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Dried distillers grains with 
solubles (DDGS) represent a 
cost-competitive, consistent, 

and nutritious feed ingredient for 
use in the diet formulation of all 
species. In order to optimise the use 
of DDGS in formulation, 
nutritionists and formulators need 
to know the exact nutritional 
characteristics. They can use 
proximate analyses to determine 
values for certain nutrients such as 
protein, amino acids, and fibre. 
Conversely, these same individuals 
rely on predictive equations to 
estimate energy values. 
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Both nutritionists and producers 
recognise the importance of 
formulating diets using accurate 
energy estimates for ingredients. 
Feeding too much energy results in 
greater costs and potentially poorer 
animal performance related to an 
imbalance of nutrients. Not feeding 
enough energy restricts animal 
performance or prevents the animal 
from achieving their genetic 
potential. In both scenarios, the 
producer realises less profit 
compared with diets formulated 
using more accurate energy 
estimates. 

DDGS energy equations 

The swine industry currently uses 
several published equations to 
estimate DDGS energy values. 
Researchers at universities 
developed these equations by 
feeding different sources of DDGS 
to swine to measure energy content 
of each DDGS source.  

These researchers then 
determined the nutrient profile of 
each DDGS and used regression 
techniques to identify which 
nutrients correlated to the energy 
value determined through the 
feeding experiment. 

Each of these studies used DDGS 
which differed significantly in 

nutrient profiles. This allowed for 
the development of more robust 
equations which would predict 
energy values for all types of DDGS. 

The industry soon realised these 
robust equations presented certain 
challenges. When researchers 
validated the equations by 
comparing predicted energy 
equations to energy values 
determined through feeding studies, 
they observed a very poor 
correlation.  

Kerr et al., (2015) demonstrated 
this when they compared actual 
digestible energy (DE) and 
metabolisable energy (ME) of six 
different DDGS with predicted 
energy values from three different 
published equations for DE and ME. 

The DE predicted by all three 
equations underestimated actual 
DE, while the predicted ME 
equations underestimated actual 
ME in two of the three equations 
(Fig. 1). 

Interestingly, equation six 
predicted an ME value which 
exceeded predicted or actual DE. 
Since ME represents an energy 
estimate with greater losses than 
DE, we should always observe lesser 
values for ME. The fact that the 
predicted equation estimated 
greater ME based on the nutrient 
profile for the DDGS demonstrates 
additional limitations with the 
current equations. 

Why do equations not 
accurately predict energy? 

Several factors could explain the 
lack of accuracy for the predictive 
equations. Different assays or 
variation in nutrient analyses 
between studies, different 
experimental designs, and 
differences between animals used 
for the actual energy determination 
could all impact the relationship 
between actual and predicted 
energy. However, although often 
overlooked, different processes 
used during ethanol production 
could also represent a major source 
of variation. 

The production of ethanol varies 
considerably between refineries. 
Different ethanol producers use 

distinctive yeasts and enzymes in 
different concentrations based on 
their attempt to optimise ethanol 
production. Furthermore, 
differences in biorefinery design and 
equipment force ethanol producers 
to use unique combinations of 
temperature and fermentation time 
specifically for that biorefinery. 

Although these factors primarily 
affect ethanol yield and efficiency, 
even slight changes in each variable 
ultimately affect the nutritional 
profile of the DDGS. 

Another factor related to unique 
processes which affect our 
confidence in predictive energy 
equations includes the approach of 
many ethanol producers to try to 
capture additional value from the 
DDGS by extracting or modifying a 
certain component. As an example, 
several biorefineries have started 
including a secondary fermentation 
step to improve ethanol yield.  

Basically, this step ferments some 
of the fibre components in DDGS to 
ethanol. This process reduces the 
fibre in the DDGS and also increases 
the concentration of other 
nutrients (such as protein) because 
of the dilution effect. However, 
nutritionists need to determine 
what fibre component the 
secondary fermentation affects.  

If the process removes the more 
readily available fibre, then the 
process may result in a poorer 
DDGS. If the process retains the 
more readily available fibre and 
removes a portion of the 
indigestible fraction, then the DDGS 
nutritional value improves.  

Another example of DDGS 
modification includes fat extraction. 
When the ethanol industry first 
started, many ethanol producers 
perceived DDGS as a waste product 
and as a result, made little effort to 
extract additional value. Within the 
last decade, ethanol producers 
identified the corn oil market as a 
way to increase co-product value. 

The development of fat 
extraction technologies made oil 
extraction profitable and, as a 
result, the percentage of ethanol 
producers extracting oil has 
increased. Fortunately, early in the 
development of oil extraction 
technology, ethanol producers and 
university researchers identified 
that fat extraction would affect the 
nutritional value of DDGS and 
therefore, a plethora of research 
exists on reduced-fat DDGS. 

Fat and energy 

Fat contains 2.25 × the amount of 
energy as carbohydrates. This raises 
the question, “Can we conclude 
that DDGS with less fat (because of 
oil extraction) contains less energy 
than other DDGS sources with 
greater fat concentration?”  
Not necessarily. Comparing 
measured energy values with fat 
concentration of DDGS effectively 
illustrates this relationship. 

In 2013, Kerr et al. published 
results from two experiments which 
determined energy values for 15 
different sources of DDGS. 

Significance of DDGS: 
is it time to revisit  
energy equations?
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Fig. 1. Comparing actual and predicted DE and ME (Kerr et al., 2015).
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Comparing fat content of these 
DDGS against gross energy 
illustrates a very strong correlation 
(Fig. 2). 

We can expect this strong 
relationship because, as previously 
stated, fat contains a significant 
amount of energy. As we remove 
fat, we also remove energy. 
However, when we compare 
digestible energy rather than gross 
energy to DDGS fat content, we see 
a different relationship (Fig. 3). 

The r-squared value provides an 
estimate of how well the model 
explains the response. The examples 
indicate how well fat content of 
DDGS explains either gross or 
digestible energy.  

The gross energy comparison 
results in a very strong r-squared 
value of 0.87 or in other words, fat 
explains 87% of the variability in 
gross energy. The digestible energy 
comparison results in a much 
weaker r-squared value of only 
0.011.  

This suggests that fat only 
explains 1.1% of the variability in 
digestible energy. In summary, 
although the total energy or gross 
energy of DDGS strongly correlates 
to fat content, the amount of 
energy available to the animal does 
not correlate to the fat content of 
DDGS. 

Energy and other factors 

Recent research has demonstrated 
that other nutrients, such as fibre, 
contribute to the energy value of 
DDGS. This represents a change in 
perspective as, traditionally, the 
swine industry has considered fibre 
more of a ruminant topic rather 
than a monogastric concern. 

We should note that the topic of 
fibre is complex. The term fibre 
refers to several different 
components and each component 
may have a different effect in the 
animal. Some sources of fibre will 
benefit the animal, while other 
sources will detrimentally affect 

animal performance. As a result, 
nutritionists need to carefully 
evaluate the nutrient profile of 
DDGS to determine how fibre 
fractions may differ between DDGS 
sources. 

In addition to nutrient 
concentrations, other factors such 
as digestibility of fat and fibre can 
also affect energy of DDGS. Not 
accounting for differences in 
digestibility can result in erroneous 
estimates of energy since some 
sources of DDGS may have lesser 
nutrient values but have better 
value to the animal because of 
greater digestibility. 

Accurately determining 
digestibility involves a significant 
investment of time and research. 
However, in vitro models to 
estimate digestibility can provide 

comparisons between DDGS at a 
more reasonable cost. Furthermore, 
DDGS suppliers may have 
digestibility estimates which can be 
shared with the nutritionist. 

Need for specific equations 

Unfortunately, current predictive 
energy equations fail to provide 
accurate energy estimates for the 
majority of DDGS. The previous 
discussion highlights many of the 
challenges the swine industry faces 
when trying to develop predictive 
energy equations for DDGS. A 
different tactic, which may better 
address these challenges, could 
include taking into consideration 
the unique ethanol process of each 
ethanol producer. This approach 

would account for factors not 
previously included in current 
predictive equations.  

Current predictive equations used 
a variety of DDGS sources and, as a 
result, these equations can not 
account for differences in 
digestibility. Developing equations 
using only DDGS from specific 
DDGS suppliers using a similar 
process will remove the variability 
of nutrient digestibility. This results 
in energy equations less dependent 
on factors not included in the 
equations (such as digestibility), and 
more reliant on nutrient 
composition. 

Conclusions 

Accurately predicting energy of 
DDGS will allow for improved 
animal performance, reduced feed 
costs, and greater producer 
profitability. However, the DDGS 
industry needs to better 
characterise and understand DDGS. 

Current equations fail to 
accurately predict energy and as the 
ethanol production process 
continues to evolve, these 
differences between predicted and 
actual energy will continue to 
increase. Technologies such as 
secondary fermentation, in addition 
to greater efficiencies related to oil 
extraction, will result in DDGS with 
nutrient profiles that will not 
necessarily depict an accurate 
nutritional value for the animal. 

Since ethanol production 
processes vary between producers, 
unique energy equations for each 
supplier may be advantageous. This 
represents a significant investment 
of each ethanol producer to better 
characterise the nutritional profile 
and nutritional value of their 
product.  

However, until the industry 
accepts this approach, ingredient 
buyers and nutritionists will have to 
make buying and formulation 
decisions based on information 
which may not accurately depict 
ingredient values. n
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Fig. 2. Gross energy and DDGS fat content (Kerr et al., 2013).

Fig. 3. Digestible energy and DDGS fat content (Kerr et al., 2013).
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