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Historically, feed costs have represented 65 -75 percent of the variable costs of pork production, but for 
many producers this figure is now higher. Increased grain and supplement costs have pork producers 
seeking alternatives to traditional ingredients in swine diets.  Feed costs are, and will continue to be, an 
ever increasing factor in determining the profitability of a swine enterprise.

Adopting ingredient alternatives seems like a logical step for pork producers, however, availability, cost 
competitiveness, handling, and accurate formulation are often obstacles that must be overcome before 
an alternative can be utilized successfully.  Producers must recognize that alternatives may not be 
economical or may not complement the goals of their production system when used in the diet.  Pro-
ducers must continually evaluate the economics of using alternative ingredients as they may price into 
diets when corn or soybean meal are high, but may fail to be economical if demand or other factors 
change the price significantly.  Understanding these factors is critical to determine if the use of alterna-
tive ingredients is a long term option for lowering diet costs or simply a short term price advantage. 

Historically, corn has been the swine industry standard for supplying energy in a diet. but many other 
alternatives can easily meet the pigs’ dietary nutritional requirements with proper formulation.  The 
most common cereal grain substitutes used are grain sorghum (milo), wheat and barley.  Bakery by-
product also can serve as a primary energy source in swine diets.  

On the protein side, soybean meal has been the standard for supplying amino acids.  Ingredients used 
as alternatives to soybean meal include meat and bone meal and canola meal.  The use of synthetic 
amino acids also can greatly reduce the protein source needed in a diet.  

Finally, ingredients that can replace a portion of both corn and soybean meal include distillers grains 
with solubles, field peas, wheat midds and soybean hulls.  These ingredients provide a variety of ben-
efits to a swine ration including energy, protein and fiber.

Important considerations to take into account when using alternative ingredients are determining 
accurate nutrient values; accounting for ingredient variation; formulating on a digestible amino acid 
basis; and, valuing the energy impact on the diet.  These factors must be accurately determined to 
predict growth performance changes that may impact the economic analysis. 

The feed ingredients suggested in this publication have been used successfully to feed swine and can be 
used with confidence with proper sourcing and diet formulation.  However, locating the right source 
for the alternative ingredients can be challenging.  A basic knowledge and understanding of alterna-
tive ingredients and suppliers not only in times of high corn and soybean prices, but on an on-going 
basis will help to provide current pricing data and identify opportunities  to develop long-term pricing 
advantages.

Contact the Pork Checkoff, your local or state extension specialists for more information.

Introduction

Use, Advantages and Disadvantages of Common Alternative Feedstuffs



WheAt MIDDlIngs

typical nutrient composition (as-fed)

Dry matter, % 89.0
Energy, kcal/lb
    Digestible 1,395
    Metabolizable 1,372
    Net, INRA 849
    Net, NRC 708
Crude protein, % 15.9
Calcium, % 0.12
Phosphorus, % 0.93
Available P, % 0.38
Crude fat, % 4.2
Linoleic acid, % 1.74
Crude fiber, % 8.5
Neutral detergent fiber, % 35.6
Acid detergent fiber, % 10.7

Amino acids, % total sID1

    Lysine 0.57 89%
    Isoleucine 0.53 92%
    Leucine 1.06 93%
    Methionine 0.26 93%
    Cysteine 0.32 91%
    Threonine 0.51 88%
    Tryptophan 0.20 91%
    Valine 0.75 90%
1Standardized ileal digestibility

BackgroundDuring the wheat milling process, about 70 to 75 percent of the grain becomes flour, leaving 25 to 
30 percent as wheat byproducts. The identification of the different wheat byproducts is based on 
the crude fiber concentration. One of these byproducts is wheat middlings or wheat midds.  Wheat 
midds are relatively higher in fiber than feed grains. 

AdvantagesWheat midds are valuable to swine diets because of 
their energy and protein content.  Wheat midds are 
commonly added to pelleted feeds because of their 
beneficial effects on pellet quality. Because of their 
low bulk density, it is recommended to use pelleted 
wheat midds and then regrinding them to incorpo-
rate into the diet. Typically,   100 lb of wheat midds 
will replace 86.5 lb of corn, 12 lb of high protein 
soybean meal, and 1.5 lb of monocalcium phos-
phate.  This will replace the lysine and phosphorus 
provided by corn and soybean meal. It will also have 
little effect on the energy content of the diet and 
only lower dietary energy content by approximately 
15 Kcal metabolizable energy per ton, the equivalent 
of 0.50 percent added fat.

DisadvantagesWheat midds contain between 7.0 and 9.5 percent 
of fiber. In addition to the fiber content, the low 
bulk density (anywhere from 18 to 24 lb/cubic ft.) 
increases the volume of the feed unless the wheat 
midds are pelleted at the flour mill. 

Thus, capacity of mixers, trucks, feed bins, 
and feeders must be considered when adding 
unpelleted wheat midds to the diet, particularly at 
relatively high inclusion rates.

Wheat midds should be stored away from contact 
with cement floors or soil.  High relative humidity 
or water from leaks in the storage bin completely 
destroy wheat midd pellets.  Make sure to level 
the surface of the midds in storage, this allows 
for better distribution of air. Lastly the goal of air 
circulation is to dry the midds, not to cool them. 
Therefore, air used for aeration should contain less 
than 65 percent relative humidity.



Feeding  
and handling

The low bulk density of wheat midds will decrease the bulk density of the final diet. To increase bulk 
density, wheat midds are often sold in a pelleted form. When purchasing as a pellet, grinding will 
reduce handling issues in the mill and sorting in feeders.

Gestating sow feeding levels will need to be increased if high levels of wheat midds are included in the 
gestation diet without adjusting the energy level of the diet.

nutrient Profiles 
and Feeding 
Recommendations

Wheat midds can be added up to 5 percent of the diet for nursery pigs and lactating sows. It can be 
added up 25 percent of the diet for growing and finishing pigs. Studies have shown decreased daily 
gain and feed conversion if added at levels greater than 25 percent. There is no limit for wheat midds 
in gestating sow diets as long as the diet is balanced properly. 

KeY COnsIDeRAtIOns WIth WheAt MIDDs:
Need to be pelleted then reground to counteract low bulk density •	
Long term storage requires special precautions•	
Excellent source of crude fat, crude protein (lysine) and fiber•	
Breakeven pricing depends on existing protein source and cereal grain prices•	

Availability Wheat midds are available wherever wheat is ground for flour. The availability of wheat midds is 
limited to a large degree by the seasonal level of production and demand for flour. The price of wheat 
midds generally decreases during the spring and early summer, and is highest in the fall and winter 
months.  Its price is also in relationship to demand as a feed ingredient for beef and dairy cattle, where 
it has a higher value than for swine.

More information on the availability of wheat midds can be found at:

U.S. Wheat Associates:  www.uswheat.org

North American Millers Association: www.namamillers.org

References NRC.  1998.  Nutrient Requirements of Swine.  10th ed. Natl. Acad. Press, Washington, DC.

Patience, J.F., P.A. Thacker, and C.F.M. De Lange. 1995. Swine Nutrition Guide, 2nd Edition. Prairie 
Swine Center, Saskatoon, Saskatchewan, Canada

Tables of Composition and Nutritional Value of Feed Materials. 2004. D. Savant, J.M. Perez, and G. 
Tran. Wageningen Academic Publishers, the Netherlands and INRA, France. 

Wheat middlings, composition, feeding value, and storage guidelines. Contribution no. 99-35-E from 
the Kansas Agricultural Experiment Station. Kansas State University, Manhattan, KS 66506.



hARD ReD WInteR WheAt

typical nutrient composition 
(as-fed)

Dry matter, % 88.0
Energy, kcal/lb
     Digestible 1,526
     Metabolizable 1,456
     Net, INRA 1,111
     Net, NRC 1,009
Crude protein, % 13.5
Calcium, % 0.06
Phosphorus, % 0.37
Available P, % 0.185
Crude fat, % 2.0
Linoleic acid, % 0.93
Crude fiber, % 2.2
Neutral detergent fiber, % 13.5
Acid detergent fiber, % 4.0

Amino acids, % total sID1

     Lysine 0.34 81%
     Isoleucine 0.41 89%
     Leucine 0.86 89%
     Methionine 0.20 90%
     Cysteine 0.29 90%
     Threonine 0.37 84%
     Tryptophan 0.15 90%
     Valine 0.54 86%
1Standardized ileal digestibility

BackgroundWheat is grown primarily for human food 
manufacturing in a variety of regions across the 
United States and Canada.  There are numerous 
types of wheat and they are generally classified 
as hard or soft.  Also, wheat can be seeded in the 
fall or spring depending on geographic region.  
Regardless of planting time and variety, they can 
be successfully fed to swine as a partial or complete 
replacement for corn in most swine diets.  The keys 
to successfully feeding wheat to swine are in diet 
formulation and proper feed processing.

AdvantagesWheat can be an excellent replacement for a portion 
or all of the corn in most swine diets.  Wheat con-
tains approximately 30 percent more lysine and over 
three times the amount of available phosphorus than 
corn.  Because of the greater lysine and available 
phosphorus concentration, producers can generally 
afford to pay a little more for wheat (approximately 
107 percent) than corn on a hundred weight (cwt.) 
basis and still lower diet costs. 

DisadvantagesWheat contains only 95 percent the energy content 
of corn and as a result, feed efficiency will be 
slightly poorer compared with pigs fed corn unless 
an additional energy source, such as fat, is added 
to the diet. If ground too finely wheat will tend to 
flour, reducing feed intake, plugging feeders and 
increasing the potential for ulcers.

Feeding 
and handling

Properly adjusting diet formulations to take into account wheat’s higher lysine and available phospho-
rus concentrations is essential to maximize the economic benefit of feeding wheat.  It also is impor-
tant in order to decrease nitrogen and phosphorus excretion into the environment.  The amino acid 
profile of wheat also will allow for higher inclusion of synthetic lysine in diets containing wheat.

Secondly, proper feed processing is necessary so that the wheat will not flour, which reduces feed 
intake and plugs feeders.  Whereas in almost all swine diets we recommend producers grind to a 
particle size of 700 microns or less, wheat-based diets should be slightly coarser (800 microns) to 
reduce the risk of it becoming flour.  As a rule of thumb, it is recommended that a wheat kernel be 
broken into four to five pieces as a compromise between optimum consumption, feed efficiency 
and diet flowability. Because of the shape and uniform distribution of particle size, roller mills are 
excellent for grinding wheat.



nutrient Profiles 
and Feeding 
Recommendations

An important diet formulation consideration when using wheat-based diets is its low energy content. 
As a result, when diets are formulated to the same lysine-to-calorie ratio, the actual lysine content of 
the diet will be slightly less than a corn-based diet.  

When adding wheat in place of corn, the amount of supplemental soybean meal and inorganic phos-
phorus can be reduced. For example, a wheat-based finishing diet will require less soybean meal and 
only one-third the amount of inorganic phosphorus than a corn-based diet.

While much of the wheat production in the United States is hard red varieties, soft wheat also makes 
an excellent feed ingredient in swine diets.  Studies comparing soft red wheat to hard red winter wheat 
in finishing pig diets reveal virtually no differences in pig performance. Therefore, soft wheat can be 
as effectively utilized in swine diets as hard red wheat. There also are no differences among pigs fed 
spring versus winter wheat and red versus white wheat.

Test weight is not necessarily a good quality indicator for establishing the relative economic value for 
wheat. Studies evaluating the energy content of wheat showed no differences in digestible energy in 
wheat having 53 or 62 lb test weight. Digestible energy content of wheat will decrease with test weights 
below 53 lb. In fact, pigs fed wheat had 6.5 and 8.0 percent poorer feed efficiency as test weight decreased 
to 51 and 45 lb, respectively.  Therefore, when purchasing wheat with test weights below 53 lb, some 
discount should be anticipated to offset the expected decreases in feed efficiency.  If test weight is below 
normal, another option might be to use the wheat as only a partial substitution for corn. Research 
demonstrates that sprouted wheat (up to 15 percent of diet) has the same feeding value as regular wheat.

Recent evaluation of the addition of enzymes (Pentosanases) to swine diets failed to show any im-
provement in growth performance in wheat-based diets.

Cool wet weather conditions during early summer can provide ideal conditions for the development of 
wheat scab or head blight disease.  This disease is caused by the fungus, Fusarium graminearum, which 
can produce vomitoxin.  Vomitoxin is a mycotoxin known for dramatically reducing intake of contami-
nated feeds.  Infected grains are generally shrunken or shriveled and have a high percentage of pink 
kernels. Vomitoxin contamination as low as 0.75 ppm in a complete diet will reduce pig performance. 
Mycotoxin contamination can be a particular concern with drought stressed, low test weight wheat. 

KeY COnsIDeRAtIOns WIth WheAt:
Excellent source of lysine and available phosphorus•	
5 percent less energy than corn•	
Be careful grinding so as not to flour•	
Breakeven price at approximately 107 percent or lower of corn price•	

Availability Wheat is primarily grown for human consumption and therefore it is usually not economically feasible to 
replace corn in swine diets. An exception is when there is a large wheat harvest coupled with low corn sup-
ply. Because wheat is harvested earlier in the summer than corn, wheat may be more economical than corn 
between wheat and corn harvest in wheat producing areas.  Wheat also can be available when it is specifically 
grown as feed grade wheat or when the wheat is discounted for human consumption due to quality concerns. 
Wheat that exceeds mycotoxin limits for human consumption can often be used safely for livestock feed.

Information on wheat availability can be found at: http://www.ngfa.org/trygrains_wheat.asp

References NRC.  1998.  Nutrient Requirements of Swine.  10th ed. Natl. Acad. Press, Washington, DC.

Patience, J.F., P.A. Thacker, and C.F.M. De Lange. 1995. Swine Nutrition Guide, 2nd Edition. Prairie 
Swine Center, Saskatoon, Saskatchewan, Canada

Tables of Composition and Nutritional Value of Feed Materials. 2004. D. Savant, J.M. Perez, and G. 
Tran. Wageningen Academic Publishers, the Netherlands and INRA, France. 



sYnthetIC AMInO ACIDs

BackgroundSynthetic amino acids can be used to replace a portion 
of the protein in the diet to meet the amino acid needs 
of the pig. The increasing availability of synthetic 
amino acids continues to make their use a more 
economically viable option for swine diets.  Prices vary 
significantly among synthetics.

AdvantagesUse of synthetic amino acids lowers the crude protein 
level of the diet. Synthetic lysine is almost always an 
economical addition to swine diets, but prices vary 
between synthetics and one may be economical while 
another may not at a given price. Nitrogen excretion 
and ammonia emissions are reduced as greater levels of 
synthetic amino acids are used in the diet and relative 
crude protein levels decrease. The net energy level of 
the diet also increases as grain and synthetic amino 
acids replace protein sources in the diet.

typical nutrient composition 
(as-fed)1

L-lysine HCl2 78.6% lysine
DL-methionine 99% methionine
Liquid MHA 88% methionine3

L-threonine 99% threonine
L-tryptophan 98.5% tryptophan
L-isoleucine 99% isoleucine
L-valine 99% valine
1 All synthetic amino acids are 

considered to be 100% digestible. 
2 Lysine is also available in liquid 

and dry forms with 50 to 60% 
lysine.

3 Technically, methionine hydroxy 
analog (MHA) does not contain 
methionine but is converted to this 
amino acid by the pig. 

DisadvantagesBecause nutritionists are now formulating to the third, fourth, or fifth limiting amino acids when using 
synthetic amino acids, there is often less margin for error in diet formulation.  For example, if too much 
crude protein is replaced with synthetic amino acids, pig performance is reduced and feed efficiency 
increases. This is particularly a problem with late finishing pigs. Due to their rapid absorption, synthetic 
amino acids are used less efficiently by pigs fed once per day (such as gestating sows).

Feeding  
and handling

Most synthetic amino acids are available in dry or liquid forms. In order to use liquid forms, pumps 
and metering devices are required. The dry forms are free flowing and do not pose great handling 
concerns and are relatively stable during storage.  Because of the precision required with low inclu-
sion rates of some amino acids, accurate scales and mixing equipment are required for their use.

nutrient Profiles  
and Feeding  

Recommendations

The amounts of synthetic amino acids that can be added to the diet depend on the other ingredients 
included in the diet. For example, 3 lb/ton of L-Lysine HCl can be added to most corn-soybean meal 
based diets before other synthetic amino acids must be added. If more than 3 lb of lysine is added per 
ton (and crude protein is reduced accordingly), supplemental threonine and methionine must also be 
added because crude protein levels will have decreased enough to create additional supplementation. 
When 10 percent DDGS is added to a corn-soybean meal based diet, the quantity of L-lysine that can 
be added increases to approximately 5 lb/ton before other amino acids must be added.

As a replacement for soybean meal, lysine, threonine, and methionine are the only amino acids 
that are typically economical. Thus, the diet is balanced for the fourth limiting amino acid (often 
tryptophan, valine or isoleucine) and the first three limiting amino acids (lysine, threonine and 
methionine) are added as synthetics to meet their requirement. An exception to this rule would be 
in nursery diets where other synthetic amino acids (such as valine and isoleucine) may be added to 
replace a more expensive protein source, such as fish meal. 



KeY COnsIDeRAtIOns WIth sYnthetIC AMInO ACIDs:
Often reduce diet cost by replacing soybean meal in the diet•	
Reduce dietary crude protein level•	
Increase dietary net energy•	
Reduce nitrogen excretion•	
Breakeven pricing depends on protein source and cereal grain price•	

nutrient Profiles 
and Feeding 
Recommendations 
(continued)

Reliable estimates of the pig’s amino acid requirements and the digestible amino acid content in the 
dietary ingredients are required to properly use synthetic amino acids. Synthetic amino acids are 
generally considered 100 percent digestible when used in diet formulation.  Producers should work 
closely with a nutritionist to fully utilize synthetic amino acids in the diet.

Availability Synthetic amino acids are available from several companies. Lysine can be purchased as L-lysine HCl 
or as liquid or dry forms containing 50 to 60 percent L-lysine. Methionine can be purchased as either 
DL-methionine or as a methionine hydroxyl analog. The methionine hydroxyl analog (MHA) is avail-
able in a liquid (88 percent dry matter) or dry form. The estimates for efficiency of MHA conversion 
to methionine ranges from 60 to 100 percent depending on the response criteria and methodology. 
Threonine, tryptophan, isoleucine and valine are usually purchased as dry concentrated products. 

For more information on synthetic amino acid availability, visit:

ADM:  http://www.admworld.com/naen/ahn/aminoacids.asp
Ajinomoto Heartland LLC:  http://www.lysine.com/new/index.html
Degussa:  http://www.aminoacidsandmore.com/default.cfm
Novus International:  http://www.novusint.com/index.aspx

References Tables of Composition and Nutritional Value of Feed Materials. 2004. D. Savant, J.M. Perez, and  
G. Tran. Wageningen Academic Publishers, The Netherlands and INRA, France. 



MeAt AnD BOne MeAl

BackgroundMeat and bone meal is a byproduct of the pack-
ing and rendering industry. It is composed of 
meat trimmings, inedible parts and organs 
and sometimes whole carcasses that have been 
mixed and cooked (rendered) to produce a 
high protein (50 percent) feed ingredient. Meat 
and bone meal should not be confused with 
meat meal which contains approximately 55 
percent crude protein. Other distinctions are 
the calcium (Ca) and Phosphorous (P) concen-
trations, meat and bone meal has greater than 
4 percent P, while meat meal contains less than 
4 percent.

typical nutrient composition 
(as-fed)

Dry matter, % 93.0
Energy, kcal/lb
     Digestible 1,107
     Metabolizable 1,009
     Net, INRA 794
     Net, NRC 615
Crude protein, % 51.5
Calcium, % 9.99
Phosphorus, % 4.98
Available P, % 4.48
Crude fat, % 10.9
Linoleic acid, % 0.72
Crude fiber, % 2.4
Neutral detergent fiber, % 32.5
Acid detergent fiber, % 5.6

Amino acids, % total sID1

     Lysine 2.51 80%
     Isoleucine 1.34 82%
     Leucine 2.98 81%
     Methionine 0.68 83%
     Cysteine 0.50 63%
     Threonine 1.59 80%
     Tryptophan 0.28 78%
     Valine 2.04 79%
1Standardized ileal digestibility

AdvantagesMeat and bone meal is added to the pig ration 
as a protein source.  Meat and bone meal is 
higher in crude protein than soybean meal.  
However, the lysine content and digestibility of 
amino acids are lower than in soybean meal. 
Meat and bone meal also is an excellent source 
of Ca and available P which can reduce, or in 
some cases totally replace, the limestone and 
inorganic P added to the diet. Because of its 
high crude protein, Ca and P content, meat and 
bone meal is worth slightly more than soybean 
meal (103 to 105 percent). 

DisadvantagesHistorically, the biggest challenge with using meat and bone meal has been overall quality and 
product variation. The protein (lysine) content can vary considerably among and within sources. 
Another limitation to the addition of meat and bone meal in swine diets is its low tryptophan 
concentration, which can become limiting depending on the product’s inclusion level. The low 
tryptophan content is because collagen –which is nearly devoid of tryptophan- is one of the major 
proteins in meat and bone meal. Studies have shown that increasing cooking temperatures from 
257 to 300o F reduced the digestible lysine content by 50 percent creating variation in quality and 
underscoring the need to analyze each lot for nutrient composition. In some cases, adding meat 
and bone meal to the diet might exceed the pig’s dietary P requirement which may increase P level 
in manure and subsequently lead to P accumulation in crop ground and to manure application 
restrictions.



KeY COnsIDeRAtIOns WIth MeAt AnD BOne MeAl:
Meat and  bone meal can be highly variable in composition•	
Good source of lysine•	
Good source of calcium and phosphorous•	
Can be used up to 5 percent of the diet.•	
Breakeven pricing depends on both existing protein source and supplemental  •	
phosphorus  price

Feeding  
and handling

Meat and bone meal can be a partial replacement for soybean meal and a partial or complete replace-
ment for the limestone and inorganic phosphorus in the diet. The high salt concentration (2.5 percent) 
also will require recalculating the supplemental salt added to the diet. While it is illegal to feed rumi-
nant meat and bone meal back to ruminants, this is not a restriction on swine. However if a feed mill 
handles both swine and cattle feeds, ruminant meat and bone meal cannot come in contact with any 
feed processing or transportation equipment used for cattle feed.

nutrient Profiles 
and Feeding 
Recommendations

Studies have shown that meat and bone meal can be used up to 5 percent of the diet without negative-
ly affecting pig performance. Meat and bone meal can be added at higher levels if tryptophan concen-
trations are adjusted accordingly.  

Despite its high fat content (approximately 10 percent), meat and bone meal contains slightly less 
metabolizable energy than soybean meal. Therefore, feed efficiency may be slightly poorer when add-
ing meat and bone meal to the diet unless the energy level is maintained in the diet. At the 5 percent 
inclusion level it will replace approximately 25 to 30 percent of the soybean meal and nearly all of the 
supplemental inorganic P in the diet. In some cases, the amount of P contributed by meat and bone 
meal may exceed the pig’s requirement leading to greater P concentrations in swine waste.

Availability Meat and bone meal can be purchased from packing plants, renderers or ingredient suppliers. Finding 
a source of consistent product greatly increases the value of meat and bone meal. 

Meat and bone meal suppliers can be found at:
http://www.ingredients101.com/meatbm.htm
http://www.griffinind.com/FPS-Bone.html
http://www.rendermagazine.com

References NRC.  1998.  Nutrient Requirements of Swine.  10th ed. Natl. Acad. Press, Washington, DC.

Patience, J.F., P.A. Thacker, and C.F.M. De Lange. 1995. Swine Nutrition Guide, 2nd Edition. Prairie 
Swine Center, Saskatoon, Saskatchewan, Canada.

Renderer Magazine, http://www.rendermagazine.com/

Cromwell, G.L., Rendered Products in Swine Nutrition, http://nationalrenderers.org/nutrition/swine



CAnOlA MeAl

BackgroundCanola meal is the by-product of canola process-
ing to produce vegetable oil. Canola meal is not the 
same as rapeseed meal that is high in glucosinolates 
that reduce palatability and feed intake.  Because it 
is well adapted to cool season growing conditions, 
canola is produced primarily in Canada and the 
northern United States. In these areas, canola meal, 
when economical (65-75 percent price of soybean 
meal), is used as a major protein source in swine 
diets.  While canola meal has a relatively balanced 
amino acid profile, it has a lower energy value than 
soybean meal. Thus dietary adjustments need to be 
considered when utilizing canola meal as a major 
protein source in the diet.

typical nutrient composition
(as-fed)

Dry matter, % 90.0
Energy, kcal/lb
  Digestible 1,309
  Metabolizable 1,197
  Net, INRA 559
  Net, NRC 730
Crude protein, % 35.6
Calcium, % 0.63
Phosphorus, % 1.01
Available P, % 0.212
Crude fat, % 3.5
Linoleic acid, % 0.42
Crude fiber, % 11.8
Neutral detergent fiber, % 21.2
Acid detergent fiber, % 17.2

Amino acids, % total sID1

  Lysine 2.08 78%
  Isoleucine 1.43 78%
  Leucine 2.58 81%
  Methionine 0.74 86%
  Cysteine 0.91 83%
  Threonine 1.59 76%
  Tryptophan 0.45 75%
  Valine 1.82 77%
1Standardized ileal digestibility

Advantages Canola meal is relatively high in crude protein 
and some essential amino acids.  One distinct 
advantage is that canola meal contains approxi-
mately 17 percent more total sulfur amino acids 
(methionine and cysteine) than soybean meal.  
Therefore, increased amounts of synthetic lysine 
can be used with canola meal while maintaining 
similar dietary amino acid ratios.  In addition, 
canola meal contains more available phosphorus 
than soybean meal, lowering the need for inor-
ganic phosphorus in the diet.

Disadvantages Due to its higher fiber content, canola meal 
has approximately 22 percent less energy than 
soybean meal.  The lower energy will cause 
poorer feed efficiency and a decrease in average 
daily gain (ADG) if other energy sources are not 
added to the formulation.  While canola meal 
contains higher levels of certain amino acids 
than soybean meal, the digestibility of essential 
amino acids is 4 to 15 percent lower.  However, 
research has shown that if the diet is formulated 
on an equal digestible nutrient basis, pigs fed 
diets containing canola meal will have equal 
performance compared to those consuming only 
soybean meal as the primary amino acid source.  

Feeding 
and handling

Properly adjusting diet formulations to take into account canola meal’s amino acid profile, lower 
amino acid digestibility, energy content and higher available phosphorus concentration than soy-
bean meal is essential to maximize the economic benefit of feeding canola meal.  

Canola meal is a free flowing ingredient that does not require further processing once purchased.  
Also, because it contains a low level of fat, its stability in storage is similar to that of corn.



KeY COnsIDeRAtIOns WIth CAnOlA MeAl:
Formulate diets on a digestible amino acid basis•	
Low energy ingredient•	
High available phosphorus content•	
Breakeven price at approximately 77 percent of soybean meal price•	

nutrient Profiles 
and Feeding 
Recommendations

Canola meal can be used to replace up to 25 percent of the protein from soybean meal in nursery 
diets; 50 percent of the soybean meal in growing pigs and lactation diets; and the entire protein source 
in gestation and finishing diets.  The main limitation of full replacement with canola meal in lactation, 
nursery and early grower diets is the lower energy content.  Higher levels than those recommended 
can be fed, but limitations on practical fat inclusion levels in these diets may limit performance due to 
not achieving equal dietary energy concentrations.  Choline also is very low in canola meal relative to 
soybean meal and supplemental choline may be needed with sow and weanling pig diets.

A laboratory analysis should be conducted for estimating canola meal’s amino acid and energy content 
for diet formulation. ,. The amino acid profile of canola meal also will allow for higher inclusion of syn-
thetic amino acids in diets containing canola meal.  Digestibility of amino acids is lower in canola meal 
than in soybean meal. Thus, diets should be formulated on digestible amino acid basis when canola meal 
is used in the diet.  Canola meal can be price competitive at approximately 77 percent or less of soybean 
meal price when accounting for the lower energy content and subsequent higher feed to gain ratio.  
However, when balanced for energy content by adding dietary fat to maintain equal growth perfor-
mance, the breakeven price of canola meal should be less than 66 percent of that of soybean meal.

Although canola is derived from rapeseed, it does not have the same limitations as rapeseed meal.  
Rapeseed meal has a poor reputation due to its high levels of eruic acid and glucosinolates which are 
unpalatable and lead to low feed intake. Due to advancements in canola varieties, the levels of eruic 
acid and glucosinolates have been greatly reduced. Thus, palatability is not an issue with canola meal.

Availability Canola meal is available extensively throughout Canada and in the northern United States.  It is mar-
keted by canola oil extraction processing facilities as their primary coproduct.

Some suppliers of canola meal include: 
http://www.canola-council.org/suppliers_and_contacts.aspx#supply_meal
http://pacificcoastcanola.com/canola_meal.php

References NRC.  1998.  Nutrient Requirements of Swine.  10th ed. Natl. Acad. Press, Washington, DC.

Patience, J.F., P.A. Thacker, and C.F.M. De Lange. 1995. Swine Nutrition Guide, 2nd Edition. Prairie 
Swine Center, Saskatoon, Saskatchewan, Canada
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sOYBeAn hUlls

BackgroundSoybean hulls are byproducts of soybean 
processing. Hulls are separated from the soybean 
during the oil extraction process. Soybean hulls 
represent 5 percent of the original weight of 
the raw soybean. Soybean hulls are often added 
to sow diets as a relatively digestible source 
of non-starch polysaccharides to increase the 
fiber content and to grow-finish diets to reduce 
ammonia emissions.

AdvantagesSoybean hulls are a potentially valuable source 
of fiber, protein and energy, particularly in sow 
diets.  When added at low levels to the diet, 
soybean hulls shift urinary nitrogen production 
to fecal nitrogen. Thus, ammonia levels in the 
barn are reduced by including soybean hulls in 
the diet. Adding low levels (less than 5 percent) 
to the diet doesn’t appear to impact growth 
performance as much as expected by the lower 
energy content. The lower bulk density and high 
fiber helps increase satiety and acts as a laxative 
for gestating sows.

DisadvantagesSoybean hulls are low in energy (55 percent of 
the metabolizable energy of corn).  Unless diets 
are balanced for energy, growing pig perfor-
mance will be reduced if high levels (of more 
than 5 percent) of soybean hulls are included in 
the diet. Low bulk density of soybean hulls can 
increase transportation costs when compared to 
cereal grains. 

Feeding 
and handling

The low bulk density of soybean hulls will decrease the bulk density of the final diet. Thus, capacity 
of mixers, trucks, feed bins and feeders must be considered when adding soybean hulls or any other 
low density ingredient to a diet. To increase bulk density, soybean hulls are often sold in pelleted 
form. When purchasing as either pellet or as whole soybean hulls, grinding will reduce handling 
issues in the mill and sorting in feeders.

Daily sow feed levels need to be increased if high levels of soybean hulls are included in the gestation 
diet unless the dietary energy level of the diet is adjusted accordingly.

typical nutrient composition  
(as-fed)

Dry matter, % 89.4
Energy, kcal/lb
     Digestible 911
     Metabolizable 846
     Net, INRA 455
Crude protein, % 12.0
Calcium, % 0.49
Phosphorus, % 0.14
Available P, % 0.04
Crude fat, % 2.2
Linoleic acid, % 1.1
Crude fiber, % 34.2
Neutral detergent fiber, % 56.4
Acid detergent fiber, % 40.4

Amino acids, % total sID1

  Lysine 0.71 60%
  Isoleucine 0.44 68%
  Leucine 0.74 70%
  Methionine 0.14 71%
  Cysteine 0.19 63%
  Threonine 0.43 61%
  Tryptophan 0.14 63%
  Valine 0.51 61%
1Standardized ileal digestibility



KeY COnsIDeRAtIOns WIth sOYBeAn hUlls:
Source of non-starch polysaccharides (soluble fiber)•	
Low energy ingredient•	
Low bulk density•	
Reduces pig ammonia emissions when included in diet•	
Breakeven pricing depends on existing protein source and cereal grain prices•	

nutrient Profiles 
and Feeding 
Recommendations

If the energy density of the diet is not adjusted by adding a high energy ingredient such as fat, perfor-
mance of growing pigs will be reduced. Because sows utilize fiber more effectively than growing pigs, 
the energy value of soybean hulls for sows can be as much as 40 percent higher than the energy values 
for growing pigs. 

Feeding levels for sows should be increased if the energy content of the diet is not adjusted when soy-
bean hulls are added to gestation diets.  Also, due to changes in the bulk density of the diet when hulls 
are used at high levels, gestation feeding boxes should be measured for drop accuracy and adjusted 
accordingly. Amino acid concentrations in soybean hulls are highly correlated to the crude protein 
level. Digestibility of amino acids is lower in soybean hulls than in soybean meal. Thus, diets should be 
formulated on digestible amino acid basis when soybean hulls are used in the diet.

Availability Soybean hulls are available from most soybean processors throughout the United States. The amount 
of soybean hulls available depends on: 1) whether the soybean crusher is operating at full or partial 
capacity; 2) whether the processor is adding them back to the soybean meal; and, 3) on demand as 
a feed ingredient for beef and dairy cattle, where they have a higher feed value. The value of soybean 
hulls for swine varies with price, but they can be an economical alternative particularly in sow diets.  

More information on availability of soybean hulls can be found from;
 U.S. soybean processors:   http://www.soymeal.org/map/newmap.html

References Tables of Composition and Nutritional Value of Feed Materials. 2004. D. Savant, J.M. Perez, and  
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FIelD PeAs

BackgroundField peas are grown for human and livestock consumption primarily in Canada.  In the United 
States, field pea production is grown as a complement in various crop rotations. Peas can be either 
green or yellow in color, and seed size depends on the variety. Field peas do not require special 
equipment to grow, handle, grind or feed. Field peas can be used as a protein source or to replace a 
portion of the cereal grain when used at high levels in the diet. 

AdvantagesPeas are a good source of lysine and have essential amino acid digestibility similar to soybean meal.   
However, peas have approximately 50 percent of total crude protein compared to soybean meal.  When 
peas also replace a portion of corn, peas contribute a greater level of calcium and available phosphorus.  

Some varieties of peas have energy content similar to corn, but generally the energy value is slightly 
lower than corn. Also, the net energy content of peas is higher than soybean meal and higher on a 
both a net and metabolizable basis than most other protein alternatives such as canola meal.  

DisadvantagesPeas contain low levels of sulfur amino acids (methionine and cysteine) and tryptophan relative to lysine. 
Thus, formulating on a digestible amino acid basis is critical when using peas.  While increases in syn-
thetic methionine use can overcome the low sulfur amino acid content, limitations can occur with syn-

thetic lysine use due to minimum required tryptophan 
levels.  Also, due to a lower energy content compared 
to corn, adjustment in the energy content of the diet is 
needed to maintain pig performance.   

The nutrient content of peas can vary widely depending 
on the variety.  Therefore, chemical analysis of nutrient 
content and availability is suggested to determine 
the ratio to be used in diet formulation.  Many peas 
are available as screenings or “low germination” lots.  
Producers should inspect screenings and conduct a 
nutrient analysis before using in swine rations.

Feeding 
and handling

Like raw soybeans, field peas contain the anti-nutri-
tional factor trypsin inhibitor. The trypsin inhibitor 
concentration can be deactivated by heating, but lev-
els are usually low enough in field peas that they do 
not cause problems in diet formulation.  Thus, peas 
are fed raw without heat treatment in most situations.  
There are no concerns of reduced palatability with 
feeding raw peas in diets for swine.

Peas are a free-flowing ingredient, similar in seed size 
to whole soybeans and are stored similar to other cere-
al grains.  Because the crude fat level of peas is low (1.2 
percent), rancidity is of little concern during storage.  
Before mixing peas into the complete diet, they should 
be ground similarly to other cereal grains, targeting a 
mean particle size of 650 to 750 microns.  

Peas work well in diets containing canola meal 
because canola meal is high in sulfur amino acids 
which compensates for the low level found in peas.  
When these two ingredients are used in combina-
tion, they can serve as total replacements for soy-
bean meal in growing and finishing pig diets.

typical nutrient composition 
(as-fed)

Dry matter, % 89.0
Energy, kcal/lb
     Digestible 1,558
     Metabolizable 1,456
     Net, INRA 1,069
     Net, NRC 996
Crude protein, % 22.8
Calcium, % 0.11
Phosphorus, % 0.39
Available P, % 0.15
Crude fat, % 1.2
Linoleic acid, % 0.47
Crude fiber, % 5.5
Neutral detergent fiber, % 12.7
Acid detergent fiber, % 7.2

Amino acids, % total sID1

  Lysine 1.50 88%
  Isoleucine 0.86 85%
  Leucine 1.51 86%
  Methionine 0.21 84%
  Cysteine 0.31 79%
  Threonine 0.78 83%
  Tryptophan 0.19 81%
  Valine 0.98 83%
1Standardized ileal digestibility



KeY COnsIDeRAtIOns WIth FIelD PeAs:
Formulate on a digestible amino acid basis•	
Low in methionine and tryptophan•	
Grind to 650 to 750 microns•	
Variation in nutrient content based on variety•	
Breakeven price at approximately 75 percent of soybean meal price•	

nutrient Profiles 
and Feeding 
Recommendations

Field peas can be added up to 15 percent in nursery and 40 percent in growing and finishing pigs 
without affecting growth performance when fed in balanced diets.  Much less research has been con-
ducted with breeding animals, but recommendations of up to 15 percent in gestation and 25 percent 
in lactation are generally accepted. 

Because of the varied nutrient content of different varieties planted in different geographic areas, 
chemical analysis should be conducted to determine the nutrient content and the economics of using 
peas as a replacement for soybean meal and cereal grains.  As a general guideline, peas can replace 
soybean meal once they can be procured at approximately 74 percent of soybean meal price.  

Availability Peas are available extensively throughout Canada and in the northern United States.   Geographic 
region influence the varieties that are planted and are available for purchase. Peas can be purchased 
directly from producers as well as through typical grain marketing channels.  In some areas, peas 
are available at cost effective prices as low germination or as screenings.  Low germination peas will 
typically be of very high quality, while screening lots may contain dirt and weed seeds, among other 
things, and should be tested for nutrient content before use.

More information on availability of field peas can be found at: http://www.pea-lentil.com/home.htm
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BARleY

BackgroundBarley is typically produced in regions where corn production is not agronomically feasible. Barley 
is well adapted to areas with shorter growing seasons and lower rainfall. For these reasons, barley is 
a major feed ingredient in Western Canada and the upper Great Plains where it is often used as the 
sole grain source. Barley is also available as a byproduct of malt barley production in some regions 
when protein levels are too high for malting.  Barley can be either a partial or complete replacement 
for corn in most swine diets.  The keys to successfully feeding barley to swine are in diet formulation 
and feed processing.

AdvantagesBarley contains more crude protein, lysine and 
available phosphorus than corn.  Because of the 
greater lysine and available phosphorus concen-
tration, less soybean meal and inorganic phos-
phorus will be needed in the diet. Hulless varieties 
of barley have approximately 8 percent greater 
energy and, therefore, greater economic value 
than hulled barley. Hulless barley contains 1,475 
Kcal of digestible energy and 0.54 percent lysine.

DisadvantagesBarley is generally limited in its uses for swine 
diets by its high fiber content (4.5 to 7 percent) 
and relatively light test weights of 46 to 48 pounds 
per bushel. The high fiber content reduces the 
energy content of the diet and therefore decreases 
average daily gain and worsens the feed to gain 
ratio compared with pigs fed corn. Methods to 
reduce the impact of barley’s low energy content 
would be to seek out low fiber varieties of barley, 
add fat or pellet the diet. Despite the high lysine 
and phosphorus content, the low energy content 
limits barley’s value to approximately 85 percent 
the feeding value of corn. Barley also contains less 
biotin than corn and may need extra supplemen-
tation when used, especially in sow diets. Some 
varieties, such as brewers’ barleys can vary widely 
with test weights as heavy as 54 lb /bushel and 
protein levels as high as 14 percent when pro-
duced under irrigation.  Production with these 
varieties can approach that of corn- based rations, 
increasing the relative value accordingly.

Variability among the different types of barley 
grown also can be a problem when evaluating it 
for swine diets. There are two- and six-row barley 
varieties which have slightly different nutrient 
values (six-row composition shown), spring 
and winter barley, and hulled and hulless barley. 
Differences in nutrient composition can vary 
dramatically and are based primarily on cultivar, 
growing conditions and fiber content.

typical nutrient composition 
(as-fed)

Dry matter, % 89.0
Energy, kcal/lb
     Digestible 1,383
     Metabolizable 1,320
     Net, INRA 1047
     Net, NRC 1,048
Crude protein, % 10.5
Calcium, % 0.06
Phosphorus, % 0.36
Available P, % 0.11
Crude fat, % 1.9
Linoleic acid, % 0.91
Crude fiber, % 4.6
Neutral detergent fiber, % 18.6
Acid detergent fiber, % 7.0

Amino acids, % total sID1

  Lysine 0.36 79%
  Isoleucine 0.37 84%
  Leucine 0.68 86%
  Methionine 0.17 86%
  Cysteine 0.20 86%
  Threonine 0.34 81%
  Tryptophan 0.13 80%
  Valine 0.49 82%
1Standardized ileal digestibility



KeY COnsIDeRAtIOns WIth BARleY:
Average of 15 percent less energy than corn •	
Greater concentrations of crude protein, lysine and available phosphorus than corn•	
Fine grinding (700 microns or less) can improve feeding value•	
Nutrient profile varies widely by cultivar and growing conditions•	
Breakeven price at approximately 85 percent or lower of corn price•	

Feeding 
and handling

Properly adjusting diets to take into account barley’s higher lysine and available phosphorus concen-
trations and lower energy content than corn is essential to maximize the economic benefit of feeding 
barley.  Accurate nutrient profiles are needed when considering barley for swine rations.

Processing methods used with barley can have a significant impact on its relative feeding value. Pel-
leting of barley-based diets increases the bulk density of the diet and increases feed consumption. 
Pigs fed pelleted barley-based diets can have similar growth performance to those fed corn-based 
diets. Fine grinding (600 to 700 microns or less) also increases digestibility of barley-based diets and 
improved average daily gain and feed conversion, compared with pigs fed coarsely ground barley. 
Therefore, fine grinding with a hammer mill is the preferred feed processing method.

Availability Although a majority of barley grown is malted for human consumption, barley is available for feed in 
areas where it is grown (Northern Great Plains, Pacific Northwest and Canada). Because barley has a 
relatively short growing season and requires less moisture, it is ideally suited for these locations. Some 
swine producers grow barley because its early harvest time, approximately three weeks earlier than 
wheat, allows for earlier manure application than late summer or fall crops.

More information on the availability of barley can be found at: 
National Grain and Feed Association Web site at http://www.ngfa.org/trygrains_barley.asp
National Barley Growers Association Web site at http://www.nationalbarley.org

References NRC.  1998.  Nutrient Requirements of Swine.  10th ed. Natl. Acad. Press, Washington, DC.
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nutrient Profiles 
and Feeding 
Recommendations

Because of its high fiber content, barley may not be suitable as the sole energy source in starter pig 
and sow lactation diets – depending on test weight. On the other hand, it makes an excellent feed for 
gestating sows as long as daily feed amounts are adjusted to account for the lower energy content. A 
tool that may be useful to calculate the energy content of barley is a formula developed by nutritionists 
in Canada and that calculates the digestible energy content of barley based on its fiber content. 

De (Kcal/kg dry matter) = 4228 – 140 × Crude fiber content (percent in dry matter)

A proximate analysis should be conducted for estimating barley’s energy content for diet formulation 
and economic value. The amino acid profile of barley also will allow for higher inclusion of synthetic 
amino acids in diets containing barley.



gRAIn sORghUM (MIlO)

BackgroundGrain sorghum (milo) is well suited to be grown in 
drought-prone regions of the United States, such as 
in the Central and Southern Plains States. Sorghum 
grain is an excellent energy source and can com-
pletely replace the corn in swine diets.  The key to 
using grain sorghum in swine diets is recognizing its 
slightly lower energy value compared with corn and 
to ensure proper feed processing.

AdvantagesSorghum grain is often a cheaper source of energy 
than corn in the more semi-arid states. Because the 
energy content of grain sorghum is slightly less than 
corn, feed efficiency of pigs fed grain sorghum diets 
will be slightly poorer than that of pigs fed corn, but 
average daily gains will be similar.  A general recom-
mendation for swine diets is that grain sorghum 
should cost 96 percent of the cost of corn on an equal 
weight basis to be an economical substitute.

DisadvantagesOne disadvantage of grain sorghum is that it can be 
more variable in nutrient content than corn because 
of growing conditions.  In addition, because a grain 
sorghum kernel is smaller and harder than a corn 
kernel, fine grinding (1/8 or 5/32-inch screen) or roll-
ing is suggested for best utilization.

Feeding 
and handling

Grain sorghum can replace all or part of the corn without affecting growth rate. Because grain 
sorghum has slightly less lysine than corn, slight adjustments in the amount of synthetic lysine or 
soybean meal should be made in diet formulation.

Proper feed processing is necessary so that grain sorghum is fully utilized by the pig.  Disrupting 
the intact kernel and exposing a greater surface area is essential for improved digestibility of milo by 
the pig. Reducing particle size of grain sorghum has been shown to improve feed utilization.  When 
processing grain sorghum, particle size of the grain should be tested frequently to ensure optimum 
feed utilization. Optimal particle size for grain sorghum is similar to the optimal particle size of corn 
at 600 to 700 microns for meal diets.

typical nutrient composition 
(as-fed)

Dry matter, % 89.0
Energy, kcal/lb
     Digestible 1,533
     Metabolizable 1,515
     Net, INRA 1,213
     Net, NRC 1,023
Crude protein, % 9.2
Calcium, % 0.03
Phosphorus, % 0.29
Available P, % 0.058
Crude fat, % 2.9
Linoleic acid, % 1.13
Crude fiber, % 2.4
Neutral detergent fiber, % 18.0
Acid detergent fiber, % 8.3

Amino acids, % total sID1

  Lysine 0.22 81%
  Isoleucine 0.37 87%
  Leucine 1.21 90%
  Methionine 0.17 89%
  Cysteine 0.17 83%
  Threonine 0.31 84%
  Tryptophan 0.10 83%
  Valine 0.46 87%
1Standardized ileal digestibility

KeY COnsIDeRAtIOns WIth sORghUM gRAIn:
Excellent energy source for all phases of swine production•	
Grain sorghum has 96 percent the value of corn•	
Nutrient content can be more variable than corn•	
Be careful to properly process to an optimum particle size•	
Breakeven price at approximately 96 percent or lower of corn price•	



Availability Grain sorghum is frequently grown in drought-prone states in the south central part of the United 
States. In these states, grain sorghum is frequently available through grain brokers or elevators.

Information on availability of grain sorghum can be found at:
http://www.sorghumgrowers.com
http://www.ksgrains.com/sorghum
http://www.texassorghum.com

References Tables of Composition and Nutritional Value of Feed Materials. 2004. D. Savant, J.M. Perez, and G. 
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nutrient Profiles 
and Feeding 
Recommendations

Grain sorghum can totally replace the corn in all swine diets. An important diet formulation consid-
eration when using grain sorghum-based diets is its slightly lower energy and lysine content relative 
to corn.  While grain sorghum is frequently substituted on an equal weight basis with corn, slight 
adjustment of the soybean meal or synthetic amino acids can be made to take full advantage of grain 
sorghum’s nutrient composition.    Grain sorghum has a small kernel and is very hard relative to corn. 
Thus, proper processing is essential to obtain optimum particle size. Roller mills are preferred to 
achieve the particle size target of 600 to 700 microns for meal diets. There appears to be no differences 
in nutritional value to the pig for grain sorghum varieties of various colors (ex. red, yellow or white).



DRIeD DIstIlleRs gRAIns WIth sOlUBles (CORn)

BackgroundDried distillers grains with solubles (DDGS) is a byproduct of ethanol fermentation.  As fuel ethanol produc-
tion has dramatically increased, DDGS availability has become widespread in the United States. The primary 
nutrients in corn are starch, fat, fiber and protein (amino acids). Fermentation removes most of the starch 
and the other nutrients remain in DDGS.  Since corn is approximately 2/3 starch and 1/3 other nutrients, 
the other nutrients are concentrated by approximately three times through fermentation. The fermentation 
process also releases a large proportion of the phytic acid bound phosphorus, which greatly increases the 
concentration of phosphorus available to the pig. DDGS also can be derived from other grains such as milo 
and wheat. Milo DDGS has a slightly lower energy value compared to corn DDGS. Since wheat has low fat 
content, wheat DDGS will also have a lower energy value compared to corn DDGS.

AdvantagesDistillers grains with solubles can replace a substan-
tial portion of the corn in swine diets as an energy 
source. They also partially replace soybean meal due 
to a higher protein content compared to corn.  Due 
to the excellent phosphorus digestibility, DDGS can 
replace a significant portion of inorganic phosphorus 
in the diet.

DisadvantagesThe major disadvantage of using DDGS is that it leads 
to lower feed intake and reduced growth rate in grow-
ing/finishing pigs when fed at high levels (greater than 
20 percent). Carcass yield and fat quality also can be 
decreased when feeding DDGS. Nutrient content, 
especially lysine digestibility can be variable. Finally, 
mycotoxins are unaffected by the fermentation process 
and are concentrated if originally present in the corn 
used for fermentation.

Feeding 
and handling

Compared to corn, bulk density is lower in DDGS. 
Thus, trucks and bins will need to be larger to contain 
a similar weight of feed. Also, flowability in transport 
and through feed manufacturing systems will be 
reduced and may require equipment modifications 
such as bin agitators. Flowability is reduced when 
DDGS has higher moisture content or has not been 
adequately cooled at the processing plant.

typical nutrient composition  
(as-fed)

Dry matter, % 88.0
Energy, kcal/lb
     Digestible 1,602
     Metabolizable 1,554
     Net, INRA 1,090
     Net, NRC 937
Crude protein, % 26.5
Calcium, % 0.13
Phosphorus, % 0.71
Available P, % 0.55
Crude fat, % 10.0
Linoleic acid, % 6.3
Crude fiber, % 6.5
Ash, %                            5.2
Neutral detergent fiber, % 25.3
Acid detergent fiber, % 9.9

Amino acids, % total sID1

  Lysine .78 62%
  Isoleucine 1.01 75%
  Leucine 3.17 83%
  Methionine .55 82%
  Cysteine .53 74%
  Threonine 1.06 71%
  Tryptophan .21 70%
  Valine 1.35 75%
1Standardized ileal digestibility

KeY COnsIDeRAtIOns WIth DDgs:
Energy value is similar to corn•	
Formulate on a digestible amino acid basis and maximize use of synthetic lysine•	
Formulate on an available or digestible phosphorus basis•	
High levels can lead to decreased finishing pig growth rate and reduced carcass quality •	
Mycotoxins are unaffected by the fermentation process and may be more concentrated•	
Breakeven pricing depends on existing protein source, cereal grain and supplemental  •	
phosphorus prices and potential yield reduction



Availability DDGS are available through a number of sources.  Individual ethanol plants or DDGS marketing 
groups sell directly to producers and also to feed manufacturers.  Ethanol plants can be contacted 
directly for pricing and availability.  Also, most regional and local feed mills now have DDGS available 
for use in swine diets.  

Information on sources of DDGS is available at: 
Renewal Fuels Association:  http://www.ethanolrfa.org/industry/locations/
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nutrient Profiles 
and Feeding 
Recommendations

Based on recent research, the digestible and metabolizable energy value of typical DDGS available in the 
Midwest of the United States is similar to that of corn and higher than listed in the current NRC, 1998. 
Because the digestibility of lysine and other amino acids is lower for DDGS compared to soybean meal, 
diets utilizing DDGS should be formulated on a digestible amino acid basis. Of the digestibility values, 
the most variable is lysine. Lysine is the amino acid most easily damaged by the drying process. The di-
gestibility of the other amino acids is higher and more consistent. It has been suggested that one criterion 
that indicates good lysine digestibility is to ensure that the amount of total lysine is at least 2.8 percent of 
the crude protein. To minimize excess crude protein, diets containing DDGS should be supplemented 
with more synthetic lysine. Additionally, due to the increased concentration and digestibility of phospho-
rus in DDGS, diets utilizing DDGS should be formulated on an available phosphorus basis.

Feeding DDGS throughout the entire finishing phase has been shown to reduce carcass yield by ap-
proximately 0.4 to 0.5 percent for each 10 percent increase in inclusion rate. Due to the decrease in yield, 
pigs will need to be fed to a heavier live weight to obtain the same carcass weight. The decrease in carcass 
weight needs to be considered when evaluating the economic feasibility of using DDGS. Concerns over 
changes in pork quality (soft fat) may limit the inclusion of DDGS in swine diets or at least limit its 
inclusion in the diets fed right before marketing.  The concern for impact on fat quality depends on the 
product mix of the pork processor. Thus, it is important to know the requirements of the pork processor 
to determine the timing and optimum level of DDGS to feed in the finishing period.

The final challenge with DDGS is how to economically evaluate it. Since DDGS provides energy, 
amino acids and phosphorus, the economics of DDGS will depend on the cost of alternatives for all 
three of these nutrient sources.  A spreadsheet to calculate the economics of feeding DDGS to pigs is 
located at http://www.ksuswine.org. 

For gestating and lactating sows and nursery pigs, using high quality DDGS does not appear to affect 
productive performance. Thus, reducing diet costs with DDGS inclusion will reduce feed cost per pig. 
Recommendations are for maximum inclusions of DDGS of up to 50 percent in gestation diets and 
30 percent in lactation and nursery pig diets. It is difficult, however, to evaluate the use of DDGS in 
growing pig diets. Assuming DDGS will result in a reduction in average daily gain and thus a lighter 
pig at market, the price of DDGS should be no more than approximately 90 percent the value of corn. 
Assuming no differences in pig performance, DDGS value is approximately 120 percent the value of 
corn. Therefore, typical inclusion rates vary from 10 to 35 percent of the diet.

Some of the ethanol dry milling plants are beginning to produce other coproducts such as high pro-
tein DDGS, deoiled DDGS and or distillers grains without solubles. Also, some plants add soy hulls 
or other products to improve flowability. These modified products will have different nutrient profiles 
and require appropriate diet modifications to capture their economic value. Producers should obtain 
an accurate nutrient profile and consult a professional nutritionist when considering the use of these 
products in swine rations.



BAKeRY BYPRODUCts

BackgroundBakery byproducts are derived from the baking and cereal industries. Dried bakery byproducts 
are composed of a variety of commodities, including hard and soft wheat products, pasta, potato 
chip waste, cakes, crackers, breakfast cereals and other food products. Bakery byproduct varies in 
nutrient profile depending on its source products. It is used primarily as an energy source to replace 
corn in the diet.

AdvantagesBakery products are high in fat and carbohy-
drates and are an excellent source of energy in 
swine diets. Bakery byproducts are one of the 
few alternative ingredients that can increase the 
energy content of the diet when compared to corn 
with energy profiles as much as 15 percent higher. 
Also, because most bakery products contain high 
amounts of sugar, it is usually highly palatable and 
can therefore be an excellent alternative in nursery 
pig and lactation diets.

DisadvantagesAs with many byproducts, if the source of materi-
als used to make the product varies, the bakery 
product will lack uniformity in nutrient content. 
Also, because the salt content of many bakery 
products is quite high, it can contribute signifi-
cantly to the salt content of the diet. This should 
not pose any major challenge to feeding bakery 
products as long as the amount of added salt is 
adjusted and adequate water is available. 

Feeding 
and handling

The typical process to make bakery byproducts is to combine the various available byproducts and 
further process the mix by grinding, extruding and drying. Due to the relatively high fat content and 
low particle size, the flowability may be reduced in diets that include bakery byproducts.   

typical nutrient composition 
(as-fed)

Dry matter, % 91.0
Energy, kcal/lb
     Digestible 1,787
     Metabolizable 1,678
     Net, NRC 1,095
Crude protein, % 10.8
Calcium, % 0.13
Phosphorus, % 0.25
Available P, % 0.07
Crude fat, % 11.3
Linoleic acid, % 5.70
Crude fiber, % 1.2
Neutral detergent fiber, % 2.0
Acid detergent fiber, % 1.3

Amino acids, % total sID1

  Lysine 0.27 --
  Isoleucine 0.38 --
  Leucine 0.80 --
  Methionine 0.18 --
  Cysteine 0.23 --
  Threonine 0.33 --
  Tryptophan 0.10 --
  Valine 0.46 --
1Standardized ileal digestibility



KeY COnsIDeRAtIOns WIth BAKeRY BYPRODUCts:
Excellent energy source•	
Variability in nutrient content because of variable source products•	
Laboratory analysis is needed to establish nutrient levels and feeding value•	
Maintain adequate safety margin levels of salt in the diets •	
Breakeven price relative to corn depends on actual nutrient content •	

Availability The availability of bakery byproducts will be determined by manufacturing location of companies that 
blend or process bakery for feed use. Examples of major bakery byproduct suppliers include: 

Endres Processing: http://www.endresprocessing.com

Griffin Industries: http://www.griffinind.com/Feeds.html

References NRC.  1998.  Nutrient Requirements of Swine.  10th ed. Natl. Acad. Press, Washington, DC.

Patience, J.F, P.A. Thacker, and C.F.M. De Lange. 1995. Swine Nutrition Guide, 2nd Edition. Prairie 
Swine Center, Saskatoon, Saskatchewan, Canada

nutrient Profiles 
and Feeding 
Recommendations

Due to the variability in potential source products, it is essential that laboratory analysis of bakery prod-
ucts is performed routinely. The most critical components to monitor are the dry matter and fat content. 
If the product is not dried adequately, high moisture content can lead to rapid mold formation.  

Due to potential variability in nutrient content and high salt levels, the recommended inclusion limit 
of bakery byproducts in nursery pig diets is 30 percent of the diet. However, in diets for grow-finish 
pigs or gestating and lactating sows, there should not be any nutritional inclusion limit for bakery 
byproducts when the variability in nutrient content is accounted for in diet formulation.

Limitations to the amount of bakery byproducts in diets generally depend upon feed handling and 
availability. Because of the relatively high amount of unsaturated fatty acids in dried bakery byprod-
ucts, caution must be used in order to prevent carcasses with soft fat (high iodine values). Combining 
bakery products with other unsaturated fat sources like dried distillers grains with solubles (DDGS) 
can further increase the potential for carcasses with soft fat.  

To address the salt content, some nutritionists reduce the amount of added salt in diets containing 
dried bakery byproduct. Caution should be taken to not reduce the supplemental salt too much. Salt 
levels may be reduced in the bakery product if the product stream changes. Inadequate salt in diets 
will dramatically affect growth performance. Excess salt levels are not a major problem as long as 
adequate access to water is maintained. Thus, nutritionists often maintain a minimum level of supple-
mental salt (such as 3.5 to 5 lb/ton) in the diet when adding bakery byproducts. 
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