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Raw materials for ethanol production

Current capacity is —9 B gallons and will be —~14 B gal by 2009
Driven by corn grain production, with sorghum contributions

Sorghum Other
—3.504 total\ / Barley, wheat, cheese whey,
potato waste, brewery waste
Corn
~—96%

!

2.3 Billion bu

—~85 Million bu

Compaositions of corn & sorghum
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The main focus is to understand the key factors
(genetic, composition, chemical structure, and
physical properties) affecting bioconversion
efficiency of grain sorghum for biofuel production.
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nE e
Seventy sorQhUm samples with broad range of
genetlc backgrounds, chemieal and physical features

were selected from over 120Q~serghum lines and
— hybrlds

Ethanol Yields (%0, V/V)

Variation = 22.1% _
Low 12.2%0 « » High 14.8%0

Conversion Efficiencies (20)

Variation = 9.1% =3
» High 93.8%0 |

~ Low 86.0%20 <«




Major factors affecting
i sorghum bioconversion

= Starch content and type of starch

= Protein content and protein quality
= Protein starch interaction

= Mash viscosity

= Formation of amylose-lipid complex
= Phenol compounds

= Combined interactions



Starch content vs. Ethanol yield

Ethanol Yield (%, v/v)
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Fermentation efficiency of grain sorghums
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Heat Flow

Effect of amylose content on starch
gelatinization, insoluble, and efficiency
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Starch gelatinization during cooking — Normal starch

Temperature = 31 0
15:35:01.539, 6-26-08
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Starch gelatinization during cooking — Waxy starch

Temperature = 33.4 W/
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W3 20.00 micron
> -




Formation of amylose-lipids complex

Solid residues after enzymatic hydrolysis

A fter enzymatic hydrolysis
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Ethanol Yield (%, v/v)

Effect of protein content on ethanol
yield and fermentation efficiency
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Ethanol fermentation efficiency vs.
protein digestibility

Relationship between ethanol efficiency and protein digestibility
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Ethanol fermentation efficiency vs. extractable
proteins from mashed samples

Relationship between ethanol efficiency and area per unit protein extracted from

96.0 - mashed samples with 2%SDS, 12.5mM sodium borate (pH 10.0) for 24 Hr
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After enzymatic hydrolysis

| The range of sorghum starch
granules is from 2 to 30 um

Protein body Starch granules



Starch and protein interactions
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Visosity (cP)

Viscosity Is one of the key factors affecting

sorghum bioconversion efficiency
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Effect of phonolic compounds on mash viscosity
and fermentation efficiency
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Comparison of high vs. how fermentation
efficiency sorghums

Sorghum Efficiency Chemical Composition (%) Protein
(%) Digestibility
Starch  Protein  Fiber Fat  Ash (%)
High (5) 93.3 72.1 9.33 1.63 2.69 1.59 65.7
Low (5) 86.8 68.8 12.10 210 350 1.90 50.8

Difference (%) -7.0 -3.63 13.1 15.0 294 11.8 -22.8




ELCAM: Average “base case”...
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Sorghum, regional average, yield = 70 bu/ac
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Net energy value (NEV) for different
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Sorghum can make a great contribution...

The research to-date shows that
sorghum is a viable renewable
resource for biofuel production.

Future research on sorghum bioconversion:

= Develop new or modified sorghum hybrids for
biofuel production with high fermentation efficiency
and low energy input.

= Increase starch content and grain yield per acre.

= Develop advanced bioprocessing technology to
Increase sorghum fermentation efficiency.

——————--ce: USDA
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