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Forage NDF Content

40% 45% 50%

Diet NDF forage % Diet Concentrate

24% 40% 47% 52%

21% 48% 53% 58%

18% 55% 60% 64%

High 
IVNDFD

Low 
IVNDFD

Coping with high feed prices



Forage NDF Content

40% 45% 50%

Diet NDF forage lb. Concentrate DM

24% 20 23.5 26

21% 24 26.5 29

18% 27.5 30 32

High 
IVNDFD

Low 
IVNDFD

Assumed 50 lb. DMI

Coping with high feed prices



Forage NDF Content

40% 45% 50%

Diet NDF forage Concentrate ($/cow/d)

24% $3.00 $3.53 $3.90

21% $3.60 $3.98 $4.35

18% $4.13 $4.50 $4.80

High 
IVNDFD

Low 
IVNDFD

Assumed concentrate price of $0.15 per lb. DM

Coping with high feed prices



Variation in Silage CP%
NRC-2001

Forage n Avg. SD

Legume Silage 8576 20.0 3.0

Grass Silage 4401 12.8 3.7

Wheatlage 471 12.0 3.0

Corn Silage

32-38% DM

1033 8.8 1.2

Sorghum Silage 1168 9.1 2.6



Variation in Silage NDF%
NRC-2001

Forage n Avg. SD

Legume Silage 8567 45.7 6.5

Grass Silage 4390 60.7 7.5

Wheatlage 471 59.9 7.4

Corn Silage

32-38% DM

1033 45.0 5.3

Sorghum Silage 864 60.7 8.2



Average Composition of Hays
NRC-2001

Forage CP% NDF%

Legume Hay 20.2 39.6

Grass Hay 10.6 64.4

Coastal Hay 10.4 73.3

Oat Hay 9.1 58.0

Sudan Hay 9.4 64.8



CP & NDF Contents of Grass-Legume 

Silages (Predominantly Legume)
Dairy NRC, 2001

DM Basis 1 Std Dev Average 1 Std Dev

CP

Early Cut

Late Cut

18%

16%

20%

18%

22%

20%

NDF

Early Cut

Late Cut

40%

51%

42%

54%

44%

57%



CP & NDF Contents of Grass-Legume 

Silages (Predominantly Grass)
Dairy NRC, 2001

DM Basis 1 Std Dev Average 1 Std Dev

CP

Early Cut

Late Cut

16%

13%

18%

15%

20%

17%

NDF

Early Cut

Late Cut

49%

58%

50%

62%

51%

66%



Lignin Content of Grass-Legume Silages 
Dairy NRC, 2001

DM Basis Average

Predominantly Grass

Early Cut

Late Cut
5.0%

6.5%

Predominantly Legume

Early Cut

Late Cut
6.7%

8.4%



NRC (2001) Dairy TDN

TDN 1-X =

tdCP + (tdFA x 2.25) + tdNDF + tdNFC -7



TDN Content of Grass-Legume Silages 
Dairy NRC, 2001

DM Basis Average

Predominantly Grass

Early Cut

Late Cut
61%

54%

Predominantly Legume

Early Cut

Late Cut
57%

52%



üTDNI more related to DMI than TDN%



üDMI related to digestion rate



Digestion Rate for Alfalfa or Grasses
Hoffman & co-workers, JDS, 1993

DM Basis DMD Rate NDFD Rate

Alfalfa, late bud 16%/h 9%/h

Bromegrass, boot 5%/h 5%/h

Orchardgrass, boot 8%/h 7%/h

Perennial Ryegrass, boot 9%/h 7%/h

Timothy, boot 5%/h 3%/h



Average Silage TDN1x% & NFC%
NRC-2001

Forage TDN% NFC%

Legume Silage 56.6 23.7

Grass Silage 55.7 18.6

Wheatlage 57.2 17.8

Corn Silage

32-38% DM

68.8 40.0

Sorghum Silage 56.7 22.2



Average Composition of Corn Silage
NRC-2001

Corn Silage CP% NDF% TDN% NFC%

<25% DM 9.7 54.1 65.6 30.3

32-38% DM 8.8 45.0 68.8 40.0

>40% DM 8.5 44.5 65.4 41.1





Fiber

% Deviation DM CP NDF

Haylage (9)

Avg. 21 18 15

Min 5 3 5

Max 45 52 25

Corn Silage (11)

Avg 12 11 9

Min 1 3 1

Max 55 30 19

Percentage deviation across bunker face on 

nine New York dairies (Stone & co-workers, 2003)



DM Content of Mixed Hay-Crop Silages

1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=16k/yr.
34% 44% 54%

Dairy One
2002-2007

n=10k/yr.
29% 39% 49%



CP Content of Mixed Hay-Crop Silages

DM basis 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=16k/yr.
17.5% 20% 22.5%

Dairy One
2002-2007

n=10k/yr.
16% 19% 22%



NDF Content of Mixed Hay-Crop Silages

DM basis 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=16k/yr.
37% 42% 47%

Dairy One
2002-2007

n=10k/yr.
43% 49% 55%



DM Content of Corn Silages

1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=13k/yr.
29% 37% 45%

Dairy One
2002-2007

n=19k/yr.
23% 34% 45%



NDF Content of Corn Silages

DM basis 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=13k/yr.
37% 43% 49%

Dairy One
2002-2007

n=19k/yr.
38% 44% 50%



30-h ivNDFD (adapted from Allen, 2003) vs. NDF digestibility 

calculated using NRC-01 lignin equation

Whole-Plant

Lignin, % DM

Calculated 

NDFD 30-h ivNDFD

2.1 62 60

3.1 57 45

4.2 53 30



üDMI related to NDF & IVNDFD



Control bm3 SE (P <)

DMI, kg/d 24.2 25.4 0.7 0.001

Milk, kg/d 37.7 39.4 1.5 0.0001

Fat, %

kg/d

3.67

1.36

3.59

1.40

0.1

0.04

0.10

0.02

Protein, %

kg/d

3.08

1.15

3.07

1.20

0.05

0.04

NS

0.001

Least-square means from meta-analysis on data 
from 11 trials with 17 treatment comparisons 
published in the JDS since 1999



Starch Content of Corn Silages

DM basis 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=13k/yr.
23% 30% 37%

Dairy One
2002-2007

n=15k/yr.
24% 31% 38%



Impact of corn silage starch content on 
starch content of low-starch diets or corn 
content of high-starch diets

Corn silage 
starch content

% unit Starch 
increase1

% unit Corn 
reduction1

30% vs. 23% 2.5% 4%

37% vs. 23% 5% 7%

1Assumes 35% corn silage in diet DM



Visit my website

http://www.uwex.edu/ces/dairynutrition/

http://www.uwex.edu/ces/dairynutrition/


Benchmarking Forages: 
Digestibility

Professor Randy Shaver

Dairy Science Department
University of Wisconsin - Madison



ivNDFD



48-h ivNDFD in Legume Silages

% of NDF 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=200/yr.
45% 50% 55%

Dairy One
2003-2007

n=400/yr.
47% 52% 57%

Rock River
2003-2007

n=700/yr.
43% 49% 55%



48-h ivNDFD in Grass Silages

% of NDF 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=70/yr.
48% 55% 62%

Dairy One
2003-2007

n=200/yr.
55% 62% 69%



48-h ivNDFD in Mixed Haycrop Silages

% of NDF 1 Std Dev Average 1 Std Dev

Dairyland
2002-2007

n=3500/yr.
45% 50% 55%

Dairy One
2003-2007

n=600/yr.
49% 55% 61%

Rock River
2003-2007

n=500/yr.
47% 54% 61%



48-h ivNDFD in Corn Silages

% of NDF 1 Stdev Average 1 Stdev

Rock River
2003-2007; n=400/yr 51% 56% 61%

Dairyland
2002-2007; n=4500/yr 56% 61% 66%

Marshfield
2002-2007; n=500/yr 49% 58% 67%

Dairy One
2003-2007; n=1600/yr 55% 60% 65%



30-h ivNDFD in Legume Silages

% of NDF 1 Std Dev Average 1 Std Dev

Dairy One
2002-2007

n=300/yr.
42% 48% 54%

CVAS
2004-2005

n=350/yr.
39% 45% 51%



30-h ivNDFD in Grass Silages

% of NDF 1 Std Dev Average 1 Std Dev

Dairy One
2002-2007

n=300/yr.
52% 61% 70%

CVAS
2004-2005

n=350/yr.
44% 56% 68%



30-h ivNDFD in Mixed Haycrop Silages

% of NDF 1 Std Dev Average 1 Std Dev

Dairy One
2002-2007

n=600/yr.
44% 51% 58%

CVAS
2004-2005

n=250/yr.
43% 53% 63%



30-h ivNDFD in Corn Silages

% of NDF 1 Stdev Average 1 Stdev

Rock River
2007; n=800 45% 51% 57%

Dairyland
2007; n=1900 46% 51% 56%

CVAS
2004-2005; n=4100/yr 52% 58% 64%

Dairy One
2002-2007; n=2000/yr 44% 51% 58%



48-h vs. 30-h ivNDFD in Corn Silages

% of NDF 48-h 30-h

Rock River 59% 51%

Dairyland 60% 51%

Dairy One 62% 51%

CVAS -- 58%



48-h vs. 30-h ivNDFD in Mixed 
Haycrop Silages

% of NDF 48-h 30-h

Dairyland 53% 45%

Dairy One 55% 50%

CVAS -- 53%





80 to 98% starch digestibility
ÅKernel maturity 

ÅKernel particle size

ÅEndosperm properties

40 to 70% IVNDFD
ÅLignin/NDF

ÅHybrid

ÅMaturity

Grain ~40-45% of WPDM
Stover= ~55-60% of WPDM
Leaves = 15% of DM

Stem = 20-25% of DM

Cob+Shank+Husk=

20% of DM

Whole-Plant Corn Silage

ÅAvg. 28% starch in WPDM

ÅVariable grain:stover



Laboratory Evaluation of Corn Silage 
Starch Digestibility

Linear Equation (DM)
Schwab/Shaver
TTSD = Y = a+(b)DM (Processed -Unprocessed)

Kernel Processing Score
Dry Screen 9 Sieves
Evaluate Starch Passing ï4.75mm Screen

In Situ/In Vitro
Modified In Vitro 

Coarse Grind (6 -8mm)
Ruminal In vitro (12h)
Post -Ruminal (Enzymatic 8 h) 

Degree of Starch Access
Enzymatic
Unground -Undried Samples



Predicted Starch Digestibility 1xMaint
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Adapted from Schwab et al., 2003.





Kernel Processing Score
Mertens, USDFRC & Dairyland Labs, Arcadia, WI

ÂRo-Tap Shaker

Â9 sieves (0.6 thru 19 mm) and pan

ÂAnalyze for starch on 4.75 mm & > sieves

% of starch passing

4.75 mm sieve CSPS

>70%

70% to 50%

< 50%

Optimum

Average

Poor



Kernels and Large Fragments Were 

Retained on > 4.75-mm Sieves

US Dairy Forage Research CenterUSDA-ARS



KPS in Corn Silages

% ofStarch 

<4.75 mm sieve

1 Stdev Average 1 Stdev

Dairyland1

n=29

n=55

n=252

41%

39%

48%

54%

53%

58%

67%

67%

68%

CVAS
n=105 32% 44% 56%

1Tassoul et al., 2007



Corn Silage KPS

0

10

20

30

40

50

60

70

80

<50% 50% - 70% >70% KPS

% of samples DLI-Visser VP+-Visser Tassoul

n=252 n=55 n=29



Degree of Starch Access (DSA)
Blasel, Hoffman and Shaver, JAFST, 2006

ÂAdaptation of food industry assay ñDegree of 
Starch Gelatinizationò

Â Detects particle size, moisture, and vitreousness 
differences in corn samples

Â DSA has been related to total tract starch digestion

Â Assay available in commercial feed testing labs 



DSA/Degradability in Corn Silages

% ofStarch 1 Stdev Average 1 Stdev

Marshfield
n=227

n=31

n=291

88%

92%

92%

93%

95%

94%

98%

98%

96%

CVAS
n=502 92% 95% 98%

1Tassoul et al., 2007



In Vitro Starch Digestibility in Corn Silages

% ofStarch 1 Stdev Average 1 Stdev

CVASñ7h Ruminal
n=5290 52% 62% 72%

Dairyland/Sapienza1

12h Ruminal

Ruminal + 8h Post-Ruminal
85%

97%

90%

98%

95%

99%

1Tassoul et al., 2007; n=29



Starch Digestibility

Ç High-Moisture Corn > Dry Corn
Ç High-Moisture Corn; > with > moisture content

Ç Ground > Rolled Corn; > with > fineness of grind

Ç Steam-Flaked Corn > Dry Rolled; Varies with flake density

Ç Floury Corn > Vitreous Corn
Ç Rolled > Unrolled Corn Silage; varies by roll setting

Ç Early > Late Maturity Corn Silage

üIf low-starch diets are fed and the cost of starch 
is high, then it seems logical that the starch should 
be highly digestible



Diet Starch Digestibility vs. Milk Yield
Firkins et al., JAS, 2001

R2 = 0.89
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Diet Starch Digestibility vs. Protein Yield
Firkins et al., JAS, 2001

R2 = 0.90
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Prolamin Proteins in Corn are Negatively 
Related to Starch Digestibility in Ruminants

J. Larson and P.C. Hoffman



ÅQuestions

ÅChemically-What makes forage indigestible?

ÅChemically-What makes corn starch indigestible?



Corn Seed Anatomy - 101







Corn Endosperm Storage Proteins

üAlbumin-globulin

ïSaline, H20 Soluble

ïHigh in Lysine

ïFree Amino Acids, NPN

üZein

ïSoluble in Aqueous Alcohol Solutions 

ïLow in Lysine

üGlutelins

ïAlkali Soluble 

ïSimilar in Flint and Floury Corns



The Corn Endosperm Protein of Interest - Zein

üZein ( 4 Types) ïɎɓɔŭ

ü10-27 kD

üGranule surface

üCross-linked

ü50-60 % of CP in some corn endosperms

üInsoluble in the rumen environment

üEncapsulates the starch matrix

üAdvances with maturity ï(like NDF in forages)

üGenetic differences in corn (flint vs floury)



Corn Prolamin-Zein Advances With Maturity
Murphy and Dalby, 1971: Cereal Chemistry
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Prolamin-Zein: Corn Varieties are Different
Hamaker et al., 1995 ïCereal Chemistry
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Prolamin-Zein: Why Doesnôt my Lab Test It?
Hamaker et al., 1995 ïCereal Chemistry

ÁGrind Corn 1 mm

ÁRinse with 0.5M NaCl ïCentrifuge

ÁRinse with 0.5M NaCl ïCentrifuge 

ÁRinse with 0.5M NaCl ïCentrifuge

ÁRinse with H20 ïCentrifuge

ÁRinse with H20 ïCentrifuge

ÁRinse with SDS solution ïCentrifuge

ÁRinse with SDS solution ïCentrifuge

ÁSolubilize Zein with 70 % Ethanol Save Supernatant

ÁDry Supernatant 

ÁRun Kjehdahl Protein

ÁExpensive

ÁSlow

ÁDifficult



Dorshorst and Hoffman (Pilot Plebian Lab Test)

Applied but Technically Incorrect
ü Modified: Murphy and Dalby Method

ü Saline Soluble CP on Whole Corn Kernels (not isolated endosperm)

ü Not lypophilized

ü Kjedahl on the Supernatant

ü Residue Washed in 70 % Aqueous Ethanol

ü CP on the Residue

ü Total CP

ü Apparent Ethanol CP (Zein Estimate) Calculated by Difference
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Relationship between ESCP and Grain DSA

R
2
 = 0.63
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Pilot Plebian Lab Test vs Blazel et al., 2005 DSA Procedure



Larsen and Hoffman ï2008 (3 Step Due Diligence TCA Method)

Example Concept - Research in Progress
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