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Abstract: In this study, 'Zheng 103' (hard wheat) and 'Yang 15' (soft wheat) were used as raw materials, and the moisture
content was adjusted to 6%, 8%, 10%, 12%, 14% and 16% by conditioning and drying the wheat to investigate the effects
of moisture content on the physical properties, mechanical properties, milling performance of wheat, and the quality of
wheat flour after milling, so as to provide theoretical support for the application of low-moisture milling. The results
showed that: With the decrease of moisture content, the wheat appeared to be wrinkled and the geometrical size decreased;
The bulk density and hardness appeared to be significantly increased (P<0.05), and the thousand kernel weight was signifi-
cantly decreased (P<0.05). When moisture was reduced from 16% to 6%, the rupture force of wheat kernels was elevated,
but the energy consumed to undergo 50% deformation was reduced by 61% and 73% for 'Zheng 103" and '"Yang 15', respec-

tively. The milling energy constants were reduced by 46.7% and 47.5% (corrected on a 14% wet basis), the milling rate was
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increased by 16.4% and 20.6%, and the energy consumption for milling was reduced by 48.0% and 45.2% (corrected on a

14% wet basis). The wheat flour protein, lipids, dietary fiber and other nutrients increased significantly (P<0.05). Ash con-

tent increased by 144.6%, 135.0% (corrected on a dry basis), and the L* value of wheat flour decreased significantly

(P<0.05), indicating that the processing precision of wheat flour declined; the content of broken starch declined from 16.7,

20.1 UCD to 10.1, 12.7 UCD. However, the grain size of wheat flour distribution increased, gluten quality deteriorated,

pasting characteristics changed, and flour paste viscosity decreased. Low-moisture wheat seed milling can reduce the

energy consumption of milling while lowering the processing precision and retaining the nutrients of wheat, and this study

provides a new milling method for the processing of highly nutritious whole-wheat flour.

Key words: wheat milling; grinding energy consumption; mechanical property; whole wheat flour
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Table 1 Effect of moisture content on the physical properties of wheat

A K4 (%) L(mm) T(mm) W(mm)  Dg(mm) Sp V(mm?*) S(mm?)  F&E(gL) THHE(g) R

6 6.36+0.46" 3.05£0.22° 3.50+0.27° 4.08+0.25¢ 0.64+0.03" 36.10£6.39° 44.10£5.29° 795.5+0.7" 41.14+0.117 68.72+0.52"

8 6.42+0.26" 3.08+0.21* 3.51£0.22" 4.11+0.18% 0.64+0.02° 36.65+4.80 44.61+3.91* 796.5+0.7" 43.07£0.12° 67.00£1.12°

103" 10 6.42+0.33® 3.07£0.21% 3.5240.26* 4.10£0.22¢ 0.64+0.03 36.72+5.86* 44.61+4.80 794.5+1.0° 43.71+0.37° 66.09+£0.40"
12 6.45+0.35" 3.12+0.19" 3.56+0.21" 4.15+0.16™ 0.65+0.03" 37.79+4.34™ 45.60+3.53" 790.0£1.0° 44.72+0.36° 65.53+0.18°

14 6.48+0.26" 3.16+0.22" 3.58+0.26" 4.18+0.19" 0.65+0.03" 38.60+5.05" 46.22+4.11% 750.0+4.2° 45.42+0.11° 66.44+0.28"

16 6.52+0.26" 3.17+0.16" 3.62+0.22° 4.21+0.14* 0.65+0.03" 39.48+3.84" 46.94+3.08" 708.0+1.4° 46.79+0.06" 65.57+0.42°

6 6.04+0.24" 3.37£0.17° 3.77+0.20° 4.25+0.16° 0.70+0.02° 40.43+4.44° 48.01£3.60° 823.0£1.4* 47.04+0.20" 57.52+0.25"

8 6.05+0.20" 3.37£0.16° 3.80+0.15™ 4.26+0.14 0.71+0.02° 40.87+3.88"™ 48.37+3.17" 824.5£0.7° 49.07+0.13° 55.49+0.78"

1S 10 6.06+0.22° 3.38+0.18" 3.82+0.18" 4.28+0.16™ 0.71+0.02° 41.33+4.46™ 48.71+3.64™ 825.5+0.8" 49.70+0.14° 53.13+0.30°

12 6.08£0.19" 3.39+0.18"
14 6.11£0.23" 3.38+0.16"

16 6.13+0.26" 3.38+0.17" 3.85+0.19"

3.85+0.16™ 4.30+0.15* 0.71+0.02°
3.84+0.15" 4.30+0.14" 0.70+0.02°
4.31£0.16" 0.70+0.02°

41.88+4.27® 49.16+3.47* 819.5+0.7° 50.35+0.08° 51.71+0.27¢
41.84+4.12°  49.10+3.29° 770.5+2.1° 50.83+0.12° 49.17+0.17°
42.28+4.78" 49.43+3.82° 738.5+2.1° 52.48+0.21° 46.92+0.48"

TE: ARF/ NG TR R NEAEAR R K 3 5 T IRARAF TR V22 5 (P<0.05); #2~3K6lF] .
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Table 2  Effect of moisture content on mechanical properties of wheat

K53 (%) T3 (N) ZOE A (mm) HPERSTR (MPa) B HE(N-mm) 50%J% 25 e (N-mm)
6 103.05+6.05" 0.114+0.021° 29.13+2.34° 8.54+0.84° 37.49+5.28°
8 96.71£10.29" 0.151+0.018¢ 25.14£1.53° 8.25+0.96" 37.06+6.09°
103" 10 76.83£15.51° 0.133+0.026° 24.87+3.51° 8.10£1.30° 39.51+4.58¢
12 86.09+8.92" 0.2100.041° 19.01+1.12° 9.35+£1.95% 84.34+20.34°
14 128.97+39.03* 0.228+0.0.075° 12.81+1.6° 10.94+1.63 124.61+15.19
16 / / 8.57+1.58° / 139.06+18.95
6 100.8140.53< 0.174+0.026° 20.60+1.79° 11.06+3.34% 43.92+14.98°
8 91.43+9.59¢ 0.220:£0.044¢ 16.27+2.46 12.5142.60% 116.86+16.85
%15 10 108.14+19.53" 0.435+0.124° 12.39+1.12° 14.24+3.70 111.34+13.4°
12 114.19+10.60" 0.587+0.098" 10.83+1.49° 16.51+1.61° 118.98+9.52°
14 138.22+20.69° 0.713+0.159° 10.28+1.22¢¢ 19.12+1.89° 130.69+17.35°
16 / / 6.30£1.11° / 111.31£10.17°
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Table 3  Effect of moisture content on the grinding capacity constant of wheat

k53 (%) K, (kW-h-kg '-mm) K, (kW-h-kg '-mm™) K, (kW-h-kg '-mm"*) W,o(kW-hkg™)

6 0.0104+0.0005° 0.0068+0.0002° 0.0174+0.0012° 0.0552+0.0028°

8 0.0112+0.0002° 0.0071£0.0002° 0.0184+0.0011% 0.0583+0.0022%

103" 10 0.0118+0.0003¢ 0.00720.0001¢ 0.0190+0.0007% 0.0603+0.0022
12 0.0129+0.0004° 0.00760.0001° 0.02030.0009° 0.0652+0.0028°

14 0.01710.0005" 0.0087+0.0002° 0.0250+0.0010° 0.0790+0.0047°

16 0.0195+0.0007* 0.0094+0.0003° 0.0275+0.0006" 0.0870+0.0082°

6 0.0087+0.0002° 0.0064+0.0002¢ 0.0155+0.0013° 0.0490+0.0041°

8 0.0108::0.0002¢ 0.0071£0.0001° 0.0180+0.0009% 0.0570+0.0028%

P 10 0.0105:£0.0003¢ 0.00700.0002° 0.0176+0.0005% 0.0558+0.0023%
12 0.0112+0.0002° 0.00720.0001° 0.0184+0.0007° 0.0584+0.0047°

14 0.0130:£0.0004° 0.0077+0.0002° 0.0205+0.0013° 0.0650+0.0031°

16 0.0166+0.0001° 0.0087+0.0001° 0.0246+0.0011° 0.0778+0.0042°




- 80 - 5 Tk BB 2026 4 9 H
A 851, \ A | 103 — 6%
—E b b C I A 103
S I I e R I ot/ A B
750 bS] 2 4 S
nl 0l el ol e c
- =
% 651 =
H ]
60 H
ss H
50 1 10 100 1000
6 8 10 12 BIHEAM 7 (um)

IKIF R (%)

B 140 :laéfsmos .
~ 1301 eA#1s +
S 1201
S
on
=
2
RAS ) a
qm
& 7
):5
w
16
7J(§T}’El’£ﬂ_(%
C 160
|:|aé[5§103 a
140 - eath#15 —I—

120 |

100 |

>
S

WWFIEERE (k)/kg flour)

110

100

90

80

70

- lrul
50

e
"S-
N
§

16
7J(§T}’El’£ﬂ_ (%

BT NSRS /INZE B 5 5 s REFE A 2

Fig.1 Effects of milling moisture on wheat flour yield
and milling energy consumption
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Table 4 Changes in major components of wheat flour after milling wheat with different moisture levels

AR5 (%) HEH (%) SIER (%) W5 (%) FEI (%) RIEELE(%) A TERE R A 4E (%)
6 12.110.10° 59.32+1.88" 1.3740.03" 1.6240.09* 11.09+0.29° 3.17£0.21°
8 12.15+0.05° 63.49+0.80° 1.04+0.01° 1.67+0.08" 9.710.25" 3.29+0.14°
103" 10 12.13+0.03* 67.49+1.11¢ 0.88+0.02° 1.27+0.03° 7.99+0.47¢ 3.23+0.19
' 12 11.98+0.01° 70.26+0.74% 0.72+0.02¢ 1.01£0.07° 5.76+0.45¢ 2.53+0.28°
14 11.65+0.09 71.57+0.30° 0.50+£0.01° 0.98+0.06° 4.44+0.04° 1.64+0.15¢
16 11.59+0.12° 73.19+1.44 0.56+0.01° 0.72+0.08° 3.66+0.19° 1.61+0.09°
11.29+0.15° 58.98+1.21¢ 1.4140.01° 1.9240.08* 7.87+0.01° 2.13+0.06°
11.330.09° 61.96+0.66% 1.18+0.01° 1.79+0.07° 7.63+0.18" 2.07+0.15°
15 10 11.17+0.09® 65.72+2.37 0.88+0.01° 1.66:0.05° 6.61+0.13 1.65+0.09°
12 10.99+0.01" 69.35+3.91" 0.79+0.01¢ 1.61+0.06° 3.81+0.33° 1.2940.21%
14 10.56£0.01¢ 72.83+1.66° 0.59+0.01¢ 1.46+0.03¢ 3.92+0.35% 1.34+0.21
16 10.52+0.07 75.26+1.47 0.60+0.01¢ 1.38+0.09¢ 3.36+0.06° 0.99+0.12¢
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Fig.3 Effect of milling moisture on the damaged starch
content of wheat flour
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Table 5 Effect of milling moisture on the color of wheat flour
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Fig.5 Images of wheat flour color at different grinding
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Table 6 Effect of milling moisture on the pasting characteristics of wheat flour
WK (%) MRIREE(C)  WERE (cp)  WEEAFEI(min)  FRAKBE(cp)  FW(EH(cp)  WZFHE(cp)  [EIAE(H(ep)

6 87.2+0.1° 995+57° 5.73+0.00" 622+29° 3734260 1232432¢ 610+3°

8 88.0+0.1° 867+14¢ 5.7040.04" 499+6° 3688 1039+14¢ 539+8¢

5 103" 10 88.0+0.0° 1022+4° 5.83+0.14% 657£18° 3654220 1286+10° 629-+8°

12 87.6+0.5% 1014+20° 5.84+0.05% 625+14° 386+9° 1244+45¢ 618+30°

14 87.6+0.5% 1345+11° 5.97+0.05° 893+7° 452+18° 1629+19° 735+25°

16 88.0+0.0° 1439+15° 6.00+0.10° 960+7* 479422° 174542° 785+9°

6 90.1+0.6° 1118+8° 6.17+0.14® 890+15¢ 229423¢ 1543+59¢ 653+74¢

8 89.340.6" 114143% 6.07+0.00° 89546 24710 1617+10° 722+4°

s 10 89.3£0.6™ 1192+5° 6.07£0.00° 930+12¢ 262+7" 1683+20° 753+7%

12 88.8+0.0 1343+4° 6.17+0.14% 1062+18° 281+14% 1876+13" 81446

14 89.620.6" 1488+7* 6.27+0.00° 1182+16° 305+23° 2016+19° 834+3°

16 89.3+0.1% 15054 6.3+0.04* 1204+2° 30046 2043+8° 839+10°
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