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Laboratory Milling Provides Opportunity To....

e Evaluate milling properties and characteristics of grain
 Produce material for further testing

* Predict large scale performance




Evaluation Set-Up

e Sample selection

e Sampling

e @Grain tests

 @Grain preparation

 Prepare mill




Experimental Mills

 Brabender Quadrumat Jr.
 Brabender Quadrumat Sr.

e Chopin Laboratory Mill

e Buhler Experimental MLU 202

e Ross or Allis Experimental Mill
 Miag Multomat Experimental Mill
e Pilot Mills

e Commercial Mill




AACC International Approved Methods-
Section 26 Experimental Milling

26-10.02 Experimental Milling: Introduction, Equipment, Sample Preparation, and Tempering
26-21.02 Experimental Milling—Buhler Method for Hard Wheat

26-22.01 Experimental Milling—Batch Method for Hard Wheat

26-30.02 Experimental Milling—Buhler Method for Soft Wheat Short-Extraction Flour
26-31.01 Experimental Milling—Buhler Method for Soft Wheat Straight-Grade Flour
26-32.01 Experimental Milling—Batch Method for Soft Wheat

26-41.01 Experimental Milling—Buhler Method for Durum Wheat

26-42.01 Experimental Milling—Batch Method for Durum Wheat

26-50.01 Brabender Quadrumat Jr. (Quadruplex) Method

26-70.01 Chopin CD1 Laboratory Mill Method

26-95.01 Experimental Milling: Temper Table
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Laboratory Mill Grinding and Sifting Operations

Flours

Break Reduction Feed Adjust Adjustment Mode
Quad. Jr. 1 1or?2 1 No Manual non-operating
Quad. Sr. 1 1 1 No Manual non-operating
Chopin 1 1 2 No Pre-set
Biihler 3 3 2 Yes Linked 3 Operations (L and R)
Ross/Allis 5 8 4 Yes Independent (L and R)
Miag 3 5 4or5 Yes Independent (In/out)
Biihler Tandem 5 7 5 Yes Linked 3 Operations (L and R)



Laboratory Vs. Commercial Mill

e Yields (65-71%) and Commercial Mill Yields (74-78%)
e Coarse and fine systems

e Gradual corrugation selection for breaks

* Impact Grinding

e Purifiers

e Bran and Shorts Dusters

* Enclosed system



Tandem Mill- Blihler
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2018 Results

Control Sample Milling

Survey Sample Milling
Flour T. P. Recovery Fl. Wheat

Flour T. P. Recovery Fl. Wheat

% % % % % %
Average 76.5 97.5 74.5 Avg 75.2 96.5 72.6
Std. Dev. 0.6 1.0 0.5 Std. Dev. 1.1 1.5 1.2
Max. 78.0 99.5 75.3 Max. 78.5 100.8 76.5
Min. 75.7 95.5 73.6 Min. 73.4 93.0 69.9
Range 23 4.0 1.7 Range 5.1 7.8 6.6
CV% 0.84% 1.03% 0.70% CV % 1.5% 1.5% 1.7%




2018 Control vs. Survey
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Control N=22
Min.
0.37% 2.21%
1.13% 1.87%
0.42% 1.03%
2.06%  15.61%
1.13% 0.85%
0.17% 0.65%
2.71%  24.79%
0.82% 6.50%
0.51% 2.56%
1.83% 1.10%
0.37% 0.73%
0.51% 0.49%
1.08% 12.89%
0.50% 0.40%
0.50% 0.54%
0.47% 0.52%

Max.
4.01%
5.55%
2.34%

23.34%
6.41%
1.40%

32.63%

10.23%
4.76%
7.26%
2.02%
2.79%

16.85%
2.52%
2.41%
2.67%

Range
1.80%
3.68%
1.31%
7.73%
5.56%
0.76%
7.84%
3.73%
2.20%
6.16%
1.29%
2.30%
3.96%
2.12%
1.87%
2.15%

Average Std. Dev.

1.99%
2.61%
1.40%
15.03%
1.21%
0.72%
27.55%
10.39%
4.93%
5.88%
1.71%
1.91%
15.93%
0.88%
1.81%
1.32%

Survey N=89
Min.
0.43% 1.06%
0.99% 0.68%
0.34% 0.67%
2.37% 11.46%
0.89% 0.68%
0.12% 0.44%
2.33%  19.71%
1.19% 7.45%
1.03% 2.14%
1.89% 1.04%
0.49% 0.53%
0.53% 0.25%
1.10% 13.86%
0.31% 0.37%
0.49% 0.37%
0.45% 0.17%

Max.
3.12%
5.21%
2.14%

19.92%
7.43%
1.22%

32.52%

13.76%
7.71%

10.33%
2.61%
3.53%

18.69%
2.56%
3.03%
2.55%

Range
2.06%
4.53%
1.48%
8.47%
6.74%
0.78%

12.81%
6.30%
5.56%
9.28%
2.08%
3.28%
4.83%
2.19%
2.66%
2.38%



Reporting Basis Comparison

% of Total Products

% Recovery 82 80 78 76 74 72 70 68 66
100 82.0 80.0 78.0 76.0 74.0 72.0 70.0 68.0 66.0
98 80.4 78.4 76.4 74.5 72.5 70.6 68.6 66.6 64.7
96 78.7 76.8 74.9 73.0 71.0 69.1 67.2 65.3 63.4
94 77.1 75.2 73.3 71.4 69.6 67.7 65.8 63.9 62.0
92 75.4 73.6 71.8 69.9 68.1 66.2 64.4 62.6 60.7
90 73.8 72.0 70.2 68.4 66.6 64.8 63.0 61.2 59.4
Range 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6

Flour as % Total Products
Lab Milling Recovery %

Input

78
96

Flour as % Wheat

Covert Flour Yield % Basis Total Products to Flour Yield % Basis Wheat
Output

74.9



Flour as % of Wheat Milled
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Yield Study

Wheat Data Unit and Basis Everest 1863
Moisture % as-is 10.44 10.57
Ash (%) 14% moisture basis 1.719 1.308
Protein (%) 14% moisture basis 12.07 10.70
Single Kernel Data Hardness Index Average 66.49 49.34

St. Dev. 18.24 16.91

Moisture (%) Average 9.39 9.78
St. Dev. 0.88 0.60

Weight (mg) Awverage 33.26 28.69

St. Dev. 8.12 6.21

Size (mm) Awerage 2.73 2.57

St. Dev. 0.30 0.27

Classification Hard Mixed
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Yield Profile Changes

Target Flour Extraction %

Milling Data  Unit and Basis 80 75 70 65 60
Flour Yield (%) basis wheat milled 78.1% 74.0% 67.0% 65.5% 58.6%
Recowered Products (%) basis wheat milled 96.4% 95.6% 96.7% 97.8% 96.4%

81.1% 77.4% 69.3% 67.0% 60.8%

Flour Yield (%) total products recovered



Yield Profile Changes

Target Flour Extraction %

Flour Data Unit and Basis 80 75 70 65 60
NIR-Mill Moisture (%) as-is 14.13 14.06 13.81 13.86 13.95
Ash (%) 14% moisture basis 0.530 0.458 0.412 0.377 0.371

Protein (%) 14% moisture basis 10.56 10.35 9.84 9.82 9.79
Thermogravimetric Moisture (%) as-is 13.74 13.72 13.44 13.50 13.59
Analyzer (TGA) Ash 14 % moisture basis 0.657 0.576 0.518 0.448 0.437
Protein (%) 14% moisture basis 10.45 10.19 9.70 9.56 9.50

NIR-Lab Moisture (%) as-is 13.97 14.01 13.73 13.78 13.85
Ash (%) 14 % moisture basis 0.541 0.459 0.425 0.387 0.379
Protein (%) 14% moisture basis 10.49 10.26 9.79 9.78 9.73

Ash (Furnace Ash (%) 14% moisture basis 0.609 0.466 0.416 0.387 0.379
Starch Damage lodine Absorption (%) 96.62 95.24 96.31 95.31 93.58
SD Matic AACC76-31 (%) 6.77 5.70 6.51 5.75 4.55

Farrand Units 48.1 34.5 44.8 35.3 21.8



Yield Profile Changes

Target Flour Extraction %

Dough Data  Unit and Basis 80 75 70 65 60
Mixograph Mix Absorption (%) as-is ) 61.1 60.5 60.0 60.0 59.8
Flour Absorption (%) as-is 61.1 60.5 59.7 59.7 59.7

Mix Time (min) 4.0 4.1 4.2 4.2 4.3

Mix Tolerance (min 2.0 2.0 2.7 1.7 1.0

Alveograph P (mm) tenacity 89.7 73.7 94.3 76.3 71.7
L (mm) extensibility 73.3 85.3 71.7 75.3 77.3

G (mm) swelling index 19.1 20.6 18.8 19.3 19.6
w (10'4J) baking strength 222.7 219.3 242.7 206.3 198.7

P/L (ratio) configurationratio 1.2 0.9 1.3 1.0 0.9

le (% elasticity index 51.9 57.3 55.4 55.9 56.4

Farinograph Absorption (%) as-is 58.7 56.6 58.7 56.2 55.3
Absorption (%) 14% moisture basis 58.7 56.6 58.4 56.0 55.1

Development (min) 5.6 6.0 5.0 5.7 6.6

Stability (min) 9.5 10.5 12.6 11.2 12.4

Tolerance Index 31.0 29.0 11.0 23.7 26.3

Breakdown (min) 10.6 11.2 13.5 11.6 12.6
Quality Number 106.7 111.7 135.0 116.3 126.3



Yield Profile Changes

Target Flour Extraction %

Baking Data  Unit and Basis 80 75 70 65 60
Test Bake Flour Absorption (%) as-is 62.0 60.7 62.0 60.9 60.2
Flour Absorption (%) 14 % moisture basis 62.0 60.7 61.7 60.6 60.0
Bake Mixing Tolerance Index 4.2 4.5 4.7 4.4 4.5
Crumb Score 2.8 3.2 3.5 3.2 3.2

Loaf Volume (cc) 895.0 858.3 845.0 861.7 871.7

Dough Weight (gms) 171.7 170.3 171.6 170.2 170.5
Proof Height (cm) 7.2 7.2 7.2 7.0 6.9

Loaf Weight (gms) 150.5 147.6 150.2 148.9 149.4

Color Dark Yellow  Yellow Shight Yellow Yellow

Yellow
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Primary Reduction Changes

Target Flour Extraction %

Milling Data  Unit and Basis Open Closed Std.
Flour Yield (%) basis wheat milled 75.57% 77.18% 77.78%
Recowered Products (%) basis wheat milled 94.93% 96.05%  96.05%

Flour Yield (%) total products recowvered 79.61% 80.36% 80.97%



Primary Reduction Changes

Grinding Method

Flour Data Unit and Basis Open Closed Standard
NIR-Mill Moisture (%) as-is 13.89 14.13 13.97
Ash (%) 14% moisture basis 0.497 0.526 0.541

Protein (%) 14% moisture basis 10.54 10.52 10.49

Thermogravimetric  Moisture (%) as-is 13.69 13.92 13.74
Analyzer (TGA) Ash 14 % moisture basis 0.585 0.633 0.657
Protein (%) 14% moisture basis 10.25 10.36 10.45

NIR-Lab Moisture (%) as-is 13.89 14.13 13.97
Ash (%) 14 % moisture basis 0.497 0.526 0.541
Protein (%) 14% moisture basis 10.54 10.52 10.49

Ash (Furnace Ash (%) 14% moisture basis 0.523 0.580 0.610
Starch Damage SD lodine Absorption (%) 95.74 96.12 96.62
Matic AACC76-31 (%) 6.08 6.36 6.77

Farrand Units 39.24 42.87 48.11



Primary Reduction Changes

Grinding Method

Dough Data Unit and Basis Open  Closed Standard

Mixograph Mix Absorption (%) as-is) 61.1 60.8 61.1
Flour Absorption (%) as-is 61.0 61.0 61.1
Mix Time (min) 4.0 4.1 4.0
Mix Tolerance (min 1.0 1.0 2.0

Alveograph P (mm) tenacity 79.0 85.0 89.7
L (mm) extensibility 85.0 76.0 73.3
G (mm) swelling index 20.5 19.4 19.1
W (10™J) baking strength 2290 2230 = 2227
P/L (ratio) configuration ratio 0.9 1.1 1.2
le (% elasticity index 56.0 53.8 51.9

Farinograph Absorption (%) as-is 61.0 58.5 58.7
Absorption (%) 14% moisture basi  60.9 58.6 58.7
Development (min) 7.5 5.2 5.6
Stability (min) 10.6 9.5 9.5
Tolerance Index 36.0 28.0 31.0
Breakdown (min) 11.8 10.6 10.6

Quality Number 118.0 106.3 105.7



Primary Reduction Changes

Grinding Method

Baking Data Unit and Basis Open Closed Standard

Test Bake Flour Absorption (%) as-is 62.7 62.4 62.0
Flour Absorption (%) 14 % moistur  62.6 62.5 62.0
Bake Mixing Tolerance Index 4.5 4.3 4.2
Crumb Score 3.0 2.8 2.8
Loaf Volume (cc) 910.0 878.3 895.0
Dough Weight (gms) 172.8 172.4 171.7
Proof Height (cm) 7.4 7.2 7.2
Loaf Weight (gms) 152.4 151.6 150.5
Color Yellow Dark Dark

Yellow Yellow
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