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Abstract:
This research effort is concerned with determining which energy-system, total digestible nutrient
(TDN) or net energy (NE), for balancing beef cattle rations will yield a lower-cost specific blend and is
there reason to believe that there will be a shift in Montana's comparative advantage to feed out cattle if
rations are formulated using the net energy system.

Linear programming models were used to investigate ration blends for steers and heifers ranging in
weight from 200 to 500 kilograms with nine rates of gain, 0.7 to 1.5 kilograms per day, in each weight
class. Data used in this research effort were obtained from secondary sources.

Results of this research effort indicate that the NE systems yield a higher cost specific ration blend than
does the TDN system for all weights and rates of gain. Ration blends for heifers are more costly than
blends for steers of the same weight and gain class. 
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ABSTRACT

This research effort is concerned with determining which energy 
system, total digestible nutrient (TDN) or net energy (NE), for 
balancing beef cattle rations will yield a lower-cost specific blend 
and is there reason to believe that there will be a shift in 
Montana's comparative advantage to feed out cattle if rations are 
formulated using the net energy system.

Linear programming models were used to investigate ration 
blends for steers and heifers ranging in weight from 200 to 500 
kilograms with nine rates of gain, 0.7 to 1.5 kilograms per day, in 
each weight class. Data used in this research effort were obtained 
from secondary sources.

Results of this research effort indicate that the NE systems 
yield a higher cost specific ration blend than does the, TDN system 
for all weights and rates of gain; Ration blends for heifers are 
more costly than blends for steers of the same weight and gain 
class.



CHAPTER I

INTRODUCTION

Historically, Montana is a supplier of calves and Stocker 

cattle for feedlots in the Midwest. This pattern is changing with 

more cattle being fed within the state [USDA,1972].

In 1962, there were 600 feedlots marketing 100,000 head of 

cattle with 20 feedlots of 1,000-head capacity marketing 38 per cent 

of the total. Figures in 1971 show that the number of feedlots has 

decreased to 473 with the number of livestock marketed increased to 

235,000 head. Eighty-six feedlots of 1,000 head capacity and over 

marketed 84 per cent of the total [USDA,1972].

A publication by the Montana Cooperative Extension Service 

indicates 15 new lots completed or under construction with a total 

capacity of 32,450 head, 58 lots in the planning stage with a 

capacity of 36,900 head, and an expansion of existing facilities for 

"an additional 22,120 head [Cothern,1971]. These statistics indicate 

an expanding cattle feeding industry in Montana.

An expanding industry requires more resource inputs, either 

from new sources or through reallocation of existing resources. One 

bundle of resources which is specific to the cattle feeding industry 

is the inputs which supply the nutrient and energy requirements for 

finishing beef cattle for the slaughter market.
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The energy and nutrient inputs used by the beef cattle feeding 

industry in Montana are specified by the production possibilities 

that producers of these inputs face in Montana. These inputs have 

typically been the small grains— barley, wheat, and oats. For the 

most part, barley has been the feed grain generally used with wheat 

entering the ration mix where the wheat-barley ratio becomes 

favorable to wheat.

In view of the existing and predicted expansion of the cattle

feeding industry in Montana, there is a need for an economic

analysis of the factors affecting the industry. Of specific

interest in this study is the feed - blend or ration used for
'

finishing beef cattle and the impact technological changes might 

have on regional specialization in feeding cattle. In terms of 

analysis the specific ration blend and the ratios of the components 

in the blend are only important insofar as the ration meets the 

animal's nutrient and mineral requirements at the lowest possible 

cost per unit of output. This means that the specified blend must 

meet the conditions of feasibility first and then a least-cost 

combination of the feasible alternatives. There are certain

physiological and metabolic constraints other than the nutrient and

mineral requirements of the specific animal which must, be met. For 

example, even though corn silage could be used to satisfy all of the

i
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energy required for an animal to gain at a 2.75 pound daily rate, 

the amount necessary would be physically impossible for the animal 

to ingest.

For purposes of analysis, a linear programming model is used to 

determine optimal ration blends for seven weight classes of animals 

and nine rates of gain within each class with the following 

specifications:

1) Each.specified blend should meet that particular animal's 

nutrient and mineral requirements.

2) The ration should' meet the metabolic and physiological 

constraints of the animal.

3) The blends specified are those in which there is a heat 

neutral environment.

Theoretical Implications

The producer of livestock for the fat cattle market has, as an 

individual, little or ' no influence upon the price he receives.for 

his product. He takes the price which the.market offers as given at 

the time his product is ready for sale. The central issue here is 

to determine if by using a different combination of resources than 

is currently and has traditionally been used, if the feeder in 

Montana can gain a larger profit margin.



4

The variable cost of the ration blend makes up a substantial 

portion of the total variable cost that the producer of finished fat 

cattle faces. Any way in which the producer is. able to decrease the 

cost of the ration and maintain the same output will obviously 

reduce his cost per unit of output. The cost of producing livestock 

for the fat cattle market is generally thought of as a cost per unit 

gain, thus factors which will decrease this cost will increase the 

profit margin to the producer.

Part of the underlying theory in economics is the principle of 

comparative advantage. This principle is useful in explaining 

location of production and specialization. Production and exchange 

of products in which the principle of comparative advantage is 

allowed to function will bring about that resource allocation which 

is most efficient.

For the comparative advantage principle to exist between two 

regions, the production possibilities of the two regions must be 

different. In order for a comparative advantage to be determined, 

the production possibilities for the two regions in question need to 

be defined along with the price ratios of the commodities in 

question as well as the costs of transportation.

The early classical principle of comparative advantage assumed 

that: (I) resources would not be transferred between productive
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regions; (2) the marginal rate of substitution between factors 

within a given region is constant; and (3) the production 

possibilities curve is linear.

The input-output relationship relevant to this thesis is the 

input of energy for fattening cattle and the output— fed cattle. 

Both are produced in. the Midwest and Montana. Interest in the 

comparative advantage principle is not directed toward determining 

whether trade will take place between the two regions, but rather 

which region might have a comparative . cost advantage in the 

production of fed cattle.

However, in a sense, trade will take place. The region having 

the comparative advantage in producing energy to feed cattle will 

sell their surplus feed to that region(s) which has the comparative 

advantage in producing fed cattle.

Even . though a.region or country may have an absolute advantage 

in the production of the two commodities, given factor endowments 

and technology, each will have a comparative advantage, in the 

production of one.

Assume that differences in the factor endowments (land and 

capital) of the two regions lead to.a comparative advantage through 

relative price differences in the two regions. Further assume that 

the production possibilities and the price ratios ( P ^  and P ^ )  for
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the two ; regions are as shown in Figure 1.1. The production 

possibilities curves are drawn on the assumption that the production 

functions and isocost functions of the two commodities in the two 

regions are known.

The production possibilities and price ratios in Figure 1.1 

imply that (I) production of fed cattle is relatively capital 

intensive and (2) Montana has a comparative advantage in the 

production of feed.

Hypothesis

This research effort will investigate the hypothesis that . the 

net energy system of ration formulation will yield significantly 

different rations than the total digestible nutrient system of 

ration formulation. Further, is there reason to believe that there 

will be a shift in Montana's comparative advantage to. feed out 

cattle if ' rations are formulated using the. net energy system of 

ration formulation?
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Midwest Montana

Figure 1.1. Production Possibilities Curves with Different Factor 
Endowments— Midwest and Montana.



CHAPTER TI

Net Energy System

The net energy system per Lofgreen and Garrett [1968] uses two 

expressions, NEm and NEg, to define (I) the net energy, requirement 

and the net energy content of the feed when used for maintenance 

(NEm) of beef .cattle and (2) the net energy requirement and net 

energy content of the feed when used for production of gain (NEg) of 

beef cattle.

Separating the net energy (NE) requirements into maintenance and 

weight gain overcomes the criticisms that net energy (NEg + NEm) 

requirements vary with different roughage-concentrate ratios and the 

level of feeding [Lofgreen & Garrett,1968].

The total net energy of a feed (NE) is a weighted average of NEm. 

and NEg and depends upon the level of feeding. Using separate 

expressions for NEm and NEg is claimed to be more accurate than the 

use of a total net energy system (NEg + NEm).

Lofgreen and Garrett show that the NEm requirement for both 

steers and heifers is equal to 77 kcal per W 1^ k g  or

NEm = 77W*75 (2.1) 

where NEm is in kcal per day, W is body weight in kilograms (kg), and 

W  75 ig defined as the metablolic body size of the animal. The basal
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metabolism or heat production of the animal is equal to 77 kcal per 

W-75Icg.

The NEg requirements for steers and heifers is the energy 

deposited in gain, it was determined by fitting an equation of the 

form Y = aX*3' to data obtained from experimental results. Y is

defined as energy gain, X is the empty weight gain, and a and • b are 

parameters determined from the experimental data.

' The energy stored in weight gain for steers is

• NEg = (52.75g + 6.84g2)W-75 (2.2)

and for heifers is

NEg = (56.03g + 12.65g?)W-75 ; (2.3)

where NEg is in kcal, g is the daily gain in kg, and W is body weight 

in kg. The foregoing equations, indicate that requirements for 

heifers are greater than for steers for any rate of gain and that 

energy. concentration in weight gain changes as rate of gain 

increases.

The NEg value of the feed is determined by feeding a ration at 

two levels and measuring the difference in energy deposition brought 

about by feeding the two levels. This method has classically been 

called the difference trial.

Lofgreen and Garrett state that the NE system they present 

criticisms "that net energy systems do not giveovercomes the
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roughage a higher value for maintenance than for production in 

relation to concentrates."

TDN System '

The TDN system of describing the nutritional requirements • of 

beef cattle and the nutrient content of feedstuffs is.based on the 

proximate analysis devised at the Weende Experiment Station in 

Germany. The system partitions a feedstuff into six fractions or 

proximate principles: water, ether extract, crude fiber, 

nitrogen-free extract, crude protein, and ash. Five' of the 

principles are determined chemically and the sixth, nitrogen-free 

extract, is determined as. a residual.

This system groups together a variety.of substances in terms of 

some of their common chemical characteristics. It is not an 

analysis of the nutrients of the feed. Each of the principles 

except water represents a combination of substances, some of which 

are nutrients or combinations of nutrients, and some of which are 

not of any nutritional value to the animal.

The water content of a feed is generally recorded as a loss in 

. weight of a sample as a . result of oven drying at atmospheric 

pressure and a t ■ a temperature slightly above the boiling point of 

water. However, volatile fatty, acids and some sugars which
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decompose at temperatures above 7OdC are lost.

The ether extract of a feed sample is composed of the fats and 

oils, chlorophyl, alkali substances, and resins. The amount of 

ether extract is determined by either weighing the extracted 

material after evaporating the solvent or by recording the loss in 

weight of the sample after extraction.

Crude fiber is the residue left over after successive boiling 

with dilute alkali and dilute acid. It is the portion of the total 

carbohydrate of a food that is resistant to the acid and alkali 

treatments.

Nitrogen-free extract is made up primarily of the starches and 

sugars plus some hemicellulose and lignin. That portion of the 

sample which is nitrogen-free extract is the difference between the 

weight of the original sample and the sums of the weights of water, 

ether extract, crude fiber, crude protein, and ash.

Crude protein is obtained by multiplying the nitrogen in a feed 

by the factor 6.25. In some cases, crude protein is determined by 

multiplying the nitrogen by some other factor depending upon the 

percentage of nitrogen known to be in the protein of that feed. 

This method is used when analyzing wheat for example. It is 

assumed, unless otherwise specified, that the crude protein content 

of a feed is nitrogen in the sample times 6.25 because, on the
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average, most feeds contain 16 per cent nitrogen.

Ash is the inorganic material left after burning the sample at 

approximately 600°C. Ash has little or no nutritional significance 

except that it is needed in the calculation of nitrogen-free 

extract. Ash may give a good indication of the calcium and/or 

phosphorus content of certain feedstuffs such as those of animal 

origin. The ash content of feedstuffs of plant origin is not a good 

indicator of the essential minerals due to the high variability of 

these minerals.

. Since all of the protein, ether extract, nitrpgen^free extract, 

and crude fiber are potential sources of energy tor the animal, we 

add the digestible portions of protein, ether extract, N-free 

extract, arid crude fiber. Thus, by definition, TDN = digestible 

protein + digestible N-free extract + digestible fiber + 2.25 x 

digestible ether extract. The factor of . 2.25 x. digestible ether 

extract comes from the fact that one unit of fat compared with 

either one unit of carbohydrate or one unit of protein yields the 

ratio of 9 to 4 or 2.25 to I in terms of digested calories.

As an example of the percent TDN in.a feed, the figures listed 

in Table 2.1 are presented.
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TABLE 2.1. PER CENT PROXIMATE PRINCIPLES AND DIGESTIBILITY COEFFICIENTS 
FOR A FEED.*

Proximate Principle Content Digestibility
Pct. Pet.

Protein 10 . 75
Ether extract . 3 90
Nitrogen-free extract 65 90
Crude fiber 10 50
Water . 10
Ash 2

Total 100

*Source: Crampton and Harris',.. 1969 , p . 73.
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Using the definition of TDN and the values presented in Table 2.1,

TDN = 10(.75) + 3(.90)(2:25) + 65(.90) + 10(.50) = 77.1%

The caloric value of TDN for feeds differs according.to their 

proximate composition. The average for all feeds is approximately 

4.4 kcal per gram or 2,000 kcal per pound of TDN [Crampton & 

Harris, 1969]..

The digestibility of the energy yielding principles is based on 

the assumption that all of each fraction not recovered in the feces 

has been absorbed and is therefore available to the animal.

This assumption, however, disregards the epergy lost as . belched 

or otherwise voided gas due to carbohydrate fermentation in the 

digestive tract. Beef cattle— ruminants— may lose up to 20 per cent 

of the gross energy of the crude fiber fraction of the ration. To 

the extent that the above is true, TDN values will overestimate, the 

usable energy for ruminants.

Even though the proximate analysis does not define the nutrient, 

content of feeds, it does establish the category in which , a feed 

belongs. The analysis indicates that fatty and/or watery content of 

a feed and thus, ■ indicates its relative storability. The 

carbohydrate fractions give a useful guide as to the class of animal 

the feed is most suitable for.
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The Linear Programming Model Used for Analysis

The use of linear programming models : coupled with computer 

solutions is well-suited to many large cost-minimizing, feed mix 

problems. Use of linear programming models coupled with computer 

solutions increases the scope and magnitude of problems which can be 

handled.

The model to be presented for use in determining optimal feed 

mixes under the NE system used here is not original. It is based on 

a similar model developed by Brpkken [1971].

Extensive xwork has been done in the area of least-cost feed 

blends for feedlots. . The general linear program format used in 

determining the optimal feed blend under the TDN system is about as 

old as linear programming methods themselves.

The fat cattle producer must be concerned with three factors in 

determining a least-cost feed blend:

1) the cost of each ingredient;

2) the nutrient and mineral content of each ingredient; and

3) the nutrient and mineral requirements of the class of 

livestock under consideration.

The objective for the producer is to find a feed blend •that will 

supply the nutrient and mineral requirements of the class of 

livestock in question, and at the same time be a least-cost feed 

blend for a given gain rate.



16

Model I

The net energy system per Lofgreen and Garrett can be stated as

in equations (2.4) and (2.5): 
„75

a?aljXj = yW"

(I - a) Ja9 X .= (bg + cg2) W 75 j J

(2.4)

(2.5)

where a is the proportion of daily feed intake required for 

maintenance; (I - a)'is the proportion of daily feed intake used for 

production; â _. and are, respectively, the NEm and NEg values of 

the j-th feed ingredient; W is body weight; and g is gain per day. 

The right-hand sides of equations (2.4) and (2.5) are the NEm and 

NEg requirements in meal per day, where y = 0.077; for steers, b = 

0.05272, c = 0.00684; for heifers, b = 0.05603, c = 0.01265 

[Brokken,1971].

From equations (2.4) and (2.5) it is seen that not only is 

an unknown but also a. That is, in equations (2.4) and (2.5) , each 

ingredient is. multiplied by an unknown multiplier; a in equation 

(2.4) and (I - a) in equation (2.5). Variables in the energy 

equations are, therefore, not additive.

Dividing both sides of equations (2.4) and.(2.5) by a and (I - 

a), respectively gives the following:
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(2.7)

(2.6)

It is not known, a priori, what proportion of the total feed

intake will be used for maintenance, that is, what value d will take

on for a particular size of animal and rate of gain.

One solution method would involve letting a take on a large

number of values in the range (0 < ct < I) and then picking that level

involve a large number of solutions, both time consuming and costly.

Plotting NEm/a and NEg/(I - a) against a for a 400 kg steer 

expected to gain 1.3 kg per day yields the relationships shown in 

Figure 2.1. The NEm and NEg requirements for this steer are 6.89 

meal per day and 7.17 meal per day, respectively [NRC,1970].

of a for which the total cost, Ec.X.,. is the least. . .This would
3 J

At the point where the two curves cross

NEm _ N E g ' (2.8)d (I - .a)

or

NEm (2.9)NEm + NEga =



80

g = 1.3

Proportion of Feed Consumed for Maintenance, ct

Figure 2.1 NEm/ce and NEg(l - a) for all Values of a (400 kg. steer).
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Brokken states that "the optimum level of a is always less than the 

level at which the two curves in Figure 2.1 cross."

Narrower limits may be specified by

NEm < 'a < I - NEg.
S1^(DM) —  — a2*(DM) (2.10)

where a^A is the highest value of all a ^ ; is the highest value 

of all a „ .; and DM is the magnitude of the dry matter constraint. 

The coefficients, a ^  and a2A, are the NEm and NEg values of the 

feed ingredient used in the ration possessing the highest values for 

NEm and NEg. For example, a ration utilizing wheat, barley, and 

corn silage would have NEm and NEg values as specified below: 

[NRC,1970]

Wheat Barley Corn Silage

NEm
NEg

2.16
1.42

2.13
1.40

0.99
0.71

In this case, a^* = 2.16 and a ^  = 1.42.

Using the previous figures for a 400 kg steer, a =
6.89

6.89 + 7.17 
6.89

.49 in equation (2.9). Equation (2.10) becomes

< a < 1- 7.17
(2.16)(10.3) “  “  • (1.42)(10.3)

or .31.<_a <_ .51

where 2.16 and 1.42 are the energy values for NEm and NEg,
■ •

respectively, for wheat [NRC,1970]. The upper limit is higher than, 

is estimated by equation (2.9); therefore, 6.89/(6.89 + 7.17) =! .49
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is used as the upper limit on alpha. Equations (2.6) and (2.7) and 

the foregoing analysis give rise to the particular linear model used 

in this research effort.

minimize Z =  Tc1X 1 (2.11) 
j 3 3

- subject to

IBk = 1: aSI (2.12)
k k

?aljX3 '
B1 > 0  :NEm Ik k — (2.13)

!‘2 / ,  - Y k - 0 ™ 8 (2.14)

■
B 01B1 > O=Protein 3k k —

(2.15)

B 11B1 > O=Calcium 4k k —
:■

(2.16)

IaSjxJ • ^5kBk > ^ =Phosphorus (2.17)

|a6jXj "
B 1̂1B1 > O=Vitamin A 6k k — (2.18)

Zx - b 
I ^

01 B1 < O=Dry Matter 7k k — ' (2.19)

— ■+ W = 0 :Dry Matter (2.20)
3 '

and

X^ ^  0 (all j)
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Equations (2.13) and (2.14) treat the k levels of constraints

as k activities. The and are NEm/a^ and NEg(I - a^) for

specific levels of NEm and NEg and the k-th level of a. Equation .

(2.12) is an alpha-level selection imperative. It guarantees.that.

at least one of the B1 vectors will enter the basis, although morek
than one may enter. If two or more enter the basis, a is determined

by ^ b The results of this study indicated that, in general, no ■ 
k .

more than two B^ vectors will enter and then only adjacent pairs.

Model I is a departure from Brokken’s formulation in that . 

calcium, phosphorus, and Vitamin A have been substituted in place of 

fiber, fat, and urea. It was believed that calcium, phosphorus, and 

Vitamin'A are more essential to a balanced ration than are fiber, 

fat, and urea. Secondly, tables on the nutrient requirements of 

beef cattle and feed composition, such as the NRC [1970], do not 

give fiber, fat, and urea requirements for beef cattle nor the 

amount contained in the various feeds.■ If it is found, for certain 

ration blends, that the fiber content is not enough to meet the 

animal's requirements or that a blend may yield too much fat and/or 

urea, these constraints may be readily added to the model, as

(2.21) 

(2.22)

TaftiX. - C1W * 0:Fiberj 9] ] I “

Ia1Ojxj “ C2W - 0:Fat

Ia11 .X. - c_W'< OrUrea 9 Ilj J 3 — . (2.23)



22

where W is less than or equal to the weight of the ration, whatever 

that weight might be, and C ^ 3 are predetermined percentages' of 

weight of the ration.

Each of the requirements, ' NEm, NEg, protein, calcium,

phosphorus. Vitamin A, and dry matter were placed in the vectors

instead as a percent of dry matter, to ensure their being met.

Constraints (2.24), (2.25), and (2.26) limit the level at which

certain activities may enter the basis. They are defined as

follows:
4

3=3xd
- X.

£ cX. - X n <_ 0 , where c = 2 
3=4 2 1U

£ X. - cW ^  0 , where c = 0.3 
3=2 J

(2.,24)

(2.25)

(2.26)

Constraints (2.24) and (2.25) with activity X ^  are for the 

purpose of restricting wheat to be no more than 50 per cent of the 

concentrate in the ration. In row (2.24) the weights of barley (X3) 

and wheat (X^) are added and placed in accounting activity X^q . In 

row (2.25) the amount of wheat (X^) is multiplied by 2 and the total 

amount ■ of concentrate in the ration is subtracted. The constraint
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(2.25) with its appropriate slack activity then insures the wheat 

will not enter the optimal solution at a level greater than 50 per 

cent of the concentrate in the blend. Constraint (2.26) with 

activity W restricts corn silage to be no more than .3 of the weight 

of the ration. Corn silage (Xg) minus .3 times the total weight of 

the blend (W) <_ 0 insures that corn silage will not enter the 

optimal solution at a level greater than 30 per cent of the weight 

of the ration. These constraints were placed on the appropriate 

activities for the following reasons.

1) Wheat will substitute for barley in a beef cattle ration

blend, but not at a 100 per cent level. Feeding wheat in large

amounts causes compaction in the rumen of the animal. Roger

Brownson [1974], Extension Livestock Specialist, Montana State

University, indicates that feeders in Montana are substituting wheat

for barley in amounts up to 50 per cent with no adverse effects.

Thomas and Geissler [1968] found in trials substituting wheat for

barley in 20 per cent, 40 per cent, and 60 per cent amounts that the

animals suffered no adverse digestive effects. Therefore, it seems .
reasonable where wheat will be an ingredient in the blend, to limit 

wheat to less than or equal to 50 per cent of the concentrate in the 

ration.

2) Corn silage is used extensively in ration blends. It 

contributes to the roughage which is necessary for the efficient
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action of the micro-flora and fauna of the digestive tract. Since 

silage has a high moisture content it also contributes to the 

palatability of the ration. However, if corn silage were to make up ■ 

the total roughage content of a ration, it is conceivable that, at 

low rates of gain, corn silage would enter the ration at levels that 

exceed the animal’s ability to ingest that amount. Further, 

production of corn silage is limited to those areas of the Northern 

Great Plains where there is a sufficiently long growing season 

coupled with adequate moisture or irrigation for its production. 

Although the supply. function for corn silage is not currently 

estimated, physical constraints would indicate that feeding corn 

silage ad_ libitum in most Montana areas is not a meaningful option.

The optimum solution for the example problem for 

set of factor prices contains the following activities:

X1 = 1.71, X2 = 3.02, X3 = 5.34,

W = 10.08, B? = .249525, Bg = .750475 

where X1 = Alfalfa, X3 = Corn silage, X3 = Barley 

W = Ration weight

Slack activities: Protein = .092, calcium = .008,

phosphorus = 0.12, Dry matter =

The computer program selected a linear combination 

and Bg . The alpha level corresponding to B7 is .37 and

a particular

.22 .

of the B, -B^ k 7
to Bg , .38.
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The value of alpha for this particular problem is then solved fori 

a  = a B + CXg Bg = (.37) (.249525) + (.38) (.750475) = .3775.

Alpha equals .3775 means that 37.75 per cent of the ration is used 

to fulfill the NEm requirement while 62.25 per cent is used for 

production of gain (NEg). This is reasonable since at a zero rate 

of gain, alpha would be I as defined by equation (2.9), and as the 

rate of gain increases, alpha decreases. The findings of this 

research effort show, for example,, that for a 400 kg steer gaining 

0.7 kg per day, a. = .5436 and the 400 kg steer gaining 1.3 kg per

day, a = .3775.

Model II

Model II is the linear programming .formulation of the TDN 

system of ration blending. It is expressed by the following 

equations:

Minimize Z = £c,X. 

subject to

"(2.27)

h A 1  t m  'J

(2.28)

£a„.X. > Protein
j 3

(2.29)

%a_.X. > Calcium
j 3 • • '

(2.30)

^a^jXj >_ Phosphorus (2.31)

Yae.,X. > Vitamin A <1 5j j - . (2.32)
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Tx. < Dry Matter
j J -

(2.33)

< O , where c = 2 (2.36)

(2.35)

(2.34)

J1 X. - cW <_ O , where c 
j=2 3 '

0.3. (2.37).

and X ^ O  (all j) .

vitamin A, and dry matter are the same for Model II as for Model I . 

Equation (2.28) replaces equations (2.13) and (2.14). This data is 

the same as that presented earlier for a 400 kg yearling steer to 

gain 1.3 kg per day. The TDN requirement for. this animal is 7.4 kg 

with protein, calcium, phosphorus, Vitamin A, and dry matter 

requirements the same as in Model. I. Constraints (2.35), (2.36), 

and (2.37) with activities X ^  and W were added for the reasons 

explained in Model I.

The activities entering the optimal solution in this example

for a particular set of prices are:

X1 = 3.11, X2 = 3.09, X3.= 4.1 

W = 9.31846
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Slack Activities: protein = 0.166, calcium = 0.024,

phosphorus = 0.009, vitamin A = 0.047

Ration blends for feedlots in the Midwest will differ from

those formulated in Montana. The production of crops that become

factors of production in Midwest feedlots differ from those in

Montana. Corn is a notable example. . Corn will substitute for wheat

and barley in Midwest ration blends.

The linear models for optimizing ration blends in the Midwest

will be the same as those for Montana with the exception that the

ingredients which comprise the blend will be different and thus the

ingredient coefficients (a..) and the prices (c.) will differ.
1] I



CHAPTER III 

RESULTS •

The ingredients used in the formulation of the specific ration 

blends for this research effort were determined in consultation with 

extension specialists, feed manufacturing firms and feedlot 

managers. The energy ingredients selected for the Midwest ration 

blends were obtained from Weichenthal and Russell [1970]. The feeds 

listed in Tables 3.1 and 3.2 are those found to be the most common 

in Montana and the Midwest, respectively.

The respective prices for the various ingredients were 

determined from, feed manufacturing firm price quotations, 

consultation with feedlot managers, Agricultural Prices 1972 and 

Agricultural Prices' 1973.

In converting prices quoted in dollars per ton, per 100 pounds 

or per pound, to cents per kilogram, the factor of 2.205 pounds per 

kilogram was used. The price in cents per kilogram was then divided 

by the per cent dry matter quoted in the NRC [1970] for each feed 

ingredient. This formulation puts all coefficients and prices on a 

100 per cent dry matter basis. For example, one ton of alfalfa hay 

at a price of $25 per ton is equal to 1.25 cents per pound times 

2.205 kg/lb. equals 2.75 cents per kilogram and divided by 0.892, 

the amount of dry matter in this particular alfalfa hay, equals 

3.083 cents per kilogram on a dry matter basis.
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TABLE 3.1. INGREDIENTS AND INGREDIENT PRICES. FOR MONTANA RATION 
BLENDS.

Ingredient 1973
Price

1972

Energy Ingredients:
■■ - - C / K g . ~

Alfalfa 6.8 4.33
Corn silage . 3.78 2.8
'Barley 11.6 5.567
Wheat 18.2 5.573

Supplemental Ingredients;
20% Protein . 16.8 8.8
36% Protein 16.9 9.3
10-5 Calcium-phosphorus 20.2 16.2
Vitamin A 12.1 1.6/g

TABLE 3.2. INGREDIENTS AND INGREDIENT PRICES FOR MIDWEST RATION 
BLENDS.

Price
Ingredient 1973 1972

Energy Ingredients:. 
C o m 10.78

--C/Kg.:-------

' 5.75
Alfalfa 6.8 4.02
Corn silage 3.78 2.8

Supplemental Ingredients: ' ' ■
20% Protein 16.8 ■8.8
36% Protein 16.9 ■ . 9.3
10-5 Calcium-phosphorus 20.2 16.2 '
Vitamin A 12.1 ■1.6/g
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A 'summary of particular . results of this research effort are 

contained in the Appendix. In general, the TDN system of ration 

balancing tends to yield the least-cost method of ration balancing 

as compared to the NE system. The foregoing statement holds . true 

for both steers and heifers. Midwest ration blends generally yield 

a lower cost combination than do Montana ration blends both for the 

NE and TDN systems of ration balancing. Ration blends for heifers 

yield a higher total cost than do blends for steers due to the 

higher energy requirement for heifers as indicated by Equation (2.3) 

of the NE system of ration balancing and by the NRC for t h e .TDN 

system of ration balancing.

An examination of the results of this research effort indicates 

that for certain animal weights the average cost of gain is a 

decreasing function of rate of gain throughout for the rates of gain 

considered. This is due to several factors.

The energy, protein, mineral, and vitamin requirements found in 

the National Research Council’s "Nutrient Requirements of Beef 

Cattle," [1970] were used as the constraints for these various 

requirements. The foregoing publication was used as it contains the 

most up-to-date information on the requirements of beef cattle. The 

protein, mineral, vitamin A, and TDN requirements encompass only one 

rate of gain within each of four weight classes for finishing
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yearling beef cattle. For steers these weights and rates of gain, 

respectively, are 250 kg, 1.3 kg/day; 300 kg, 1.3 kg/day; 400 kg, 

1.3 kg/day; 500 kg, 1.2 kg/day; and for heifers the weights and 

rates of gain, respectively, are 250 kg, 1.2 kg/day; 300 kg, 1.2 

kg/day; 400 kg, 1.2 kg/day; 450 kg, 1.1 kg/day. The requirements 

for all other rates of gain (.7 through 1.5 kg/day) were 

interpolated which, without experimental data from feeding trials to 

base the estimates, on, were not exact.

More important than the primary results submitted herein are 

the price ratios of the various ingredients and the shadow prices of 

the various constraints. In order to determine the price at which 

particular ingredients would or would not enter the optimal 

solution, the price was parametrically increased to the point where 

it would no longer enter the. optimal basis. Output from the 

particular linear programming package used in this research effort 

then indicates the price at which the. particular ingredient under 

investigation will compete for an equal place in the basis. For 

example, wheat, at 18.2 cents per kg, does not enter the optimal 

solution. In this case examination of the results indicates that the 

price of wheat would have to be 11.7 cents per kg. The wheat-barley 

price ratio, on a 100 per cent dry matter basis, is then 

Pwheat/Pbarley = 11.7/11.6 = 1.009.
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The foregoing wheat-barley price ratio is equal to the marginal 

rate of technical substitution of barley for wheat as defined ' in 

Chapter 6 of "Microeconomic Theory" by C. E. Ferguson. The price 

ratio, Pwheat/Pbarley, is also equal to MPwheat/MPbarley. . The first 

indicates the rate at which the producer, "can substitute one . input 

for another in purchasing." The second tells the producer "the rate 

at which he can substitute in production." [Ferguson,1969]

Since the production function is not known, all that can be 

said in regard■to the MPwheat and MPbarley is that as long as . the 

Pwheat/Pbarley is not equal to the MPwheat/MPbarley the producer can 

increase output ■ or reduce costs by moving iri the direction of the 

equality.

This research effort is directed at minimizing cost subject to 

the production function. Therefore, in moving toward equality 

between the marginal products and the price ratios, cost per kg of 

gain per day will decrease while maintaining output at the original 

level.

The wheat-barley price ratio equal to 1.009 indicates that for 

small movements. along the isoquant, . one unit of wheat will 

substitute for 1.00,9 units of barley. The findings of this research 

effort suggest the . wheat-barley price ratio, at the price where 

wheat will compete for an equal place in the basis, will be greater
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than one. One unit of wheat will replace more than one unit of 

barley in purchasing as determined on a 100 per cent dry matter. 

basis.

Ration blends obtained for the .1972 prices indicated in Table 

3.1 are significantly different than those obtained under 1973 

prices. The most significant difference is.in the relative amounts 

of wheat and barley that enter the optimal solution. Under 1972 

prices, wheat and barley enter at equal levels, as defined by 

Equations (2.24) and (2.25) for all weights and rates of gain. In 

this case, the wheat-barley price ratio, Pwheat/Pbarley, is 

5.573/5.567 = 1.001. Comparison of the 1972 wheat-barley price 

ratio (1.001) with the 1973 wheat-barley price ration (1.009) 

indicates as prices of the two inputs rise wheat will substitute for 

more barley.

Table 3.3 lists the levels at which, the energy activities 

(alfalfa, corn silage, wheat, and barley) entered the optimal 

solution under 1972 and 1973 prices for a 300 kg.steer to gain 1.3 

kg per day. The ration blend changed from 1972 to 1973 due to the 

change in the relative prices of the ingredients that made up the 

blend. The relative price of wheat was such that it did not enter 

the optimal basis. The amounts of alfalfa, corn silage, and barley 

in the ration increased in order to satisfy the nutrient
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constraints. It is not a simple case of substituting one grain for

another or one roughage for another as relative prices change.

TABLE 3.3. ACTIVITY LEVELS UNDER 1972 AND 1973 PRICESs TDN AND NE 
SYSTEMS, MONTANA, 300 KG STEER TO GAIN 1.3 KG PER DAY.

Ingredient

Activity Levels
1972 1973

TDN NE TDN NE

— Kg. Per Steer Per Day---
Alfalfa 1.54 0.44 2.36 1.38
Corn Silage 2.36 2.26 2.49 2.44
Wheat 1.98 2.42 0.00 0.00
Barley 1.98 2.42 3.45 4.30

Two questions relevant to minimum cost models are those 

relating to marginal cost (MG) and average cost (AC). If cost per 

kilogram of gain is regressed over rate of gain using a polynomial 

of the second degree MC of gain, AC of gain, and minimum AC can be 

computed. In this case MG is defined as the rate of change in cost 

with respect to change in output. Therefore:

MG STC
8x

9F(x)
3x

where: x = rate of gain;

TC = total cost;
2F(x) = c + bx + ax ;

c , b and a are parameters determined from the data.
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Average cost is defined as TC divided by rate of gain and is:

■ AC , , FM.
X . X

Minimum AC may be computed by taking the derivative of the AC 

function with respect to x.

Minimum AC

8F.(x). 
AC x

As an example data from the NE system in Montana for a 250 kg 

heifer is presented.
2Cost per kg gain = c + bx + ax

where: c = 61.11; b = -54.65; a = 46.95; and x = .7 to 1.5 kg per day.

MC of gain '= 3-̂ C ax  ̂ = b + ax

-b 54.65
and x ■ ^  ■ 4 0 5

x =  1.16 kg per day.

The value of x is significant in that it is the rate of gain at which 

profit is maximized for this particular animal.•

2 'c + bx + axAC of gain



and minimum AC of gain
3(-- H b  + ax)x

" T + ax '

2x = j:
a

x2 _ 61.11
46.95

x = 1.14 kg. per day.



CHAPTER IV

SUMMARY AND CONCLUSIONS

The foregoing research effort was directed at determining. (I) 

whether specifying the energy needed by beef cattle for a specific 

rate of gain in energy for maintenance and energy for gain is better 

than specifying the total amount of energy for a specific rate of 

gain and (2) is there a reason to believe that if there are 

significant differences will Montana's comparative advantage shift 

toward feeding out cattle?

The two energy systems considered in this research effort were 

the net energy (NE) system and the total digestible nutrient (TDN) 

system. The NE system of ration balancing per Lofgreen and Garrett 

separates energy requirements into two categories:

1) net energy for maintenance (NEm) and

2) net energy for gain (NEg).

The .total net energy (NE) of a feed is a weighted average of 

NEm and NEg and depends upon the level of feeding or , more 

specifically the rate of gain that a particular level of feeding 

produces. Lofgreen and Garrett state that "separating the net 

energy requirements into maintenance and weight gain overcomes the 

criticisms that net energy requirements vary with different 

roughage-concentrate ratios as do metabolizable energy arid total
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digestible nutrient systems." [Lofgreen & Garrett,1968]

The TDN system of ration balancing is based on the proximate 

analysis which partitions a feedstuff into six fractions or 

proximate principles: water, ether extract, crude fiber, 

nitrogen-free extract, crude protein, iand ash. Five of the 

principles are determined chemically and the sixth, nitrogen-free 

extract, is determined by difference.

A minimum cost linear programming model was developed to define 

the problem at hand. The objective function was minimized subject 

to energy, vitamin, and mineral constraints; namely, energy, 

protein, vitamin A, calcium, and phosphorus.

The model used to define the net energy system is based on a 

similar model developed by Brokken [1971]. The TDN model is not 

unique. It is based on similar least-cost feed mix models.

The results of this research effort indicate that, in general, 

(I) the TDN system of ration balancing yields a lower cost specific 

blend than does the NE system; and (2) Midwest ration blends cost 

less, both in the TDN system and the NE system, than do those blends 

formulated for Montana. Ration blends formulated for heifers cost 

more than for steers under both the TDN system and the NE system.

Since the only constraints that change between the NE system 

and the TDN system are the energy constraints the conclusion of this
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research effort, in this case, is that the energy specifications for 

the two systems are . not equal. However, it. must not be inferred 

that the TDN system is better for blending a least-cost ration. In 

the present state of the arts, linear programming of ration blends 

for beef cattle will not replace practical experience. Linear 

programming is a valuable tool for quickly and efficiently analyzing 

price changes of ingredients that comprise a ration blend and their 

effects on.the cost of the ration. The NE, TDN, or other systems 

may be used to determine least-cost blends.

Until all energy and nutrient requirements are specified for 

all weights and rates of gain for beef cattle, linear programming is 

merely an indicator for specific mixes which must be tempered with 

practical knowledge and experience.

The conclusions of this research effort relating to the stated 

hypothesis are:' (I) the NE system of ration formulation does not 

yield a substantially different ration blend when compared with the 

TDN system of ration formulation; and (2) based on the cost per 

kilogram of gain, there will not be a shift irt Montana’s comparative 

advantage to feed out cattle.
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APPENDIX TABLE. I.. COMPARATIVE COST OF GAIN, MONTANA AND MIDWEST RATION

BLENDS : NET ENERGY SYSTEM: 250. KG'. HEIFERS .

Montana Midwest
Rate of Gain Total Cost Average Cost Total. Cost Average- Cost

Kg. /Day ' Cents Cts/Kg ' Cents Cts/Kg
0.7 45.1 64.4 41.9 ■ 59.9
0.8 47.4 59.3. 44.9 56.1
0.9 50.8 56.4 47.8 53.1
1.0 54.5 54.5 51.0 51.0
1.1 58.3 53.0 54.2 49.3
1.2 62.2 51.8 . 57.7 48.1
' 1.3 67.8 52.2 63.3 .48.7
1.4 76.5 54.6 ’ 71.4 51.0
1.5 ■ 85.8 57.2 79.9 53.3

APPENDIX TABLE II. COMPARATIVE 
BLENDS: NET

COST OF GAIN, MONTANA AND MIDWEST RATION 
ENERGY SYSTEM: 450 KG. HEIFERS.

Montana Midwes t
Rate of Gain Total Cost Average Cost . Total Cost Average Cost

Kg./Day ' Cents: Cts/Kg Cents Cts/Kg
0.7 68.2 . 97.4 64.6 92.3
0.8 73.5 91.9 . 69.2 86.5
0.9 78.9 87.7 73.9 82.1
1.0 84.6 84.6 78.9 78.9
1.1 90.6 82.4 83.9 76.3
1.2 97.6 81.3 89.1 74.3 .
1.3 . 104.9 80.7 94.6 ' 72.8
1.4 113.3 80.9 100.9 72.1
1.5 123.5 82.3 109.1 72.7
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APPENDIX TABLE III. COMPARATIVE COST OF. GAIN, MONTANA AND MIDWEST RATION

BLENDS: ■ TOTAL DIGESTIBLE NUTRIENT SYSTEM: 200 AND
250' KG. HEIFERS.

. Montana— 200 Kg. Midwest--250 Kg.
Rate of Gain . Total Cost Average Cost Total Cost Average Cost

Kg./Day Cents . Cts/Kg ■ . ,Cents. . Cts/Kg
0.7 . .38.7 55.3 37,5 53.6
0.8 39.5 49.4 41.2 51.5
0.9 40.4 44:9 45.5 . 50.6
1.0 : 41.2 41.2 ■ • 49.9 49.9
1.1 ■ 43.3 • 39.4 52.1 47.4
1.2 43.5 36.3 54.6 45.5
1.3 46.6 35.9 56.7 43.6
1.4 • 47.3 . ’ 33.8 63:2 ' 45.1
1.5 ■ 48.8 ■ 32.5 ■ 72.8 48.5

•APPENDIX TABLE IV, COMPARATIVE COST O F .GAIN, MONTANA AND MIDWEST RATION 
BLENDS: TOTAL DIGESTIBLE NUTRIENT SYSTEM: 450 KG.
HEIFERS.

Montana ' Midwest'
Rate of Gain Total Cost: Average Cost Total Cost Average Cost

Kg./Day Cents Cts/Kg Cents Cts/Kg.
0.7. 76.4 109.1 69,9 99.9
0.8 - V  79.8 99.8 72.9 91.1 '
0.9 ' 84.3 93.7 . 76.2 ' 84.7
1.0 88.9 >  88.9 79.5 79.5

' 1.1 89.6 81.5 80.4' 73.1
1.2 89.1 74.3 81.0 .67.5
1.3 90.6 69.7 82.8 . 63.7
1.4 ' 92.0 65.7 84.5 ' 60.4
1.5 ■ 94.1 62.7 86.5 57.7 .



43

APPENDIX TABLE V. COMPARATIVE COST OF GAIN, MONTANA AND MIDWEST RATION
BLENDS: NET ENERGY SYSTEM: 250 KG. STEERS.

Montana Midwest
Rate of Gain . Total Cost Average Cost Total Cost Average Cost

Kg'./Day Cents • Cts/Kg ' "Cents Cts/Kg
0.7 41.6 59.4 ' 39.9 57.0
0.8 . 44.4 55.5 42.3 52.9
0.9 47.3 52.6 44.8 49.8
1.0 50.4 50.4 47.2 / 47.2
1.1 53.5 48.6 . 49.9 45.4
1.2 56.7 , 47.3 52.6 43.8
1.3 60.1 . 46.2 55.5 . 42.7
1.4 63.3 45.2 . 59.0 42.1 ■

’ 1.5 66.7 44.5 62.5 41.7

APPENDIX TABLE VI. COMPARATIVE COST OF GAIN, MONTANA AND 
BLENDS: NET ENERGY SYSTEM: . 450 KG.

MIDWEST RATION 
STEERS.

Montana Midwest .
Rate of Gain Total Cost Average Cost . Total Cost Average Cost

K g ./Day Cents Cts/Kg Cents Cts/Kg
0.7 64.4 92.0 61.4 87.7
0.8 69.0 86.3 65.2 81.5
0.9 73.5 81.7 69.1 76.8
1.0 78.1 78.1 ■ 73.1 73.1
1.1 . 82.9 75.4 77.2 70.2

■ 1.2 87.8 73.2 81.5 ' 67.9
1.3 92.8 71.4 85.7 65.9
1.4 99.5 71.1 91.2 65.1
1.5 . 107.5 ■ 71.7 96.9 64.6'
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APPENDIX TABLE VII. COMPARATIVE COST OF GAIN, MONTANA AND MIDWEST-RATION
BLENDS: TOTAL DIGESTIBLE NUTRIENT SYSTEM: 250 KG.
STEERS.

Montana Midwest
Rate of Gain Total Cost Average Cost Total Cost Average Cost

Kg./Day Cents Cts/Kg Cents Cts/Kg
0.7 .49.6 70.9 45.3 • 64.7
6.8 50.0 62.5 45.7 . 57.1 .
0.9 50.7 56.3 46.3 51.4
1.0 51.2 51.2 ,46.7 46.7
1.1 52.3 . 47.6 47.8 43.5
1.2 54.5 45.4 49.7 41.4
1.3 . 56.7 43.6 51.7 39.8
1.4 61.7 44.1 56.3 40.2
1.5 67.0 ' 44.7 61.1 40.7

•APPENDIX TABLE VIII. COMPARATIVE COST OF GAIN, 
BLENDS: TOTAL DIGESTIBLE
STEERS.

p

MONTANA AND MIDWEST RATION 
NUTRIENT SYSTEM: 450 KG.

Montana Midwest .
Rate of Gain Total Cost Average Cost Total Cost Average Cost

Kg./Day Cents Cts/Kg Cents Cts/Kg
0.7 78.3 111.9 71.1 101.6

' 0.8 79.1 98.9 71.8 89.8
. 0.9 80.0 88.9 ■ 72.6 . 80.7

1.0 81.5 81.5 74.0 74.0
1.1 . 83.0 75.5 75.4 68.6
1.2. 85.4 71.2 77.5 64.6
1.3 86.9 66.9 78.9 ' 60.7
1.4 88.6 63.3 80.4 . ■ 57.4
1.5 90.1 60.1 81.8 : 54.5
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Montana

Midwest

Rate of Gain, Kg/Day

Appendix Figure I. Total and Average Cost of Gain, 250 Kg. Heifer,
Montana and Midwest, Net Energy System.
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Appendix Figure 2. Total and Average Cost of Gain, 450 Kg Heifer, 

Montana and Midwest, Net Energy System.
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Appendix Figure 3. Total and Average Cost of Gain, 250 Kg. Steer,
Montana and Midwest, Net Energy System.
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Appendix Figure 4. Total and Average Cost of Gain, 450 Kg. Steer,
Montana and Midwest, Net Energy System.
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—  — TC Midwest- AC

0.7 0.8 0.9 1.0 1.1 1.2
Rate of Gain, Kg/Day

Appendix Figure 5. Total and Average Cost of Gain, 250 Kg. Steer,
Montana and Midwest, TDN System.
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120 -I TC
AC Montana

*- —  — —  -• TC Midwest

Rate of Gain, Kg/Day

Appendix Figure 6. Total and Average Cost of Gain, 450 Kg. Steer, 
Montana and Midwest, TDN System.
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