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W ZEATHEAERLRDEFERERDEESAFEAL S MM RG XA, T 2020—2021 F E A
2021—2022 SFE AT ERR M4 M DESBFAMA O T N EFBEEDEE S 4R MR E LA L
XA, BREAV,EHEBR D EAFEBERSEARE L 22.45%~45.06% , A BB R A AR & I 54, 9450~
77.55% ;B M B R @A LK 69.18%~84.45% A Rk HE A @R E L 15.55% ~30.82% ;B A i Hh
# B 5 99.76%~99.90% A BEHEHKB I 0.10%~0.24%, 2021 4= 2022 F 44 Ao & oAb oy ik
A8 56 JE T 345 5 7 h 888. 24 F= 985. 64 P, T R 4 A A 18. 11 % A= 17. 98 % A& - 45 % -F 348 5 %] 4 593. 56
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Analysis of Starch Granule Size Distribution and Pasting
Properties of Wheat Grain in Huai River Region
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Abstract:In order to understand the relationship between starch particle size distribution and pasting
properties of wheat grains, 44 wheat varieties were used as materials in 2020—2021 and 2021 —2022
to analyze the characteristics of starch particle size distribution, pasting properties and their relation-
ship in wheat grains along the Huai River. The results showed that the volume of B-type starch gran-
ules accounted for 22. 45%—45. 06% , and the volume of A-type starch granules accounted for 54. 94 %—

77.55% in wheat grains along the Huai River. The surface area of B-type starch granules accounted
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for 69.18%—84.45% , and the surface area of A-type starch granules accounted for 15. 55 %—30. 82 %.
The number of B-type starch granules accounted for 99. 76 %—99. 90% , and the number of A-type
starch granules accounted for 0. 10%—0. 24%. The average peak viscosity of wheat in 2020—2021
and 2021—2022 were 888. 24 and 985. 64 cP, respectively, and the coefficient of variation were 18. 11%
and 17.98%, respectively. The average trough viscosity were 593. 56 and 753. 61 cP, respectively,
and the coefficient of variation were 17. 35% and 18. 52% , respectively. The average values of final
viscosity were 1 215. 37 and 1 486. 40 cP, and the variation coefficients were 15. 20% and 15. 91% , respec-
tively. The coefficient of variation of wheat pasting parameters was greater than 10% , and the coeffi-
cient of variation of breakdown was the largest, which was 38.10% and 41. 96 %, respectively. Corre-
lation analysis showed that the volume proportion of B-type starch granules was significant negatively
correlated with peak viscosity(P<C0.01). The volume proportion of A-type starch granules was sig-
nificant positively correlated with peak viscosity, breakdown and trough viscosity(P<Z0. 05). The re-
sults of principal component analysis showed that the proportion of A-type starch granule volume and
B-type starch granule volume had a higher contribution rate to PC1 and PC2 components of the 44
wheat varieties. The results of cluster analysis showed that the 44 wheat varieties can be divided into
three categories. The volume proportion of B-type starch granules in the first category of wheat varie-
ties was the smallest, while the peak viscosity was the highest, and the final viscosity was second to
the third category, including Yangmai 13 and Shengxuan 6. The second type of wheat varieties ac-
counted for the largest proportion of B-type starch granule volume, and the peak viscosity and final
viscosity were lower than those of the first and third types, including 11 wheat varieties such as Xi-
nong 979 and Luyuan 502. The proportion of B-type starch granule volume in the third type of wheat
varieties was between the first and second types, and the peak viscosity and final viscosity were high-
er, including 31 wheat varieties such as Yangmai 20 and Deyan 8.

Keywords: Wheat; Granules; Size distribution; Pasting Properties
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1.1 REHH 5t

R T 2020—2021 1 20212022 4FE1E 2 8L
BhH 2 B A S N PR AT LAV T 3t X 5 H F AR 1) 44
AN SRR GR D iR A 13 S5 D
A F T A, EHAR 207 SN SRR 25y, 0
A 979 SErPBR A R /NE SRR 12 . iR H
BEALIX ZH T, /DX TN 9 m* (3 mX 3 m) 17T
B 0.25 m, A 3 W, R HATHIEY N E K,

- HEIS A R R A, - R R A AL A AL
SE5C P T A S R A A 16,43 g - kg 1L 72. 67
mg *+ kg '.96. 14 mg « kg'' 1 17. 35 mg -
kg . A LBELVERIE AR A PR 2 (N 46 %) (i B R
FE(P,0, 12%) . &ALH (K, O 60%) . B AL 8P AE
o1 4R IR it it FH #4300 4 120 kg P, O « hm ™ * Al
120 kg K, O; B & & 0 225 kg « hm *, 358 H
Sy 73,8 BT B A IR T . B A H 8 5 5 ok
2020 4F 11 A 11 H A1 2021 4E 11 H 4 H i3k H
Wiy 50k 2021 46 4 1 HAI 2022455 A 31 H.
At A8 Ty 5 [ 24 s R A
1.2 WEMBEA%
1. 2.1 Zp M4 bl 2

BEah R AR EL 3 g TH M. B ACBR AR L A 25
mL ZE18 K , 1R 2] )5 f# A Perten 23 6] Y Starchmas-
ter-2 BUPRIRRE BE S BTG E WAL 280, 3 B,
1.2.2 "HERRLERYH

Z: M8 Peng 55 7 S HUVE By . B F BRI
2 g FPRE TIE P I 25 mL ZE1/K R 8 h,

x1 #hEmRTERERTER

Table 1 Names and quality types of the tested wheat varieties
%5 ah A hh B R %5 wh A il B
Number Variety Quality type Number Variety Quality type
YM13 #7% 13 Yangmai 13 55 /i Weak gluten ZM132 HF 132 Zhengmai 132 H5E # Medium strong gluten
YM15 % 15 Yangmai 15 557 Weak gluten HM168 14 168 Hengmai 168 18 Medium gluten
YM22 7% 22 Yangmai 22 557 Weak gluten KM18 JF# 18 Kaimai 18 H1 1 Medium gluten
YM19 %4 19 Yangmai 19 9 fi Weak gluten 1.M9908 B4 9908 Luomai 9908 H i Medium gluten
SX6 H: 3% 6 5 Shengxuan 6 59/ Weak gluten ZM28 J&1Z 28 Zhoumai 28 F1ff; Medium gluten
YM20 % 20 Yangmai 20 5570 Weak gluten XN979 i4 979 Xinong 979 /¥ Strong gluten
LY128 L. 128 Luyan 128 # M Strong gluten HM44 W 44 Huaimai 44 F1 i Medium gluten
JD104 {2 3% 104 Junda 104 F1ff; Medium gluten GM1 HW# 15 Guanmai 1 55/ Weak gluten
XM35 #Z 35 Xumai 35 155 7 Medium strong gluten|| DY HF 8 5 Deyan 8 i Strong gluten
ANO711 424¢ 0711 Annong 0711 5 ffi Strong gluten PX8 WXL 8 5 Puxing 8 F1f; Medium gluten
QM31 R 31 Quanmai 31 F1fii Medium gluten LY502 )7 502 Luyuan 502 F 1 Medium gluten
WDM365 IKfEZ 365 Wodemai 365 H1#i Medium gluten ZM30 J8 2 30 & Zhoumai 30 9 Strong gluten
BN207 H 4 207 Bainong 207 H i Medium gluten 7Y9302 HEH 9302 Zhongyu 9302 H i Medium gluten
YN982  H4k 982 Yunong 982 i Medium gluten FDCM1  Ff#fF# 1 5 Fengdecunmai 1 3 Strong gluten
XM9817 i 9817 Xinmai 9817 /il Medium gluten AMI1241 % 1241 Anmai 1241 th1 Medium gluten
LM28 %% 28 Luomai 28 17 Medium gluten LM26 &% 26 Luomai 26 H11 Medium gluten
YM158 # 7 158 Yumai 158 H1# Medium gluten TYKM5 K25 F % 5 Tianyikemai 5 F1ff; Medium gluten
CM11 2 11 Cunmai 11 tF i Medium gluten HC2019 % 2019 Huacheng 2019 #&#f Strong gluten
ZM578 15z 578 Zhongmai 578 & ffi Strong gluten HC863 1E R 863 Huacheng 863 F1 Medium gluten
YNO035 B4 035 Yunong 035 Fffi Medium gluten HC5183 1€ )%, 5183 Huacheng 5183  Hfj Medium gluten
ZM583 FRF 583 Zhengmai 583 R ffi Strong gluten HC5155 fE )% 5155 Huacheng 5155  H1i# /i Medium strong gluten
SDM1 FEMEE 15 Saidemai 1 H/fi Medium gluten WM52 W% 52 5 Wanmai 52 F1ff; Medium gluten
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KL R A K 5 W FLAE A Bk TR BF B 53 3K, 200 H B
DIVETE B WS 2~3 WG IEM AT LL 3 000 r »
min~ ' B0 10 min, 28 EW W, 5 mL 2 mol «
L ' NaCl,0.2% NaOH.2% SDS &k 3 W5 - H
PIERE VE 3 I, BAR T ek BT —40 C
MRIE YR T . 8 FH 1.S13320 T 5987 B 40 B A% (36
DU o & PR IR RN A 7)) R AT VE MY RLAR ST
1.3 HIESH

FH Excel 2022 F1 DPS 7. 0 #1754 % 53
5387 M Origin 2021 #EA7 A 5 1E 43 #r L 32k
Gy SR AL

2 HEREHAM

i/ ZE R L S E S

R 2 AT AL, AN ) /N 22 o 8l TR R Ak = 50
S RBO R T 10 %0, FHorb R 08 1 A8 = R AW
EHERR . 44 DN SR 2021 AR F 2022 A g
{8 25 B S ¥ 0H 43 91 hy 888. 24 F1 985. 64 cP, A8k
0 B2 91K 660. 00~1 359. 33 Fl 635. 67~1 344. 67
cP RS RZB N 18, 11 %M 17, 98% . PHAEHY
IR AR 3 B SF- {8 40 9 oA 593. 56 Fl 753, 61 cP.AF
AL FE 4391k 411, 00~750. 67 F 475. 00~ 975. 00
P AR SR B 17, 35 % F1 18.52% . PHAFEAY
R BE S Y (E 43 5 A 1 215, 37 A1 486. 40
P, A5 Ak T8 Bl 43 5k 873. 33~1 482 Fl1 992, 33~
1 781.33 cP,ZE S5 R B3 5 15. 20 %0 F1 15. 91 %,
T W AR B4 4 90 A 292. 59 F1 232, 04 P, A8 4k
S 43 9 A 99. 33~647. 67 Fl 115. 67 ~570. 33
cP A SR BT R 38, 10 % F1 41. 96 %, [al TR

2.1

x2
Table 2

SEYAE 4R 5k 633, 26 FT 732. 80 P, AF Ak T FEl 43
WR 462.33~767. 67 F1 452. 67~887. 00 cP, 4%
SERB R 13,67 % 15.93%

2.2 #iR/NERMIEBDRAES T
2.2.1 mEhHEAKRHSH

PIAE /N EE 1) A T JE B R AR R o L 3 KT
B BIGERRL, 2021 F1 2022 4F B BITE M RAAFR 5 L
SRR 22,45 % ~36. 75 % 1 27. 01 % ~45. 06 %5 A
RUVE M R AR TR L 43 5 Ry 632526 ~T77. 5500 F
54.94%~72.99% , H A KAR 10~22 pm 1Y IE#H
RARFR G HE K, 4300 D 30, 0506 ~43. 7800 Fl
26.36%~39.19% (& 3), XFEW A By kR X
JINFE KRB A AR B BT R T K
2.2.2 REhHERBRYH

B3 4 AT A1, 2021 F1 2022 4EfER /N B B
T E by R 2% 1H AR 5 LG43 il 69. 18 %6 ~81. 21 %
74,80 % ~84. 45% , A B3 by ki 2 10 AR o 14y
A 18.79% ~30. 82 % il 15. 55 % ~25. 20 % ; ki
#B>22 pm JERVRL R AL LA R RER K. |
I ER T B Y B By X /N 22 JE # A 2 TH AR DT R TR K.
2.2.3 EHEBEHASHK

25 AT LLE W, AN A B E R
RECH SR T B RIE M KL, 2021 Fi 2022
SRR R /NZ2 S AP OFERD B R TE BRI R & L 43 B
499, 76% ~99.89% F 99.85% ~99.90%,
A BIYE Ry R ECH (5 H Ay 0. 11 % ~0. 24 %
H0.10%~0.15% s B4 =>22 pm JEK KA F &
B K HA R R — 3. gs Ui Wl /N
JEMRL S B RSk R

BN EMUS BN SHT

Analysis of gelatinization parameters of wheat

AR RE Wit 28 LES fe/ME ISP : ] -4 % BR R
Year Gelatinization parameter Range Minimum value Maximum value Average Coefficient of variation/ %

2020—2021 WE{H%5)E Peak viscosity/cP 925. 00 660. 00 1 359.33 888.24+160. 85 18.11

{4 B B Trough viscosity/cP 473,00 411. 00 750. 67 593.564103.05 17.35

A FE ¥ Final viscosity/cP 850. 00 873. 33 1482.00 1 215.37+184.94 15. 20

it (i Breakdown/cP 599. 00 99. 33 647.67 292.59+111.49 38.10

[7] F+{E Setback/cP 426.00 462.33 767.67 633.26+85.13 13. 67

2021—2022 WE{HZE B Peak viscosity/cP 784,00 635. 67 1344.67 985.64+177.18 17.98

{4+ %6 Trough viscosity/cP 588. 00 475. 00 975. 00 753.61+139. 56 18.52

A E ¥ Final viscosity/cP 934. 00 992. 33 1781.33  1486.40+£236. 44 15.91

T {4 Breakdown/cP 518. 00 115. 67 570. 33 232.04+97. 35 41. 96

B F4{H Setback/cP 521.00 452. 67 887. 00 732.80+116. 71 15. 93
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Table 3 Analysis of the volume proportion of starches of different particle sizes in wheat tested %
AFJE LA (& R/AME PN - % 5 R R
Year Starch granule size/pm Range Minimum value Maximum value Average Coefficient of variation
2020-—2021 2.8 6.08 7.37 11.38 9.42+1.22 13.03
2.8~10 18.52 14. 44 27.02 21.3743.48 16. 27
<10 22.71 22.45 36.75 30.7944.33 14. 06
>10 22.71 63.25 77.55 69.2144.33 6.25
10~22 24.12 30.05 43.78 34,6043, 60 10.42
>22 33.08 20. 86 41. 06 34,1144, 65 13. 44
2021—2022 2.8 7.46 7.86 13.31 10.26+1.43 13.95
2.8~10 18. 66 18. 94 32.84 26.48+3.53 13.31
<10 23.95 27.01 45. 06 36,7544, 48 12.19
>10 23.95 54,94 72.99 63.25+4.48 7.08
10~22 19.03 26. 36 39.19 30.9843.15 10. 15
>22 27.12 19.67 43.13 32.2844. 64 14.39
x4 HIXPMEREHNEEMURERSEE S
Table 4 Analysis of the surface area proportion of starches of different particle sizes in wheat tested %
AEJE KLtz e IR /ME 2SN - % AR5 AR
Year Starch granule size/pm Range Minimum value Maximum value Average Coefficient of variation
2020-—2021 <2.8 27.86 44.55 54. 34 49.89+3.00 6. 00
2.8~10 23.59 21.72 31. 87 26.9142.83 10.53
<10 26. 24 69.18 81.21 76. 804 3. 40 4.42
>10 26. 24 18.79 30. 82 23.2043. 40 14. 64
10~22 21.42 11. 22 19.73 15.00=£0. 21 15.78
=>22 8. 00 4. 47 11. 20 8.20+1.54 18.79
2021—2022 <<2.8 15.92 44.67 53.90 49.40+2.56 5.18
2.8~10 14.62 25.45 37.16 31.1042.56 8.23
<10 16.12 74. 80 84. 45 80.50+2. 84 3.53
>10 16.12 15.55 25.20 19.50+2. 84 14.58
10~22 8. 04 10. 26 15.81 12.48+1.63 13.06
>22 9.76 3.84 10. 81 7.02+1.60 22.86
®5 WM ERENEERBHEB SEEHH
Table S  Analysis of the number proportion of starches of different particle sizes in wheat tested %
AEJE R R/ME 2SN ARk 25 AR
Year Starch granule size/pm Minimum value Maximum value Average Coefficient of variation
2020—2021 2.8 96. 48 98.07 97.5640. 34 0. 34
2.8~10 1. 80 3.31 2.29%£0.32 14. 04
<10 99.76 99. 89 99.8640.03 0.03
>10 0.11 0.24 0.1440.04 24.67
10~22 0.09 0.21 0.1240. 30 25.67
>22 0.01 0. 04 0.0240.01 33.99
2021—2022 <<2.8 96. 29 97.65 97.2440. 37 0.38
2.8~10 2.22 3.58 2.64+0. 36 13.75
<10 99. 85 99. 90 99.8840. 02 0.02
>10 0.10 0.15 0.1240.02 15.15
10~22 0.09 0.12 1.00+0.01 13.40
>22 0.01 0.05 0.0240.01 50.19
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PV. Peak viscosity; TV: Trough viscosity; FV: Final viscosity;
P<C0.05; % x ;P<C0.01. The same in figure 2.

ume ratio; ASV: A-type starch granule volume ratio. * :

BD: Breakdown; SB: Setback; BSV: B-type starch granule vol-
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Fig. 1 Correlation analysis between starch granule volume distribution and pasting parameters
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Fig. 2

Principal component analysis of starch quality indices of the tested wheat varieties
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Fig. 3 Cluster analysis of starch quality indices of the tested wheat varieties
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Table 6 Cluster analysis of starch quality indices of the tested wheat varieties

sy U {1 8% 32 A 3 RERE <) ) B ARIJEM BLARFL A BIYE MR A L
251 i - i A 1L ml 7} & g . _ St .
Categor Peak Trough Final Breakdown/cP  Setback/cP B-type starch granule A-type starch granule
-ategory viscosity/cP viscosity/cP viscosity/cP h < volume ratio/ % volume ratio/ %
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