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Effects of Flour Products on Wheat Hardness
Hyuk-il Kim' and Young-Duck Ha
Dept. of Food Science and Technology, Keimyung University, Taegu 704-701, Korea

Abstract

The terms of hard and soft as applied to wheats are descriptions of the texture of the kernel. A
hard wheat kernel requires greater force to cause it to disintegrate than those a soft wheat
kernel. Factors that can affect the measurement of hardness outnumber those that affect
hardness itself. Kernel texture is the most important single characteristic that affects the
functionality of a common wheat. It affects the way in which wheat must be tempered for
milling ; the yield and the particle size, shape, and density of flour particles ; and the end use
properties in milling, breadmaking, production of soft wheat products, and necdle-making.
Papers are reviewed from various sources not only hardness but flour functionality.
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Eable i. Types of wheat grown in exportlng countmes”

Type Abbrewatlon Chu,f gz'owmg areas Chief end use
Durum Durum Russia, Turkey, Cdnada, Northern USA Pasta, Cous cous

Hard red spring HRS Russia, Canada, Northern USA Breads

Hard red winter HEW Russia, USA, Eastern Burope, Argentina Breads

Hard white spring HWS Australia Breads

Hard white winter HWW Australia Breads

Soft red spring SRS Canada, France Breads, All purpose

Soft red winter SEW Eastern UUSA, Argentina Sweet goods, All purpose
Soft white spring 8WS Pacific NW UBA, Canada Swreet goods, All purpose

Soft white wmt.er SWW Pacific NW USA Austral;a Sweet goods, All purpose
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Takble 2. Correlation coefficient between protein
content and hardness indices

Whole grain  Debranned grais.

Wheat hardness index -0.749 -0.032
Average particle size -(.903 0.126
Flour yield 0.868 0.325
Energy of grinding _0.315 0.496
Torgque 0.172 0.408
Time of grinding -0.435 -0.336
Particle size of wheat 0931 -0.649
Pearling resistance index 0.198 —

Adopted from Obuchowski and Bushuk ¥
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Table 3. Hardness and grlndxng time

Hardnebs Grmdmg t]me(sec)
Durum hard 24~26

Very hard 2782

Hard 35~45
Medium hard 46~63

Soft

64"‘200
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Table 4. The yield of break flour

Protein

Cultwar Class Break flour

yield(%; (%)
Vic Durum 207 14.0
Len HRS 334 i5.6
Shawnee HRW 425 12.6
Hillsdale SRS 45.0 10.3
Havor SWW 57.6 2.5
Caldweil SRS 63.1 9.3
Logan SEW G67.1

i0.4

Adopted from Faridi et al.®®
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Table 5. Various methods of expressing wheat texture”
Method or principle Higher values Lower values Typical range
Vitrecusness Hard Sofs 0~50% (soft)

kernel percent 50~100% (hard)
Crushing Hard Soft Depends on device
“Biting" Hard Soft Depends on device
Branbender hardness tester

Work Hard Soft, 5560~900j

GT Soft Hard 30~250 sec

HI* Hard Soft 20~100

FY" Soft Hard 20~50%

FY* Soft Hard 5~15%
Particle size index

Burr Soft Hard 6~45

Cyclone Soft Hard 35~75%
Grind time? Soft Hard 30~250 sec
Grind time* Hard Soft 35~70 sec
Pearl resistance Hard Soft Depends on method
Pear] percent off Soft Hard 25~75%
Near-infrared reflectance’ Soft Hard 35~T5%
USDA* Hard Soft 25~76
T at 1,680nm" Hard Soft. 180420
Dj at 1,680nm" Hard Soft. 40~100

“Miller et al.*® GT=time t¢ grind 4g of wheat, in seconds ; FY=flour yield (percent of flour obtained by sieving 2g of
wheat ground in the BHT for 9 minutes on a souic sifter, using a2 106z m sereen

bGreenway®®. HI =Peak height (Brabender hardness tester} divided by flour vield

“Wheat ground in a burr mill such as the Falling number KT-3303 or LabCenco 900 or in a cyclone grinder

‘Kosmolak™

‘De La Roche and Fowler®
‘Williams and Sobering™
sNorris et al.®

“T =typical Technicon InfraAlyzer values ; J=Dickey-John values

Values refer to near-infrared optical signals at 1,680mm

Table 8. Correlation numbers of functional proper-
ties of hard wheat'”

%miﬁ?i:?ess Wheat protein  Starch damage

Wheat

Density 0.560 0.596 0.460

Protein 0.748 1.060 0.545
Starch damage 0.845 0.545 1.000
BMHT -0.794 -0.754 -0.649
SHT(sec) 0.837 0.692 0.759
PSI -0.911 -0,782 -0.894
Wheat abrasion 0.812 0.698 0.689
NIR 0.942 0.788 0.901

BMHT : Brabender automated mircohardness tester
SHT : Stenvert hardness tesier

PSI : Particle size index

NIR : Near infrared reflectance
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Table 7. Mean values of studied parameters in wheats®
Quality of wheats
Parameters HRW HRS SRW SWE SWW CLB DUR
(16} 10y (10} Q0) Qaom (10) (11)
Test wt.{1b/Bu) 60.9 61.4 61.9 61.8 61.0 60.7 51.8
1,000Kernel wt.(g) 28.0 321 33.3 37.8 36.0 283 39.3
‘Wheat density(g/cc) 1.4594 1,4605 1.4252 1.4224 1.4417 1.4451 1.4583
Wheat ash(%) 1.57 1.56 1.48 1.49 1.46 1.34 1.59
Wheat, protein(%) 11.68 13.64 9.65 9.29 9.97 10.48 13.35
Flour yield{%) 729 75.2 71.8 69.6 72.1 72.7 70.4
Mill rating (hardness) 6.1 7.3 0.3 1.9 3.2 3.4 2.5
Starch damage(%s) 7.0 72 4.4 0.2 5.0 4.4 13.8
BMHT(sec) 29.0 28.1 59.5 56.6 42.3 45.7 249
SHT(zec) 498 496 31.8 316 31.0 32.0 52.1
SHT(ram) 136.2 136.2 159.2 164.8 151.3 155.0 136.6
PSI(%) 28.0 26.5 41.7 41.3 366 38.4 15.7
Abrasion(%s) 63.8 61.7 44.2 40.2 40.8 47.1 54.6
NIR 65.1 729 26.7 24.2 27.5 28.3 109.2
Flour protein(“/n) 10.74 13.11 8.56 8.16 8.87 9.42 12.63
Bake absorption(%s) 63.93 67.52
MDT{min) 3.70 3.59 3.30 3.01 2.24 1.99 2.76
Bake mix time{min) 3.92 4,76
Loaf volume(cc) 879 985
Crumb grain 367 2.47
Specific loaf volume(cg/1%
protein) 58.71 56.00
Cookie diameter{cm} 9.51 9.46 9.22 9.36
Table 8. Textural evaluation of five wheat cultivars™
. Scanning elect-  Particle size Caracker Cookie width
Cultivar Class ron microseope index texture Flour strength (cry/six cookies)
Becker SEW 1 58 8 70 17.5
Augsta HESWW 2 58 7 65 17.5
Scotty SRW 3 45 12 65 17.9
Was-Mix WSwW 4 52 13 5 169
Newton HRW 5 38 20 140 16.2
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Table 8. The baking performances of eastern soft
red winter wheats®

Cultlvar Cookie Cake Bread
Caidwe:l A B A

Coker 747 A B F
Adena A B A F
Hary B A F
Hillsdale B o P

Arthur C B A

Titan C A [ F
Compton N ¥ B

A 0 Exeollent, F © Very poor
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Table 1¢. Overall characteristics of hard and soft

wheat
Class Ha.rd wheat Soft wheat
Flours Grlt‘ay Smooth
Production Semolina, Farina, Flowr
Flour
Extraction rate High Low
Broken pattern Shatter Powder
Particle size range Wide Narrow
Granules More Less
Protein-starch Strong Weak
adherence
Composition Great Low
homogeneity
Bize Regular Varied (higher %
of small particles}
Cell contents Firmly bonded Weak bonded
Vitreousness Vitreous, Flinty Yellow-berry, MMe-
aly starchy
Energy High Low
consurmption
(yas production High Low
Ash Low High
Throughtput High Low
Water-zbsorption High Low
Maltose High Low
Amylose High Low
Mixing time Long Short
Cackie or ¢cracker Dense Good
Bread Good Bad
Starch granules  Not clean Clean
Starch damage High Low
Protein High Low
Protein and Plasticity Brittleness
starch
Fracture Cell walls Through cell
Fissure Along cell Haphazard
boundaries
Proportion of Great Low
entire cell
Retention of cell  Great Low
walls
Cleavage pattern Interceliular Intraceliular
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