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CornCorn NutrientNutrient DDGSDDGS

57.157.1 StarchStarch 7.27.2

7.27.2 Crude ProteinCrude Protein 28.328.3

0.260.26 Lysine (total)Lysine (total) 0.820.82

3.93.9 Crude FatCrude Fat 10.610.6

6.76.7 Neutral Detergent FiberNeutral Detergent Fiber 35.135.1

0.200.20 PhosphorusPhosphorus 0.750.75



Comparison of Dietary Fiber MethodologyComparison of Dietary Fiber Methodology
Campbell et al., 1997Campbell et al., 1997

MethodMethod
Beet Beet 
pulppulp

Corn Corn 
branbran

Oat Oat 
fiberfiber

Soy Soy 
polysaccharidepolysaccharide

NDF NDF (van (van SoestSoest)) 43.843.8 59.259.2 78.478.4 23.223.2

TDF (TDF (ProskyProsky)) 60.060.0 53.553.5 91.091.0 74.174.1

NSP (NSP (EnglystEnglyst)) 46.546.5 32.832.8 76.476.4 66.566.5



Beyond Fiber?Beyond Fiber?

ArabinoseArabinose
RhamnoseRhamnose
GalactoseGalactose
GlucoseGlucose
XyloseXylose
MannoseMannose
FucoseFucose

Campbell et al., 1997/Sem. Food Anal. 2:43Campbell et al., 1997/Sem. Food Anal. 2:43
Kim et al., 2008/Bioresource Technol. 99:5165Kim et al., 2008/Bioresource Technol. 99:5165

What is the degree of functional 
redundancy in microbes producing SCFA?



Dietary Fiber and Energy UtilizationDietary Fiber and Energy Utilization

• E from SCFA to NEm ranges from 15 to 24% 
for gf pigs (Dierick et al., 1989; Yen et al., 1991; McBurney & Sauer, 1993)

• E from microbial fermentation accounts for 2.4 
to 29.6% of total DE (Jensen, 2001)

• Available E as SCFA provides between 7.1 
and 17.6% of the total available E (Anguita et al., 2006)
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Ethanol delivers 25% more energy 
than input E while biodiesel 
delivers 93% more energy than 
input E.  (PNAS 103:11206-11210)
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Corn Fractionation/ProcessingCorn Fractionation/Processing
DDGS

Reduced oil DDGS

Corn germ
with or without oil

DDG

Solubles/stillage/liquor

Corn bran
with or without S 

HP-DDG

Corn germ meal

Corn gluten meal

Corn gluten feed

Corn oil

Corn starch

Dehulled degermed corn



CornCorn NutrientNutrient dCGMdCGM DDGSDDGS
Crude ProteinCrude Protein 16.316.3

0.860.86

17.317.3

23.223.2

1.491.49

Lysine (total)Lysine (total)

29.829.8

1.011.01

11.511.5

26.526.5

Crude FatCrude Fat

Neutral DetergentNeutral Detergent

FiberFiber

PhosphorusPhosphorus 0.920.92

HPHP--DDGDDG BranBran
9.39.3 43.243.2 14.614.6

0.290.29 1.221.22 --

4.44.4 3.93.9 9.89.8

10.810.8 24.224.2 21.321.3

0.310.31 0.480.48 0.650.65



Evaluation of corn co-products in finishing pigs (preliminary data)1

ADFI, kg Fecal DM Energy, kcal/kg

Ingredient BW, kg Basal Test output, g/d digest, %2 DE2 ME2

Gluten feed 111.3 1712 800 620 51.52 2517 2334

Bran (ICM) 111.4 1689 720 521 55.99 3004 2957

Bran (Poet) 111.4 1671 759 466 63.66 3282 3031

DDGS (ACE) 118.6 1647 749 371 80.50 4332 4141

DDGS (MNdrum) 119.3 1525 660 355 69.72 4116 3876

DDGS (MNmicro) 116.2 1532 652 346 70.47 4016 3713

DDGS (Hawk) 112.9 1763 776 458 69.19 3841 3659

DDGS (Poet) 109.5 1673 746 449 66.16 3705 3414

DDGS (VS) 113.0 1762 744 403 75.04 4164 3937

RO-DDGS (VS) 111.9 1728 736 406 73.87 3868 3650

Gluten meal 118.0 1574 702 276 90.71 5047 4598

HP-DDG (ICM) 113.3 1634 717 369 75.00 3994 3676

HP-DDG (MOR) 117.2 1570 702 305 86.59 4955 4606

HP-DDG (Poet) 106.8 1521 716 315 81.00 4210 3823

DCG (Poet) 106.0 1630 739 380 74.22 3889 3692

Germ meal 112.0 1574 684 387 74.57 3521 3417

Solubles (20%) 111.9 1729 383 269 75.49 4762 4525

DH-DG corn 110.7 1692 720 207 100.32 4401 4316

Starch 113.4 1603 717 156 101.39 4082 4080

Oil (10%) 117.3 2097 266 232 97.22 8988 8755





Comparative ME values, kcal/kg DMComparative ME values, kcal/kg DM

CornCorn StarchStarch OilOil

AndersonAnderson

NRCNRC

MoeserMoeser 20022002

Pedersen 2007Pedersen 2007

WidmerWidmer 20072007

37713771 40804080 87558755

38433843 40254025 84058405

37883788 -- --

--

--

39893989 --

39723972 --



Variation in ME content of DDGSVariation in ME content of DDGS
Corn =Corn = P3989P3989 A3771 A3771 (3830 (3830 SpiehsSpiehs))
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Prediction of DE, ME, or NEPrediction of DE, ME, or NE
from from FeedFeed ComponentsComponents

DrennanDrennan & Maguire, 1970   (DE)& Maguire, 1970   (DE)
Harris et al., 1972   (ME)Harris et al., 1972   (ME)
Morgan et al., 1975   (DE, ME)Morgan et al., 1975   (DE, ME)
King & King & TavernerTaverner, 1975   (ME), 1975   (ME)
Henry, 1976   (DE)Henry, 1976   (DE)
KirchgessnerKirchgessner & Schneider, 1978   (& Schneider, 1978   (NENEfatfat))
BatterhamBatterham et al., 1980   (DE)et al., 1980   (DE)
Jorgensen, 1980   (ME)Jorgensen, 1980   (ME)
Perez et al., 1980   (DE)Perez et al., 1980   (DE)
Wiseman & Cole, 1979   (DE, ME)Wiseman & Cole, 1979   (DE, ME)
EeckhoutEeckhout & & MoermansMoermans, 1981   (DE, ME, , 1981   (DE, ME, NENEgrowthgrowth))
KirchgessnerKirchgessner & Roth, 1981   (ME)& Roth, 1981   (ME)
WenkWenk, 1982   (DE), 1982   (DE)
Just et al., 1984   (DE, ME, NE)Just et al., 1984   (DE, ME, NE)
NobletNoblet & Perez, 1993   (DE, ME)& Perez, 1993   (DE, ME)
NobletNoblet et al., 1994   (DE, ME, NE)et al., 1994   (DE, ME, NE)
AdedokunAdedokun & Adeola, 2005 (ME for M&B)& Adeola, 2005 (ME for M&B)
Pederson et al., 2007   (DE, ME)Pederson et al., 2007   (DE, ME)



Nutrients to analyze, but note there is variation in Nutrients to analyze, but note there is variation in 
determination of components within a feedstuff!determination of components within a feedstuff!

DMDM
GEGE
CPCP
StarchStarch
EEEE
AshAsh
CFCF
NDFNDF
ADFADF
ADLADL



Factors Affecting Energy UtilizationFactors Affecting Energy Utilization

DEDE2828 = 1,161 + (0.749 = 1,161 + (0.749 ×× GE) GE) –– (4.3 (4.3 ×× Ash) Ash) –– (4.1 (4.1 ×× NDF)NDF)

MEME4545 = (0.997 = (0.997 ×× DE) DE) –– (0.68 (0.68 ×× CP) + (0.23 CP) + (0.23 ×× EE)EE)
ME/DE ME/DE ×× 100 = 99.7 100 = 99.7 –– (0.18 (0.18 ×× %CP) %CP) Morgan et al., 1975Morgan et al., 1975

NENE88 = (0.726 = (0.726 ×× ME) + (1.33 ME) + (1.33 ×× EE) + (0.39 EE) + (0.39 ×× ST) ST) –– (0.62 (0.62 ×× CP) CP) –– (0.83 (0.83 ×× ADF)ADF)

NobletNoblet & Perez, 1993/JAS 71:3389& Perez, 1993/JAS 71:3389
NobletNoblet et al., 1994/JAS 72:344et al., 1994/JAS 72:344



Prediction of MEPrediction of ME (Anderson data)(Anderson data)

ME = ME = --11,128 11,128 –– (124.99(124.99××ash)+ (35.76ash)+ (35.76××CP) CP) –– (63.40(63.40××EE) EE) –– (150.92(150.92××ADF) + (14.85ADF) + (14.85××NDF) + (3.023NDF) + (3.023××GE) GE) 
[Pedersen et al., 2007/JAS 85:1168][Pedersen et al., 2007/JAS 85:1168]

ME = 4,194 ME = 4,194 –– (9.2(9.2×× ash) + (1.0ash) + (1.0××CP) + (4.1CP) + (4.1××EE) EE) –– (3.5(3.5××NDF) [NDF) [NobletNoblet & Perez, 1993/JAS 71:3389]& Perez, 1993/JAS 71:3389]
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ME of high protein corn coME of high protein corn co--productsproducts
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ME of reduced oil corn coME of reduced oil corn co--productsproducts
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ME of high and low fiber corn coME of high and low fiber corn co--productsproducts
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Fiber in Swine Diets Fiber in Swine Diets 
oo Increase endogenous protein lossIncrease endogenous protein loss

Increased Increased mucinmucin production (affects production (affects threoninethreonine nutrition)nutrition)

oo Decrease absorption of proteins and lipidsDecrease absorption of proteins and lipids
Decrease urinary urea excretion (increased fecal N excretion)Decrease urinary urea excretion (increased fecal N excretion)

Lipid metabolism and meat qualityLipid metabolism and meat quality……

oo Increase in intestinal mass (in some cases)Increase in intestinal mass (in some cases)
Maintenance requirements increaseMaintenance requirements increase

Initial increase, may not be noted long term trialInitial increase, may not be noted long term trial

oo Increased heat increment (increased energy loss)Increased heat increment (increased energy loss)

oo Feed intakeFeed intake
Variable effects (+ or Variable effects (+ or --))

oo Dealing with fiber in swine dietsDealing with fiber in swine diets
Feed low levelsFeed low levels

EnzymesEnzymes

ProcessingProcessing

GeneticsGenetics……

http://www.ars.usda.gov/is/graphics/photos/jun97/k7623-1.htm


Concerns with CoConcerns with Co--ProductsProducts
Alternative feedstuffs.Alternative feedstuffs.

EtOHEtOH coco--product variationproduct variation
Left with corn fiber and proteinLeft with corn fiber and protein

Energy removed for ethanol AND?Energy removed for ethanol AND?

Fat fraction remains for now! Fat fraction remains for now! 
Removal of oil for biodiesel Removal of oil for biodiesel 
production is currently underway!production is currently underway!

Carcass quality concerns.Carcass quality concerns.
Fat quality / Lipid composition.Fat quality / Lipid composition.
Pork nutritional value?Pork nutritional value?
Carcass yield.Carcass yield.
Oil content may soon be going down Oil content may soon be going down 
due to removal of oil for biodiesel!due to removal of oil for biodiesel!

Positive impacts on whole animal and/or Positive impacts on whole animal and/or 
intestinal health?intestinal health?

Inflammation.Inflammation.
Ileitis severity.Ileitis severity.

MycotoxinMycotoxin concentration?concentration?

Handling characteristics.Handling characteristics.

Control DGGS



Feeding fermentable fibers will increase VFA Feeding fermentable fibers will increase VFA 
concentrations in feces and manure and thereby concentrations in feces and manure and thereby 
reduce manure pH and ammonia emissions.reduce manure pH and ammonia emissions.

Chan et al., 1998/JAS 76: 1123 & 1187Chan et al., 1998/JAS 76: 1123 & 1187
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The research goal is to develop practical technologies 
resulting in improved gastrointestinal and whole-animal 
nutrient utilization and a modified microbial ecology (including
pathogens) leading to a reduction of the impact of livestock 
production on the soil, water, and air environment.
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