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Issues

What drives alcohol yield ?
Measuring and Predicting alcohol yield
Effects of Variety
Environmental influences
Conclusions and ongoing work



What traits might affect alcohol yield ?
Hardness 1B1R

Protein Starch

TGW, Grain L:W ratio Amylase activity

Turbidity Vitreosity

Screenings Specific weight

Amylose:AP ratio Granule size distribution

Many…. 
we require a theoretical framework to understand
variation in alcohol yield



Substrates for fermentation
‘Benchmark’ wheat grain (% dry basis)
Starch 69.0

Sugars 3.0

Non Starch Polysaccharides 11.0

Crude protein (Nx5.7) 11.5

Lipid 2.5

Ash 2.0

Lignin 1.0

= 720 kg/tonne



Theoretical yields (kg) from fermentation
Carbohydrate Water Sugar Ethanol

(litres)
CO2

1000 + 111    → 1111 → 568
(720)

+ 543

720 +
Sugars & 

starch

80    →
[- 8% loss 
for yeast] 

736 → 376
(477)

+ 360

Alcohol yield predicted 477 litres/tonne (dry basis) for 
‘benchmark’ grain at 11.5% protein
6.6 litres alcohol per % difference in starch content



Starch and protein effects on  alcohol yield

y = -7.5046x + 524.12
R2 = 0.848
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[Data: Green Grain, 2005; Starch analysis at QUB]

Samples from a wide range of varieties and environments



[Data: SWRI, 2003-2005 and Green Grain, 2005]

y = -7.3117x + 519.34
R2 = 0.6535
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477 l/t

11.5% crude protein

‘Theoretical’ yield

Fitted line has intercept 
~8% lower than theoretical

Relationship between alcohol yield and protein 



Varietal effects on alcohol-protein relationship
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Regression analysis shows justification for fitting parallel lines

[Data: SWRI, 2005; analysis Daniel Kindred]



Conversion of starch to ethanol

Low efficiency of conversion suggests:

Variation in fermentation process
requirements for yeast growth
CO2 losses, residual starch… and/or,

Limited starch availability
release of starch from endosperm, vitreosity
viscosity effects, NSP (?)
enzyme inhibitors (?)



Samples for high alcohol yield

Current selection criteria:

- Low protein grain
- Variety with following characteristics;

Soft endosperm
Non 1B1R
High alcohol yield (RL)
High grain yield



Residue viscosity

[Data: SWRI, 2005; analysis Daniel Kindred]
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Summary
Grain nitrogen currently gives a better prediction of 

alcohol yield than starch
Problems with starch analysis methods ?
Can we develop an NIR calibration for alcohol 
yield ? y = -5.3979x + 504.03

R2 = 0.8898
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Work in progress….



Summary

Strong effect of N nutrition on alcohol yield
Need to reduce N inputs to agriculture while 
maintaining yields
Implications for agronomy advice
Implications for greenhouse gas emissions

Strong varietal effect on alcohol yield
Both N use/efficiency and ‘starch’ traits



Conclusions

UK wheat shows potential for high alcohol yields (ca. 
470 l/tonne) – competitive with maize

but achieving low grain N will be key

Opportunities to reduce N inputs ?
premia for low-N grain….

Both environment and genetics are important
Further work required to understand varietal effects…



GREEN grain Project
Genetic Reduction of Energy use and Emissions of Nitrogen through cereal production

Facilitate breeding of 
wheat varieties that 
require less N 
fertiliser and are 
suitable for distilling, 
bioethanol and animal 
feed



Further information
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Further information

Swanston et al. 2005 Determining the spirit yield of 
wheat varieties and variety mixtures. J Cer Sci, 42, 
127-134.

Swanston et al. 2007 Associations between grain 
characters and alcohol yield among soft wheat 
varieties. J Sci Fd Ag (in press). 
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Government 
and industry 
sponsors
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