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Protein supplements usually are the most expensive portion of 
the dairy cattle ration. k. a way to lower feed costs, many dairymen are 
increasing their use of urea to supply part of the protein requirements 
for dairy cattle. Urea must be used correctly to maximize the benefits of 
this cheap nitrogen source. 

Importance of protein 

Protein is an important body constituent. From a structural 
standpoint, protein forms part of the muscles, internal organs, connec
tive tissue, nervous system, and skeleton. In the body, there are thousands 
of different chemical reactions, each controlled by a different enzyme. 
Because enzymes are composed of protein, the entire body function 
depends on proteins. Milk is rich in protein; so, dairy cows need con
siderable protein in their ration. Shortages of protein impair growth, 
milk production, and health. 

Composition of protein 

Proteins are complex chemical substances that contain carbon, 
hydrogen, oxygen, nitrogen, and sulfur. These elements are combined 
in different ways to form more than 20 different amino acids-the 
building blocks for hundreds of different proteins in the animal body. 

Proteins differ from most feed nutrients in that they contain 
nitrogen; pure protein has a nitrogen content of 16 percent. Ruminant 
animals, through rumen microbes, make protein from feed nitrogen. 

Composition of urea 

Compared to protein, urea is a simple compound made up of 
carbon, hydrogen, oxygen, and nitrogen. It is excreted in the urine as 
a normal body waste. Also, it is produced commercially and used as 
a fertilizer or feed additive. Feed-grade urea is a bitter, white compound 
and contains 45 percent nitrogen, as marketed, compared to 16 percent 
nitrogen in pure protein. It therefore has a protein equivalent of 281 
percent (45-+ 16 = 2.81, or 281 percent). Urea contains no energy and 
is used only as a source of nitrogen to ruminant animals. 

Urea utilization 

Bacteria in the rumen require nitrogen in simple forms, mostly as 
ammonia which is readily available from urea. 

The following diagram shows how bacteria in the rumen can make 
protein from incomplete plant or animal proteins, and how they can 
utilize nitrogen in urea: 

Figure 1. 

Using Urea as a Protein 
Substitute in the Dairy Ration 

When a cow eats natural protein such as found in alfalfa or soy
bean meal, bacteria in her rumen degrade much of it to ammonia (NH3) 
and various organic acids. Organic acids also are produced from carbo
hydrates. The bacteria then utilize the nitrogen of ammonia with the 
organic acids to synthesize new proteins. These bacteria pass on through 
the cow's digestive system and are digested, liberating the amino acids 
for the cow's use. 

When urea is fed in the ration, it is converted to ammonia and 
carbon dioxide by rumen bacteria. This process occurs at a very rapid 
rate. Organic acids must be supplied from some other source before.the 
bacteria can use the nitrogen from urea to make protein. Corn is high in 
starch and is degraded to form an abundance of organic acids. Thus, it 
is an excellent source of organic acids for bacteria to use with the 
nitrogen from urea to build protein. Urea is used less efficiently when 
fed with an all-roughage ration because sufficient carbohydrates are not 
readily available for use with the ammonia. 

Cautions in feeding urea 

If too much urea is fed at one time, or if si.:rncient carbohydrate~ 
are not readily available, excess ammonia may build up in the rumen 
faster than the bacteria can utilize it. This build-up can result in a 
waste of nitrogen and possibly the animal's death. Therefore, it is recom
mended that not more than one-third of the protein equivalent in the 
grain mix come from urea. Latest recommendations by the National Re
search Council suggest that urea in the grain mixture be limited to one 
percent for high producing cows. No more than 0.4 to 0.5 pounds of· 
urea should be fed to a cow each day. 

Urea should not be fed to cows unless mixed with another feed. 
It is unpalatable, so most cows would not eat it alone. It is also imprac
tical to weigh out accurately the small amounts each animal could use. 
It is very important to mix urea uniformly in the ration; improper mix
ing may result in poisoning animals that eat excessive amounts. 

Offering feeds containing urea more than once during the day is 
advisable so less urea is supplied at one time, making it possible to use 
effectively more urea in the ration. 

Urea is not recommended for grain mixtures containing raw soy
beans. An enzyme called urease in the raw bean is able to convert urea 
to ammonia which in turn may be lost and make the feed less palatable. 
Little difficulty is encountered when roasted beans or soybean meal are 
used with urea. 

Rumen microbes require some time to adjust to urea. Also, cows 
may refuse mixtures that have been altered greatly. Therefore; it is rec
ommended that urea be gradually increased to the desired level over a 
3-week period. 

Proper mineral and vitamin supplementation are especially im
portant when urea is fed. Be certain that the ration is balanced for cal
cium, phosphorus, trace minerals, and vitamin A Sulfur may need to 
be added to rations consisting largely of corn and corn silage. 

Some dairymen have been concerned about the effect of urea on 
animal health and reproduction. If urea is used as recommended and the 
ration is balanced for other nutrients, cows will produce well, reproduce, 
and maintain good health. An extensive field trial in Michigan showed 
no practical difference in reproductive function between cows receiving 
urea and those not receiving urea. 



How to use urea in a ration 

If facilities are available to assure uniform mixing, add 1 percent 
of urea or 20 pounds per ton to the concentrate grain mixture to raise 
the crude protein equivalent of the mixture about 2.8 percent. Mix 
thoroughly. -

Urea also can be used in making up a high-protein concentrate. A 
mixture of 100 pounds of ground shelled corn and 13 pounds of urea 
equals 100 pounds of soybean meal in protein equivalent and energy. 

A mixture of 56 pounds of ground shelled corn, 7 pounds of urea, 
and 43 pounds of soybean meal also equals 100 pounds of soybean 
meal in total energy and protein equivalent, and can be used as a sub
stitute for soybean meal. However, it should not be used for top-dressing 
grain or silage because of possible bitter feed taste when fed. 

-Many commerical protein supplements contain some urea. The a
mount of crude protein equivalent supplied by urea is listed on the tag. 
For example, supplement XYZ contains 36 percent crude protein of 
which 11.2 percent crude protein is supplied by urea. This means that 
100 pounds of supplement contains 36 pounds of crude protein, of which 
11.2 pounds of crude protein is supplied by urea. The percent of urea in 
the supplement may be calculated as follows: ~ 

Figure 2. Feed tag 

XYZ feed 
Guaranteed analyses 

281 x 100 = 4 percent 

Crude protein no less than ..... 36.0% 
(This includes not more than 11.2 % 
equivalent crude protein from nonprotein 
nitrogen) 
Crude fat ................... . 
Crude fiber .................. . 
Etc. 

If you feed your high producing cows 4 pounds of this com
mercial supplement daily, the cow consumes 0.16 pound of urea, this 
is a safe level of urea feeding, (4% x 4 pounds= 0.16 pound/cow/day). 

Liquid protein supplements are increasing in popularity. These 
usually contain molasses, urea, and very often sources of phosphorus, 
other minerals, and vitamins. Liquid supplements may be mixed with 
grains or may be spread over forages. If you use liquid supplements 
on forages, take care to prevent overfeeding and waste. 

Examples of rations 

The following are examples of 12 percent and 16 percent crude 
protein concentrate mixtures with and without urea: 

12 percent crude protein 

1,790 pounds corn & cob meal 
~ pounds soybean meal 

2,000 pounds 

OR 

1,920 pounds corn & cob meal 
20 pounds urea 

_EQ pounds soybean meal 

2,000 pounds 

16 percent crude protein 

1,100 pounds shelled corn 
550 pounds oats 
350 pounds soybean meal 

2,000 pounds 

OR 

1,180 pounds shelled corn 
600 pounds oats 

20 pounds urea 
200 pounds soybean meal 

2,000 pounds 

If more protein than needed is fed in the ration, some of the urea 
will be wasted because it contains no energy. It is, therefore, difficult 
to figure the savings that might be made from the use of urea in all 
cases. Assuming that the urea is fully utilized, the savings that may be 
made through its use can be illustrated as follows: 

100 pounds corn@ 2¼ cents= $2.25 
13 pounds urea@ 5 cents ____&lL 

$2.90 

Cost of the mixture equal in protein and energy content to 100 pounds 
soybean meal is $2.90. The savings is nearly equal to the price of soy
bean meal. Therefore, if soybean meal costs $5/100 pounds, $2.10 is 
saved on each 100 pounds of supplement. 

Current prices can be used to calculate the cost and possible 
savings with any of the mixtures given above. 

Use of urea in corn silage 

In much of Minnesota, more nutrients per acre can be grown in 
corn silage than in any other crop, and equipment is available to make 
and feed silage with a minimum of labor. Many dairymen are increasing 
the proportion of corn silage in the ration; some use it as the sole rough
age. 

Corn silage is relatively low in protein, containing only about 
2.3 percent crude protein as fed, or 8.3 percent protein on a dry matter 
basis. Additional protein often is needed in rations high in corn silage. 

It has been shown that 10 pounds of urea can be added to a ton 
of silage at filling time to produce a palatable feed. This amount raises 
the crude protein from 2.3 percent to about 3.7 percent as fed, or 
from 8.3 percent to 11 or 12 percent on a dry matter basis. Growing 
animals and dry cows fed such silage as their only feed would normally 
consume enough silage daily to supply the protein they need. 

Urea must be mixed uniformly with silage. Usually urea and silage 
will be well mixed by the time of feeding if the recommended imount 
is spread over the top of the load in self-unloading wagons, blown into 
the silo, and removed from the silo by a mechanical silo unloader. Adding 
urea to silage placed in piles, trenches, or bunkers is not recommended 
because it is doubtful that it could be evenly distributed in the stored 
material. 

Much of the urea is converted to ammonia during the silage fer
mentation. However, most of this is tied up as salts by acids produced 
in the silage. Urea should not be added to extremely wet silages or to dry 
silage. Excessive leaching may occur in very wet material and ammonia 
losses may occur in dry silage. Under normal conditions, a 10 percent 
loss of urea-nitrogen may be expected. A dry matter content of about 
35 percent is a good goal to strive for. 

When large amounts of urea-corn silage is fed with little or no 
other forage, it probably is best to exclude urea from the grain mixture. 

60 pounds of corn silage x .5% urea= .3 pounds urea/cow/day. 
This level is safe, but near the cut-off level. 

Summary 

1. Substituting urea for natural protein in the dairy ration usually 
will result in a lower cost ration. 

2. Urea has no energy value-it only supplies nitrogen. 
3. Urea must be mixed thoroughly in the ration. 
4. Urea should not supply more than one-third of the protein equiv

alent in the grain portion of the ration. One percent in the grain mixture 
is maximum. 

5. Where the ration already has ample protein, additional nitrogen 
fed either as urea or as protein is wasted and only adds to cost. Urea 
has no purpose except to substitute for part or all of the protein supple
ments usually purchased. 

6. The ration should be checked for vitamin and mineral contents. 

For additional information see: 
"Feeding the Dairy Herd" University of Minnesota Extension Bulletin 218. 
"Corn Silage in Dairy Cattle Raions" Dairy Husbandry Fact Sheet No. 7. 

Issued in furtherance of cooperative extension work in agriculture and 
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