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Percentage distr ibution and energy digestion coefficients     
(NRC 2001) of nutr ients in high producing dairy cow diets

CP 17 %
NDF 30 %
Starch 25 %
CHO/VFA 15 %
Ash 8 %
Fat 5 %

35 – 70 %
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Postruminal Digestion of Starch

Pancreas secretes a-amylase
Starch Maltose + a-limit dextrins

Brush boarder secretes
Maltase glucoamylase Not characterized in ruminants
Sucrose isomaltase No activity in ruminants

Starch is digested to glucose in the intestine
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Harvest Maturity Kernel Processing

Starch Digestibility
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Starch Digestibility – In Vitro
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6 hr In vitro:  Effect of processing on Starch Digestibility 

74 d RM Corn Harvested at 43 % DM
Flint Genetics

Unable to Detect Particle Size DifferencesUnable to Detect Particle Size Differences
Values Outside Biological RangeValues Outside Biological Range
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Starch Digestibility – Linear  Equation

Predicted Total Tract Starch Digestibility
Shaver , 2002
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R2 = 0.82
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Relationship between whole plant and grain moisture content
In corn silage (Hoffman and Bertram, 2007 Unpublished data)

3 Varieties 74,93, 110 d RM

Figure 1. Relationship between whole plant moisture and 
kernel milk. Lauer, 1999
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Starch Digestibility – Corn Silage Processing Score

Corn Silage Processing Score
Mertens, USDFRC & Dairyland Labs, Arcadia, WI

� Ro-Tap Shaker
� 9 sieves (0.6 thru 19 mm) and pan

� Analyze for starch on 4.75 mm & greater sieves

% of starch passing
4.75 mm sieve CSPS

>70%
70% to 50%
< 50%

Optimum
Average
Poor
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Kernels and Large Fragments Were 
Retained on > 4.75-mm Sieves

US Dairy Forage Research CenterUSDA-ARS
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Relationship of DSA to Starch Particle Size Fractions in Corn Silage
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Blasel, H.M., P.C. Hoffman and R.D.Shaver, 2006
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Source: Visser, 2005, 4-State Conf., Dubuque, IA
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Starch Digestibility – Hybr id In Vitro/Enzymatic

Starch Digestibility – Hybr id In Vitro/Enzymatic

Origin- C.W. Hunt, Johnson et al., 2002, J.    
Harr ison, Pioneer /DuPont.

Samples are oven dr ied and ground 6-8 mm. 

12 h in vitro to determine ruminal starch 
digestion.

Residue is exposed to an enzyme cocktail for  8 h 
to determine post-ruminal starch digestion.
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The effect of sample processing on in situ starch degradation.  Sapienza.
Cornell Nutrition Confernence, 2002

Sapienza, 2002:  Cornell Nutrition Conference



15

Moisture vs. TT CRD STRD

R2 = 0.11
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HMC - Pre vs. Post Fermentation Values
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Pre-Fermented

Post-Fermented

Pre-Fermented 12.4 80.8 49.0 31.8

Post-Fermented 69.0 98.7 83.3 15.4

Water Soluble Protein,  % 
CP 

Total Tract STRD, % 
starch

Ruminal STRD (12-hr, % 
of starch)

Intestinal STRD (8 hr, % 
of starch)

Starch Digestibility – Degree of Starch Access
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Blasel, H.M., P.C. Hoffman, and R.D. Shaver.  2006. Degree of starch 
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Relationship of DSA and Total Tract Starch Digestibility from Literature Sources which 
Defined Particle Size and Moisture Content of Corn

y = 0.1982x + 76.893

R2 = 0.7332
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R2 = 0.16
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Relationship Between DSA and Corn Silage DM Content. Marshfield
Soil and Forage Analysis Laboratory (n=240)
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Conclusions 
� All Starch D test lack compar isons to in vivo starch

digestion data.

� Starch D is dynamic….related to par ticle size, DM and endosperm 
type.  Individual linear  compar ison of Starch D test to par ticle size,  DM or        
endosperm type do not account for  total Starch D dynamics. 

� Starch D test need to be developed first so
compar isons to in vivo data can be made.

� Simple in vitro Starch D test (fine gr inding, drying)
appear  most limited in application.

� Starch D test have strengths and weaknesses and 
should be proper ly positioned for  the clients needs.

� Does having multiple Starch D test help or  confuse the 
industry?
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