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Effect of Starch Digestibility on Milk Yield,
Firkins et al., 2001
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Starch Digestibility

Particle Size Moisture 
Endosperm 

Maturity/Genetics 

Principal Components of Starch Digestion

Routinely Measured

Marker of Maturity

Easy to Measure in Grain

Challenging to Measure in

Corn Silage
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ÅTrick Questions

ÅChemically-What makes forage indigestible?

ÅNDF, ADF, Lignin, Cellulose

ÅChemically-What makes corn starch indigestible?
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Vitreous endosperm.

Also called horneous, 

corneous or hard endosperm. 

Produces grits in dry 

milling. Tightly compacted 

and translucent.  More of 

this starch in mature, high 

test weight kernels.  

Dent

Crown

Pericarp(bran)

Hilum or abscission layer.

Also called blacklayer.  

Caused by collapse and 

compression of several layers 

of cells at physiological 

maturity.  Cool weather can 

cause premature BL.

Germ scutellumand 

embryonic axis.

Germ will be bigger

in high oil corn at the 

expense of starch.  Each

1% increase in oil, expect

1.3% decrease in starch.

Floury endosperm.  More 

ñopenò in structure.  Dent 

corn has about equal

proportions of vitreous to 

floury starch (compared 

to popcorn w/ mostly 

vitreous starch.

Basic Corn Morphology



Vitreous Endosperm

Floury Endosperm

Germ
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Increased Vitreousness Decreases Starch Degradability
Ngonyamo-Majee, et  al., Anim. Feed Sci. Technol.  142:259-274.
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Total tract starch
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Increased 

Vitreousness

Decreases Starch 

Digestibility

Allen, et al.,  2008. J. Dairy  Sci.

91(E-Suppl.1):529. (Abstr.)
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ÅAnother Question

ÅChemically-What makes starch vitreous?
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The Starch Protein Matrix 

ÅThe endosperm is a starch protein matrix

ï4 types of Protein in Corn Endosperm

ïAlbumins, Globulins, Glutelins, Prolamins

ÅProlamins

ïNamed (Zein) in Corn 

ï50-60 % of the Protein in Corn

ïMajor Amino Acid = Proline (Hydrophobic)

ïProlamins are not Soluble in H2O or Rumen    

Fluid

ïIndustrial Use (Edible-Biodegradable Plastic)
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