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Over the past 10 years, there has been a huge increase in the number of ethanol distillation plants 
in the Midwestern USA that use corn grain as their feedstock. This has created vast quantities of 
com distillers byproducts for the animal feeding industries. California dairy rations have long 
depended upon corn based feedstuffs (i.e., com grain, com silage, com germ, as well as gluten 
feeds and meals) and, with the recent widespread increase in the availability of com distillers 
dried grains (DDG), it is not uncommon to find over 30% of total crude protein (CP) in dairy 
total mixed rations (TMR) being from corn products. 

Com proteins have long been recognized to have an amino acid (AA) profile that is poorly 
matched to that of the milk protein produced by dairy cows. Indeed the NRC (200 I) credits 
metabolizable DDG protein escaping the rumen as containing only 1.82% methionine and 2.24(/'0 
lysine, the CPM Dairy (2007) lists 1.20 and 2.06% respectively and Shield (2007) lists 1.9 and 
2.4%. This contrasts to 'ideal' proportions that are in the range of 2.4 and 7.2% respectively 
(NRC, 2001). This has raised concerns that consulting nutritionists might increase CP levels in 
the TMR, in order to meet animal requirements for limiting AA, which might lead to an increase 
in the proportion of dietary CP that is excreted in urine and feces. This is in direct opposition to 
recent efforts designed to minimize the negative impact of dairy cows on the environment. 

This paper uses rations fed to high producing dairy cattle in California, in May/June 2007, in 
order to evaluate the impact of level of DDG use in rations on animal productivity, as well as the 
calculated AA profiles of metabolizable protein (MP) delivered to the intestinal absorptive site. 

The study 
A group of 16 dairy farms, judged to be representative of dairy farms in Tulare and Kings 
Counties (CA) were identified and visited during May/June 2007. Each dairy employed a 
professional consulting nutritionist. Three visits to each dairy were scheduled in conjunction 
with their monthly DHIA milk test. On the first visit, the farmers were informed of the 
procedures to follow and one of their high group multiparity pens was identified for use in the 
survey. On the second visit, the TMR preparation was observed before TMR samples were 
collected directly from the feed bunks as TMR was being dropped at the identified pen. 
Commodity feeds and forages, that were observed to be mixed into the TMR, were identified and 
sampled. On the third visit, a second TMR sample was collected, after TMR preparation was 
again observed, prior to or on, the day of regular DHIA milk sampling. 
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A DC 305 backup (full dairy information profile) was downloaded at the start of the project, and 
again after the milk test was completed. This was used to obtain cow information and current 
data on milk production and milk components for cows in the targeted corrals. Feed delivery 
records for 5 days prior to the DHIA test were collected from either a computerized program 
(i.e., Feed Watch or EZ Feed) or mix sheets provided by dairy. All feed and TMR samples were 
analyzed at the UC Davis service laboratory for chemical components. 

Once all cow and feed assay information was collected and tabulated, the nutrient profiles of the 
16 rations were evaluated by the metabolic models 'CPM Dairy' and 'Shield'. In all cases, 
actual cow information was entered into the models as appropriate for the model. The calculated 
ingredient composition of the rations was entered into each model, as well as the chemical 
composition of the feeds that were fed. All 'default feed components were used with the 
exception of feed DM, CP, SoICP, ADICP, ADF, NDF, lignin, ash, fat, sugars and starch for 
CPM Dairy and DM, OM, fat, CP, SoICP, ADICP, NDF and dNDF30 (i.e., in vitro NDF 
digested at 30 h of incubation) for Shield. From these model evaluations, some predictions were 
tabulated. 

DDG Use Levels and the Characteristics of the CP in the TMR 
The high group multiparity cows evaluated had a high variation in their average milk yield, 
ranging from as low as 32.8 kg/cow/d to over 51.0 kg/cow /day among dairy farm (Figure 1). 
The range was remarkably even, although no effort had been made in selection of dairies to 
create this consistency. 

Figure I. Milk yield range among the dairies. 
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The level ofDDG used in the TMR, almost exclusively as dried golden DDG (with only three 
dairies including low levels oflocally produced wet DDG), was also variable (Figure 2), ranging 
in an almost even distribution from a little under 4% ofDM to a little over 10% ofTMR DM. 
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Figure 2. DDG use range encountered. 
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However it seems clear that the consulting nutritionists were adjusting for the level of DDG CP 
in the TMR, as there was no relationship between the level of inclusion of DDG in the TMR and 
its CP level (Figure 3). This is desirable, as it should not lead to an increase in the proportion of 
dietary CP that is excreted in urine and feces. 

Figure 3. TMR use of DDG relative to the CP level of the TMR. 
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As would be expected, the proportion of CP in the TMR contributed by DDG increased as its 
incorporation level in the diet increased (Figure 4). However, it seems clear that the consultants' 
decisions on the appropriate level of DDG to include in the TMR was at least partially based 
upon the dietary inclusion level of other com proteins (or that the incorporation level of other 
com proteins was adjusted for the incorporation level ofDDG), since there was only a weak 
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relationship, with a low slope, between the incorporation level of DDG in the TMR and the 
proportion of total TMR CP that was contributed from all com proteins (primarily as com grain 
and com silage, with only 2 TMR containing com gluten feed, and 1 each containing com gluten 
meal or com earlage). 

Figure 4. TMR use ofDDG relative to proportion ofCP from DDG (lower) and all corn CP 
(upper). 
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In spite of a wide range in the inclusion level ofDDG in these high group TMR (i.e., ~4 - 10 % 
of TMR DM), there was no convincing impact on the CP level of the TMR, which averaged 
17.25% of DM (Figure 3). Although the % of CP in the TMR from DDG increased about 12 % 
units, the percentage of TMR CP contributed from com proteins only increased about 7 % units, 
suggesting that the higher levels of DDG in the TMR were offset, at least to some degree, by a 
lower formulated contribution of CP from other com proteins. 

DDG Use Levels and Group Performance 
It is obvious that numerous factors impact the productivity of any group of cows, and that the 
diets evaluated among these dairies varied in more ways than simply their DDG inclusion levels. 
Nevertheless, the wide range in DDG inclusion level, and the relatively high and variable 
contribution ofDDG CP and total com CP to total TMR CP, suggests that if the AA profile of 
intestinally delivered protein may have been increasingly imbalanced relative to the needs of the 
cows as the level of com CP in the TMR increased, and that this may have negatively impacted 
their performance. However, based upon Figure 5, there is no evidence that this was the case. 
Indeed, the group of cows fed the TMR with the highest DDG inclusion level actually had the 
highest average milk yield. 
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Figure 5. TMR llse of DDG relative to average group milk yield. 
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While milk yield may be less sensitive to a potential AA imbalance in intestinally delivered 
protein caused by an increased DDG inclusion level in the TMR, due to the plethora of other 
factors that impact it, the percentage of fat and protein in milk, as well as the fat/protein ratio, 
may be more sensitive. However, as is evident from Table 6, this was also not the case. 

Figure 6. TMR use of DDG relative to average group milk composition. 
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However, because Figure 4 suggests that consultants made efforts to adjust total com CP in the 
TMR when higher levels ofDDG were incorporated into the TMR, total com CP as a % ofTMR 
CP may be a better predictor of milk components. However this also did not occur (Figure 7). 
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Figure 7. Corn CP in the TMR 's as a % of total CP relative to average group milk composition. 
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Overall, there is no evidence from this set of data to suggest that increasing the DDG inclusion 
level in the TMR, or of corn CP as a proportion ofTMR CP, has any measurable impact on the 
performance of these commercial high group multiparity cows that were fed TMR formulated by 
competent nutritionists. While the reasons for this cannot be stated with certainty, it is almost 
certainly to be at least partly the result of the consultants balancing the rations for the nutrients 
needed by the cows, regardless of the inclusion level ofDDG. 

DDG Use Levels and Amino Acid Profiles of intestinally Delivered Protein 
While the AA profile of intestinally delivered protein can be estimated in commercial groups of 
dairy cows using metabolic models, the accuracy of those estimates are not known. Indeed, 
methodological difficulties in measuring intestinal digesta flow in dairy cows make it difficult to 
measure total AA delivery, and the AA profile of that protein, in even small groups of cows kept 
under rigorous experimental conditions. Nevertheless, two metabolic models were used to 
estimate the impact of increased DDG inclusion levels in these TMR on the AA profile of 
intestinally delivered CP, with particular emphasis on lysine and methionine, as these AA have 
most commonly been suggested as limiting production in lactating dairy cows (NRC, 2001). 

The models used were CPM Dairy (2007) and Shield (2007) according to the criteria outlined in 
an earlier section. These models have a similar architecture, being static, largely empirical, 
models that differ in assigned AA levels of both feeds and rumen microbial protein. 

In spite of the relatively wide range in the % of com CP in the TMR CP, both the CPM and 
Shield models predict no substantive consistent change in the proportions of either methionine or 
lysine in intestinally delivered protein (Figure 8), which is likely due to the overwhelming 
proportional impact of rumen escape microbial protein on the AA profile of the intestinally 
delivered protein. 
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Figure 8. The modeled impact of corn CP ill the TMR's on the methionine and lysine 
proportions of intestinally delivered protein. 
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In addition, neither model suggests a substantive consistent change in the ratio of lysine to 
methionine in intestinally delivered protein (Figure 9), again likely due to the overwhelming 
proportional impact of rumen escape microbial protein, although the absolute ratios vary 
between models and both tend to decline slightly with increasing percentages of com CP in the 
TMR CP that ref1ect small opposite trends in the methionine and lysine proportions of 
intestinally delivered protein. 

Figure 9. Modeled impact of corn CP in the TMR on the lysine/methionine ratio of intestinally 
delivered protein. 

15 



D.. 4.0 
:!E 
. 5 3.5 
G) 
r:: 
'2 

3.0 
o 
~ 

~ 
2.5 

2.0 
r:: 

~ 
1.5 

1.0 
20 

[ + CPM Lys/Met • Shield Lys/Met ] 

• • y = -0.009x + 3.51 •• • + ·t +, • r2= 0.09 +.+ + 
• •• - • - - • 'I Y = -0.01 Ox + 2.89 

R2= 0.04 

25 30 35 40 

% Corn CP in TMR CP 

Modeled Amino Acid Profiles of Metabolizable Protein on Milk Components 
As both metabolic models suggested some variability in the lysine and methionine proportions of 
intestinally delivered protein (Figure 8), as well as the lysine/methionine ratio (Figure 9), the 
impact of these differences on the milk fat and protein percentages, and the fat/protein ratio, of 
milk was examined. However Figures 10 to 12 show that such an impact failed to occur. 

Figure 10. The modeled impact of lysine and methionine in intestinally delivered protein, and 
the ratio, on milk true protein %. 
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Figure II. The modeled impact of lysine and methionine on intestinally delivered protein, and 
the ratio, on milkfat %. 
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Figure 12. The modeled impact of lysine and methionine on intestinally delivered protein, and 
the ratio, on the milkfatltrue protein ratio . 
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Similar plots were also completed between other essential AA and milk components, as shown 
above for lysine and methionine, but no relationships of any kind were apparent. 

Overall, the data appears to suggest that the lysine and methionine percentages of intestinally 
delivered protein, as modeled by two metabolic models over a wide range, had no impact on the 
percentages of fat and true protein, and the fat/true protein ratio, in the milk produced. 

DDG Use Levels and Environmental Impact 
The poorly balanced AA profile of rumen escape protein in DDG has created a concern that the 
efficiency of utilization of dietary N for milk N production will be reduced as DDG inclusion 
levels in TMR increase. In addition, the higher P level in DDG relative to many other common 
feeds has led to suggestions that higher inclusion levels of DDG will cause the P levels of the 
TMR to increase beyond animal needs resulting in excess P excretion in feces. However, there 
is no evidence from Figure 13 that either of these situations occurred in the current group of 
dairy rations, although the mean level of P in the ration is rather high relative to current 
recommendations, and the N efficiency is rather low relative to targets in some parts of the USA. 

Figure 13. TMR use of DDG relative to TMR level of P and efficiency of use of feed N for milk 
N production. 
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Conclusions 
Com distillers dried grains (DDG) produced as a co-product of the Midwestern ethanol industry 
have resulted in changes in dairy rations in California, and other parts of the USA. In a study of 
the high multiparity groups of 16 commercial dairies in California, an average inclusion ofDDG 
of7.2fyo was found, which ranged from about 4 to 10% ofDM. 

Increasing DDG inclusion in these TMR increased the proportion of com CP in TMR CP from 
about 27 to 34%, although this was much less than the increase in CP from DDG, suggesting that 
consulting nutritionists were reducing other com proteins in the TMR in response to increased 
inclusion ofDDG in the TMR. Increased dietary inclusion ofDDG was not associated with an 
increased CP level of the TMR, and was not associated with any impact on animal performance. 
These changes suggest that the consulting nutritionists were balancing the rations appropriately 
to consider the nutrient profile of the DDG. 

Increasing levels of DDG in the TMR had small impacts on the lysine and methionine levels of 
intestinally delivered metabolizable protein, as predicted by two metabolic models, but these 
changes were apparently not large enough to cause any substantive impact on milk component 
levels. 

Overall, this data suggest that the practical importance of balancing rations for metabolic model 
predicted essential AA profiles and/or ratios may be overvalued by some groups, and that 
increasing levels ofDDG in the rations of high producing dairy cows does not change the 
picture, assuming that the rations are balanced by competent nutritionists to meet to nutrient 
requirements of the cows. 
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