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Projected Ethanol, ByProjected Ethanol, By--product Production and product Production and 
Usage for EthanolUsage for Ethanol

27.6827.6826.2426.2424.2724.2721.8621.8620.0120.01% Corn crop% Corn crop

12.5012.5012.2712.2711.9911.9911.4811.4810.7410.74Corn crop, billion Corn crop, billion bubu

25.4525.4523.4123.4120.8220.8217.4017.4014.3714.37Ethanol byEthanol by--product product 
feeds (dry basis), feeds (dry basis), 
million tonsmillion tons

3.463.463.223.222.912.912.512.512.152.15Corn required, billion Corn required, billion 
bubu..

9.209.208.398.397.337.336.296.294.954.95Ethanol Produced, Ethanol Produced, 
billion gal.billion gal.

2010/112010/112009/102009/102008/092008/092007/082007/082006/072006/07

FAPRI, 2006Net results – increases in ethanol, corn price, corn 
acreage, feed use of by-products? and decrease in corn 
exports?



Types of DistillerTypes of Distiller’’s Bys By--Products From DryProducts From Dry--
Grind Ethanol PlantGrind Ethanol Plant

Wet distillerWet distiller’’s grainss grains
Fed primarily to beef, some dairyFed primarily to beef, some dairy

Dry distillerDry distiller’’s grainss grains
Fed to beef and dairyFed to beef and dairy

Wet distillerWet distiller’’s grains with s grains with solublessolubles
Fed to beef and dairyFed to beef and dairy

Dried distillerDried distiller’’s grains with s grains with solublessolubles
Fed to dairy, swine, poultry, some beefFed to dairy, swine, poultry, some beef

Modified wet cake (blend of wet and dry distillerModified wet cake (blend of wet and dry distiller’’s s 
grains)grains)

Fed primarily to beef, some dairyFed primarily to beef, some dairy
Condensed distillerCondensed distiller’’s s solublessolubles

Fed to beef and dairyFed to beef and dairy
Ontario, Canada Ontario, Canada –– swine liquid feeding systemswine liquid feeding system

The poultry (and swine) sector(s) have the greatest 
potential for increased DDGS usage



Corn Distillers Dried Grains and Solubles



Nutrient Composition of DDGS for PoultryNutrient Composition of DDGS for Poultry

6.06.00.850.85--1.141.140.980.98ThreonineThreonine

9.79.70.410.41--0.600.600.490.49MethionineMethionine

32.832.80.050.05--0.450.450.240.24NaNa
5.35.30.620.62--0.770.770.730.73PP
38.438.40.020.02--0.040.040.030.03CaCa
4.84.844--16161010FatFat
4.84.86969--83837676Threonine Dig.Threonine Dig.

1.91.98585--92928888Methionine Dig.Methionine Dig.

11.211.25959--84847272Lysine Dig.Lysine Dig.
11.611.60.590.59--0.890.890.730.73LysineLysine
3.63.626072607--305430542,8632,863TME (kcal/kg)TME (kcal/kg)

CV (%)CV (%)RangeRangeMeanMeanComponent (%)Component (%)



Practical Issues with DDGS Use in Practical Issues with DDGS Use in 
Poultry DietsPoultry Diets

AvailabilityAvailability
Price!!Price!!

Product Consistency Product Consistency –– PredictablePredictable
Nutrient variabilityNutrient variability

Moisture, Crude protein, Sodium, Fat, etc.Moisture, Crude protein, Sodium, Fat, etc.
Nutrient digestibility (esp. for lysine)Nutrient digestibility (esp. for lysine)
Reliance on one Supplier?Reliance on one Supplier?

Logistics and Handling Logistics and Handling –– FlowFlow--abilityability
Pellet qualityPellet quality
Particle SizeParticle Size

MycotoxinsMycotoxins
High fiber limits its maximum inclusion levelHigh fiber limits its maximum inclusion level



Increasing CostsIncreasing Costs
Increasing price of cornIncreasing price of corn

Increased price of DDGSIncreased price of DDGS
Currently DDGS is priced at about 110% of cornCurrently DDGS is priced at about 110% of corn
To be economical for poultry DDGS needs to be To be economical for poultry DDGS needs to be 
priced at approx. 80% of cornpriced at approx. 80% of corn

Increasing price of energyIncreasing price of energy
Corn is the main energy source in poultry dietsCorn is the main energy source in poultry diets

Increasing feed costsIncreasing feed costs
Estimated 18% increase in poultry feed costsEstimated 18% increase in poultry feed costs

Increase in food costs?Increase in food costs?



DDGS DDGS –– Product variability/consistencyProduct variability/consistency
Grain input:Grain input:

CP% of corn 6.8 x 3 = 20.4% CPCP% of corn 6.8 x 3 = 20.4% CP
0.22 % lysine x 3 = 0.66% lysine0.22 % lysine x 3 = 0.66% lysine

CP% of corn 8.2 x 3 = 24.6% CP CP% of corn 8.2 x 3 = 24.6% CP 
0.30 % lysine x 3 = 0.90% lysine0.30 % lysine x 3 = 0.90% lysine

Processing at plantProcessing at plant
Drying temperature Drying temperature 
SolublesSolubles

Amount added backAmount added back
Change nutrition profileChange nutrition profile
Syrup ballsSyrup balls



Nutrient composition of distillerNutrient composition of distiller’’s dried grains s dried grains 
and  distillerand  distiller’’s s solublessolubles

0.700.701.271.27Threonine, %Threonine, %

0.680.681.051.05Lysine, %Lysine, %

0.270.270.660.66Methionine, %Methionine, %

1.301.300.540.54Total P, %Total P, %

161688Fat, %Fat, %

331010Crude Fiber, %Crude Fiber, %

19193434Crude Protein, %Crude Protein, %

Distillers Distillers 
SolublesSolubles

Distillers dried Distillers dried 
grainsgrains

*Values are expressed on a Dry Matter basis
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Supplier 1        56.9                   7.9
Supplier 2        56.3                 11.9
Supplier 3        67.5                 27.8 
Supplier 4        67.2                 11.1

Supplier 5       73.1                 4.0
Supplier 6       73.1                12.1
Supplier 7       75.3                  9.1
Supplier 8       72.2                  3.9

Mean      Spread Mean      Spread 

DDGS Product Variation Between Supplier/Plant



DDGS DDGS –– OverOver--processing/High processing/High 
Drying TempsDrying Temps

Effect on Lysine AvailabilityEffect on Lysine Availability
Decrease in lysine availability due to Decrease in lysine availability due to 
overheatingoverheating

Effect on Phosphorus AvailabilityEffect on Phosphorus Availability
Increase in P availability with heatingIncrease in P availability with heating
Inverse relationship between lysine and P Inverse relationship between lysine and P 
availabilityavailability

Increase in peroxidation values Increase in peroxidation values ––
increase in rancidity?increase in rancidity?



0.180.1845.845.80.390.395.25.27.417.4150.450.433

0.590.5972.172.10.820.826.26.218.318.357.757.722

0.660.6676.876.80.860.865.05.025.925.960.360.311

a* a* 
(Redness)(Redness)

b* b* 
(Yellowness)(Yellowness)

L*L*
(Lightness)(Lightness)SplSpl

Dig. Dig. 
LysLys

Lys Lys 
Dig. CoDig. Co

Total Total 
LysLys

ColorColor

Color (L*, b*, a*) was measured with a Minolta Chroma Meter CR-300



Available Phosphorus (P) in DDGSAvailable Phosphorus (P) in DDGS

6969--102 (82)102 (82)
7676--85 (80)85 (80)

0.130.130.60 0.60 
(approx.)(approx.)

0.730.73DDGS (UI)        DDGS (UI)        
(MSU)(MSU)

64 (68)64 (68)0.270.270.470.470.740.74DDGS DDGS 
(UGA)(UGA)11

54540.330.330.390.390.720.72DDGS*DDGS*

35350.400.400.220.220.620.62SBM*SBM*

29290.200.200.080.080.280.28Corn*Corn*

% Avail. P% Avail. P% Phytate P% Phytate PAvail. P %Avail. P %% P% PIngredientIngredient

1 Average of 9 DDGS samples varying in color and plant location.

* NRC (1994) values for poultry



Sodium (%) Composition of DDGSSodium (%) Composition of DDGS

0.097

0.114
0.125
0.116

0.06Projected
0.48NRC (1994)

0.25 ± 0.15Average ± SD
0.43121
0.43111
0.39101
0.4491
0.4281

0.293
0.122
0.091

SodiumSample

Avg. 1-7 = 0.13%

Avg. 8-12 = 0.42%

1 Samples obtained from same plant at different time periods



DDGSDDGS
Handling/Handling/FlowabilityFlowability/Pellet Quality/Pellet Quality
DDGS setting up in rail cars, trucks, barges DDGS setting up in rail cars, trucks, barges ––
still a problemstill a problem

Effect of supplierEffect of supplier
Currently no flow agents have been found that Currently no flow agents have been found that 
correct the flow or handling problems of DDGS, correct the flow or handling problems of DDGS, 
Some help Some help 

Increasing DDGS use in dietsIncreasing DDGS use in diets–– negative negative 
effect on pellet qualityeffect on pellet quality
Bin space at feed mills?Bin space at feed mills?



DDGS use in Poultry DietsDDGS use in Poultry Diets



What DDGS Replaces in Poultry DietsWhat DDGS Replaces in Poultry Diets

Corn Corn 
7.5% CP, 3,390 kcal/kg (1,540 kcal/lb), 0.24% lys7.5% CP, 3,390 kcal/kg (1,540 kcal/lb), 0.24% lys

Soybean meal Soybean meal 
48% CP, 2,458 kcal/kg (1,115kcal/lb), 3.02% Lys48% CP, 2,458 kcal/kg (1,115kcal/lb), 3.02% Lys

PhosphorusPhosphorus
Reduce P supplementationReduce P supplementation

Meat and Bone meal Meat and Bone meal (Poultry By(Poultry By--
product meal)product meal)



Other Changes in Poultry Diets with Other Changes in Poultry Diets with 
the Inclusion of DDGSthe Inclusion of DDGS

Increases in:Increases in:
FatFat
LysineLysine
LimestoneLimestone



Nutrient Composition (asNutrient Composition (as--fed)fed)

3.02 3.02 (91% avail.)(91% avail.)0.80 0.80 (75% avail.)(75% avail.)
(range 0.65 to 1.09)(range 0.65 to 1.09)

0.24 0.24 (81% avail.)(81% avail.)Lysine, %Lysine, %

0.70 0.70 (92% avail.)(92% avail.)0.51 0.51 (85% avail.)(85% avail.)0.18 0.18 (91% avail.)(91% avail.)Methionine, %Methionine, %

0.21 0.21 (32% avail.)(32% avail.)0.55 0.55 (62% avail.)(62% avail.)0.09 0.09 (36% avail.)(36% avail.)Avail. P, %Avail. P, %

0.650.650.890.890.250.25Total P, %Total P, %

1.01.09.0 9.0 (3 to 12)(3 to 12)3.53.5Fat, %Fat, %

3.03.08.58.51.91.9Crude Fiber, %Crude Fiber, %

47.847.827 27 (23 to 29)(23 to 29)7.57.5Crude Protein, %Crude Protein, %

2,4582,4582,8002,8003,3903,390TME, kcal/kg TME, kcal/kg 
(Poultry)(Poultry)

SBMSBM
DDGS DDGS 

(new generation)(new generation)CornCorn

Dry Matter = average 88%, range 83 to 91%



MetabolizableMetabolizable Energy (ME) Distribution of Energy (ME) Distribution of 
Corn and DDGS for PoultryCorn and DDGS for Poultry

73%73%931 931 
(2820x0.33)*(2820x0.33)*

33953395Kcal/lbKcal/lb

17%17%2820282033953395Kcal/lbKcal/lb

Energy LossEnergy LossDDGSDDGSCornCorn

•Only one third (1/3) of the original corn is recovered as 
DDGS.

•The metabolizable energy value of DDGS is multiplied by 
0.33 to reflect the amount of energy from a unit of corn that 
is retained in the resulting quantity of DDGS



DDGS in Poultry DietsDDGS in Poultry Diets
Broilers (industry averages 2 to 8%)Broilers (industry averages 2 to 8%)

6 6 -- 9% inclusions rates during starter period 9% inclusions rates during starter period 
12 12 -- 15% inclusions rates during the grower and 15% inclusions rates during the grower and 
finisher periodsfinisher periods

Laying Hens (chickens)Laying Hens (chickens)
10% inclusions rates during peak production 10% inclusions rates during peak production 
15% inclusions rates after approx. 36 wks of age 15% inclusions rates after approx. 36 wks of age ––
after peak productionafter peak production

TurkeysTurkeys
5% inclusions rates during starter period 5% inclusions rates during starter period 
15% inclusions rates during the grower and 15% inclusions rates during the grower and 
finisher periodsfinisher periods

Higher levels may be used if diets are formulated on a digestible 
amino acid basis and are adjusted for energy



Potential use of DDGS in Potential use of DDGS in 
Poultry DietsPoultry Diets

Top Three Broiler/Layer/Turkey CompaniesTop Three Broiler/Layer/Turkey Companies
If using 5% (10%) DDGS in all Poultry dietsIf using 5% (10%) DDGS in all Poultry diets
1.5 (3) millions tons1.5 (3) millions tons of DDGS per yearof DDGS per year

If all Poultry If all Poultry (Broilers, layers, and turkey(Broilers, layers, and turkey’’s)s) were fed were fed 
DDGSDDGS

5% = approx. 5% = approx. 3.1 million 3.1 million tons of DDGS per yeartons of DDGS per year
10% = approx. 10% = approx. 6.2 million6.2 million tons of DDGS per yeartons of DDGS per year

* Conservative estimates



New DDGS Products New DDGS Products –– FractionationFractionation
High Protein DDGS, Corn Germ and Bran High Protein DDGS, Corn Germ and Bran (as(as--fed basis)fed basis)

Problems with new HP Problems with new HP -- DDGS Product:DDGS Product:
Lower FatLower Fat
Lower PhosphorusLower Phosphorus
No Change (or decrease) in Lysine as % Crude Protein (poor No Change (or decrease) in Lysine as % Crude Protein (poor 
AA balance)AA balance)

5.15.16.916.916.16.1Crude Fiber, %Crude Fiber, %

0.82 (5.3)0.82 (5.3)1.03 (2.4)1.03 (2.4)0.79 (3.0)0.79 (3.0)Lysine, % (% CP)Lysine, % (% CP)

1.401.400.370.370.790.79Phosphorus, %Phosphorus, %

17.817.83.03.09.79.7Crude Fat, %Crude Fat, %

15.615.643.043.027.027.0Crude Protein, %Crude Protein, %

296529652695269528602860TME kcal/kgTME kcal/kg
(Poultry)(Poultry)

Corn Germ Corn Germ 
DehydratedDehydrated

DDGS High DDGS High 
proteinprotein

DDGS DDGS 
(conventional)(conventional)



The usage of DDGS will depend on The usage of DDGS will depend on 
whether it will whether it will costcost into the ration when into the ration when 

the formulas are optimizedthe formulas are optimized
Competition from other ingredientsCompetition from other ingredients

Price of these ingredientsPrice of these ingredients
Energy value is the driver of the value of Energy value is the driver of the value of 
DDGSDDGS

ConsistencyConsistency
Nutrient valueNutrient value

Current Analytical InformationCurrent Analytical Information
Amino acid digestibility Amino acid digestibility -- Lysine digestibility will Lysine digestibility will 
influence the value of DDGSinfluence the value of DDGS

LogisticsLogistics



BioBio--Diesel?Diesel?
Effects on Energy Cost Effects on Energy Cost 
for Poultry Production?for Poultry Production?



““The Higher Grain Prices will The Higher Grain Prices will 
be Passed along to the be Passed along to the 

Consumer Who Will Pay Consumer Who Will Pay 
Higher Prices for Protein and Higher Prices for Protein and 

other Grain Dependent other Grain Dependent 
ProductsProducts””







Dry Milling ProcessDry Milling Process

Corn Ground
Cooked Fermentation

Distiller’s Grains DistilledSeparated

Thin Stillage
Condensed Solubles

EthanolDDG + S

CO2
Alpha 
amylase

Yeast &     
gluco-amylase

Liqui-faction

Source: H. D. Tilstra



Potential uses of DDGS in Potential uses of DDGS in 
Broiler Diets*Broiler Diets*

Total Top Three Broiler CompaniesTotal Top Three Broiler Companies
(Tyson, Pilgrims Pride, Gold Kist)(Tyson, Pilgrims Pride, Gold Kist)

If using 5% (10%) DDGS in all broiler dietsIf using 5% (10%) DDGS in all broiler diets
1.2 1.2 (2.4) millions tons of DDGS per year(2.4) millions tons of DDGS per year

If all Broilers were fed DDGSIf all Broilers were fed DDGS
5% = approx. 5% = approx. 2.3 2.3 millions tons of DDGS per yearmillions tons of DDGS per year
10% = approx. 10% = approx. 4.64.6 millions tons of DDGS per yearmillions tons of DDGS per year

* Reasonable/conservative estimates



Potential uses of DDGS in Potential uses of DDGS in 
Layer Diets*Layer Diets*

Total Top Three Layer Companies Total Top Three Layer Companies 
(Cal(Cal--Maine Food Inc, Rose Acres, Maine Food Inc, Rose Acres, MoarkMoark LLC) LLC) 

If using 5% (10%) DDGS in all layer dietsIf using 5% (10%) DDGS in all layer diets
83,300 83,300 (166,600) tons of DDGS per year(166,600) tons of DDGS per year

If all Layers were fed DDGSIf all Layers were fed DDGS
5% = approx. 5% = approx. 379,000 379,000 tons of DDGS per yeartons of DDGS per year
10% = approx. 10% = approx. 758,000758,000 tons of DDGS per yeartons of DDGS per year

* Conservative estimates



Potential uses of DDGS in Potential uses of DDGS in 
Turkey DietsTurkey Diets

Total Top Three Turkey Companies Total Top Three Turkey Companies 
(Jeannie(Jeannie--O Turkey, Cargill, ConAgra Foods)O Turkey, Cargill, ConAgra Foods)

If using 5% (10%) DDGS in all Turkey dietsIf using 5% (10%) DDGS in all Turkey diets
191,000 191,000 (382,000) tons of DDGS per year(382,000) tons of DDGS per year

If all Turkeys were fed DDGSIf all Turkeys were fed DDGS
5% = approx. 5% = approx. 445,000 445,000 tons of DDGS per yeartons of DDGS per year
10% = approx. 10% = approx. 890,000890,000 tons of DDGS per yeartons of DDGS per year

* Conservative estimates



Amino Acid Profile Amino Acid Profile 
Feed to meet Amino Acid needs not a min. crude protein Feed to meet Amino Acid needs not a min. crude protein 

1.861.860.72 (1.5)0.72 (1.5)0.50 (1.9)0.50 (1.9)0.18 (2.4)0.18 (2.4)Cysteine, % Cysteine, % 
(% CP)(% CP)

222247.847.827277.57.5Crude protein, %Crude protein, %

5.105.103.02 (6.3)3.02 (6.3)0.80 (3.0)0.80 (3.0)0.24 (3.2)0.24 (3.2)Lysine, % Lysine, % 
(% CP)(% CP)

0.820.820.70 (1.5)0.70 (1.5)0.20 (0.7)0.20 (0.7)0.07 (0.9)0.07 (0.9)Tryptophan, % Tryptophan, % 
(% CP)(% CP)

5.365.363.6 (7.5)3.6 (7.5)1.10 (4.1)1.10 (4.1)0.40 (5.3)0.40 (5.3)Arginine, % Arginine, % 
(% CP)(% CP)

3.413.412.0 (4.2)2.0 (4.2)0.92 (3.4)0.92 (3.4)0.29 (3.9)0.29 (3.9)Threonine, % Threonine, % 
(% CP)(% CP)

1.861.860.70 (1.5)0.70 (1.5)0.51 (1.9)0.51 (1.9)0.18 (2.4)0.18 (2.4)Methionine, % Methionine, % 
(% CP)(% CP)

Broiler Broiler (3(3--6 wks)6 wks)

Req. % CPReq. % CP
Soybean Soybean 

mealmeal
DDGS DDGS 

(New generation)(New generation)CornCorn



DryDry--Milling Average Yield Per Milling Average Yield Per 
Bushel of CornBushel of Corn

Ethanol    2.7 Ethanol    2.7 
gallonsgallons
DDGS       18 lbsDDGS       18 lbs
COCO22 18 lbs18 lbs



Economical Value of DDGSEconomical Value of DDGS
DDGS will contribute energy, protein, and DDGS will contribute energy, protein, and 
phosphorusphosphorus

Lysine digestibility will influence the value of Lysine digestibility will influence the value of 
DDGSDDGS
Amino acid digestibility (Lysine) is higher than Amino acid digestibility (Lysine) is higher than 
previous reported (NRC, 1994)previous reported (NRC, 1994)

70% average lys digestibility 70% average lys digestibility 
High levels of phosphorus (0.68 to 0.78) that is at High levels of phosphorus (0.68 to 0.78) that is at 
least 50% bioavailable (higher than corn), may be least 50% bioavailable (higher than corn), may be 
as high as 90% bioavailableas high as 90% bioavailable
Good energy source (higher than previously Good energy source (higher than previously 
reported)reported)

TMETMEnn 2,800 kcal/kg (1,270 kcal/lb)2,800 kcal/kg (1,270 kcal/lb)



What is DDGS?What is DDGS?
DistillerDistiller’’s dried grains with s dried grains with solublessolubles (DDGS)(DDGS)

ByBy--product of the dryproduct of the dry--milling ethanol industrymilling ethanol industry

Nutrient composition is different between dryNutrient composition is different between dry--mill, mill, 
wetwet--mill, and beverage alcohol bymill, and beverage alcohol by--productsproducts

DDGS DDGS –– Fuel ethanolFuel ethanol
DDGS DDGS –– whiskey distillerieswhiskey distilleries
Corn gluten feed Corn gluten feed –– wet millwet mill
Corn gluten meal Corn gluten meal –– wet millwet mill
BrewerBrewer’’s dried grains s dried grains –– beer manufacturingbeer manufacturing

Nutrient content depends on the grain source usedNutrient content depends on the grain source used
Corn DDGS Corn DDGS –– Midwest USMidwest US
Wheat DDGS Wheat DDGS –– CanadaCanada
Sorghum (Sorghum (milomilo) DDGS ) DDGS –– Great Plains USGreat Plains US
Barley DDGS Barley DDGS 


