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Most livestock nutritionists 
recognise dried distillers 
grains with solubles 

(DDGS) as a source of energy and 
protein. As a result, researchers 
have devoted a significant amount 
of time and resources to better 
characterise the fat and amino acid 
components of DDGS. 
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However, we often overlook that 
fibre comprises a significant amount 
of DDGS. A typical DDGS contains 
only 8% fat (dry matter basis), while 
crude protein and fibre as defined 
by aNDFom each represent about 
31% of DDGS dry matter (Table 1). 

Fibre terms and variability 

We can assume that livestock 
nutrition professionals do not 
perceive fibre as differing between 
DDGS sources and thus, not 
focusing on that component. 
Considering that the primary goal 
for ethanol producers consists of 
using the starch fraction to produce 
ethanol and leave other 
components unaffected, we can see 
how this assumption could arise. 

However, the ethanol industry has 
evolved to become very efficient 
during the ethanol process. 
Furthermore, different processes 
result in different efficiencies of 
ethanol production.  

Greater starch conversion to 
ethanol causes an increase in DDGS 

nutrients because the dilution 
(removal of starch) causes a 
concentration effect for the 
remaining nutrients. This results in a 
DDGS that has the potential to have 
greater variability with both the 
amount and quality of fibre.  

Sometimes accurately defining 
fibre terms proves difficult when 
discussing fibre. 

 Researchers refer to components 
such as acid detergent fibre (ADF), 
neutral detergent fibre (NDF), crude 
fibre (CF), total dietary fibre (TDF), 
and soluble dietary fibre (SDF) when 
describing fibre; however, each term 
reflects a different part of the fibre 
component. 

The fibre measures used most 
often in the dairy industry to 
describe DDGS include ADF and 
NDF. Generally speaking, the ADF 
fraction includes cellulose and the 
lignin component, while NDF 
includes ADF plus the hemicellulose 
fraction.  

We can also consider the 
digestibility of these fractions to 
evaluate fibre quality in DDGS. 
Methods to determine digestibility 
estimates have traditionally been 
obtained through in vivo or in situ 
studies.  

Very few nutritionists saw value in 
trying to predict fibre digestibility 
of DDGS using these methods 
because they involved a lot of time 
and money to conduct.  

Furthermore, results varied 
considerably between assays. 
However, in vitro systems have 
evolved to better predict response 
in the animal and as a result, 
nutritionists now have the option of 
submitting DDGS samples to 
independent third-party 
laboratories for determination of 
digestibility.  

Whether we evaluate DDGS fibre 
based on composition or 
digestibility, we still face the 
challenge of variability which can 
ultimately affect animal 
performance. In order to 
demonstrate this variability, we 
recently analysed samples of DDGS 
from six different ethanol 
biorefineries located in South 
Dakota or Nebraska, USA. 

All the biorefineries represented 
the dry-grind ethanol process and 

all used corn as the only source of 
grain. A commercial laboratory 
assayed all DDGS samples for 
proximates and 30-hour NDF 
digestibility (Table 2). 

The ADF and aNDFom values for 
our small sample size had minimal 
variability. Values for ADF ranged 
from 10.1-13.1% DM, while aNDFom 
ranged from 28.9-32.2% DM. 
However, digestibility estimates 
varied considerably.  

The greatest NDF digestibility at 
30 hours was 72.3% of aNDFom for 
sample four, while the least 
digestible was sample six which had 
an estimate of 59.6% of aNDFom.  

We would also like to highlight 
that researchers often express NDF 
digestibility estimates differently (% 
of DM, % of aNDFom). We need to 
remember this when comparing or 
contrasting values from different 
sources.  

We can speculate on why fibre 
values differ between DDGS. First of 
all, corn varieties or growing 
conditions which affect the nutrient 
content of corn can affect many 
components of DDGS quality. 

As previously discussed, the 
ethanol industry converts the starch 
component to ethanol.  

This increases the density of the 
other nutrients by approximately 
three times because of the 
concentration effect. As a result, 
even minor variability in the corn or 

other grain used for ethanol 
production amplifies the variability 
of DDGS. 

Secondly, the ethanol process 
affects the fibre variability of DDGS. 
The dry-grind ethanol process 
involves many steps and variables. 
Enzymes, fermentation time and 
temperature, drying temperature, 
and throughput have the potential 
to change fibre concentration or 
quality. 

However, we still have not 
completely identified all the factors 
or relative importance to DDGS 
nutrition. If we want to begin to 
manipulate the process to improve 
fibre quality in DDGS we need 
additional research to understand 
these effects. 

Fibre degradation rate 

Evaluating fibre quality does not 
only include accounting for 
concentration of fibre and amount 
degraded at a certain time-point. 
The degradation rate of the fibre 
affects animal performance and 
nutritionists need to consider this 
when formulating diets.  

In order to better understand NDF 
digestibility in DDGS, we estimated 
NDF digestibility at 24, 30, 48 and 
240 hours for the same six DDGS 
sources as our previous exercise 
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Item DDGS (% of DM)

Dry matter 88

Crude protein 31

Fat 8

ADF 12

aNDFom 31

Table 1. Nutrient composition of 
typical distillers grains with 
solubles.

Table 2. Fibre components and digestibility of six dried distillers grains 
with solubles samples collected from 10 different biorefineries and sent 
to Dairyland Labs for analysis (1NDFD 30 = 30-hour NDF digestibility as 
determined by in vitro degradation; 2uNDFD 30 = Undegraded NDF com-
ponent after a 30-hour in vitro degradation).

Item 1 2 3 4 5 6 Avg.

ADF (% DM) 12.2 10.8 11.1 10.1 12.0 13.1 11.5

aNDFom (% DM) 31.3 28.9 29.9 29.2 30.3 32.2 30.3

NDFD 30 (% DM)1 21.8 20.3 21.3 21.1 20.0 19.2 20.6

NDFD 30 (% of aNDFom)12 69.6 70.0 71.3 72.3 66.1 59.6 68.1

uNDFD 30 (% of DM)2 9.4 8.6 8.5 8.0 10.2 12.7 9.6

Hemicellulose (% DM) 19.1 18.1 18.7 19.0 18.2 19.1 18.7

ADF (% of aNDFom) 38.9 37.3 37.2 34.6 39.8 40.7 38.2
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(Fig. 1). Although several of the 
DDGS samples had very similar 
patterns of NDF digestibility, one 
source exhibited significant 
variability. The majority of this 
variability occurs at the earlier 
digestibility time-points with later 
time points having similar NDF 
digestibility between all samples.  

Digestible NDF ranged from 49.0-
66.2% of aNDFom at 24 hours of 
digestion. At 30 hours of digestion, 
this range narrowed (60.6-72.4% of 
aNDFom), and at 48 hours the range 
narrowed even further (74.1-81.7% of 
aNDFom).  

When we digested the samples 
for 240 hours, all samples had 
similar values and averaged 84.6% 
of aNDFom. 

Ration implications 

Researchers recognise the 
importance of NDF digestibility on 
animal performance. Oba and Allen 
published an excellent summary in 
1999 and concluded that “one unit 
of enhanced NDF digestibility was 
positively associated with 0.17kg of 
DMI, 0.23kg of milk yield, and 0.25kg 
of 4% fat-corrected milk.” However, 
those authors focused on NDF 
digestibility related to forages and 
not necessarily NDF from co-
products such as distillers.  

Utilising predictive models of the 
dairy formulation software provides 
another option to quantify the 
potential effects of distillers NDF 
digestibility on performance.  

The Agricultural Modeling and 
Training Systems (AMTS; Groton, 
New York) formulation software 
includes an option to estimate 
undigested NDF of ingredients 
based on the digestible NDF at 
certain time points.  

By creating DDGS feeds with 
different NDF digestibilities in the 
ration library, we can compare 
predicted animal performance by 
looking at ME and MP Allowable 
Milk. 

To begin with, we created three 

different DDGS feeds in the AMTS 
library. We then changed the NDF 
digestibility at the 24-hour time 
point for each DDGS to reflect the 
least (50% of NDF), average (62% of 
NDF), and greatest (67% of NDF) 
digestibility estimate we observed 
for the six samples we previously 
described. All values for DDGS 
nutrients remained unchanged from 
the AMTS default library value 
except for NDF digestibility. 

We then used AMTS to formulate 
a high-group lactation diet to 
support approximately 45kg of milk 
per head per day.  

Forage sources included corn 
silage and alfalfa hay and we locked 
DDGS in at 4.5kg (4.0kg DM) per 
head per day or approximately 
16.38% of diet DM. The formulation 

for the initial diet contained the 
DDGS with the average NDF 
digestibility. 

Table 3 reports the metabolisable 
energy (ME) and metabolisable 
protein (MP) allowable milk 
estimate for all formulations. The 
ME allowable milk ranged from 
44.6-45.6kg per head per day 
between the low- and high-NDF 
digestible DDGS sources. 

Similarly, the MP allowable milk 
ranged from 44.2-45.6kg per head 
per day between the same DDGS 
sources. A 1kg difference for MP 
allowable milk and almost a 1.5kg 
difference for MP allowable milk. 
This improvement in milk 
production suggests a greater effect 
than predicted from the Oba and 
Allen paper. If we use the guidelines 

suggested by Oba and Allen, we 
would estimate an increase in milk 
production of 0.64kg per head per 
day. We recognise many variables 
can affect these predictions. Type 
of animal, stage of lactation, other 
ingredients, and DDGS inclusion 
would all have an effect. However, 
the exercise demonstrates the 
differences that DDGS NDF 
digestibility may have on animal 
performance. 

Conclusions 

Nutritionists often overlook fibre as 
a significant nutritional factor when 
discussing DDGS. However, fibre 
represents a large component of 
DDGS and, as a result, even small 
changes in quality of fibre can have 
a significant effect on animal 
performance. 

Although we had a small sample 
size, we still observed variability for 
both DDGS fibre content and 
digestibility which we feel 
represents the variability observed 
in the industry.  

We also demonstrated that the 
magnitude of change in DDGS NDF 
digestibility can have a significant 
impact on potential milk 
production. 

Nutritionists need to consider 
fibre when formulating diets that 
contain DDGS since default values 
in libraries of the ration formulation 
software may not represent the 
type of DDGS being used in the 
formulation.  

We would encourage periodic 
sampling of the distillers to 
determine NDF digestibility or 
asking the supplier/ethanol plant 
for additional NDF digestibility. 

This becomes more important as 
ethanol biorefineries begin to 
explore technologies related to 
secondary fibre fermentation.  

If we can accurately characterise 
the fibre in DDGS we can have more 
confidence to include DDGS at 
greater levels in ration formulation 
and still maintain performance in 
lactating diets. n
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Table 3. Inputs and predicted milk performance based on DDGS NDF 
digestibility (estimated by AMTS software).

Fig. 1. Digestibility of NDF over four time points for six sources of DDGS.
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Item
Low-NDF 

digestibility 
DDGS

Mid-NDF 
digestibility 

DDGS

High-NDF 
digestibility 

DDGS

NDFD (% of NDF) 50.0 62.0 67.0

NDFD hours 24 24 24

NDFD kd (%/hour) 6.7 12.2 21.8

ME allowable milk 
(kg/hd/day)

44.6 45.2 45.6

MP allowable milk 
(kg/hd/day)

44.2 45.0 45.6
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