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Abstract: This study investigated the effects and evaluation indicators of air conditioning temperature
control for summer storage of wheat in large flat storage silos. In the second and third years after wheat was
stored in Silo No. 19 of Luliang Jituan Pingyuan Grain Storage Depot, the air conditioning was set to 25 °C,
and the conditions were compared with those in the control Silo No. 17. The temperatures at the surface,
second layer, third layer, and fourth layer of the grain bulk were reduced by 3.4 °C, 2 °C, 1.5 °C, and 1.35 °C,
respectively. The moisture content, relative humidity (RH), and wet-bulb temperature were reduced by 3.85 g/kg
and 1.5 g/kg, 3.55% and 3.85%, and 3.65 °C and 2.2 °C for the surface grain and the entire grain bulk,
respectively. No significant differences were observed in the thermal characteristic parameters of the grain
bulks in the two silos. Compared with Silo No. 17, the peak viscosity, breakdown, and final viscosity of
wheat in Silo No. 19 dightly decreased, and the texture parameters, such as hardness, adhesiveness,
springiness, gumminess, and chewiness, also slightly decreased. Principal component analysis identified the
gelatinization end temperature and peak height measured by DSC, the gelatinization temperature and peak
time measured by RVA, and texture parameters such as hardness, gumminess, and chewiness as preferred
indicators for evaluating the summer storage of wheat under temperature control. In-depth scanning electron
microscopy analysis revealed that the cross-sections of wheat kernelsin Silo No. 19 were more compact with
uniformly distributed micropores, and the longitudinal sections had fewer small starch granules between
large starch granules compared to those in Silo No. 17. The results indicated that operating air conditioning in
large flat storage silos during summer helped reduce the dry-bulb temperature of the grain bulk and the air
characteristics in the interstitial space between kernels. It also slowed the growth and development of storage
pests, and maintained the microstructure of wheat kernels, which could delay quality deterioration.

Key words: wheat; air conditioning controlling temperature over summer; intergranular air properties;
thermal property; microstructure in kernel cross-section
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Fig.1 Changesin grain temperaturein wheat bulk
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Fig. 2 Changesin grain humidity ratio in the surface layer and whole bulk
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Fig. 3 Changesin relative humidity and wet bulb temperaturein the surface layer and whole bulk
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Tablel Changesin thermal propertiesby DSC in the whole bulk during storagein large flat warehouse

€% H O BMRRE (Jg)  EERE/IC RRIRE/C LA IE°C WL REI°C W =5 BE/ (10.01 mW/mg )
3.6 6.01+0.25% 64.61+0.57* 59.23+0.52% 70.53+0.80 5.87+0.22° 12.11+0.67°

g 17 6.06+0.14 64.86+0.48 59.72+0.57% 70.12+0.50° 5.53+0.18 12.85+0.51%
16.8 6.01+0.15 64.72+0.51° 59.52+0.47° 70.36+0.59° 5.65+0.16 12.55+0.47%
27.9 6.22+0.25 64.91+0.25% 59.71+0.24% 70.72+0.37% 5.56+0.11 13.11+0.58%
3.6 6.01+0.25 64.61+0.57* 59.23+0.52° 70.53+0.80° 5.87+0.22° 12.11+0.67°

o 17 6.22+0.22° 64.81+0.32° 59.67+0.23 70.45+0.34° 5.66+0.15 13.04+0.58%
16.8 6.04+0.22° 65.05+0.49% 59.90+0.40 71.00+0.62* 5.71+0.18 12.64+0.65%
27.9 6.33+0.19 64.93+0.36 59.74+0.28 70.75+0.46 5.52+0.17% 13.52+0.57

TE: =3NS FRRRAE M Z W 22 5 B3 (P<0.05), TR,
Note: Different small superscript letters in the same column indicated significant differences between samples (P<0.05), the same as below.
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Table2 Changesin pasting properties by RVA in the whole bulk during storage in large flat warehouse
t5 A VEEREIcp AR cp T HIcp T2l B lep o] A= fEi /cp IR R /min HWIMLTEEE/°C
3.6 1350+115° 1 038+65" 313+59° 1 895+92¢ 859+31° 6.2+0.0° 89.7+1.5%¢
17 11.7 1391+84° 998+74° 393+27° 2 134+85%° 1 135+40% 6.1+0.1%° 90.3+0.4%
16.8 1 441+97%® 1047+72%® 394+67° 2 064+108" 1 018+59™ 6.2+0.1® 89.5+0.4°
27.9 1 616+109° 1192+76% 424+64° 2 317+120° 1 125+62% 6.0£0.1% 88.1+0.5°
3.6 1350+115° 1 038+65" 313+59° 1 895+92° 859+31¢ 6.2+0.0° 89.7+1.5%°
19 11.7 1392+76° 986+56° 406+36* 2 120+£94%° 11344522 6.120.1 90.5+0.5%
16.8 1 439+86% 1 061+63* 379+40° 2 046+84™ 985+33° 6.2+0.1® 89.3+1.8%°
27.9 1541+91%® 1167+58° 374+46° 2 236+79® 1 069+28* 6.00.1° 88.2+0.5°
#3 FEMZHBHEEZHELRESFETH
Table3 Changesin texture property of whole wheat flour steamed bread during storage
5 A fifi £ /g FEME (x1000) WA (x100)  PHEME (x100) #PE/mm AELAEEA4:/m
3.6 4 026+85" 58.7+4.2% 27.1+1.2" 59.6+0.8" 10.5+0.2%° 246+10°
17 11.7 3 926+396%* 96.3+56.3% 31.625.5° 62.1+2.3% 10.5£0.1* 249+19®
16.8 3824+233° 64.6£9.8% 30.9£2.2% 63.0£1.2% 10.7£0.1% 253+8"
27.9 4 489+251° 46.3+8.4% 26.50.7° 59.7+1.1° 10.4£0.2" 275+12%
3.6 4 026+85° 58.7+4.2% 27.1+1.2 59.6+0.8° 10.5+0.2%¢ 246+10°
19 11.7 3732+187° 30.9+18.3" 28.8+1.1% 62.8+1.3% 10.4+0.1° 238+15°
16.8 3889+138™ 50.4+21.4% 29.1+1.1® 60.9+1.0% 10.5+0.2%° 244+11°
27.9 4 195+210® 24.242.2° 28.1+3.2%° 61.3+2.5% 10.2+0.1° 264+11%®
TS5 2 TR N E BUAHE TR AR M ] A = A HE TS HE RS 18] N R AHE
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o 05 | 05t “ 05 d
&R e afl R cl R g
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Note: The thermal parameters of a, b, c, d, e, and f are gelatinization enthalpy, peak temperature, onset temperature, conclusion
temperature, peak width and peak height, respectively. The pasting parameters of a, b, c, d, e, f, and g for RVA were peak viscosity, minimum
viscosity, breakdown value, final viscosity, setback value, peak time and pasting temperature, respectively. The texturalparameters are

hardness, adhesiveness, resilience, cohesiveness, elasticity, stickiness and chewiness.
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Fig.4 Principal component analysis of quality indexes of wheat during storage
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Note: A. Wheatcross-section in#17 warehouse (5 000x); B. Wheat cross-section in #19 warehouse (5 000x); C. wheat longitudinal-
sectionin # 17 warehouse (3 000x); D. Wheat longitudinal-sectionin #19warehouse (3 000x).
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Fig.5 Cross-section and longitudinal-section microstructure of wheat in bulk surface layer sampled at
October 2023 with scanning electron microscopy
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