02"° 827.50 = 16.26™ 745.50 £ 10.61°
B 909.00 +26.87"" 924.50 +31.82°¢ 969.50 + 38.89"" 913.50 + 14.85"
AR 217.50 +24.75" 302.00 £ 25.46** 265.00 + 14.14™ 244.00 £ 15.56™
A AR /P B 2% 219.00 +2.83™* 233.00 £ 11.31™*"  256.50 £ 14.85"* 164.50 +28.99"
A 172.50 £ 10.61"* 221.50 +12.02" 166.50 +0.71™ 156.00 £ 16.97"
AR 389.50 + 13.44™ 520.00 = 7.07** 437.50 +33.23" 363.50 + 12.02™
) A 18 /cP B &8 286.50 + 19.09" 283.00 + 12.73" 264.00 + 5.66* 265.50 £ 6.36™
B 303.50 + 16.26™ 312.50 £30.20™ 356.00 + 1.41"° 350.00 + 1.41"

4 mAUNEBA, BIZIEBHRSEER

Table 4 Differences in the thermal properties of A starch, B starch, and total starch among four wheat flour brands

3 H WDL JY JX SF
IN£0 56.13 £0.05™ 56.79 +0.11** 55.77+0.01* 55.70 +0.08°*
T,/ C B H 53.37+0.07° 53.45 +0.08° 53.22+0.26° 53.26 +0.01°°
Bk 54.20+0.01" 5478 +0.13" 54.05 +0.02" 5421 +0.06™
N2 61.04 +0.07" 61.34+0.18" 60.76 +0.13* 61.12+ 0.02‘“; ------
T)C B iy 60.93 +0.21™ 60.75 +0.02" 60.52 +0.24" 60.48 £ 0.12*
& 60.51 +0.66" 60.99 +0.10*" 60.45+0.11* 60.73 +0.04""
A EA 65.07 +0.01* 66.27+0.01°" 65.50 +0.21" 66.05 * 0.1135’ ------
T,/C B EH 67.00 £ 0.01** 66.90 +0.21"* 66.56 +0.12™ 66.64 = 0.05™
By 66.69 +0.08" 66.33 +0.07™ 66.18 +0.06™ 66.38 +0.13™
A RH 8.95 +0.06% 9.48 £0.11"° 9.74 £0.21° 10.35 % 0.033‘-' ------
T-T,/C B g4 13.63 £0.08"" 13.45 £0.29* 13.34 £0.14" 13.38 £0.04™
Ay 12.49 +0.06" 11.55 +0.20" 12.13 £0.08" 12.18 £0.06™"
N2 10.14 £0.07°* 10.98 +0.09* 9.88 021 10.23 + 0.03'“; ------
AH/(J/g) B R4y 9.45 £0.06* 8.14+0.07° 7.92 £0.05" 8.76 +0.04*
B 9.91 £0.06" 10.33 +0.09" 9.73 £0.08" 9.31£0.01
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Fig.5 Differences in dynamic rheology of A starch, B starch,
and total starch among four different brands of wheat flour
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