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SUMMARY

Feed manufacturers utilize optimization software that
determines the proportions of available feedstuffs that
minimize the price of a diet while still providing nutrient
levels that maximize production rates and product quality.
When distillers dried grains with solubles (DDGS) derived
from fermentation of corn are priced appropriately, they
can be incorporated into animal diets up to the maximal
level tolerated without causing decreased production rate,
efficiency or quality. Including DDGS in a cost-optimized
formulation causes the levels of most other ingredients
to change. The extent of these changes is highly species
dependent and is also affected by regional availability
and pricing of feedstuffs. Diets fed to ruminants, and to
a lesser degree non-ruminants, vary considerably across
regions of the US.

The proportion of a feedstuff displaced by adding one
unit of DDGS is defined as the displacement ratio. To
determine the composite displacement ratio for DDGS in
the US, regionally specific diets were formulated with and
without DDGS for all of the major livestock types. When
DDGS are included in the diets of poultry, swine, feedlot
beef cattle, and dairy cows at a maximal level and the
proportion of DDGS fed to each is adjusted to 2010 levels
of market penetration, the US composite displacement
ratio for corn and soybean meal are 0.554 and 0.072,
respectively. Thus, corn and soymeal together account
for about 63% displacement in ingredient levels in a cost-
optimized diet. A further 51% is due to displacement of

(in decreasing order) canola meal, wheat, wheat silage,
alfalfa hay, rice bran, wheat mill run, wheat middlings,
brewer’s grains, cotton seed meal, animal fat, corn gluten
feed, urea, bakery waste, feather meal, calcium phosphate,
soybean hulls, meat with bone meal, salt, mineral and
DL-methionine. Including DDGS in the diet increases the
usage of corn silage, wheat straw, vitamins, amino acids
and other ingredients contributing a negative displace-
ment of 14%. The net effect is that increasing DDGS use
by one tonne reduces the use of other feeds by one tonne.

Clearly to correctly determine the greenhouse gas
footprint of DDGS use, one would have to tally the GHG
attributable to all of these ingredients displaced or added.

INTRODUCTION

When attributional life cycle assessment (LCA) is used
to calculate the greenhouse gas (GHG) intensity of corn
ethanol the consequences of feeding by-products from
ethanol production (DDGS) must be taken into account.
Current LCA approaches assume that there are fixed
ratios for substituting by-products for a few feed ingredi-
ents. This assumption is only partially correct due to the
dynamics of the animal feeding industry.

Animal diets are formulated to contain minimum amounts
of 15-40 different nutrients, depending on the species
in order to maximize production of meat, milk or eggs.
The price of feed dominates the cost of the production
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of animal products. For example, in 2008 feed ingredient
costs were 68.7% of live production costs of broiler
chickens (Donohue & Cunningham, 2009). Because of
the prevailing role of feed costs as determinants of profit-
ability, animal nutritionists utilize optimization software to
determine the proportions of available feed ingredients
(i.e. feedstuffs) that minimize costs while still providing
dietary nutrient levels that maximize production rates and
product quality.

Over 2,000 different feedstuffs are fed to animals in
North America (Ensminger, Oldfield, & Heinemann, 1990).
These feedstuffs range from crops grown purpose-
fully for animals, such as alfalfa or corn, to refuse from
human food or fiber production such as rice bran, wheat
middlings or cotton seeds. If price is not considered,
many of these diverse feedstuffs can be substituted for
each other without compromising the performance of
livestock. Among this gamut of potential combinations
of feedstuffs, the cheapest solution (least-cost feed) is
entirely dependent on the relative price of each feedstuff.
When the price of a feedstuff, such as DDGS, becomes
low enough relative to competing ingredients it will be
included in an animal’s diet. Inclusion of DDGS in a least
cost formulation displaces a portion of numerous other
feedstuffs. This is because DDGS, like all other feedstuffs,
contains a unique proportion of energy, lysine, methionine,
phosphorus and all of the other nutrients that are
balanced simultaneously. For example, when DDGS are
included in a least-cost broiler diet, it causes a decrease
in the content of several feedstuffs (corn, soymeal, meat
meal) and it also causes an increase in the level of several
others (lysine, methionine, fat). Displacement or addition
of feedstuffs due to inclusion of DDGS will have land use
GHG emission implications if production of feedstuffs
requires land to produce them, e.g., corn and wheat.
Some other feed ingredients displaced such as vitamins
do not have land use implications but still have climate
change implication due to use of material and fossil fuel
inputs in their life cycles. Indirect land use change (iLUC)
GHG emissions have become an important consideration
in life cycle analysis of biofuels and regulations such as
the Low Carbon Fuel Standard in California. Various iLUC
models utilize DDGS displacement ratios to capture land
avoided as a result of feedstuff displacement. To correctly
estimate iLUC emissions, displacement ratios that reflect
reality are highly valuable. In addition, one would have to
separately tally the GHG values for each of the feedstuffs
that changed in the ration that do not have land use impli-
cations to estimate Life cycle GHG emissions of biofuels.

Feedstuff prices are highly variable across time as a result
of macroeconomics and are also variable across regions
of the country due to transportation costs. For this
reason, animal nutritionists reformulate diets frequently
in order to capture real-time fluctuations in ingredients
prices. Diets are also formulated regionally to capture
the differing feedstuff prices in different markets. Conse-
quently, the proportion of feedstuffs in a diet is dynamic,
changing with time and location. In some parts of the
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country numerous competing feedstuffs are considered
when formulating a feed, whereas other regions have
fewer options. For example, nutritionists formulat-
ing animal diets in California, which has a very diverse
agriculture, will consider dozens of feedstuffs ranging
from purpose grown corn and oilseeds to a vast array
of byproducts from fruits, vegetables, nuts, wheat, rice,
cotton, and ethanol production. The resulting diets often
utilize in excess of 10 feedstuffs. Nutritionists in Central
and Midwest regions, where corn and soy dominate agri-
culture, have fewer options and consequently simpler
diets. Clearly the displacement ratios that are appropri-
ate for one region of the country are not valid for other
regions.

To date, displacement ratios for DDGS have been very
simplistic for several reasons. First and most importantly,
the research on which these displacement ratios are
based was designed for other purposes. Much of this
research was done to define the upper limits of DDGS that
can be included before animal production rate, efficiency
or product quality is impaired (Cromwell et al., 2011; Felix,
Zerby, Moeller, & Loerch, 2011; Klopfenstein, Erickson, &
Bremer, 2008; Lumpkins, Batal, & Dale, 2004; Masa’deh,
Purdum, & Hanford, 2011; Stein & Shurson, 2009). Other
research focused on determining the digestibility of the
nutrients in DDGS (Adeola & lleleji, 2009; Peter et al.,
2000; Widmer, McGinnis, & Stein, 2007). In each case the
experimental diets were not formulated using least cost
techniques, but were purposely designed very simply in
order to allow repeatable and publishable interpretations
related to the nutritional value of DDGS. Second, most
of the research was done in the Midwest region where
feedstuff options are relatively limited and animal diets
are correspondingly simple. Applying research results
from one region to distant regions that use very different
feedstuffs is misleading and likely results in low accuracy
of current displacement ratios used for calculating GHG
emissions of the ethanol industry.

The objective of this study is to determine the shifts in
feedstuff usage that occur when regionally-specific
“least-cost” diets are provided to animals throughout
the US as a result of including DDGS at typical levels.
This was done by using a realistic range of feedstuff
prices to formulate least cost diets according to industry
standards. This process was replicated across the primary
production regions for a given species. A “US composite”
was then tallied by weighting the different least cost
solutions according to the actual animal production rates
in each region. This process was done for each the major
livestock groups: beef cattle, dairy cattle, broilers, egg
laying chickens, turkeys and swine.

METHODS

The digestible nutrient profiles of feedstuffs and the
nutrient requirements of target species generally
conformed to the recommendations of the National
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Research Council (NRC Nutrient Requirement Series;
http://www.nap.edu/topics.php?topic=296) for each
species, but were amended to reflect current industry
data and practices. This was done by surveying existing
practices of consulting and industry nutritionists experi-
enced for each of the target species in each of the target
regions.

Feedstuff prices for each region were obtained from the
USDA Market Data Reports (http:/www.ams.usda.gov/
AMSv1.0/ams.fetchTemplateData.do?template=Template
P&navID=MarketNewsAndTransportationData&leftNav=M
arketNewsAndTransportationData&page=LSMarketNew
sPageFeedstuffs) in the summer of 2011. For feedstuffs
not covered by USDA, data compiled in the publication
“Feedstuffs” was utilized (http:/fdsmagissues.feedstuffs.
com/fds/Reference_issue_2012/Referencelssue2011.
htm!). Because commodity feedstuff prices are strongly
linked to the highly volatile crude oil prices (Donohue
& Cunningham, 2009), most large animal and feed
producing companies lock in commodity prices in order
to buffer price shocks. Integrators and compounders were
surveyed for actual commodity prices and prices were
modified as necessary to reflect true costs to feed com-
pounders. Additionally, the broiler, swine, and beef feedlot
industries are highly concentrated and the small numbers
of very large producers have considerable bargaining
power and often pay less for feedstuffs. Thus prices were
adjusted as appropriate for this market leverage.

For poultry, swine, and beef cattle three complete feeds
(diets) were formulated for three different regions in
the US (Table 1). For dairy cattle, only two regions were
considered. Commercial least cost software, specifically
designed for each species was utilized to formulate each
diet. Mixit Win4 software program (Agricultural Software
Consultants, Mixit-Win version 3, 2004) was used for
poultry and swine diets. PCDairy (Robinson & Ahmadi,
2005) and Taurus (Oltjen, Dunbar, & Ahmadi, 2006) were
usedfordairy and beef cattle diets, respectively. In practice,
production animals are fed several different diets in order
to match dietary nutrient levels to their changing nutrient
requirements (e.g., starter, grower, finisher, withdrawal).
For this study a typical grower-finisher diet of poultry and
swine was the focus because it is consumed in the greatest
amount and also contains higher levels of DDGS than
starter diets. Diets fed to finishing beef cattle are much
less variable so only one “typical” diet was considered. In
the case of dairy cattle, two diets were formulated in order
to capture the large differences between diets fed for a
mid-level versus high-level of milk production. Three diet
types were formulated for each species: 1) Diet without
DDGS; 2) Diet containing DDGS at the maximal level that
does not decrease animal performance or product quality
3) Diet containing DDGS at a half-maximal level. Each or
these 3 diet types were repeated in 3 regions (9 formula-
tions per species) for layers, turkeys, broilers, swine, and
beef. For dairy, each of the three diet types was repeated
for cows at mid and high-production levels and in two
different regions (12 formulations). Thus the total number
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of formulations (computer runs) was 57.

The maximal level of DDGS that can be fed without causing
decreases in animal performance or product quality is a
matter of great debate. In a formal survey of mid-west
livestock producers (U.S. Department of Agriculture,
June 29, 2007), DDGS were being included in diets at the
following levels: Dairy cattle, 8%; Cattle on feed, 11%; Beef
cattle, 28%, Hogs, 11%. These levels are well below the
maximal levels found in literature reviews (Klopfenstein,
Erickson, & Bremer, 2007; Schingoethe, Kalscheur, Hippen,
& Garcia, 2009; Stein & Shurson, 2009). This is likely due
to several reasons including experience with their use
and issues with product quality (Hoffman & Baker, 2011;
Kleinschmit, Schingoethe, Kalscheur, & Hippen, 2006; Liu,
2011; Shim, Pesti, Bakalli, Tillman, & Payne, 2011; Stein &
Shurson, 2009; Tedeschi, Kononoff, Karges, & Gibson,
2009). DDGS and similar products from the brewing
industry have been used for many decades in ruminant
diets and their nutritional characteristics are well known;
consequently actual industry inclusion levels are closer
to theoretical maximums. This is not the case for hogs
and poultry, where industry levels in 1996 were consid-
erably below theoretical maximums. Additionally hogs
and poultry are more sensitive to product quality issues
than ruminants. The DDGS used by academic research-
ers is often “best quality” product that, when available
to producers, commands a higher price than average
quality product. With increasing experience using DDGS
and improving product quality, DDGS inclusion rates have
increased markedly in hog and poultry diets since 2006.
The maximal inclusion levels selected for each species for
this current study reflect these conflicting issues.

Maximal inclusion constraints were placed on most
feedstuffs at the maximal tolerable level that does not
decrease production rate, efficiency, or quality. In some
cases, maximum constraints were placed because of
limiting amounts of regional availability. This was done
to ensure that diets formulated were realistic and did
not include more of a feedstuff than is available within
a specific region. Minimum constraints were placed
on home-produced ingredients such as silages. Waste
products from bakeries, food processors and restaurants
are extremely heterogeneous and are represented by the
generic name “bakery waste products”. The regional for-
mulations were ground truthed by comparison with actual
diets currently and historically fed by large commercial
confinement production companies and appropriate
adjustments were made.

Poultry and swine diets were formulated to meet required
levels of metabolizable, digestible amino acids, bio-
available minerals and vitamins. Ruminant diets were
formulated to meet minimum levels of net energy, acid
detergent fiber, crude protein and minerals. A typical diet
formulated without DDGS is shown in Table 2.

To calculate a composite displacement ratio across all
six livestock types, the displacement ratios for each
individual livestock type was corrected for proportion of
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the total diet consumed by all species. To calculate feed
consumption for each livestock type, the total pounds of
animal production reported for 2010 (World Agricultural
Supply and Demand Estimates, USDA; http:/www.usda.
gov/oce/commodity/wasde/) were multiplied by the
feed conversion efficiency of each livestock type (Arora,
M., & Wang, 2010). In the case of beef cattle, the total
weight produced was corrected for the proportion that
would be expected to be gained in feed lots, since about
60% of weight gain occurs prior to entering the feedlot.
The calculated proportions of total diet consumed were:
broilers, 18.6%; turkeys, 4.3%; layers, 1.7%; swine, 16.9%;
beef, 19.9%; dairy, 38.6%. The values for ruminants include
the roughage components (hay and silage) because these
are typically adjusted when DDGS are added.

RESULTS

Species differences:

Amounts of DDGS that poultry and swine producers are
currently willing to use has increased considerably these
past several years due to increased protein quality (digest-
ibility) resulting from better DDGS processing (Almeida,
Petersen, & Stein, 2011; Kim, Parsons, Srinivasan, & Singh,
2010) and due to increased prices of corn and soymeal.
Levels for beef have been stable but levels for dairy have
decreased somewhat recently because of problems with
milk fat (Schingoethe, et al.,, 2009). Thus, the inclusion
levels for non-ruminants were higher than those suggested
in the peer reviewed literature, while those for dairy were
similar or somewhat lower (Tables 3-8).

In poultry and swine diets, DDGS displaced mostly corn,
feathermeal and soymeal, but increased the use of fat and
bakery waste in all regions. This displacement pattern
reflects the high protein but low energy properties of
DDGS for non-ruminants. Thus, additional high energy
sources, such as fat and bakery waste, are enriched in the
diet as DDGS levels increase.

Displacement ratios for DDGS in ruminant diets are
hard to generalize because of the plethora of regionally
specific high fiber feedstuffs that are used. In general
DDGS displace much less corn and soymeal in ruminant
diets than in non-ruminants, but they displace much
higher amounts of byproducts of human food and fiber
production such as rice bran, wheat mill run, and cotton
seed meal. Animal fats are also displaced because
ruminants can use the high fiber content of DDGS for
energy; this is the opposite of the case for non-ruminants.

In practice, the amount of DDGS that would be included
in any diet is dependent on several factors, the most
important of which is price. The highest price at which
DDGS would continue to be included in a diet at the
maximal tolerable level differs for each species because
of their ability to digest the fiber in DDGS and also their
differing dietary requirements for amino acids, especially
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lysine and methionine. We calculated that the maximal
price is highest for swine > layers > beef > dairy =
broilers = turkeys. This calculation assumes high quality
DDGS; low quality DDGS have poorly digestible amino
acids, which greatly diminishes their value for poultry and
swine. In the case of non-ruminants the DDGS price for
maximal inclusion is extremely sensitive to the price of
soymeal, fat and amino acids. For ruminants, the maximal
price of DDGS is highly sensitive to the price of “on farm
produced” silages. However, estimating the price of silage
is difficult because there is not an extensive market for
this commodity so the confidence interval surrounding
the maximal price of DDGS for ruminants, especially dairy
cows, is broad.

Regional Differences:

The differences in least cost diets across major production
regions were much greater for ruminants than non-
ruminants (Tables 3-8). For example, the corn content
of broiler diets devoid of DDGS varied from 66.6% to
71.3% across the 3 regions. The corn content of beef diets
devoid of DDGS varied from 52.9 to 80.5%. This is due to
the fact that there are few alternatives to corn as a source
of metabolizable energy for monogastrics, but ruminants
can use a variety of silages and somewhat high fiber
byproducts in place of corn (e.g., rice bran, canola meal,
cotton seed meal).

There are also large regional differences in the ingredients
displaced by DDGS. Again, there are larger differences
for ruminant diets than non-ruminant. For example, in
beef diets adding 30% DDGS displaced 23.4% corn (i.e.
displacement ratio of 0.78) in the high plains where few
other ingredient options exist, but they displaced only
1.5% corn in the more complex diets of the West. In broiler
diets, adding 25% DDGS displaced 24.7% corn in the Mid-
Atlantic but only 16.29% corn in the South Central region.
This is largely due to presence of wheat and other high
energy ingredients in diets in the South Central region.

US Composite Displacement values:

Species-specific displacement values (% of DDGS added)
across all regions, corrected for the proportion of US
production in each region, are shown in Tables 9-14. When
DDGS were formulated at maximal inclusion levels for
each livestock type, DDGS displacement values for corn
ranged from 40% for dairy cows to 97% for turkeys. For
soybean meal, displacement values ranged from 24%
for laying hens and swine to -6% for turkeys. A negative
displacement value suggests the use of DDGS requires
additional use of a particular feedstuff. DDGS displace-
ment values (% of DDGS added) were relatively similar
between inclusion rates at maximal amounts and at half
maximal amounts for poultry and beef diets. However,
the two different levels of inclusion rates resulted in very
different displacement values for swine and dairy diets.
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The total amount of DDGS that was actually consumed
by each livestock type in the US during the 2010 year is
shown in Table 15. A US composite displacement ratio
was calculated by using the consumption rates in Table 15
to adjust the DDGS displacement ratios for each livestock
type (Table 16; last two columns). If all of the DDGS fed
in 2010 were included in the diets at maximum tolerable
levels, the US displacement ratio is 0.55 for corn, 0.07 for
soymeal, and 0.06 for canola meal. In a scenario where
all of the DDGS being fed were included in diets at a level
of half the maximal level (i.e. twice as many producers
feeding half as much) the displacement ratios for corn
increases to 0.66 and that for soymeal decreases to 0.05.
Thus, the exact displacement ratio for a given amount of
DDGS depends partly on the number of producers using
it.

Looking to a future when more DDGS are produced and
pricing and quality will allow full penetration of the poultry
and swine markets in addition to the ruminant markets
the proportional consumption of DDGS will become
somewhat similar across livestock sectors (Table 15).
Under this scenario poultry and swine consume a higher
proportion of the DDGS and the US composite displace-
ment ratio changes somewhat from the 2010 scenario.
At maximal consumption by all livestock types (first two
columns of Table 16), the displacement ratio is 0.62 for
corn and 0.10 for soymeal. Interestingly the displacement
ratio for fat goes from positive for the 2010 scenario to
negative for the future scenario, which is due to the fact
that DDGS have a high energy ratio for ruminants and
displace fat but they have a low energy ratio for non-
ruminants and require the addition of additional fat. Thus
as more DDGS are consumed by non-ruminants relative
to ruminants, more fat is added to the composite diet.
However, in either case, the total displacement ratio for
corn and soybean combined does not exceed 0.72. This is
a lower ratio than suggested by earlier studies (Anderson,
Schingoethe, Kalscheur, & Hippen, 2006; Hoffman &
Baker, 2011; Klopfenstein, et al.,, 2008; Whitney, Shurson,
Johnston, Wulf, & Shanks, 2006).

Differences compared to other studies:

Most previous studies on displacement ratio of DDGS
(Anderson, et al., 2006; Hoffman & Baker, 2011; Klopfen-
stein, et al., 2008; Whitney, et al., 2006) relied on the diets
used in the peer reviewed literature for estimating dis-
placement ratios. Though this is an obvious and laudable
first step, the diets used in the peer reviewed literature are
not often similar to those used in the industry. Often only
three or four ingredients were adjusted when DDGS were
included (corn, soymeal, phosphate, urea). As discussed
above, most scientific research employs only common
ingredients that allow for easy formulation of diets that
vary in as few feedstuffs as possible while keeping the
levels of essential nutrients constant across various
experimental diets. This allows for greater experimental
control and publishability because changes in DDGS are
confounded with as few dietary factors as possible. This
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approach is useful to academicians for understanding the
nutritional value of DDGS but is not representative of the
way nutrition is actually done in the industry (i.e. least
cost formulation), where large numbers of potential feed
ingredients are considered and the cheapest combination
of feed ingredients are utilized. The recent publication by
Hoffman and Baker (Hoffman & Baker, 2011) provides the
most extensive estimate of displacement ratios for major
production species: Beef cattle - corn, 1.0 and soymeal,
O; Dairy cattle - corn 0.45, soymeal, 0.55; Swine - corn
0.89, soymeal, 0.10; poultry - corn 0.51, soymeal, 0.50.
The difference between DDGS displacement ratios from
previous studies and this current analysis are somewhat
subtle for poultry and swine but are large for ruminants,
which are typically fed a wide variety of different
byproducts from the human food and fiber industries
(e.g. rice bran, almond hulls, cotton seed meal) as well as
silage.

Another important difference between this current
analysis and previous studies is the use of a “bonus” for
improved growth rates and feed efficiency for feedlot beef
cattle fed DDGS. In some locations, such as parts of the
high plains, feeding wet DGS can increase feed efficiency
and growth rate as a result of increased palatability and
fiber quality compared to simple diets containing mostly
corn, soymeal and urea. This increased performance is not
seen in studies that use more complex diets or if DDGS are
used. In fact, anecdotal observations of some consulting
nutritionists indicate that growth rate and efficiency are
decreased with increasing DDGS in regions where diets
rely more on byproducts and wheat, but less on corn and
soymeal. Though the bonus often attributed to DDGS is
likely to be real in much of the high plains, it is not real in
many areas of beef production and should not be applied
uniformly across the country. This issue deserves further
study because it is likely that areas where DDGS have
negative effects on poultry, swine, feedlot cattle and dairy
cattle cancel much of the positive value seen for DDGS in
feedlots on the high plains.

A recent study by Hazzledine et al. (2011) used similar cost
optimization software as this current study for estimating
wheat DDGS displacement ratios. Comparing the results
of these studies is confounded by several factors: 1.
Wheat DDGS differ from corn DDGS in having slightly
higher levels of protein; 2. The feedstuffs available differ
greatly between Great Britain (GB) and US; 3. The prices
of high protein meals are considerably higher in GB than
the US; and 4. The rate of production (growth, milk yield,
egg vield) is lower in GB than the US and consequently
nutrient requirements are also lower. Although it is likely
that all of these factors contribute to the difference in the
general profile of displacement ratios for wheat and corn
DDGS, the largest factor is likely the high cost of protein
meals in GB. In GB, protein dominates the cost of a diet
whereas in the US, metabolizable energy is often the most
expensive component. Thus in the US, DDGS displace
predominantly high energy feeds like corn, whereas in GB
DDGS displace a much greater proportion of high protein
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feedstuffs.

There are many other co-products from corn ethanol
production including wet DGS, DDG, corn gluten feed,
corn gluten meal, defatted-DDGS, etc. On a dry matter
basis, wet DGS have a similar nutritional value as DDGS
and are cheaper if transportation distances are short.
Additionally wet DGS increase the palatability and feed
intake of beef cattle when fed some types of diets and

Table 1.

Livestock type

Region production (%)

Proportion of US

this results in faster growth. De-fatted DDGS can be fed at
a much higher rate to dairy cows than conventional DDGS
because the maximal inclusion rate of conventional DDGS
is limited by the high level of polyunsaturated fatty acids.
Currently DDGS is the dominant form fed but the alter-
native co-products are increasing and eventually should
be considered in calculating the displacement ratios for
the composite co-products of the corn-based ethanol
industry.

Regions used for calculating least-cost diets for each livestock type.

Proportion of total US
production in study
regions (%)

South-Central 22.6
Broilers South-East 36.8
Mid-Atlantic 22.8
Mid-West 37.6
Layers South-East 15.3
Mid-Atlantic 21.4
South-Central 23.5
Turkeys Mid-West 32.4
Mid-Atlantic 36.2
Central 16.2
Swine Mid-West 64.0
Mid-Atlantic 16.3
Mid-West 13.2
Beef High Plains 47.0
West 27.8
East, Mid-West 49.9

Dairy
West 435
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82.2

74.3

921

96.5

88.0

93.4
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Table 2. Broiler, grower-finisher diet without DDGS

Corn, Dent Yellow 66.56 Metabolizable Energy 3200.00 kcal/kg
Soybean meal, 48.5% protein 14.81 Protein 17.43 %
Wheat flour 4.46 Fat 5.47 %
Bakery waste, dried** 4.25 Calcium 0.80 %
Meat with bone meal 313 Phosphate total 0.77 %
Feather meal, hydrolyzed 1.97 Phosphate available 0.40 %
Fat, animal vegetable blend 1.79 Potassium 0.58 %
Calcium phosphate, dibasic 1.59 Chloride 0.23 %
L-lysine HCI 0.43 Magnesium 0.20 %
Mineral mix 0.42 Sodium 0.12 %
Vitamin mix 0.25 Iron 51714 ppm
Limestone, ground 0.16 Manganese 142.58 ppm
DL-methionine 0.08 Copper 12.00 ppm
Salt 0.06 Zinc 96.70 ppm
Threonine 0.04 Vitamin A 3000.00 IU/kg
Vitamin E 15.00 IU/kg
Biotin 0.25 mg/kg
Choline 923.10 mg/kg
Niacin 48.04 mg/kg
Riboflavin 494 mg/kg
Thiamin 4.87 mg/kg
Arginine 1.03 %
Isoleucine 0.67 %
Lysine 110 %
Methionine 0.35 %
Methionine + Cysteine 0.70 %
Threonine 0.68 %
Tryptophan 0.18 %
Valine 0.83 %
Phenylalanine 0.64 %
Phe + Tyrosine 115 %
Linoleic, n-6 1.25 %

**Bakery wastes are an example of a large number of high energy wastage products from the human food industry fed to livestock.
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Table 3. Summary of broiler grower-finisher diets with O, 12.5 or 25% DDGS in the three major production regions'.

| 00000 |  southCentral |  southEast |  Mid-Atlantic
| pocsievel | o | 25| 25 | o ] 25| 25 | o0 | 125 | 25

Corn, Dent Yellow 66.56 60.78 50.27 70.24 60.64 49.99 71.34 59.65 46.64
Soybean meal, 48.5% 14.81 14.24 12.03 16.69 14.23 12.53 16.92 15.91 15.05
DDGS 0] 1250  25.00 0.00 12.50 25 0.00 1250 25.00

Wheat 4.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Bakery waste, dried 4.25 4.84 5.51 5.42 5.02 5.22 3.85 4.04 5.51
Meat with bone meal 313 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00
Feather meal, hydrolyzed 1.97 1.59 0.53 2.28 1.59 0.48 2.26 1.58 0.88
Fat 1.79 2.22 2.91 1.46 219 3.01 1.67 2.57 3.39

Calcium phosphate, dibasic 1.59 1.38 1.20 1.56 1.38 1.25 1.57 1.38 117
L-lysine HCI 0.43 0.50 0.57 0.46 0.50 0.53 0.45 0.44 0.43
Mineral mix 0.42 0.38 0.35 0.41 0.38 0.35 0.41 0.37 0.33
Vitamin mix 0.25 0.27 0.31 0.26 0.27 0.31 0.26 0.28 0.32
Limestone, ground 0.16 113 1.25 1.01 113 1.25 1.00 112 1.24
DL-methionine 0.08 0.08 0.06 0.09 0.08 0.08 0.09 0.06 0.03

Salt 0.06 0.05 0.00 0.08 0.04 0.00 0.12 0.06 0.00
Threonine 0.04 0.04 0.02 0.05 0.05 0.05 0.05 0.03 0.00
Choline chloride 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00

| TotaL | 100 | 100 | 100 | 100 ] 100 | 100 [ 100 | 100 | 100

Values are expressed as per cent of the dry matter.

Table 4. Summary of layer diets with O, 10 or 20% DDGS in the three major production regions’.

T wewest | sounEast | miAtannc
— boeses | o [ 0 [ 20 | o | o [ 20 | o | 1o ] 2

Corn Dent Yellow 65.69 5915 5065 6554 5768 5071 6794 59.77 5154
Soybean meal, 48.5% 16.22 1240 1045 1619 1336 1070 1235 1096 9.57
DDGS o) 10.00 20.00 o) 10.00 20.00 o) 10.00 20.00
Limestone, ground 9.16 9.23 9.29 9.16 9.26 9.36 9.17 9.27 9.36
Bakery waste, dried 2.82 3.02 3.34 3.03 3.81 3.34 3.03 3.07 319
Feather meal, hydrolyzed 2.67 2.64 2.37 2.67 2.26 1.84 4.60 3.51 2.41
Calcium phosphate dibasic 113 0.99 0.84 112 0.98 0.84 113 0.99 0.84
Fat 110 1.34 1.87 1.07 1.42 1.94 0.47 113 1.78
Mineral mix 0.43 048 0.52 0.43 0.41 040 045 043 040
Vitamin mix 0.34 037 040 0.34 037 040 034 0.36 0.39
Salt 0.22 0.10 0.00 0.21 0.15 0.12 0.20 0.16 0.12
DL-methionine 0.10 0.08 0.05 0.10 0.09 0.07 omn 0.09 0.07
L-lysine HCI 0.08 0.15 0.16 0.08 0.15 0.22 017 0.21 0.24
Choline chloride 0.03 005 006 003 005 006 004 005 0.06

TOTAL | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

"Walues are expressed as per cent of the dry matter.
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Table 5. Summary of turkey grower-finisher diets with O, 10 or 20% DDGS in the three major production regionsl.

_ South-Central Mid-West Mid-Atlantic

Corn Dent Yellow 8239 7360 6299 8299 7360 6229 8249 7360 6209
DDGS 0 10.00 20.00 0.00 10.00 20.00 0 10.00 20.00
Soybean meal, 48.5% 7.77 9.85 118 1013 9.85 11.68 10.63 9.85 11.48
Feather meal, hydrolyzed 3.79 210 0.40 312 210 0.41 313 210 0.50
Wheat flour middlings 1.88 0.00 0.00 0 0 0 0] 0 0
Calcium phosphate, dibasic 1.36 1.22 1.06 1.39 1.22 117 1.37 1.22 114
Limestone, ground 0.79 1.00 1.09 0.90 1.00 1.09 0.90 1.00 1.08
Fat 0 0.78 1.90 0.00 0.78 1.98 0.00 0.78 1.94
Vitamin mix 0.54 0.57 0.61 0.54 0.57 0.61 0.54 0.57 0.68
Meat with bone meal 0.47 0.00 0.00 o 0] o 0] 0 0
L-lysine HCI 0.45 0.39 0.34 0.39 0.39 0.34 0.39 0.39 0.35
Salt 0.20 0.19 0.16 0.22 0.19 0.16 0.22 0.19 0.16
Threonine 0.13 0.12 omn 0.12 0.12 omn 0.12 0.12 on
Mineral mix 0.2 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13
DL-methionine 0.07 0.04 0.02 0.06 0.04 0.02 0.06 0.04 0.02
Tryptophan 0.04 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.01
Choline chloride 0.01 0.00 0.00 0.01 0.00 0.00 0.01

roraL mmmmmmmmm

"Values are expressed as per cent of the dry matter.
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Table 6. Summary of swine grower-finisher diets with O, 15 or 30% DDGS in the three major production regionsl.

ingredtent Lo | 5 | o o s |30 ] o] s | w0

Corn Dent Yellow 65.60 5480 48.67 68.71 62.65 4867 7493 67.23 48.67
DDGS 0 15.00 30.00 0 15.00 30.00 0 15.00 30.00

Wheat flour middlings 16.58 17.40 12.98 13.98 9.54 14.81 9.81 2.03 14.81
Soybean meal, 48.5% 1.65 9.79 6.42 1.83 10.71 4.53 12.89 1.30 4.53
Bakery waste, dried 4.27 0.00 0.00 3.30 0.00 0.00 0 2.28 0.00
Limestone, ground 1.00 217 1.24 0.99 1.09 1.25 0.96 1.07 1.25
Calcium phosphate dibasic 0.33 0.15 0 0.37 0.24 0.00 0.44 0.28 0.00
L-lysine HCI 0.29 0.29 0.36 0.29 0.29 0.42 0.28 0.29 0.42
Vitamin mix 0.10 0.23 0.26 0.21 0.25 0.25 0.24 0.27 0.25
DL-methionine 0.09 0.03 0.00 0.10 0.03 0.00 0.0 0.05 0.00
Mineral mix 0.00 0.05 0.04 0.10 0.09 0.04 0.12 0.12 0.04
Threonine 0.05 0.00 0.00 0.05 0.00 0.00 0.05 0.01 0.01

Salt 0.04 0.09 0.03 0.07 0 0.03 0.8 0.06 0.03

roraL 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | o0

"Values are expressed as per cent of the dry matter.
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Table 7. Summary of beef diets with O, 15 or 30% DDGS in the three major production regions].

| | wewes ] veneans | we

ngredtent Lo | 5 | o] o |5 30 ] o] s | w0

Corn, Flaked 64.97 5725 4396 8049 64.61 5707 52.88 5119 51.39
DDGS 0.00 15.00 30.00 0.00 15,00 30.00 0.00 15.00 30.00
Corn Silage, well eared 24.23 2312 24.51 9.75 10.82 1n.22 0.00 0.00 0.00
Wheat 0.00 0.00 0.00 0.00 0.00 0.00 9.86 4.32 0.00
Soybean meal, 48.5% 8.69 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rice bran with germ 0.00 0.00 0.00 0.00 0.00 0.00 7.72 3.22 0.00
Wheat, mill run 0.00 0.00 0.00 0.00 0.00 0.00 7.41 417 0.00
Cottonseed meal, 44% 0.00 0.00 0.00 0.00 0.00 0.00 4.42 0.00 0.00
Wheat Straw 0.00 0.00 0.00 0.00 0.00 0.00 3.92 6.87 7.74
Alfalfa Hay, mid bloom 0.00 0.00 0.00 4.89 6.79 0.00 4.39 3.73 3.71
Sorghum-Sudan grass, mid 0.00 0.00 0.00 0.00 0.00 0.00 3.74 6.57 3.88
bloom
Fat, animal vegetable blend 0.00 0.00 0.00 1.88 1.22 0.00 4.00 3.54 1.96
Limestone, ground 1.09 113 1.07 1.04 0.95 1.09 1.02 0.96 0.92
Vitamin Mineral Mix 0.33 0.50 0.39 0.30 0.49 0.56 0.23 0.32 0.37
Urea 0.25 0.00 0.06 112 0.01 0.00 013 0.00 0.00
Salt 0.21 0.13 0.00 0.20 0.12 0.05 0.13 0.07 0.02
Calcium phosphate, dibasic 0.14 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Mineral mix - NRC 0.09 0.00 0.00 0.13 0.00 0.00 0.15 0.04 0.00

roraL | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Walues are expressed as per cent of the dry matter.
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Table 8. Summary of dairy diets with O, 6 or 12% DDGS in the three major production regions.

Mld-productlon High-production Mid-production High-production

DDGS 0.00 6.00 1200 0.00 6.00 1200 6.00 1200 0.00 6.00 12.00

Almond hulls 0.00 000 000 000 000 0.00 1200 1200 1200 12.00 1200 12.00

Corn Silage, well eared 13.80 1595 16.38 16.25 16.07 16.00 1149 1.68 1.71 150 1155 2155
Corn, Flaked 2521 1876 1890 2690 2376 2163 1470 13.20 1166 1530 13.06 11.36

Mixed grass & legume silage 13.80 1530 15.40 1640 16.20 16.00 0.00 0.00 0.00 0.00 0.00 0.00
Grass Silage 13.80 15.30 15.40 1640 16.20 16.00 0.00 0.00 000 0.00 0.00 0.00

Wheat Silage 0.00 0.00 000 0.00 000 0.00 10.00 10.00 10.00 10.00 10.00 0.00
Brewers’ grain, dried 10.00 830 331 000 000 000 000 000 000 000 0.00 0.00
Wheat flour middlings 0.00 000 000 000 000 000 800 800 800 800 471 230

Canola meal, solvent extracted 410 410 410 620 250 0.00 1500 10.90 6.95 1500 1500 13.20

Corn gluten feed 10.30 745 567 000 000 000 600 6.00 600 600 600 6.00

Alfalfa Hay, mid bloom 0.00 000 000 000 000 000 500 500 500 500 500 5.00

Cotton seed, Whole, de-linted 0.00 000 000 000 000 000 400 400 400 400 4.00 400

Whey, liquid 3.00 300 300 240 280 300 300 300 300 300 300 3.00
Soybean meal, 44% 0.00 0.00 0.00 0.00 0.00 200 000 000 000 000 000 0.00
Soybean meal, 48.5% 0.00 000 000 880 1000 750 000 000 000 000 0.00 0.00
Wheat Straw 0.40 040 040 050 052 000 300 300 300 3.00 3.00 3.00
Rice bran with germ 0.00 0.00 0.00 0.00 0.00 0.00 300 3.00 3.00 3.00 3.00 3.00
Molasses 300 300 300 300 300 300 200 200 200 200 200 200
Tallow, Beef 0.70 070 0.70 060 060 060 0.00 0.00 0.00 0.00 0.00 0.00
Blood meal, conventional 070 070 070 060 060 060 0.00 0.00 0.00 0.00 0.00 0.00
Limestone, ground 079 076 077 135 137 139 074 078 082 142 140 142
Urea 020 009 009 041 019 018 000 000 000 041 OM 0.00
Soybean hulls 0.00 0.00 0.00 0.00 0.00 0.00 190 126 068 0.20 0.00 0.00
Vitamin Mineral Mix 020 019 019 019 019 010 017 017 018 017 017 018

ToTaL 100 ] 100 [ 100 1100 100 [ 100 | 100 | 100 [ 100 100 [ 100 | 00 |

'Ratios are expressed as per cent of the dry matter.
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Table 9. Displacement values for adding either 12.5 or 25% DDGS to broiler diets in the major US growing regions.

s | s | s | s

Corn Dent Yellow -9.13 -20.40 73.05 81.58
Soybean meal, 48.5% -1.54 -3.15 12.32 12.60
Wheat -1.23 -1.23 9.81 4.90
Bakery waste, dried 0.04 0.72 -0.29 -2.87
Meat with bone meal -0.86 -0.86 6.90 3.45
Feather meal, hydrolyzed -0.60 -1.59 4.83 6.34
Fat 0.70 1.48 -5.57 -5.92
Calcium phosphate, dibasic -0.19 -0.36 1.51 1.44
L-lysine HCI 0.04 0.07 -0.31 -0.26
Mineral mix -0.03 -0.07 0.28 0.28
Vitamin mix 0.02 0.06 -0.15 -0.23
Limestone, ground 0.35 0.47 -2.82 -1.90
DL-methionine -0.01 -0.03 on omn
Salt -0.03 -0.08 0.27 0.33
Threonine -0.01 -0.02 0.06 0.09
Choline chloride 0.00 0.01 0.00 -0.03

Table 10.Displacement values for adding either 10 or 20% DDGS to layer diets in the major US growing regions.

Displacement

% of diet % of DDGS added

Corn Dent Yellow -7.28 -15.39 72.80 76.95
Soybean meal, 48.5% -2.91 -4.85 2913 24.24
Limestone, ground 0.08 0.16 -0.83 -0.81
Bakery waste, dried 0.27 0.37 -2.73 -1.87
Feather meal, hydrolyzed -0.41 -0.95 412 4.75
Calcium phosphate, dibasic -0.14 -0.29 1.43 1.45
Fat 0.38 0.95 -3.83 -4.73

Mineral mix 0.01 0.02 -0.12 -0.09
Vitamin mix 0.03 0.05 -0.26 -0.27

Salt -0.09 -0.15 0.85 0.75
DL-methionine -0.02 -0.05 0.21 0.23
L-lysine HCI 0.06 0.09 -0.60 -0.45
Choline chloride 0.02 0.03 -0.17 -0.16
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Table 11. Displacement values for adding either 10 or 20% DDGS to turkey diets in the major US growing regions.

Displacement

% of diet % of DDGS added

Corn Dent Yellow -8.87 -19.47 88.70 97.36
Soybean meal, 48.5% -0.05 1.29 0.50 -6.43
Feather meal, hydrolyzed -1.20 -2.90 1.97 14.50
Wheat flour middlings -0.48 -0.48 4.81 2.40
Calcium phosphate, dibasic -0.15 -0.29 1.48 1.47
Limestone, ground 0.12 0.20 -1.25 -1.02
Fat 0.78 1.90 -7.75 -9.48

Vitamin mix 0.03 0.07 -0.32 -0.35

Meat with bone meal -0.12 -0.12 1.20 0.60
L-lysine HCI -0.01 -0.06 0.10 0.30

Salt -0.03 -0.06 0.32 0.31
Threonine -0.01 -0.02 0.06 0.09
Mineral mix 0.01 0.01 -0.08 -0.06
DL-methionine -0.02 -0.05 0.21 0.24
Tryptophan -0.01 -0.02 0.06 0.10
Choline chloride 0.00 0.01 0.00 -0.03

Table 12. Displacement values for adding either 15 or 30% DDGS to swine diets in the major US growing regions.

s [ s [ s [ s

Corn Dent Yellow -7.13 -20.57 47.54 68.55
Wheat flour middlings -4.12 0.79 27.46 -2.64
Soybean meal, 48.5% -1.32 -713 8.80 23.76

Bakery waste, dried -2.52 -2.91 16.80 9.68

Limestone, ground 0.28 0.26 -1.87 -0.86

Calcium phosphate, dibasic -0.15 -0.38 1.00 1.26
L-lysine HCI 0.00 0.12 0.01 -0.39
Vitamin mix 0.06 0.05 -0.37 -0.18
DL-methionine -0.06 -0.10 0.41 0.32
Mineral mix 0.00 -0.05 0.00 0.17
Threonine -0.05 -0.05 0.33 0.16

Salt 0.01 -0.05 -0.09 0.8
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Table 13. Displacement values for adding either 15 or 30% DDGS to beef diets in the major US growing regions.

Corn, Flaked -10.163 -16.087 67.75 53.62

Corn Silage, well eared 0.407 0.827 -2.72 -2.76
Wheat -1.762 -3.135 1.74 10.45

Soybean meal, 48.5% -0.863 -1.286 5.75 4.29
Rice bran with germ -1.431 -2.455 9.54 8.18
Wheat, mill run -1.030 -2.356 6.87 7.85
Cottonseed meal 44% -1.406 -1.406 9.38 4.69
Wheat Straw 0.938 1.215 -6.25 -4.05

Alfalfa Hay, mid bloom 0.805 -2.828 -5.36 9.43
Sorghum-Sudan grass, mid bloom 0.900 0.045 -6.00 -0.15
Fat -0.499 -1.652 3.32 5.51

Limestone, ground -0.062 -0.004 0.41 0.01
Vitamin mineral mix 0.035 0.060 -0.24 -0.20
Urea -0.671 -0.667 4.47 2.22

Salt -0.073 -0.142 0.48 0.47

Calcium phosphate, dibasic -0.128 -0.128 0.85 0.43
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Table 14.Displacement values for adding either 6 or 12% DDGS to dairy diets in the major US growing regions.

Displacement

% of diet % of DDGS added

Corn Silage, well eared 0.564 3.822 -9.40 -31.85
Corn, Flaked -3.465 -4.771 57.76 39.76
Mixed grass & legume silage 0.342 0.316 -5.70 -2.63
Grass Silage 0.342 0.316 -5.70 -2.63
Wheat Silage 0.000 -3.160 0.00 26.33
Brewers’ grain, dried -0.447 -1.759 7.45 14.66
Wheat flour middlings -1.040 -1.801 17.33 15.01
Canola meal -1.621 -3.471 27.02 28.92
Corn gluten feed -0.750 -1.218 12.49 10.15
Whey, liquid 0.105 0.158 -1.75 -1.31
Soybean meal 44% 0.000 0.526 0.00 -4.38
Soybean meal, 48.5% 0.316 -0.342 -5.26 2.85
Wheat Straw 0.005 -0.131 -0.09 110
Rice bran with germ 0.000 0.000 0.00 0.00
Limestone, ground -0.002 0.017 0.03 -0.14
Urea -0.181 -0.218 3.02 1.81
Soybean hulls -0.166 -0.257 2.76 214
Vitamin mineral mix -0.003 -0.024 0.04 0.20

Table 15.DDGS Usage (%) by species at current and at maximal inclusion rates.

. " % total feed . . .
2010 DDGS rates consumed Max inclusion? Potential use§
39 39 12 22

Dairy

Beef 41 20 30 28
Swine 10 17 30 24
Poultry 9 25 23 27

*Actual proportions (%) of DDGS used for each animal type in 2010 (RFA Association, 2010)
t Proportion (%) of all manufactured feed that is consumed by each livestock type
tMaximum amount tolerated without compromising performance or product quality.

§Proportion of total assuming all livestock consume diets with maximal DDGS inclusion levels
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Table 16.DDGS displacement ratios across all animal types*.

Displacement adjusted to:

Total US feed producedt 2010 DDGS use in USt

Corn Dent Yellow 0.629 0.623 0.661 0.554
Soybean meal, 48.5% 0.057 0.103 0.046 0.072
Canola meal 0.058 0.062 0.059 0.061
Wheat Silage 0.000 0.057 0.000 0.056
Brewers’ grain, dried 0.016 0.032 0.016 0.031
Wheat 0.033 0.029 0.068 0.058
Wheat flour middlings 0.104 0.027 0.038 0.032
Alfalfa Hay, mid bloom -0.015 0.026 -0.031 0.052
Rice bran with germ 0.026 0.023 0.055 0.045
Corn gluten feed 0.027 0.022 0.027 0.021
Wheat, mill run 0.019 0.022 0.040 0.044
Feather meal, hydrolyzed 0.016 0.020 0.006 0.007
Bakery waste, dried** 0.039 0.016 0.023 0.0Mn
Cottonseed meal 0.026 0.013 0.054 0.026
Wheat flour 0.021 0.01m 0.008 0.004
Urea 0.019 0.010 0.032 0.016
Calcium phos. dibas 0.009 0.008 0.008 0.005
Meat with bone meal 0.015 0.008 0.006 0.003
Soybean hulls 0.006 0.005 0.006 0.005
Salt 0.002 0.003 0.003 0.003
Mineral mix - NRC 0.003 0.002 0.005 0.003
DL-methionine 99% 0.001 0.001 0.001 0.001
Threonine 0.001 0.001 0.001 0.000
Sorghum-Sudan grass, mid bloom -0.017 0.000 -0.035 -0.001
L-lysine HCI 95% -0.001 -0.001 0.000 -0.001
Fat -0.006 -0.002 0.013 0.024
Vitamin mix - NRC -0.004 -0.002 -0.006 -0.004
Whey, liquid -0.004 -0.003 -0.004 -0.003
Mixed grass & legume silage -0.012 -0.006 -0.013 -0.006
Grass Silage -0.012 -0.006 -0.013 -0.006
Limestone, ground -0.010 -0.007 -0.003 -0.003
Wheat Straw -0.017 -0.009 -0.036 -0.020
Soybean seeds meal 44% 0.000 -0.009 0.000 -0.009
Corn Silage, well eared -0.028 -0.076 -0.036 -0.082

*Poultry, swine, beef cattle (feedlot), and dairy cattle

**Bakery wastes are an example of a large number of high energy wastage products from the humane food industry fed to livestock
tCalculations were based on the assumption that DDGS were used to the maximal extent in all animals feeds

iCalculations were based on the actual proportions of DDGS used for each animal type in 2010
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