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Poultry producers may be faced with 
higher feed costs in 1971 due to a reduced 
feed grain supply. Although Minnesota was 
relatively unaffected by the corn leaf blight, 
higher prices have been experienced due to 
the demand tor grains by other regions and 
the uncertainty of production capabilities next year. 

Traditionally, the Midwest has rel ied primarily on corn as the 
major energy concentrate for poultry rations. A number of alternative 
grain supplies such as wheat, barley, oats, and to a limited extent, milo 
or sorghum grain deserve consideration in reducing feed costs . 

Nutrient Composition of Feed Grains 

A comparison of the average nutrient composition of various 
feed grains from the Upper Midwest is provided in table 1. Corn, milo, 
and wheat are classed as high energy concentrates; the latter two contain
ing approximately 95 percent as much energy as corn. Oats and barley 
contain 76 percent and 86 percent as much energy respectively, and are 
classified as medium energy feedstuffs. Energy is an important consider
ation because grains are the primary sources of energy in the ration and 
a relatively high dietary energy concentration is essentia l tor a satisfac
tory feed conversion ratio. 

Protein varies widely among these grains ranging from 8.7 percent 
tor corn to 14 percent for wheat, with the other three grains intermedi 
ate at 11 -12 percent protein. A more important consideration is t he 
amino acid balance of the total protein in the ration. Methion ine and 
cystine, the sulfur amino acids, are most apt to be limiting in starting 
rations and high prot ein laying rat ions; whereas, lysine and other amino 
acids may becom e critical in low protein laying rations. 

Only milo is more deficient in the sulfur amino acids than corn, 
whil e wheat is superior in these amino acids. Both corn and milo are 
very low in lysine whereas barley, oats, and wheat contain twice as much. 
Although there would appear to be particular advantages to individual 
grains in respect to specific amino acids, all grains are very deficient in 
essential amino acids in comparison to the growing chicken or laying 
hen requirements. Soybean meal or a combination of protein concen
trates generally balances these amino acid deficiencies; however, special 
consideration will need to be given to t he sulfu r amino acids. 

Other major differences among the grains are the high fiber con
tent of oats and barl ey, which contribute to their lower energy content 
and places limitations on their use in starting and layer rations. Wheat, 
barl ey, and milo are also lower in crude fat than corn. Due to the lower 
fat content a deficiency of the essential fatty acid linoleic aci d may re
sult in a reduced egg weight, when the first three grains are major in
gredients in laying rations. 

Vitamin content varies between the grains most notably in that 
only yel low corn con tains the carotene precursors of vitamin A. Today 
the practice is to supplement synthetic sources of vitamins as a comm er
cial premix to preclude deficiencies and to provide a margin of safety 

because of the variability of natural sources. Since this cost is relatively 
low, the differences between the grains in terms of vitamin content 
would probably not be economically important. Those grains lacking 
carotene however do not provide the xan thophyll pigment necessary for 
egg yolk pigmentation. Addition of at least 1 percent alfalfa meal for 
each 400 pounds of corn replaced will result in adequate yolk pigmenta
tion tor table eggs. 

Gu idelines for Grain Substitution 

Barley : Midwestern barley averages 12 percent protein; however, 
much of the better quality barley is utili zed in the brewing industry so a 
proximate analysis (protein, fat, and fiber) would be desirable on estimat
ing its nutritional value. 

Depending on qual ity and price, barley may be utilized to replace 
much of the corn in properly torumulated poultry rations for birds be
yond 4 weeks of age. In pullet growing rations where maximum growth 
rate is not essential major use of barley could be made. All-barley rations 
will be lower in energy and result in a corresponding increase in feed 
consumption . 

All-barley layer rations have been shown to result in a nearly 
equal egg production rate i f the sulfur amino acid deficiency 1s corrected. 
Feed efficiency and egg size may be reduced; however, this can be im
proved by the addition of fat. Added alfalfa meal will be necessary for 
adequate egg yolk pigmentation. Limiting barley to 50 percent of the 
grain is recommended as a compromise to these detrimental effects on 
layer performance. 

Milo: The major problem with milo is protein variability, which 
mav range from 7 to 12 percent. A protein analysis would be essential 
if substitution is to be made in a nutrient basis rather than a direct 
pound for pound replacement. Milo must be ground for poultry because 
of its hard seed coat . Periodic feeding of insoluble grit may be benefi
cial. 

Complete reliance on milo as the sole feed grain might be reserved 
until after 4 weeks of age for layer replacements. Although complete 
substitution of milo can be made in layer rations a limitation of 50 per 
cent replacement of corn may be desirable because of the adverse effect 
on egg weight. Alfalfa meal will be needed for adequate yolk p1gmenta-
ti on. 

Oats: Oats are higher in protein than corn; oat protein is some
what superior in terms of amino acid balance. The high er fiber and lower 
energy content of oats limits their use in high efficiency rations. Oats 
may also vary considerably in bushel weight (32 pounds/bushel 1s 
average) . Light weight oats are significantly lower in protein and higher 
in fiber while heavy oats may contain up to 14 percent protein. 

Major use of oats can be best made in layer replacement rations 
where restriction of body weight may be desirable. After the starting 
period, 4 weeks of age, 50 percent or more of the grain in the growing 
ration may be oats. Feed consumpt ion will be increased due to lower 
dietary energy content. While this is not a truly "high f iber" growing 
ration, some benefit of a lower energy intake may be obtained. 

In layer rations, oats should be limited to a maximum of 25 per
cent of the total ration and only good quality oats , 34 pounds/bushel or 
greater, should be used. At this level of subst1tut1on , feed eff1c1ency may 
be reduced due to the lower dietary energy level . For all poultry, oats 
should be ground and its use governed by comparative nutrient cost 
with other feed grains, since it is often over-priced . 

Mention of commercial names does not imply endorsement of those named or criticism of those not named. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of 
May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture. Roland H. Abra
ham, Director of Agricultural Extension Service, University of Minnesota, St. Paul, Minnesota 55101. 



Table 1. Nutrient Composition of Grains 
Barley 

Protein, % . ...... . ... .... ......... J J .50 
Metabolizable energy, kcal / lb. 1290 
Fat,% .. ....... . ............ .......... . 
Fiber, % .......... .................... . 
Ca, % ···· ··········-··· ............ . 
P, % .... ································ 
Essential Amino Acids 

Arginine, % ... .... .......... .... . 
Cystine, % ......................... . 
Glycine, % .... ......... ..... ..... . 
Histidine, % ...... .. .......... .. . . 
Isoleucine, % ... ... ....... ...... . 
Leucine, % .. ...... .......... .... . 
Lysine, % ................ ......... . 
Methionine, % ................. . 
Phenylalanine, % ............. . 
Threonine, % ... .. .............. . 
Tryptophan, % ................ . . 
Tyrosine, % ..................... . 
Valine, % ......................... . 

1.90 
6.00 
0.08 
0.42 

0.53 
0.18 
0.36 
0.27 
0.53 
0.80 
0.53 
0.18 
0.62 
0.36 
0.18 
0.36 
0.62 

Corn 
8.70 

1560 
3.90 
2.00 
0.02 
0.30 

0.50 
0.18 
0.50 
0.20 
0.40 
l.10 
0.20 
0.18 
0.50 
0.40 
0.10 
? 

0.40 

Milo 
11.00 

t480 
2.80 
2.00 
0.03 
0.30 

0.36 
0.15 
0.40 
0.19 
0.46 
1.40 
0.20 
0.13 
0.47 
0.36 
0.12 
0.70 
0.53 

Oats 
12.00 

1190 
4.50 

J 1.00 
0.10 
0.35 

0.80 
0.22 
0.50 
0.20 
0.53 
0.90 
0.50 
0.18 
0.60 
0.40 
0.16 
0.53 
0.70 

Wheat 
14.00 

1480 
2.20 
2.50 
0.04 
0.40 

0.70 
0.25 
0.70 
0.30 
0.70 
0.90 
0.45 
0.20 
0.70 
0.42 
0.18 
0.60 
0.60 

Adapted from: Scott, M. L., M. C. Nesheim, R. J. Young, 1969. "Nutrition of 
the Chicken." M. r_. Scott and Associates, Publishers. lthaca, New York. 

Wheat : Wheat has become an economical feed grain in parts ot 
the United States after being priced out of the animal feed market by 
subsidy programs and its demand for human consumption. Hard red 
spring whea t, greatest in supply, and durum wheat can vary widely in 
protein content, ranging from 10 to 18 percent with an average of 14 
and 13 percent protein respectively. A protein analysis is essential for the 
utilization of wheat to its full nutrient value in poultry rations. 

Wheat is well accepted by poultry and in a properly balanced ra
tion can be utilized as the sole grain for growing chickens beyond 4 
weeks and laying hens. The use of wheat in sta rting rations should be 
limited to 50 percent of the grain portion to provide a better amino 
acid balance through the use of a combination of grains. In laying ra
tions , if economically priced and of known quality, wheat may be used 
to provide at least 50 percent of the grain. Complete substitution of 
wheat is possible if care is taken to correct deficiencies of methionine, 
lysine, and perhaps leucine. When high protein wheat is used, these 
amino acids may be deficient since less soybean meal is required. Added 
alfalfa meal is necessary for yolk pigmentation and early egg weight may 
be reduced unless added fat, high in linoleic acid, is included. The fat 
will also serve to improve feed efficiency since wheat is slightly lower in 
energy than corn. 

Wheat should be coarsely ground or rolled for poultry since fine
ly ground wheat tends to adhere to the beaks of the birds. 

Economic Comparisons of Feed Grains 

This discussion of feed grain composition and substitution guide
lines suggests that considerable latitude is avai lable to the poultry pro
ducer in his selection of feed grains. Substitution of other grains for 
corn was given primary consideration; however. other combinations of 
grains may be used provided the ration is formulated to meet the bird's 
es ta bl ished nutrient requirements. 

Table 2. Value• of Feed Groins on a Crude Protein and Metaboli.zable Encrru 
Bnsis at Selected Prices of Com and so.-,. Soyhrpn Men! 

Price of 
corn : 44 52 

Price of 
50% SBM : 78 86 94 102 78 86 94 102 

Barley ..... .... 40.90 41.72 42.56 43.38 46.84 47.66 48.50 49.30 
Milo ... 44.64 45.18 45.72 46.26 51.75 52.28 52.84 53.36 
Oats .. .......•. 39.18 40.20 41.22 42.24 44.48 45.50 46.52 47.50 
Wheat .... .. 47.76 48.86 49.96 51.06 54.-18 55.58 56 66 57.74 

Price of 
corn: 60 68 

Price of 
50% SBM: 78 86 94 102 78 86 94 102 

Barley . .... .. .. 52.76 53.58 54.42 55.24 58.68 59.50 60.34 61.16 
Milo ········· .. .. 58.83 59.38 59.92 60.46 65 .92 66.47 67.0l 67.55 
Oats .. ..... ........ 49.75 50.76 51.78 52.80 55.02 56.04 57.06 58.07 
Wheat .. ............. .. 61.16 62.26 63.34 64.44 67.84 68.93 70.03 71.12 

•All prices on n per ton basis. 

The need to provide nutritionally adequate rations 1s perhaps 
more critical for poultry than other farm livestock. This is especially 
true during the starting period and during the egg production phase. 
Growing pullets tolerate somewhat greater dietary variation and since 
over 80 percent of the feed required for layer replacements is consumed 
between 6 and 20 weeks of age, this period offers considerable potential 
savings. The trend toward more simplifi ed rations for laying hens will 
require that close examination of ration changes be made to assure nutri· 
tional adequacy. 

As an aid in assessing the relative nutrient value of feed grams, cal
culations were made to determine equivalent prices for the several feed 
grains. Only the crude protein and metabolizable energy were considered 
and corn and soybean meal were used for reference since they are the 
major sources of energy and protein. These data in table 2 illustrate at 
various price combinations, equivalent values of the five feed grams. This 
table should be used only as a guide in determining when these grains 
are reasonably priced in relation to each other. Not all prices are shown, 
but intermediate comparisons can be obtained by interpolation. 

In addition to these economic and nutritional recommendations, 
several other factors would need consideration if frequent or major 
changes are to be made in ration formulations. These factors might be 
the availability of grain supplies in the immediate area, the ease with 
which they could be handled and processed for use, and a knowledge of 
their nutrient composition . Counseling or expertise in balancing the 
formulas to assure dietary adequacy 1s also very essential. In this regard 
the feed manufacturer, concentrate or base mix supplier, or university 
extension personnel can provide this type of assistance. 

Finally the choice of the feed grain becomes one of obtaining 
the required nutrients from the most economical sources. The producer 
should be cautioned, however, that neither the most efficient rations 
nor the lowest cost rations may necessarily be the most economical. The 
basis for comparison must be the cost per pullet or dozen eggs produced. 
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