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MOTIVATIONS



MOTIVATIONS

• Ruminants or monogastrics
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• Beef Cattle: 
– Maximum potential inclusion rate: 20-40%

• Dairy Cows: 
– Maximum potential inclusion rate: 10-30%

• Market Swine: 
– Maximum potential inclusion rate: 10-40%

• Poultry (Layers, Broilers, Turkeys): 
– Maximum potential inclusion rate: 10-15% 8

MOTIVATIONS

Depends on many 
factors:
• Age
• Health 
• Other ingredients



MOTIVATIONS
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Main 
products

Byproducts / 
coproducts



MOTIVATIONS
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Alcohol
Non-

fermentable 
components



MOTIVATIONS

Livestock 
producers

Alcohol
manufacturers

Availability

Price
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• As alcohol industry goes, so goes the 
supply of coproducts 

• Balance = key to sustainability
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MANUFACTURING 
PROCESSES

and
COPRODUCTS



MANUFACTURING
Dry Grind Ethanol
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150 MLY

450 MLY



ETHANOL COPRODUCTS

Distillers Wet Grains

Condensed Distillers Solubles Distillers Dried Grains with Solubles
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Unit Condensed Solubles (CDS) Thin Stillage DWG
Dry matter % as fed 32.0 5.0 35.0
Crude protein % DM 20.4 17.9 44.0

Amino acids % DM
Arginine % protein 3.4
Histidine % protein 2.4
Isoleucine % protein 3.5
Leucine % protein 12.0
Lysine % protein 2.6
Methionine % protein 1.9
Phenylalanine % protein 4.6
Threonine % protein 3.2
Tryptophan % protein 0.5
Tyrosine % protein 4.1
Valine % protein 4.4

NDF % DM 4.2 12.5 28.8
Fat (ether extract) % DM 17.3 9.2 5.1
Ash % DM 9.5 6.3 2.6

Ca % DM 0.11 0.2
P % DM 1.53 4.2
K % DM 2.21 3.9
Mg % DM 0.67 1.1
Na (ppm) g/kg DM 2.0 1.3
Zn (ppm) mg/kg DM 61.0 39.0
Mn (ppm) mg/kg DM 24.0 6.0
Cu (ppm) mg/kg DM 5.2 3.0
Fe (ppm) mg/kg DM 76.0 53.0

COPRODUCT COMPOSITION

Source:  http://www.feedipedia.org/



DDGS
Unit Avg SD Min Max

Dry matter % as fed 89.0 1.4 86.6 91.9
Crude protein % DM 29.5 1.8 25.2 33.5

Amino acids
Arginine % protein 4.3 0.3 3.4 5.1
Histidine % protein 2.7 0.2 2.2 3.1
Isoleucine % protein 3.8 0.3 3.2 4.3
Leucine % protein 11.6 0.6 10.1 13.3
Lysine % protein 3.0 0.3 2.1 3.7
Methionine % protein 2.0 0.2 1.7 2.7
Phenylalanine % protein 4.8 0.2 4.3 5.4
Threonine % protein 3.7 0.1 3.3 4.0
Tryptophan % protein 0.8 0.1 0.6 0.9
Tyrosine % protein 3.9 0.5 3.1 4.7
Valine % protein 5.1 0.3 4.3 5.6

NDF % DM 34.2 6.8 18.3 47.4
Fat (ether extract) % DM 11.1 2.2 7.1 15.7
Ash % DM 5.4 1.0 3.4 7.5

Ca g/kg DM 1.6 1.6 0.2 5.5
P g/kg DM 7.9 1.0 4.9 9.8
K g/kg DM 10.3 1.1 7.1 12.7
Mg g/kg DM 3.3 0.4 1.9 3.9
Na (ppm) g/kg DM 2.4 1.8 0.6 7.2
Zn (ppm) mg/kg DM 62 16 43 105
Mn (ppm) mg/kg DM 21 8 12 44
Cu (ppm) mg/kg DM 6 2 3 10
Fe (ppm) mg/kg DM 123 41 70 239

COPRODUCT COMPOSITION

Source:  http://www.feedipedia.org/



FERMENTATION PRODUCTS
Theoretical Yields
1 kg glucose  =   0.51 kg alcohol

+ 0.49 kg carbon dioxide

Practical Yields
90 – 95% of theoretical

+ yeast cell mass
+ secondary products

1 lb maize = 
1/3 lb alcohol
+ 1/3 lb CO2
+ 1/3 lb DDGS

1 bu maize = 56 lb =
2.9 gal alcohol
+  17-18 lb CO2
+  17-18  lb DDGS
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Anecdotally:

1 kg maize = 
1/3 kg alcohol
+ 1/3 kg CO2
+ 1/3 kg DDGS

1 bu maize = 25.4 kg =
11 L alcohol
+  7.7-8.2 kg CO2
+  7.7-8.2 kg DDGS



MANUFACTURING
Maize Dry Milling



COPRODUCT COMPOSITION

Unit Avg SD Min Max

Dry 
matter

% as fed 89.3 0.8 87.5 91.2

Crude 
protein

% DM 15.2 1.3 12.4 18.2

Crude 
fibre

% DM 6.5 1.2 4.9 9.8

NDF % DM 30.7 9.2 15.1 53.5
ADF % DM 8.9 2.1 3.4 11.1
Lignin % DM 1.1 0.6 0.2 2.0
Ether 
extract

% DM 5.8 1.8 1.6 7.8

Ash % DM 6.0 2.1 3.7 13.6
Starch 
(polarim
etry)

% DM 40.5 3.2 30.4 45.9

Total 
sugars

% DM 4.8 2.5 1.6 8.5

Gross 
energy

MJ/kg 
DM

18.7 1.8 17.3 21.9

Hominy FeedCorn Bran
Unit Avg SD Min Max

Dry 
matter

% as fed 88.7 2.1 85.6 95.6

Crude 
protein

% DM 11.9 1.9 8.6 17.6

Crude 
fibre

% DM 12.3 4.4 4.8 20.7

NDF % DM 44.2 10.4 22.2 60.2
ADF % DM 14.5 3.7 6.4 19.3
Lignin % DM 2.2 0.8 0.9 4.1
Ether 
extract

% DM 4.6 1.7 2.4 9.7

Ash % DM 5.8 2.2 2.3 10.7
Starch 
(polarim
etry)

% DM 35.0 8.8 16.6 54.8

Total 
sugars

% DM 2.8 0.8 1.4 5.0

Gross 
energy

MJ/kg 
DM

18.5 1.1 18.5 22.4

Source:  http://www.feedipedia.org/

https://feedipedia.org/node/8331
https://feedipedia.org/node/8329
https://feedipedia.org/node/8330
https://feedipedia.org/node/8333
https://feedipedia.org/node/8334
https://feedipedia.org/node/8335
https://feedipedia.org/node/8332
https://feedipedia.org/node/8337
https://feedipedia.org/node/8356
https://feedipedia.org/node/8586
https://feedipedia.org/node/8336
https://feedipedia.org/node/8331
https://feedipedia.org/node/8329
https://feedipedia.org/node/8330
https://feedipedia.org/node/8333
https://feedipedia.org/node/8334
https://feedipedia.org/node/8335
https://feedipedia.org/node/8332
https://feedipedia.org/node/8337
https://feedipedia.org/node/8356
https://feedipedia.org/node/8586
https://feedipedia.org/node/8336
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MANUFACTURING
Maize Wet Milling



COPRODUCT COMPOSITION

Unit Avg SD Min Max

Dry 
matter

% as fed 88.3 1.5 84.3 94.5

Crude 
protein

% DM 21.7 1.5 17.3 27.2

Crude 
fibre

% DM 8.3 1.0 5.3 11.4

NDF % DM 39.6 4.3 31.0 49.1
ADF % DM 10.6 1.3 8.4 13.3
Lignin % DM 1.2 0.5 0.6 2.7
Ether 
extract

% DM 3.4 0.9 1.5 6.9

Ether 
extract, 
HCl 
hydroly
sis

% DM 4.1 0.6 3.0 5.4

Ash % DM 6.9 1.3 4.0 10.3
Starch 
(polarim
etry)

% DM 21.5 3.7 11.0 33.8

Total 
sugars

% DM 1.8 0.8 0.7 4.4

Gross 
energy

MJ/kg 
DM

18.8 0.3 18.3 19.5

CGF
Unit Avg SD Min Max

Dry 
matter

% as fed 90.0 1.7 87.3 96.2

Crude 
protein

% DM 67.2 2.9 56.9 76.2

Crude 
fibre

% DM 1.2 0.5 0.4 2.7

NDF % DM 4.1 2.5 1.1 8.6
ADF % DM 1.6 1.1 0.3 3.7
Lignin % DM 0.3 0.1 0.2 0.6
Ether 
extract

% DM 2.9 1.2 1.0 6.5

Ash % DM 2.1 0.8 1.1 4.6
Starch 
(polarim
etry)

% DM 17.6 3.5 9.1 26.0

Total 
sugars

% DM 0.5 0.2 0.2 1.2

Gross 
energy

MJ/kg 
DM

23.1 0.8 21.2 24.1

CGM

Source:  http://www.feedipedia.org/

https://feedipedia.org/node/8331
https://feedipedia.org/node/8329
https://feedipedia.org/node/8330
https://feedipedia.org/node/8333
https://feedipedia.org/node/8334
https://feedipedia.org/node/8335
https://feedipedia.org/node/8332
https://feedipedia.org/node/8681
https://feedipedia.org/node/8337
https://feedipedia.org/node/8356
https://feedipedia.org/node/8586
https://feedipedia.org/node/8336
https://feedipedia.org/node/8331
https://feedipedia.org/node/8329
https://feedipedia.org/node/8330
https://feedipedia.org/node/8333
https://feedipedia.org/node/8334
https://feedipedia.org/node/8335
https://feedipedia.org/node/8332
https://feedipedia.org/node/8337
https://feedipedia.org/node/8356
https://feedipedia.org/node/8586
https://feedipedia.org/node/8336


MANUFACTURING
Malt Whisky



Draff at Glenturret Distillery in PerthshirePot Ale Syrup

WHISKY COPRODUCTS



Unit Pot Ale Syrup Draff (wet) Distillers Dark 
Grains (dried)

Dry matter % as fed 48.3 24.1 90.7

Crude protein % DM 37.4 20.3 27.8

Crude fibre % DM 0.2 17.6 11.6

NDF % DM 0.6 65.1 39.7
ADF % DM 0.7 26.4 15.5

Lignin % DM 1.5 5.9 3.8

Starch % DM 1.8 3.2

Total sugars % DM 2.3 0.5 4.3

Fat (ether extract) % DM 0.2 8.2 8.5

Ash % DM 9.5 3.3 5.8

Gross energy MJ/kg DM 20.0 21.5 21.3

COPRODUCT COMPOSITION

Source:  http://www.feedipedia.org/



MANUFACTURING
Grain Whiskey/Spirits 
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COPRODUCT 
ECONOMICS



Markets

NASS/USDA MONTHLY CO-PRODUCTS PRODUCTION  
https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Current_Agricultural_Industrial_Reports/Grain_Crushings/index.php
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https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Current_Agricultural_Industrial_Reports/Grain_Crushings/index.php


Markets
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https://grains.org



EVOLVING 
PROCESSES & NEW 

OPPORTUNITIES
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Biofuel
Coproducts

Proteins

Oils

Fibers

Component
Fractionation
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FRACTIONATION

What else 
besides 
livestock feed?
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FRACTIONATION
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Source:  http://www.dairyone.com

EVOLVING COMPOSITIONS



EVOLVING 
PROCESSES

• Fiber & protein 
separations

Current focus



EVOLVING PROCESSES
• Fiber & protein separation

• Several technologies
– D3Max
– Fluid Quip Tech
– Marquis

– ICM
– Quad County

Post-
fermentation

Pre-
fermentation

Protein levels (CP):  ~38 to > 50%
Fat levels (CF):  5-7%



https://www.d3maxllc.com/technology



FLUID QUIP TECHNOLOGIES
Still Pro 50™ Protein

– 3-4 lb/bu
– 50+% protein
– Various feeding trials

DDGS
– 28% Protein

– 7% Fat

OIL
– Yield over 1.0 lb/bu

https://fluidquiptechnologies.com



MARQUIS – PROCAP PROCESS

https://www.marquisincorporated.com



https://icminc.com/process-technologies/).



QUAD COUNTY

https://www.quad-county.com



vs.

www.distillersgrains.org



vs.

www.distillersgrains.org



• Using coproducts (wet or 
dry) to grow other 
organisms
– Algae 
– Single-cell proteins
– Fermentation of DDGS & 

soybean meal
– Fungal cells for protein

EVOLVING COPRODUCTS
• Concentrated 

protein streams
• Concentrated 

fiber streams

• Not DDGS 
anymore

• Regulatory 
issues
• AAFC/FDA



Final Thoughts:
Coproduct Quality & Value

Byproducts

Preferred feed 
ingredients
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Coproducts
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54%
24%

16%

6%

Price is lower

Animal
performance is
better
Better availability

Other

Why do you feed coproducts? 
• 54% of those who responded to 

this question said that the main 

reason they feed coproducts is 

price or price related

• Response listed as "other" is 

health benefits

• 24% said that they feed 

coproducts due to increased 

animal performance – this is 

compatible with the 22% who 

said that they did in fact see 

increased animal performance)



THANK YOU
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Questions?

Comments?

Kurt Rosentrater
Iowa State University
(515) 294-4019
karosent@iastate.edu




