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Starch Physicochemical Characteristics and Granule Size Distribution at Api-
cal, Middle and Basal Ear Positions in Normal, Sweet, and Waxy Maize
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Key Laboratory of Crop Genetics and Physiology of Jiangsu Province, Yangzhou University / Key Laboratory of Crop Physiology, Ecology and Cul-
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Abstract: The starch physicochemical characteristics and granule size distribution at different ear positions (apical, middle, and
basal) were studied using normal, sweet, and waxy maize. The results indicated that values of viscosity characteristics for sweet
maize starch were higher at apical position. Normal maize starch peak viscosity (PV) and breakdown (BD) were higher at apical
position; while setback (SB) was similar for three positions. Waxy maize starch presented the highest BD at apical position; while
PV and SB were similar for three positions. The transition temperature (onset-, peak-, and conclusion temperatures) was higher at
basal position for sweet maize, similar among three positions for normal maize, and higher at middle position for waxy maize. The
change tendency for the enthalpy of gelatinization among three ear positions was different for three types of maize. Starch granule
volume distribution frequency showed a typical two-peak curve. The percentage for starch granule diameter higher than 17 pm
was the lowest at apical position and the highest at middle position. Iodine binding capacity was similar among three positions for
waxy maize, whereas it was the lowest at apical position for sweet and normal maize. Correlations of starch granule volume dis-
tribution and iodine binding capacity with pasting and thermal characteristics indicated that the differences for pasting and thermal
characteristics among different ear positions were resulted from the differences for starch granule size distribution and
chain-length.
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Table 1 Pasting property of grain starch at different ear positions in sweet, waxy, and normal maize

Maize type Ear position PV (cP) TV (cP) BD (cP) FV (cP) SB (cP) PT (min) Piemp (C)
Apical 981 a 621 a 377a 1481 a 860 a 43a 79.6 a
Sweet maize Middle 774 b 551b 240 b 990 b 439 b 3.9b 76.4b
Basal 832b 576 ab 256 b 1024 b 448 b 40b 76.4b
Apical 1022 a 532a 485a 899 a 367 a 3.7a 752b
Normal maize Middle 902 b 487 ab 415 b 806 ab 319a 3.7a 76.3 a
Basal 851'b 436 b 416 b 745 b 309 a 3.7a 763 a
Apical 1152 a 709 a 443 b 793 a 84 a 43a 77.6 a
Waxy maize Middle 1119 a 615b 515a 728 a 114 a 43a 77.7a
Basal 1130 a 610b 531a 726 a 117 a 43 a 76.8 a

Values followed by a different letter are significantly different at P<0.05 according to LSD test.
PV: peak viscosity; TV: trough viscosity; BD: breakdown; FV: final viscosity; SB: setback viscosity; PT: peak time; Pimp: pasting tem-
perature.
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Table 2 Gelatinization property of grain starch at different ear positions in sweet, waxy, and normal maize

Maize type Ear position T, (C) 7, (C) T. (C) AH, (3 g
Apical 67.1b 73.0b 79.5b 8.8 ¢
Sweet maize Middle 67.0 b 73.5b 80.0 b 12.4 2
Basal 702 a 762 a 84.8 a 99b
Apical 69.6 a 73.8 a 80.3 a 10.5¢
Normal maize Middle 68.3a 74.1a 78.9b 11.4b
Basal 69.6 a 74.1 a 80.0 a 15.0a
Apical 735a 77.0 ¢ 82.8¢ 21.8a
Waxy maize Middle 74.6 a 803 a 873 a 19.1b
Basal 739 a 78.4b 84.6b 10.8 ¢

Values followed by a different letter are significantly different at P<0.05 according to LSD test.
T,: onset temperature; T,: peak temperature; 7.: conclusion temperature; AH,.: enthalpy of gelatinization.
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Table 3 Granule volume distribution of grain starch at different ear positions in sweet, waxy, and normal maize (%)

Diameter of starch granule

Maize type Ear position <5 um 5-9 um 9-13 um 13-17 um >17 um
Apical 11.61b 19.73 ¢ 1331 a 6.87 a 48.48 b
Sweet maize Middle 1549 a 23.55a 13.86 a 6.49b 40.61 ¢
Basal 7.61c 20.30 b 12.82b 6.24 ¢ 53.03a
Apical 585a 9.08 b 18.46 b 16.79 b 49.82 b
Normal maize Middle 6.07a 10.69 a 20.17 a 17.61 a 45.46 ¢
Basal 5.15a 7.15¢ 1540 ¢ 14.61 c 57.69 a
Apical 5.88a 22.09 a 23.30b 1430 a 3443 ¢
Waxy maize Middle 0.70 b 13.92b 16.46 ¢ 11.18 b 57.74 a
Basal 1.08 b 2246 a 24.67 a 14.69 a 37.10b

Values followed by a different letter are significantly different at P<0.05 according to LSD test.

Fz4 . OBRMTBEERRBARBMAFRCEM R AWRBEK. BESHMEE
Table 4  Starch Amax, iodine binding capacity, blue value of grain starch at different ear positions in sweet, waxy, and normal maize

Maize type Ear position Amax (nmM) lodine binding capacity Blue value
Apical 5843 a 1.190 b 0.255a
Sweet maize Middle 581.3b 1.230 ab 0.208 a
Basal 586.9 a 1.277 a 0.248 a
Apical 589.6 b 1.259b 0.288 b
Normal maize Middle 598.0 a 1366 2 04132
Basal 589.6b 1.290 ab 0.236 b
Apical 535.1a 0.581 a 0.093 a
Waxy maize Middle 538.3a 0.590 a 0.069 a
Basal 5372 a 0.562 a 0.088 a

Values followed by a different letter are significantly different at P<0.05 according to LSD test.
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Table 5 Correlation coefficients between starch physicochemical characteristics and starch granule volume distribution, Amax, iodine
binding capacity, and blue value

PV v BD FV SB PT Peemp T, T, T, AHg
<5 um -0.67" -0.07 -0.83" 0.69" 0.71" -0.20 0.14 -0.83" -0.75" -0.61 -0.36
5-9 um 0.12 072" -036 0.31 0.07 0.66% 0.41 0.12 0.21 0.29 0
9-13 um 0.71" 0.32 0.69" -0.59 -0.70" 0.21 -0.15 0.60 0.41 0.16 0.34
13-17 pm 0.41 -0.27 0.72" -0.65°  -0.56 -036  —045 0.31 0.08 -0.17 0.22
>17 um -0.30 -0.52 -0.02 0.04 0.22 -0.31 -0.06 -0.10 0 0.13 -0.09
Amax -0.81" -0.75"  -0.54 0.41 0.66 -0.77"  -0.31 -0.88" -0.85" -0.73" -0.65"
IBC -0.85" -0.74"  -0.60 0.41 0.66° -0.78"  -0.32 -0.89" -0.85" -0.72" -0.62
Blue value  —0.62 -0.677  -0.36 0.30 0.53 -0.73" 030 -0.78" -0.77" -0.75" -0.60

*: significant at P<0.05. ™" significant at P<0.01.

PV: peak viscosity; TV: trough viscosity; BD: breakdown; FV: final viscosity; SB: setback viscosity;

PT: peak time; Pimp: pasting tem-

perature; T,: onset temperature; T),: peak temperature; 7.: conclusion temperature; AH,: enthalpy of gelatinization; IBC: iodine binding ca-
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