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ABSTRACT 

 Beef cattle are an important part of everyday life for many Americans. This is why it is 

important that beef cattle producers are able to maximize their profits. One way they can do that 

is by using the proper crossbreed. The proper crossbreed allows for the beef producer to still sell 

a large animal to bring in a large amount of revenue while keeping feed prices as low as possible. 

Using the equations from this thesis the optimal breed to cross with the Angus was found. While 

Charolais did produce the best results on average, it did not produce a statistically different 

answer from some of the other breeds. This means that the Charolais-Angus cross one average 

produces the most profit, however due to variations in weight and other factors this may not 

always be the case. To sum up, a methodology has been developed to find the crossbreed using 

the Angus that maximizes profit. 
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CHAPTER 1 

INTRODUCTION 

Cattle play an important role in the United States economy due to its main product beef.  

Beef is one of the largest exports in the United States.  It is the largest agricultural export and it 

is worth on average between $34 and $37 billion (Boyabatli, 2011).  Most cattle being raised in 

the United States are for the purpose of beef.  While other products like leather and milk also 

come from cattle, the main purpose they serve is beef.  Leather is a side product of the beef 

industry; i.e. no one is killing cattle for its skin, but since they are being killed anyway for beef 

there is no reason not to use it.  The dog/cat food industry is another similar industry that is using 

what the beef market considers scraps to make their product.  Dairy cattle are not needed in quite 

the numbers that beef cattle are needed to meet demand.  Because in order for you to get milk 

from the cow the animal remains alive.  Therefore, one cow can be milked dry and then brought 

back later to produce more milk.  Beef cattle do not have the ability to produce more than the one 

time, which is why it is important to figure the optimal solution when it comes to picking 

crossbreeds since you only get the animal to produce once.  This means the best species of 

bovine needs to be selected to cross with the Angus to make the most profit for the beef cattle 

producer. 

 

1.1 Growing Need for Beef 

 While this thesis is not about trying to ensure that there is enough beef for everyone on 

the planet, the issue of the growing demand for beef as a food source throughout the world is one 
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of the many reasons that beef is important to our society.  Thus, identifying the best methods for 

helping those who produce beef is also good for society.  

 With increase in population, food consumption rates are also increasing.  The increased 

wealth in other countries contribute to the growth of beef consumption.  Many people all over 

the world consume beef, and hence it can also be assumed to be increasing in demand as well.  

The rate at which our population is growing is slowing down (Worldometers, 2019).  With the 

current population, there is still food shortages throughout different parts of the world. Therefore, 

if the beef supply does not increase, allowing more beef producers to stay in business by staying 

profitable the food shortage will grow.  United States consumes on an average 56.6 pounds of 

beef per person each year (Peel, 2017).  While the rest of the world consumes less beef compared 

to United States, they do still consume large amounts of beef and the population that consumes 

beef is growing.  By the year 2100, population is expected to be over 11 billion, and hence 215 

billion more pounds of beef will be in demand.  Considering that beef from cattle on an average 

weighs about 650 pounds per cattle, about 350 million more cattle would be necessary to meet 

that demand.  There appears to be little to no growth in the amount of beef each person is eating 

(Haspel, 2015). If beef production is performed incorrectly, beef producers can lose their 

investment, and therefore no longer produce beef.  If there is not ample supply of beef, but the 

demand continues to grow, there will be a beef shortage. Thus, it is important for beef producers 

to be profitable and continue to produce beef.  

 

1.2 Beef Industry Basics 

This section details the different stages of the beef industry.  It starts with the 

insemination process, which is where the cows are impregnated.  For this either artificial 
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insemination is used or a bull (male)-heifer (female that’s has never breed)/cow (female that has 

breed before) combination is used.  For the natural breeding process, a bull/cow ratio, between 

one bull for every 15-50 cows is used.  This depends on the fertility levels of all the animals 

involved.  Bull fertility is typically tested every year.  This leads to the next stage of the beef 

industry, the cow-calf combination.  Once the cow/heifer is bred from the bull, by about nine 

months or 270 days it will calve.  The calves typically stay with their mothers until they are 

around 6 months old, if they are going to keep the calf to breed.  If the calf is going to be sold as 

soon as it hits full weight they are sometimes kept with the mother or sometimes they are raised 

alongside other calves born in the same season.  This is common practice for the bull calves that 

are not being raised to be breeding bulls.  This means that the bull calves will be turned into 

steers (castrated male).  This happens because the quality of the meat in a standard bull is tough, 

lean, and undesirable.  These steers are often sent to feedlots once they are old enough to be 

weaned off their mother.  The feeder cattle do not have to be just steers, heifers can also be 

feeder cattle.  They typically live between one to two years of age before they are slaughter.  

Live cattle are cattle that are used to increase herd size, or for another similar purpose.  

The next stages of the beef industry follow a very similar process as the one shown in 

Figure 1 below. 

 

 

 

 

  

Figure 1: Beef Cattle Supply Chain (Boyabatli, 2011) 
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From the ranches/pastures or feedlot, cattle are typically shipped to one of three places: 

spot market, contract market, or straight to the processor.  A spot market is simply an auction 

where the price has a high variation, compared to contract beef.  Contract markets have an 

agreed upon price and the cattle owner has agreed to sell a certain range of pounds of cattle for 

the market price.  The cattle sent straight to be processed do not have to be sold because the 

owner of the cattle pays for the processing and will obtain the meat or other commodities from 

their beef.  The beef is sent to a wholesale market for most beef, and the wholesaler sells the beef 

to locations where the beef is marked up and sold to consumers.  These last couple of stages in 

the supply chain of beef industry can go all over the globe to international markets which make 

the beef industry supply chain complex and challenging. 

 For crops such and corn and wheat, farmers decide what to plant, when to plant, and how 

much to plant.  Beef is a similar industry; in the aspect that many decisions need to be made in 

advance of the time-of-sale to make the organization successful.  Beef cattle are not planted like 

wheat or corn, they are bred, which can play an even bigger role.  Genetic selection can be one of 

the most influential decisions a beef raiser can make on their bottom line. 

 The breed of cattle used can vary for a variety of reasons from climate, to size, to 

availability.  Older ideology had beef raisers producing pure breeds of the breed that they were 

raising.  This was because it was that believed a purebred animal was the best of the best.  

However, this thought process has begun to change.  In today’s world, if a beef producer wants 

to be successful, they should crossbreed their cattle.  This leads to the issue of what cross should 

be used to give the most profit for the beef operation. 
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1.3 Problem Statement: Why Quantification is Needed in the Beef Industry 

 Using quantification is a different approach of trying to find the best crossbreed in beef 

cattle.  This is typically done through either genetics or trial and error.  Genetics is the typical 

scientific approach using items such as Punnett Square and a series of other tools.  While 

genetics are a critical aspect when it comes to finding the optimal crossbreed in cattle, using 

quantifying techniques to find it are much simpler, cheaper, and can be completed in a shorter 

time frame.  Genetics has the ability to change the characteristics of a breed.  However, that is 

beyond the scope of this research.  The goal of this math model is to select the appropriate 

species of bovine to cross with the Angus to make the most profit for the beef producer.  In the 

quantifying model, the issues are the money it takes to breed/feed the animals, the time it takes to 

breed and grow the animals to full sale weight, and the fact that data is difficult to keep track of.  

However, the quantification of profit can be justified financially, and modified as the variables 

change, and can be computed fast compared to other options are why it is a superior method of 

find the optimal crossbreed in beef cattle. 

 One issue with the current beef industry and its lack of models for profit is that the capital 

is often tied up in inventory items such as feed, medicine, cattle, land, etc. which is necessary for 

producing cattle.  These expenses have not always been a major focus for some beef raisers, due 

to a mentality that they are cattlemen and not businesspersons.  Cattlemen often focused on 

raising the biggest cow to ensure profits without considering the expenses.  Solely focusing on 

sale weight ignores so many of the factors that are considered expenses and affect the bottom 

line of your business. 

 The model in this thesis is made to be flexible to allow for change in the system based on 

changes in the market.  Since many of the variables are out of the beef producers’ control, the 
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ability to move with the flow of different markets is important.  This means that one rule cannot 

be set to last to all of time.  As the price of feed, beef, and all of the other factors in the industry 

vary continuously, it is necessary for the model to allow these factors to be changed.  This means 

that the best crossbreed may also change over time as variables change.  For example, if the price 

of feed increases it might become less optimal to be selling bigger cattle.  The reason for this is 

that to get bigger cattle you must feed them more.  If you are spending more on feed than you are 

getting back on the price of beef at sale, your system is no longer optimal.  Thus, it is possible 

that with model parameter changes, it is possible that selling a smaller animal makes you more 

profit.  The smaller animal may give you less revenue, but a higher profit.  It is very counter-

intuitive, however, the is the reason that up until recent years people have always tried to sell the 

biggest cattle.  Thus, quantification of profits can be a useful tool in beef producing. 

 

1.4 Plan for Quantifying Profit Crossbreeding in Beef Cattle 

 Many variables need to be determined or at the very least validated before any 

mathematical work can be done on trying to find the best crossbreed in beef cattle.  While most 

of the information needed for building a model to determine the best crossbreed can be estimated 

from past experience and the experience of personnel in the beef industry, it still needs to be 

validated and proven.  The first step of finding the optimal crossbreed in beef cattle is to 

determine the parameters that affects the finances of a beef producer.  The parameters/variables 

in crossbreeding that can affect the bottom line has to be determined.  The weightage of these 

parameters with respect to the profit has to be determined and factored in as well.  

 After the variables are found and determined, the model/equations that will be used to 

quantify the profit will be developed.  The profit function can be built based on the information 
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found about the variables that affect the bottom line of producing beef cattle.  The way this 

models and equations are built will be explained in the methodology portion of this thesis.  The 

model and equations will show the most profitable crossbreed for beef cattle.  This can also be 

used for further analysis to help predict what the crossbreed of the future might be with changes 

in parameters.  To sum up, finding the best crossbreed for beef cattle in the current market is 

only a small portion of what this thesis and research will cover. 

 

1.5 Research Objectives: 

1. Find what factors play a role in making a profit for beef cattle producers and to what 

extent they effect the bottom line by collecting data from unbiased sources and literature. 

2. Determine the variables in cross breeding beef cattle and their weight in order to improve 

profits for beef cattle breeders. 

3. Determine the best crossbreed for beef cattle for making a profit. 
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CHAPTER 2 

LITERATURE REVIEW 

Many factors have to be looked at when it comes to quantifying profits in crossbreeding beef 

cattle.  The impact of crossbreeding on profit is studied.  The next factor that will have to be 

looked at is why crossing with the Angus is the proper assumption to make.  The next step is to 

identify the need for quantification of profits as a good strategy as opposed to trial and error and 

genetics. In the end, the following variables/parameters will be verified to identify the effect on 

the profit: a) Animal Weight, b) Feed Rate, c) Beef/Feed Prices, d) Quality of Meat, e) Fertility, 

and d) Disease.  After these topics were studied the limitations had to be examined.  This will all 

show the details of the model and why they need to be part of the solution. 

2.1 What is Crossbreeding 

 In many activities, pure bred animals are looked at as superior to the crossbreeds or 

mutts.  The beef and cattle industry used to be no different.  However, after studies on 

crossbreeding, it has been shown to be a more effective way of breeding cattle for a variety of 

reasons (Comerford, n.d.).  The basics of crossbreeding an animal are simple.  Simply take one 

species of bovine and breed it with another.  An example of this would be to have a Gelbvieh sire 

(bull/male) bred with an Angus damn (heifer/cow/female).  This breeding strategy is called a 

two-breed rotation (Comerford, n.d.).  People like this strategy because of its simplicity; 

however, you cannot continue this plan with the same herd because after this, all of the 

replacement cattle are crosses.  Therefore, this breeding strategy is more of startup plan for your 

first breeding season when you begin crossbreeding.  

 This leads to the next breeding strategy which is called a two-breed backcross 

(Comerford, n.d.).  This is what is used after you have already established your cross.  Here a 
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pure breed sire is crossed with a crossbreed damn.  This gives good use of the different effects of 

the breeds and replacement cattle can be gained from this process (Comerford, n.d.).  It also 

gives better consistency in the calf crop (Comerford, n.d.).  Using these crossbreeding strategies 

allows you to take advantage of their effects. 

 

2.2 Why We Crossbreed 

 As the sciences and the effects of genetics on cattle become more commonly known 

people are realizing that the benefits of crossbreeding defiantly outweigh the ability to say you 

are breeding pure breed animals.  Hybrid vigor or heterosis is the biggest and most important 

reason to crossbreed cattle.  Purebred animals are known to exhibit chronic genetic illnesses or 

disabilities (Comerford, n.d.).  According to the US Department of Agriculture, through research 

at the University of Nebraska in association with the US Meat Animal Research Center, disease 

is one of the most significant costs when it comes to raising cattle (Stone, 1985).  Resistance to 

disease is also associated with other favorable characteristics such as growth rate and milk yield 

with and indirect increase in weight (Stone, 1985).  This means that not only will crossbred cattle 

have fewer medical issues, which means less expenses on veterinarian’s services, but crossbred 

cattle will also have a higher average weight because the crossbred cattle are not using energy to 

fight off illness.  When cattle fight diseases it causes stress on the animals and stress has been 

proven to make cattle lose weight (Thomson, 2017).  Resistance to disease from heterosis 

increases the ability of larger size.  Crossbreeding gives the animals the ability to resist many of 

the chronic genetic illnesses/disabilities outweighs the ability to have purebred animals thanks to 

hybrid vigor. 
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 While hybrid vigor is a big reason and it alone may be enough of a reason to begin 

crossing, it is not the only one.  For example, you can take advantage of the different breed 

affects.  Pennsylvania State University’s extension office has completed an example to show that 

the combination of hybrid vigor and breed affects gives a better weight than the average of the 

two breeds’ average weights: 

Weaning weight of Breed 1 was 500 lbs., the average value for Breed 3 is 600 lbs. and 

the resulting calf crop after mating these two breeds averages 580 lbs., then heterosis for 

weaning weight is 30 lbs. or 5.5% with this cross (Comerford, n.d.). 

This example shows that crossing a smaller breed with a larger breed is not the decrease from the 

larger breed in weight that most would believe it to be.  It grows the smaller breed more than it 

decreases the larger breed’s weight.  This means if cattle are being raised where only the smaller 

breeds are able to be raised successfully, possibly crossing them with a larger breed could result 

in more weight and still maintain the genetics that allowed the smaller breed to excel. 

 Looking at the example given earlier about only the smaller cattle having the ability to be 

successfully raised in an area crossbreeding gives you the ability to design your herd to what is 

working best for you.  When getting into the two-breed back cross, different traits will be carried 

on to the calf herd and as they grow, the successful cattle will be able to pass along their 

favorable traits (Comerford, n.d.).  This can also be used to ensure you are hitting your target 

market (Comerford, n.d.).  All of these benefits allow beef raisers to create a breeding plan that 

works best for them and their market (Comerford, n.d.).  To sum up, crossbreeding cattle not 

only gives the bonus of heterosis/hybrid vigor, but also have the ability to be design into the herd 

that works best for the market and area. 
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2.3 Why We Cross with the Angus 

 For all aspects of this paper, the assumption that we are crossing with the Angus or at 

least an Angus cross is taken.  Table 1 shows the breed of sire means for cattle born in 2015 

under conditions similar to USMARC” Kuehn and Thallman (2017).  This institute is one of the 

few reliable sources on finding information across multiple breeds.   

 From Table 1, it can be seen that the Angus is the heaviest mean weight cow/carcass 

available, but it is not the biggest calf or light feeder/weaning weight.  Also, the Angus is 

significantly better than all other species for its Marbling Score.  Marbling is very important 

when it comes to beef because marbling influences flavor significantly.  The reason flavor is 

important is because “taste” is the most important feature valued by consumers when purchasing 

their food and the primary reason many consumers prefer beef compared with other types of 

meat (Tatum, 2015).  This is why store Select and Standard rated beef cost less than Prime beef.  

This quality and its effect on price are one of the major variables taken into account when it 

comes to finding the optimal crossbreed and is discussed further later.  Angus has the highest 

typical mean sale weight and on average produces higher quality beef.  When producing 

purebred cattle Angus is the most preferred.  Crossing with the Angus gives the benefits of not 

only the hybrid vigor, but it also allows you to take advantage of the breed affects produced by 

the Angus of higher weight and better quality. As mentioned earlier Table 1, shown below, 

shows that Angus the heaviest animal being looked at and has the best marbling score. 
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Table 1:  Breed of Sire Means for 2016 Born Animals (Kuhen, 2018) 

Breed Birth Wt Weaning Wt Yearling Wt 
Carcass 
Wt. Marbling Score 

Angus 85.5 562.4 1052.6 937.3 5.67 

Hereford 88.6 544.3 997.5 890.3 4.91 

Red Angus 85.5 547.1 1017.8 901.2 5.47 

Shorthorn 90.4 527 988.9 893.9 5.03 

South Devon 88.7 524 988.1 859.4 5 

Beefmaster 88.7 554.9 1001  0 0 

Brahman 96.1 580.5 1003 882 4.48 

Brangus 88.3 552.2 1017.1  0 0 

Santa Gertrudis 89.5 555.5 1007.9 891 4.67 

Braunvieh 89.4 536.6 988.8 875.1 5.1 

Charolais 91.1 571.5 1035.9 922.4 4.94 

Chiangus 88.7 535.3 994.4 894 4.94 

Gelbvieh 87.5 556.9 1025.5 914.9 4.97 

Limousin 87.05 555.3 1000.7 911.2 4.9 

Maine-Anjou 88.1 524.9 963.3 870.9 4.71 

Salers 86.4 543.5 997 875.3 5.34 

Simmental 88.9 566.6 1041.7 920.1 5.06 

Tarentaise 87.3 546.2 976.5  0 0 

  

Quantification in the Beef Industry 

2.4 Current Strategy for Finding Best Breed 

 “A thousand days here, a thousand days there, and pretty soon you’re talking some real 

time,” (Ishmael, 2019).  Ishmael explained why we cannot find the optimal crossbreed for cattle 

by trial and error.  This method is the easiest to set up, however it does have the longest time to 

produce results.  In the trial and error method a sire (bull/male bovine) and a damn (cow or 

heifer/female bovine) are selected and then allowed to breed. As discussed earlier, one bull or 

sire can breed multiple damns/cows.  Typically, one of these animals is a pure breed Angus 

either red of black, color is the only difference in these breeds of Angus, due to the reasons 
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discussed earlier.  Once these cattle are bred it can be anywhere from one to two years before 

profits from that crossbreed may be realized.  This means to test all of the breeds being looked at 

in this model it could possibly take 20-30 years to test all 17 crosses with the Angus.  The other 

issue with this strategy is that the uncontrollable market factors also change as time goes on, and 

the factors make an impact on what the optimal crossbreed for profit in beef cattle is.  While trial 

and error may be what most beef producers would use to find the most profitable crossbreed, it 

does not hold its own compared with the study of genetics or quantification. 

2.5 Genetics 

 Genetics and genomics can do a great deal for the profits of a beef producer (Ishmael, 

2019).  This can allow you to breed a heifer and instead of having it breed two or three cycles (3-

5 years of age) it breeds 6-10 cycles.  Having animals that live longer means you are spending 

less money on developing or buying replacement heifer, which increases profits.  Unfortunately, 

being able to advance this field of study takes years and resources not available to the average 

beef producer.  While scientist and those in academia have time to study this for the betterment 

of the field, beef cattle producers do not.  Beef cattle producers need to be able to make a profit.  

They have to be able to adjust what they are doing based on the market.  While switching 

crossbreeds is not a simple process, it is drastically easier than changing the genetics of their 

animals.  Genetics has it place in the beef industry and has done and will continue to help the 

beef producers market a more profitable place through the use of GMO’s (genetically modified 

organisms).  Genetics is great for science and academia; however, beef cattle producers need 

something than can take current market factors into the decision. 
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2.6 Variables for Math Model 

 As previously mentioned, based on previous knowledge of expenses and revenues in the 

beef industry, certain variables had to be studied and converted into numbers and mathematical 

formulations to fit the assumptions taken for this problem. The assumptions taken were the 

following: 

 Cattle are feeder cattle from birth to slaughter. 

 All cattle breeds/crosses are raised in similar conditions to allow them to follow 

the mean provided by MARC. 

 Cattle price is based on current beef price per pound by the carcass. This means it 

is not based on individual cuts, nor is it based on a per set contract price per head. 

 Fertility affects the bottom line. 

 Disease and illness are a considerable expense. 

 Beef price is also based on quality of the animal. 

 Since cattle are feeder and not pasture/grass fed, feed cost needs to be taken into 

account. 

 All crosses are crossed with the Angus, ½ Angus and ½ other (not quite same 

percentages for second generations and on). 

 All sires and dams are pure breed. 

 All damns are Angus (for the second-generation scenarios they would be Angus 

cross). 

Since there are many different ways to raise beef, these assumptions must be taken into account 

when it comes to how the variables affect the profit made during the raising/selling beef cattle.  
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The mathematical model to represent this problem takes these assumptions therefore only covers 

this one scenario.  This one scenario does cover the four different systems of veal (calf weight) 

sales, light feeder (weaning weight) sales, yearling (on-hoof weight) sales, and carcass (hanging 

weight) sales.  For further work on this topic more models will be built to cover different 

scenarios and second generations of crosses.  The variables will more than likely have different 

effects on different scenarios or systems due to their impact.  However, they will all still be 

considered.  These variables are all based off the assumptions above and they are as follows: 

animal weight, feed rates, quality of beef on animal, fertility/fertility issues, disease/common 

illness, and beef and feed prices. 

2.7 Animal Weight 

 Beef cost is like almost any other food product in the fact that the more of it you get the 

more it cost.  This means bigger cows sell for more and therefore have higher revenue.  In this 

problem, weight is one of the only two variables that increase revenue to the system.  Also, 

weight plays the most substantial role for providing income, assuming the quality is within 

reason.  The mean weights by breed for 2016 cattle can be found in Table 1.  While weight is not 

a complicated variable it is one of the most important because income mostly comes from the 

price of beef at the time multiplied by the weight either hanging or at sale/auction. Therefore, it 

can be seen even before modeling that bigger cows bring more income into the system. 

 

2.8 Finding Weight of Crossbred Cattle 

 Dr. Larry Kuehn the MARC, have done research over the years to develop a chart for 

Expected Protégé Differences (EPD) (Kuhen, 2018).  This chart (Table 2) provides the expected 

weights of the crossbred animals. 
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Table 2: Adjustment Factors to Add to EDP’s of 18 Different Breeds to Estimate Across Breed 

EPD’s (Kuhen, 2018) 

Breed 

Birth 

Wt Weaning Wt 

Yearling 

Wt Carcass Wt. 

Marbling 

Score 

Angus 0 0 0 0 0 

Hereford 1.4 -16.5 -44.4 -71.1 -0.3 

Red Angus 2.6 -19.4 -31.4 -13.2 -0.03 

Shorthorn 4.5 -34.4 -46.6 5.6 -0.07 

South Devon 2.6 -29.9 -55.4 -68.8 -0.53 

Beefmaster 4 23.4 1.1     

Brahman 10.3 53.3 14.4 -35.9 -0.64 

Brangus 3.1 14.9 5.3     

Santa Gertrudis 5.2 40.4 39.8 -12.3 -0.44 

Braunvieh 2.2 -21.1 -46.6 -53.4 -0.61 

Charolais 6.6 32.7 23.2 5.1 -0.29 

Chiangus 2.8 -21.1 -36.2 -19.3 -0.47 

Gelbvieh 2.9 -15.5 -27.1 1.5 -0.37 

Limousin 2.5 -16.9 -53.9 -5.1 -0.03 

Maine-Anjou 2.4 -30.3 -55.2 -35.1 -0.43 

Salers 0.9 -11.2 -48 -47.6 0.07 

Simmental 2.8 -11.6 -19.2 -7.5 -0.12 

Tarentaise 2.7 20.2 -12.1     

 

As shown in Table 2, everything in this table is based on the Angus’s weights/scores.  The EDP 

deltas show the differences if the bull breed was different.  This is why it is assumed that the 

breed of the bull is what is changing in this problem.  These deltas are what allow beef cattle 

producers to estimate the weights of their crossbred animals. 

 The other big issue with the weights of cross breed animals is the variations in their 

weight.  For weaning weight this has been studied heavily.  The standard deviation for the cattle 

which were raised under normal conditions and in the same environment compared to one 

another, was 10 kg or 22 pounds (Beal, 1990).  This variation can be assigned as a percentage 

value to the other periods in life (Beal, 1990).  This information is not used in the current math 

model because it is assumed that the averages will hold as the average. 
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2.9 Feed Rates 

 Food is a common everyday expense for almost every person in the United States. 

Athletes particularly know and have experienced and practiced the process of trying to gain 

mass.  To do this they eat more than most people.  When cattle are trying to gain weight, almost 

every cow other than what is already fully grown and is used only for calving/breeding is trying 

to gain weight for the sale.  Cattle being fed for sale eat a large amount of feed.  Also, like 

people/athletes, larger cows consume more than the smaller ones (Rasby, 2013).  From this, it 

can be concluded that the breeds that produce larger animals consume more feed, and therefore 

their feed expense is higher than those with smaller breeds.  As a result, selling beef cattle is not 

as simple as finding the biggest breed of animal, then breed it, raise it, and sell it because doing 

this with the biggest animal means that it also has the highest feed cost as well. 

 While it is well and good to know that bigger cattle eat more, it does no good if it cannot 

be quantified.  This is where the 6:1 rule comes into play.  Many ranchers and feedlot managers 

have used this as a rule of thumb for a long time in order to be able to have a general estimate on 

feed consumption rates for feeder cattle.  The Samuel Roberts Noble Foundation, an agricultural 

research center based in Oklahoma, was able to confirm this rule in 2009 (Reuter, 2009).  This 

rule also works well across all species of bovine (Reuter, 2009).  The way this rule breaks down 

is for every pound you want your calf/steer/heifer/cow to grow you have to feed it six pounds of 

standard feed, such as silage, roughage, or minerals (Reuter, 2009).  An example of this would 

be as follows: 

You have two different heifers of the same age but different breeds.  Heifer 1 

weighs 225 pounds, while Heifer 2 weighs 250 pounds.  This means that Heifer 2 
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has consumed 150 pounds more (6 pounds of feed per pound gained X difference 

in weight) feed than Heifer 1.  

Depending on the price of feed and the price of beef of feeder cattle, it will determine 

whether having the bigger cow is worth the more expense.  Feed cost is just as important as 

medical expenses when it comes to variables that are cost drivers in the beef industry. 

 This now comes to what do the cattle eat throughout their lives.  While there are many 

different feeding plans that beef producers follow, these plans can change for a single beef 

producer every year depending on price and the available feed.  For this model, we will use one 

plan provided by Justin Axman, M.S., the Nutrition Service Manager of Hi Plains Feed of 

Garden City, Kansas.  

 The plan provided by Mr. Axman has a few different options in it that could have been 

followed, but for the sake of consistency a plan that is purely feeder cattle is followed.  While 

many cattle are put on grass for a portion of their lives, this model does not consider the fact that 

different levels of precipitation, type of grass, and many other variables can alter the 6:1 ratio 

and make it hold less true than a pure feeder plan.  The ratios of feed and minerals and their 

pieces will be discussed when feed and beef prices are factored into the model. 

 

2.10 Feed/Beef Price 

 Two more variables that affect the profitability of beef raisers are the price of beef per 

pound and the price of feed per ton.  These two variables are beyond the control of the cattlemen 

and they are controlled by the market: supply and demand.  While technically beef raisers can 

choose the number of animals they want to sell and control the supply, it is difficult to have an 

effect on the sale price by a single cattle breeder. Feed prices are controlled by the amount of 
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silage that is harvested each year and the availability of minerals.  This can be affected by things 

such as weather.  If a hailstorm comes and destroy the sorghum/corn crop, the supply will be 

decreased, and therefore the price of feed will increase.  A similar issue happened in 2017 when 

a factory that produces mineral burnt down.  This caused many nutritionists, such as Mr. Axman, 

to not recommend the minerals that were produced there, due to their short supply and high 

price.  These two variables play a large role in this problem. 

 The plan that is used to model this problem is similar to that of many feeder cattle.  There 

are four sections of this feed plan, and three of the four are made to help cattle gain weight 

before sale.  These feed plans each have a predefined length of time.  Each also has their own 

ingredients and ratio of the ingredients. s of the plans. 

 The first plan is called the Feed Yard Start Plan (Table 3).  The feed yard start plan is 

used for a calf at its youngest age.  The calf is on this plan from birth until is it around 30 days 

after weaning.  For a portion of this plan the calf will also be drinking its mother’s milk. 

Table 3: Feed Yard Start Plan (Axman, 2018) 

Ingredient 
Cost per 
Ton 

Cost per 
Pound 

As-Fed Inclusion, 
% 

Cost for One Pound of 
Feed 

Triticale Silage $40.0 $0.02 46.78% $0.009 

Rolled or Steam-Flaked Corn $140.0 $0.07 23.03% $0.016 

Wet Distillers Grain $75.0 $0.04 21.42% $0.008 

Good-Quality Hay $140.0 $0.07 6.57% $0.005 

Vitamin & Mineral 
Supplement $450.0 $0.23 2.20% $0.005 

Total     100% $0.043 

 

 The next plan that the cattle in this model would go to is called the Feed Yard Grower 

(Table 4).  This plan is followed from 30 days after weaning and until 5 months before full 

growth/sale.  The majority of the animal’s life will be on this feed plan; thus, the majority of the 

growth comes from this plan. 
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Table 4: Feed Yard Grower Plan (Axman, 2018) 

Ingredient 
Cost per 
Ton 

Cost per 
Pound 

As-Fed Inclusion, 
% 

Cost for One Pound of 
Feed 

Triticale Silage $40.0 $0.02 62.65% $0.013 

Rolled or Steam-Flaked Corn $140.0 $0.07 21.44% $0.015 

Wet Distillers Grain $75.0 $0.04 9.53% $0.004 

Good-Quality Hay $140.0 $0.07 4.23% $0.003 

Vitamin & Mineral 
Supplement $450.0 $0.23 2.15% $0.005 

Total     100% $0.039 

 

 The third plan is the Feed Yard Finisher (Table 5). As the name denotes this is the feed 

plan that the animal has at the end of its life, before it is sold to a beef processor.  More 

specifically it would be on this plan the last five months of its life.  This plan is higher in wet 

distillers’ grain, and it is designed to allow the animal to put on its last bit of weight needed 

before sale.  It does this by feeding it more of the wet distillers’ grain than other nourishments. 

The wet distillers’ grain has a higher caloric count than other products.  By feeding them this, it 

allows the animals to gain weight even though they are eating less feed.  This is “fattening them 

up” before they go to sale. 

Table 5: Feed Yard Finisher Plan (Axman, 2018) 

Ingredient 
Cost per 
Ton 

Cost per 
Pound 

As-Fed Inclusion, 
% 

Cost for One Pound of 
Feed 

Rolled or Steam-Flaked Corn $140.0 $0.07 50.83% $0.036 

Wet Distillers Grain $75.0 $0.04 32.30% $0.012 

Corn Silage $40.0 $0.02 11.63% $0.002 

Good-Quality Hay $140.0 $0.07 2.89% $0.002 

Vitamin & Mineral 
Supplement $450.0 $0.23 2.35% $0.005 

Total     100% $0.057 
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 Not all feeding expense comes from feeding the animals you are wanting to sell.  A 

portion of every beef herd is animals that are used to for breeding new animals.  This is simply 

called the Cow Ration (Table 6).  The reason this is important to the beef producers is because 

without these cows making more animals there would be no animals to sell for beef in the first 

place.  The way this feeding plan comes into play in optimizing the crossbreeding process for 

beef cattle will be explained when the model is broken down in the methodology portion.  

Table 6: Cow Ration Plan (Axman, 2018) 

Ingredient 
Cost per 
Ton 

Cost per 
Pound 

As-Fed Inclusion, 
% 

Cost for One Pound of 
Feed 

Native Hay $115.0 $0.06 80.00% $0.046 

Triticale Silage $40.0 $0.02 6.00% $0.001 

Corn Stover $80.0 $0.04 1.80% $0.001 

Wet Distillers Grain $75.0 $0.04 12.20% $0.005 

Total       100.00% $0.052 

 

 To sum up the feed plan and pricing process, the assumptions taken in this model are that 

the animals used will be purely feed yard cattle, meaning that they will not be grass fed or 

pasture raised at any point.  A feed plan, devised by an industry expert, will be followed for the 

model being used to optimize the crossbreed for beef cattle.  The feed plan is another item that 

could be optimized in the beef industry, but that is not the purpose of this model.  The feed plan 

is used to determine its effects on the profits of crossbred cattle.  

 Beef price much like feed price changes daily. As of June 28, 2018, beef was selling for 

$1.89 per pound hanging weight for carcasses and $5.99 per pound for veal (Tyson Fresh Meats, 

2018), (USDA Agricultural Marketing Service, 2018).  For every iteration of the model used in 

this problem, these values will be updated with the most recent values/prices, and other future 

based scenarios will be run where the prices of feed and beef will be estimated. 

 



 
 

22 
 

2.11 Quality of Meat 

 Similar to many industries, beef goes through inspections when the carcass is hanging.  

The beef industry does not use a pass-fail system; instead, grades are assigned to the carcass.  

This process also often happens after the meat is cut.  One of nine levels of grades is assigned to 

the beef based on the grades assigned to the carcass.  The nine grades are based on the amount of 

marbling in the beef.  According to the Merriam-Webster dictionary, marbling is “an 

intermixture of fat and lean especially when evenly distributed in a cut of meat.”  This fat is what 

gives the beef its flavor, and as mentioned earlier taste is the most important characteristic when 

it comes to the consumer (Tatum, 2015).  The nine levels of marbling and quality grade are listed 

below: 

Practically devoid/ low standard 

Traces/standard 

Slight/select  

Small/low choice 

Modest/average choice 

Moderate/ high choice 

Slightly abundant/ low prime 

Moderately abundant/ average 

Abundant/ high prime 

These levels start off with the lowest level of marbling which is practically devoid.  This level 

has the least amount of marbling in it which means this beef is very lean.  Abundant marbling is 

the highest level of marbling.  All of this marbling impacts the grades that are assigned to the 

carcass and the grades play a role in the price consumers will pay for the beef.  
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 Much like the weight variable, for quality we will refer to Table 1.  The levels of quality 

are given in a numerical form with the key at the bottom of Table 1.  A 4.00 on the quality table 

means small marbling, and a 5.00 on the table means slight marbling.  Small is graded as low 

choice beef and slight is low prime.  From Table 1, it can be seen than that the worst marbling 

for the selected breeds is a choice grade.  While this does mean there won’t be a big difference in 

all of the prices of beef, there still is a difference in price between choice and prime beef.  This 

can be a large factor on revenue, and hence it is considered for the model in finding the best 

crossbreed for beef cattle. 

For this problem, we will take the assumption that the quality of the beef will maintain 

around the averages.  However, thanks to hybrid vigor, crossbred beef has higher quality 

marbling than pure breed animals.  Also, for this problem since the average with the lowest 

marbling score is “choice”, the research that is where the difference is price based on quality will 

be focused.  When looking at choice and prime beefs in the United States, it can be broken into 

three groups.  Low choice would be one price, and average choice and high choice would have 

the same price as one another and a different price than low choice.  All of the prime quality 

grades are also priced the same in the US.  Using these three groups for this model, the 

average/high choice price range will be thought of as the zero since it is in between the other two 

groups.  A 13% difference on carcass price will be placed on each cross depending on the quality 

it can produce (Tatum, 2015).  Since customers are willing to pay more for better beef, quality of 

the carcass must be considered when trying to find the optimal cross. 
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2.12 Fertility 

 In order to ensure profits in the beef cattle industry, beef producers have to be able to 

have their own breeding operation amongst their cattle.  This means they need damns that are 

fertile and are able to nurse calves, and they have to either have a bull(s) or the ability to buy 

good semen.  If the cattle are not fertile, the operation will come to a halt in most scenarios.  

Thus, fertility is an important variable to consider when building a model to quantify profits in 

cross breeding beef cattle. 

 According to the US Department of Agriculture, fertility rates are almost identical for 

different species of bovine raised in similar environments and conditions (Geary, 2012).  The 

biggest factor in fertility amongst bovine is nutrition and environment.  Yet when comparing 

crossbreeds to straight purebred animals, the crossbreed animals have higher fertility rate than 

the purebred bovine (Geary, 2012).  Therefore, while different crosses may not be significantly 

different, they are significantly better than the pure breeds (Geary, 2012).  This is due to the 

hybrid vigor that affects almost every aspect of the beef cattle industry (Geary, 2012).  Thus, 

changing the cross does not play a significant role in this quantification problem from the aspect 

of fertility, yet it does show that getting that hybrid vigor is critical to profiting from beef cattle. 

 

2.13 Disease 

Dealing with disease is around 17% of the total expenses for beef raisers in the developed 

world and between 35-50% in the developing world (Bishop, 2002).  The cost of diseases needs 

to be taken into account for any problem considering profit.  Hybrid vigor is again a big player in 

the resistance of disease and is a huge advantage to crossing as opposed to pure breeds 

(Dickinson, 1961).  The fact that crossbreed cattle are so much less likely to have disease, 
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especially those that are genetic, is one of the biggest motives that cattle began to be crossbred. 

For example, purebred Salers cattle can be affected by Mannosidosis, which is a lethal disease in 

calves, carried through the genes of that species (Anderson, 2011).  However, when Salers are 

crossed with another breed the rates of this disease almost drop to zero because the disease is a 

recessive trait, so the dominant genes of the other species can cover it and even in the worst-case 

scenario the animal is only a carrier of the gene, but it is not active (Anderson, 2011).  All of this 

shows why crossing is advantageous for beef raisers. 

The next step in finding how disease affects the profit is how the different crossbreeds are 

impacted by disease.  Disease is similar to fertility in crossbreeding, in that there is not a 

significant difference between crosses (Dickinson, 1961).  While there is a huge difference 

between pure bred and crossbred, it is just not significant between the crosses themselves.  The 

way it affects the problem is that disease is used as a point to show why we should cross, but not 

which cross should be used.  To sum up, taking everything into account, disease does not affect 

which cross will lead to the most profit in a beef raising system. 

 

2.14 Future of Beef and Feed Prices 

 At the current moment the beef prices are near record highs (Tyson, 2019).  As of March 

2019, the price is $1.95 per pound. This is projected to continue to stay near record highs as well 

(Hughes, 2013).  This increase in beef prices is expected to also increase the profits that beef 

cattle producers make.  This is due to the increased revenue for the same amount of beef.  The 

role this plays in maximizing profit with your crossbreed is it gives more weight to the animal’s 

weight. Therefore, if the beef price is high, bigger animals will tend to be better. 
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 The other future price that is of major concern to this model is the price of corn.  This is 

because the majority of the beef cow’s diet is corn.  Corn much like beef is on the rise, although 

at not quite the rates that beef is (Ameritrade, 2019) (Tyson, 2019).  As feed/corn prices rise, it 

becomes tougher to make profit with bigger animals due to them eating more than smaller cattle 

(Rasby, 2013). 

 This leads to the question if beef prices are high and/or feed prices are low is it worth it to 

continue feeding the animals instead of feeding them.  When beef cattle are growing, they grow 

at a rate of 6:1 for pounds of feed to pounds of weight gained (Reuter, 2009).  However, beef 

cattle typically stop growing at the age of 18 months (Feutz, 2018).  That means if you keep 

feeding the cattle, it will not grow or gain meat.  The cattle will just gain fat which is cut off 

before the cattle can be processed and is not included in the sale weight when selling by hanging 

weight.  All in all, the futures for beef and feed prices are on the rise, which will affect how the 

model predicts the maximum breed. 

 

Limitations 

 Unfortunately, it is impossible to cover every scenario using any strategy, including 

genetics.  Only Angus crosses are being considered in this math model.  The reason for this is 

because Angus is the largest extreme point.  While it is assumed that being the extreme point 

well give the best outcome it is not proven.  A different cross could end up being the best, in an 

unusual circumstance, but we will assume that the Angus is the correct cross for the reasons 

listed. 

 The other major limitation is that the cattle in this model are only feeder cattle for their 

entire lives.  It is impossible to cover every possible feeding scenario, but in order to help 
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compensate for this limitation, the model is set up to allow for easily substitution of the feed 

plan.  This means if someone wanted to see what would happen if they feed grass at some point 

in the animal’s life, they could.  

 The assumptions listed earlier are also considered limitations because these assumptions 

have to be taken because the system being replicated changes based on many outside factors. See 

list of assumptions below: 

 Cattle are feeder cattle from birth to slaughter. 

 All cattle breeds/crosses are raised in similar conditions to allow them to follow 

the mean provided by MARC. 

 Cattle price is based on current beef price per pound by the carcass.  This means it 

is not based on individual cuts, nor is it based on a per set contract price per head. 

 Fertility affects the bottom line. 

 Disease and illness are a considerable expense. 

 Beef price is also based on quality of the animal. 

 Since cattle are feeder and not pasture/grass fed, feed cost needs to be taken into 

account. 

 All crosses are crossed with the Angus, ½ Angus and ½ other (not quite same 

percentages for second generations and on). 

 All sires are pure breed. 

 All damns are Angus (for the second-generation scenarios they would be Angus 

cross). 

All in all, assumptions must be taken in order for the model to work, but they are accounted for 

in a number of different ways. 
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 The other major limitation of this research is that quantifying profits mathematically can 

only work for crossing a pure breed animal with another pure breed animal.  This is the big draw 

back as opposed to the study of genetics.  Although there is still a great deal of uncertainty in 

genetics as well.  This means that when crossing a pure breed with a crossbred animal, or a 

crossbred with a crossbred, it is impossible to determine exactly what genetic traits will be 

transferred to the next generation and the degree to which these traits are transferred are also not 

quantifiable.   

 

2.16 Conclusion 

 Many factors had to be looked at when it comes to quantifying profits in crossbreeding 

beef cattle.  Crossbreeding and its importance must be studied.  The review also identified that 

crossing with the Angus is the proper assumption to make. The quantification of profits as 

opposed to genetics and trial-and-error methods were discussed.  The impact of the following 

variables and its impact on profits were also discussed. 

 Animal Weight 

 Feed Rate 

 Beef/Feed Prices 

 Quality of Meat 

 Fertility 

 Disease 

In the next chapter, the methodology followed for the quantification model are provided.  
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CHAPTER 3 

METHODOLOGY 

 The first step in finding the optimal crossbreed for beef cattle was to find information on 

the basics of the beef industry and raising, and breeding beef cattle. The verification process of 

this information was performed by reviewing published literature from organizations such as 

breeding organizations, MARC, or Doctors’ of Veterinarian Medicine and their published work.  

In this chapter the methodology and models used for the quantification model are detailed. 

 

3.1 Quantification of Profit Model 

The math model developed for this system is set up to find the optimal crossbreed for 

beef cattle in terms of profit for the beef cattle producer that sells fully grown cattle carcasses.  

Here all of the variables that were to be determined to have an impact on the system and differ 

from cross to cross are taken into consideration in some way in the model.  The cost and profit 

parameters of the model are based on the current data for the species that is the most up-to-date 

information, 

 Three steps were using to find the proper equations for this model.  First, the equations 

were written algebraically.  This was done to ensure that the model did not contain logically 

fallacies, and that was consistent with formal research. The model was then solved using 

Microsoft Excel (Refer to Appendix for details), using the algebraic equations written before.  

This was done for three main reasons.  The primary reason for this is to double check the 

equations developed and to ensure the validation of the large assumptions.  One of the biggest 

examples of this is that the model would only show to cross a pure breed with another pure breed 

animal. Here the Excel Solver always picked half Angus and half of another breed.  Since Angus 
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was always showed most profitable as one of the breeds, even when the solver was not forced to 

pick it, showed that crossing with Angus is not only correct based on the literature but also 

correct mathematically.  The third step to determine the most profitable crossbreed for beef cattle 

was to put the model into MATLAB, using the same equations that were written algebraically 

and used in Excel. MATLAB was chosen because it can easily take the assumptions needed into 

effect and represent them well.  In MATLAB a simple maximization problem was set up. In the 

final step of using MATLAB the profit for each cross was found based on the equation that had 

their assumptions validated by the previous steps. 

 

Variables 

 For the mathematical model being used as a maximization problem, a series of variables 

are used to find the solution. They are listed below: 

Objective Value-  

P=Profit per Head 

Decision Variable-  

Xi: variable indicating whether breed i was used in cross (Xi = 1) or not (Xi = 0)  

i= 1, …, 17 

Parameters Variables-  

Bsp=Beef Sale Price 

Fc=Total Feed Cost 

Wij=Weight of cross at point in life 

 j= Stage in Life, j ∈ {1, 2, 3, 4} 

Pj=Beef Price for type of beef 
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j= Stage in Life being sold, j ∈ {1, 2, 3, 4} 

Mi=Marbling Score of crossbreed based on EPD 

Fs=Feed Cost for individual plan 

 s= Feeding Plan Cost 

Q=Quality Factor 

 

Objective Function 

 The profit per head is the main objective function to be maximized (Equation 1).  It is 

important to remember that this equation is set to only compare these crossbreeds.  Medical 

expenses are not added into the model because those are negligible in the difference amongst 

crossbreed bovine.  This means that the model may calculate $600 for one of the crosses and 

$500 for another, but neither includes the $150 that both crosses will need in medical supplies 

such as vaccine.  The profit function only includes the beef sale price and the total feed cost 

because these are what differ from cross to cross.  The following is the profit function in the 

three methodologies: 

Profit per Head= Beef Sale Price – Total Feed Cost 

P=Bsp-F       (1) 

 

Beef Sale Price 

 The source of revenue for beef cattle producers comes from when they sell their cattle.  

Cattle are typically sold based on their weight, so that means bigger cattle sell for more.  The 

three variables that go into the Beef Sale Price equation are weight (ΣWi1 Xi), quality’s impact 
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on the price (Q), and the price of beef (P).  This all leads to Equation 2 for the revenue of the 

beef producer. 

∑ 𝑊𝑖4 𝑋𝑖  ∗  Q ∗  𝑃𝑗  =  Beef Revenue13
𝑖=1    (2) 

 

Sale Price 

The next piece of data that needed to be calculated was the sale price. The prices for this 

model were obtained from Tyson, one of the largest beef processers in the world. Pricing was 

taken for selling at any of the stages of the animal’s life. While it is very atypical to sell right 

after weaning or sell a yearling, the model can be adjusted to allow for the time of sale.  The sale 

price for the four stages defined by the MARC are given in all forms of this model.  The 

algebraic notation for the sale price is shown below and is used in all three forms:  

P= {5.99, 1.05, 1.05, 1.05}  

Only of the four values listed can be used in the model.  

 The carcass price is the one that is used in this model.  The others would be useful if the 

cattle were being sold at a different point in life.  This means that the sale price variable may be 

defined as Pi, to allow for other pricing options, but only P4 is being used in this model. 

 

Quality Impact 

 Customers are willing to pay more for better quality meat.  Higher quality beef cattle can 

be sold for more.  This is why an adjustment factor for quality has to be added to the beef sale 

price equation.  The quality impact is a 13% boost to the sale price, again based on the literature, 

market, and experience.  The average numbers, from the MARC, have the averages at either 

small or slight for beef cattle.  There is a 13% increase in the price from slight to small.  The 
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following if statements in the three methodologies are used to determine if a price boost was 

used in the model based on quality of the animal’s meat. 

 

If Mi≥5 Then Q=1.13    (3) 

If Mi<5 Then Q=1.00    (4) 

The variable Mi is the average of the two purebred cattle’s marbling scores.  If this score 

is 5 or over, Q, the Quality Impact variable, will become 1.13.  This will scale the Beef Sale 

Price up 13%. If the score is under 5 the Beef Sale Price is unaffected. 

  

Feed Cost 

 The total feed cost calculates the expense of feeding a cow based on its weights over 

time, the feed ration cost, and the 6-to-1 rule.  The weights are determined by multiplying the 

breed variable with the weight variable.  This determines the average of the two weights, which 

is a good estimate to the average of what the crossbred cow would be.  The feed rations, since 

they are only fed over a certain period in the cattle’s life, are split up to find how much weight 

the cattle would be gaining over that period of time.  Finally, the 6-to1 rule is mostly used as a 

scaling factor to show that to make the animal gain a pound of meat, it had to eat six pounds of 

feed which raises expenses.  These factors are used to develop the total feed cost equation 

(Equation 5), which is the largest expense beef producers face. 

∑ 𝑊𝑖4 𝑋𝑖 
13
𝑖=1 Total Feed Cost = 6F4(∑ 𝑊𝑖1 𝑋𝑖 

13
𝑖=1 ) + 

6F1((∑ 𝑊𝑖2 𝑋𝑖 
13
𝑖=1 )- (∑ 𝑊𝑖1 𝑋𝑖 

13
𝑖=1 )) + 6F2((∑ 𝑊𝑖3 𝑋𝑖 

13
𝑖=1 )- 
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(∑ 𝑊𝑖2 𝑋𝑖 
13
𝑖=1 )) + 6F3 ((1.538*∑ 𝑊𝑖4 𝑋𝑖 

13
𝑖=1 )- (∑ 𝑊𝑖3 𝑋𝑖 

13
𝑖=1 )) 

 (5) 

 The above algebraic summation shows how the three factors, weight, feed ration cost and 

the 6-to-1 rule play their part in calculating the total cost of feeding a beef cow.  It is also broken 

up into sections to allow a section to be removed if a beef producer is selling at a different life 

point than a full-grown cattle/carcass.  The weight of the animal is denoted by: ΣWi1 Xi. The feed 

ration cost only covers the weight that is gained due to being feed that ration.  Also, the six-to-

one ratio scales up each section of the feeding process the appropriate amount.  The 1.538 is 

multiplied to the finisher weight category to find the on-hoof weight of the animal, since carcass 

weight is typically 62.5% the weight of the carcass.  Adding the different sections together gives 

you the total cost of feeding the animal. 

 

Feed Price 

 Feed price is set up very similar to the sale price variable, Pj, except here all four values 

are used in the model.  As mentioned from the literature, there are four stages in the feeding 

process.  These stages line up closely with the weight stages provided by the MARC.  The feed 

stages are Starter, Grower, Finisher, and Cow Ration.  The time periods that this are fed are 

defined in the model as opposed to taking a weighted average because this allows the model to 

take into effect the time periods in which the animal grows.  For example, if in a stage, where an 

animal is being fed $0.02 per pound feed, gains 500 pounds, it will cost $60 to get the animal 

feed enough to gain that weight as shown below: 

6 𝑡𝑜 1 𝑅𝑢𝑙𝑒 𝑋 𝑊𝑒𝑖𝑔ℎ𝑡 𝐺𝑎𝑖𝑛𝑒𝑑 𝑋 𝐹𝑒𝑒𝑑 𝑃𝑟𝑖𝑐𝑒 = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐹𝑒𝑒𝑑𝑖𝑛𝑔 𝐴𝑛𝑖𝑚𝑎𝑙 
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6𝑋500𝑋0.02 = $60 

In that same situation if your feed cost is just $0.01 higher per pound, to get the same 500-pound 

growth from the animal, it will cost you $30 dollars more. 

6𝑋500𝑋0.03 = $90 

This allows the model to take into effect the different growth rates at different points in different 

breeds.  The following representation of the feed cost is used in this model.  

Fs= 0.043, 0.039, 0.057, 0.052 

These feed options are set up for different stages of the animal’s life.  The time frames for 

these feed rations are incorporated into the model. 

 

Weights and Quality Scores 

 The next part of the model in all three methodologies was to enter the raw data that is 

determined to be critical based on the literature study and past experience.  Weight and quality 

scores have an effect on revenue and expenses, and thus profit.  Therefore, animal weight at 

different points in its life and quality scores are used in the model.  In the algebraic summation, 

the animal weights are listed as variable Wij.  The “i” denotes the different breeds.  The “j” is the 

different stages in the animal’s life.  Therefore, W22 is equal to the Hereford weaning weight 

which is equal to 544.3 pounds.  Mi is the variable that was used to define the marbling scores 

for the different breeds. 

 This data is used to verify that the model was correct in the Excel model, where Angus 

was not forced to be the cross.  This was done by simply changing the data to where there was 

only one realistic option that could be selected as the optimal crossbreed.  This is because these 

animals do not allow for hybrid vigor to take effect or because they are a crossbred animal 
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themselves.  Any of the types of Angus or Angus crosses could not be used because then hybrid 

vigor is lost, and the animal will not be as profitable.  Also, the crossbred animals cannot 

guarantee that the proper genetics will be carried over to accurately predict what the newly bred 

animal will have. There are also some breeds that do not have the needed data to be the optimal 

crossbreed, but there were still kept in the database for the model to be used later when the 

model evolves, and further analysis could be done.  The model can be updated with better data as 

when it is available.  

 

Constraints 

 The entire purpose of this thesis is to determine the best breed to cross with the Angus.  

The Breed variable is a binary decision variable.  A constraint has been used in this model to 

ensure that the system allows two purebred species.  Since in preliminary research, it was found 

that the Angus was the best breed for crossing with other breeds, X1 = 1.  The definition of the 

variable Xi is shown below. 

 

Xi = 0 if breed is not used 

Xi = 1 if breed is used 

Constraint 

ΣXi =1  

 In Excel this variable was not forced to be a binary variable. This was done to show that 

even though it could technically be possible the solver would never pick more than one other 
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breed to cross with the Angus.  This showed that the assumption that the best crossbred animal is 

simply to cross a purebred with another purebred.  Another assumption that was also validated 

by the model in Excel was that the Angus is the proper animal to cross with because the model 

would always include the Angus in the optimal results.  

 The MATLAB program did not solve this problem as an optimization problem.  Since the 

assumptions were validated in Excel, it could simply be converted into a maximization problem. 

Consequently, the Breed variable is not a decision variable in the MATLAB methodology. Thus, 

MATLAB is used to solve the quantification problem. 

  

3.2 Example 

 To demonstrate the use of this model an example is given in this section.  In this 

example, Breed 1 is crossed with three other possible breeds.  Breed 1 is the superior breed but 

can be made better through hybrid vigor.  The other breeds are pure breed animals. The data for 

these other breeds is given in Table 10. 

TABLE 10: Sample Data for Example 

NAME Birth 

Weight 

Weaning 

Weight 

Yearling 

Weight 

Carcass 

Weight 

Marbling 

Score 

Breed 1 85 565 1100 950 5.5 

Breed 2 90 570 1250 1200 4.4 

Breed 3 82 580 1000 943 4.2 

Breed 4 86 530 985 892 5 
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This model will also follow the feeding plan put together by Hi Plains Feed and Mr. 

Axman.  These feed rations will follow the same durations as the model, but they will have their 

own prices. The feed prices are listed in Table 11. 

Table 11. Feed Ration Cost at Various Stages 

Name Variable Price 

Starter F1 $0.04 

Grower F2 $0.07 

Finisher F3 $0.09 

Cow Ration F4 $0.05 

 

 The next issue to discuss in this example is the sale price.  This will be based on the 

carcass weight of the crossbred animal.  For this sale price, $0.98 per pound will be used.  Only 

carcass price needs to be defined for this because it is not being set up for someone to use 

another sale price later.  This is the final piece that needs to be defined before the model can be 

shown.  The next step is to show how the model will work with this data. 

 Verification and calculations of the model for each of the possible crosses using the 

equations defined earlier are provided for this example. The example uses the average weights 

instead of EPD. 

Breed 1 X Breed 2 

 Weight of Animal 

  ΣW1i Xi = Crossbreed Weight of Animal 

Birth Weight = 87.5 

Weaning Weight = 567.5 
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Yearling Weight = 1175 

Carcass Weight = 957.5 

Quality of Meat 

  Marbling Score = 4.95 

  Quality Impact = 1.00 

Beef Sale Price 

ΣW1i Xi * Q * P = Beef Sale Price 

Beef Sale Price = $1053.50 

 Feed Cost 

6F4(ΣW1i Xi) + 6F1((ΣW2i Xi)- (ΣW1i Xi)) + 6F2((ΣW3i Xi)- (ΣW2i Xi)) + 6F3 

((1.538*(ΣW4i Xi))- (ΣW3i Xi)) = Feed Cost 

Feed Cost = $654.91 

 Objective Function- Profit 

  Beef Sale Price – Feed Cost = Profit 

  Profit = $398.59 

 

 

Breed 1 X Breed 3 

 Weight of Animal 

Birth Weight = 83.5 

Weaning Weight = 572.5 

Yearling Weight = 1050 

Carcass Weight = 946.5 
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Quality of Meat 

  Marbling Score = 4.85 

  Quality Impact = 1.00 

Beef Sale Price 

Beef Sale Price = $927.57 

 Feed Cost 

Feed Cost = $562.05 

 Objective Function- Profit 

  Profit = $365.52 

Breed 1 X Breed 4 

 Weight of Animal 

Birth Weight = 85.5 

Weaning Weight = 547.5 

Yearling Weight = 1042.5 

Carcass Weight = 921 

 

Quality of Meat 

  Marbling Score = 5.5 

  Quality Impact = 1.13 

Beef Sale Price 

Beef Sale Price = $1019.91 

 Feed Cost 

Feed Cost = $546.39 
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 Objective Function- Profit 

  Profit = $473.53 

Once the model determines the profits for each of the crosses, it becomes a maximization 

problem. For the example, the profits were as follows:  

Breed 1 X Breed 2 = $398.59 

Breed 1 X Breed 3 = $365.52 

Breed 1 X Breed 4 = $473.53 

This means that Breed 1 crossed with Breed 4 is the optimal crossbreed for this example. 

With the full model it is able to do this with all of the crosses.  Breed 1 crossed with Breed 4 did 

not have the highest weight but was still the most profitable.  Although Breed 1 crossed with 

Breed 2 weighed more and sold for more, it cost too much to feed, thus the lower profit. 

 

3.3 Limitations 

As previously mentioned, this model can only account for crossing a purebred animal 

with another purebred animal.  This is due to the uncertainty that occurs when crossing a 

crossbred animal with either a pure bred or another crossbred animal and the lack of guarantees 

of a specific and consistent outcome each time.  When crossing a purebred animal with another 

pure breed you always get the same cross.  The Punnett Square shows how and why this is the 

best.  The following Punnett Squares (Table 7), provided by the Beef Sire Selection Manual, 

show a simple case of why the math model can only give a cross between two pure bred animals. 

Table 7: Pure Breed Cross (Bullock, 2010) 

 

 

   Bull Gametes 

    B B 

Cow 

Gametes 

b Bb Bb 

b Bb Bb 
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 The study done by Bullock for the Beef Sire Selection Manual shows the Punnett Square 

crossing a red damn with a black sire.  While this is simpler than all of the characteristics that 

affect beef cattle, it covers the basic idea of genetics in crossbreeding cattle well.  The Punnett 

Square is utilized to develop the math model developed to solve the quantification problem for 

this thesis.  As shown, every possible combination has the same outcome.  Every calf in this 

combination turn out black and they also have the same amount of recessive gene in them.  This 

predictability of outcomes allow the quantification of profits of the best crossbreed between two 

pure bred animals.  

Table 8: Pure and Hybrid Cross (Bullock, 2010) 

    Bull Gametes 

    b b 

Cow 

Gametes 

B Bb Bb 

b bb bb 

 

 Table 8 shows the Punnett Square for a purebred sire breeding with a crossbred damn.  

Here there are two possible combination of calves.  One of the combinations is the dominant 

gene showing with the same amount of both types of the gene.  The other combination is actually 

a purebred animal now based on its genetics.  While again it is important to note that this is a 

very simplistic model compared to real world crossbreeding in cattle and their many 

characteristics.  Based on this Punnett Square there is only a 50% probability of predicting the 

gene traits of the offspring.  Therefore, if every trait can only be predicted only with a 50% 

probability, the mathematical model cannot accurately predict which crossbreed to use because 

the traits of the new animal cannot be predicted. 

Table 9: Hybrid Cross (Bullock, 2010) 
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    Bull Gametes 

    B b 

Cow 

Gametes 

B BB Bb 

b Bb bb 

 

 The third Punnett Square (Table 9) shows a crossbred animal crossing with another 

crossbred animal.  Here the chance of being able to accurately predict the traits of the calf are 

even lower.  This model has three possible outcomes.  Half of outcomes are the same as crossing 

two pure bred animals with different traits.  The other two chances, each with a 25% chance of 

happening, are genetically purebred animals of opposite traits.  Again, like the cross strategy 

shown in Table 8, this cannot be used in mathematical modeling to find the optimal crossbreed 

for beef cattle.  So, using the model developed in this thesis, only pure breed animals can be 

crossed. 

 

3.4 Conclusion 

 Quantifications of profits, through the use of mathematical modeling, is being used to 

find the optimal crossbreed for beef cattle being crossed with Angus.  While this cannot handle 

crossbreeding a crossbred animal with another cross or pure bred, it does allow to be changed for 

a variety of other factors.  Either different or less common purebred animals’ averages could be 

added to the model in place of other breeds as well.  The data in this model is also made to be 

swapped out for the latest/most recent data.  Doing this allows for a variety of options on how to 

use the model to pick the best crossbreed.  The feed plan is another data set that can be modified 

based on the prices that each beef producer uses.  

 

  



 
 

44 
 

CHAPTER 4 

RESULTS 

 While the equation and the model are the long-lasting portions of this thesis, it does still 

produce an answer.  The model is able to identify the crossbreed that gives the beef producer the 

most profit.  The results from the Maximum of Profit Crossbreeding Beef Cattle tell beef 

producers what to cross their Angus cattle with based on average EPD’s (Expected Protegee 

Difference) provided by the MARC, an unbiased source. 

 

4.1 Crossbred Weights 

 The results of this thesis will give the crossbreeds based on two sets of data, provided by 

MARC.  Here the results will be given separately and combined for an average.  The beef cattle 

producer can use this model to maximize profit using new data.  Other options for the beef 

producer include using a forecast based on past data, use an average, or use the single up to date 

data.  Table 10 and 11 are the two data sets that are being used for this thesis.  These tables are 

used to determine weights, marbling scores and the price for which a cow can be sold.  The EPD 

tables are used to determine the adjustment factor for the crossbred animal.  The adjustment 

factor is calculated by adding the EPD value to the damn or mother’s weight.  For predicting the 

crossbreed weight, the average Angus/mother’s breed weight is used (Equation 6). 

Crossbred Cattle Weight = Mother’s Breed Averages + EPD Value   (6) 

The weights throughout the cattle’s life are the first variable from this model.  Tables 10 and 11 

provide weights of the crossbreed animals for sires born in 2015 and 2016.  Table 12 provides 

the average of these weights. 
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Table 10: BREED WEIGHTS FOR 2015 BORN SIRES BASED ON MARC EPDUNDER 

CONDITIONS SIMILAR TO USMARC (Kuhen, 2017) 

Breed 

Birth  

Weight 

Weaning  

Weight 

Yearling  

Weight 

Carcass  

Weight 

Marbling  

Score 

Angus 86.1 567.2 1061.4 931.4 5.66 

Hereford 87.7 549 1019.3 859 5.37 

Red Angus 88.4 538.9 1026 0 0 

Shorthorn 90.3 527.4 1028.6 913.1 5.53 

South Devon 88.4 534.7 1006.2 864.2 5.19 

Beefmaster 90.6 589.1 1061.1 0 0 

Brahman 96.7 616.7 1077.2 897.5 5.02 

Brangus 89.4 581.1 1065.9 0 0 

Santa Gertrudis 90.9 605.5 1099.8 922.6 5.2 

Braunvieh 88.5 543.2 1018.1 882.5 5.08 

Charolais 93 599.7 1084.6 939.5 5.4 

Chiangus 88.9 547.9 1031.5 0 0 

Gelbvieh 88.9 544.9 1029.3 911.2 5.41 

Limousin 87.8 588.7 1014.5 909.8 5.44 

Maine-Anjou 88.5 533.9 1009 898.4 5.22 

Salers 87 550.7 1015.1 884.7 5.72 

Simmental 89 558.3 1046.5 928.5 5.45 

Tarentaise 89.5 585.7 1049.8 0 0 
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Table 11: BREED WEIGHTS FOR 2016 BORN SIRES BASED ON MARC EPDUNDER 

CONDITIONS SIMILAR TO USMARC (Kuhen, 2018) 

 

Breed 

Birth  

Weight 

Weaning  

Weight 

Yearling  

Weight 

Carcass  

Weight 

Marbling  

Score 

Angus 85.5 562.4 1052.6 937.3 5.67 

Hereford 86.9 545.9 1008.2 866.2 5.37 

Red Angus 88.1 543 1021.2 0 0 

Shorthorn 90 528 1006 942.9 5.6 

South Devon 88.1 532.5 997.2 868.5 5.14 

Beefmaster 89.5 585.8 1053.7 0 0 

Brahman 95.8 615.7 1067 901.4 5.03 

Brangus 88.6 577.3 1057.9 0 0 

Santa Gertrudis 90.7 602.8 1092.4 925 5.23 

Braunvieh 87.7 541.3 1006 883.9 5.06 

Charolais 92.1 595.1 1075.8 942.4 5.38 

Chiangus 88.3 541.3 1016.4 0 0 

Gelbvieh 88.4 546.9 1025.5 938.8 5.3 

Limousin 88 545.5 998.7 932.2 5.64 

Maine-Anjou 87.9 532.1 997.4 902.2 5.24 

Salers 86.4 551.2 1004.6 889.7 5.74 

Simmental 88.3 550.8 1033.4 929.8 5.55 

Tarentaise 88.2 582.6 1040.5 0 0 
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Table 12: BREED WEIGHTS FOR 2015 AND 2016 BORN SIRES BASED ON MARC 

EPDUNDER CONDITIONS SIMILAR TO USMARC (Kuhen, 2017) (Kuhen, 2018) 

Breed 

Birth  

Weight 

Weaning  

Weight 

Yearling  

Weight 

Carcass  

Weight 

Marbling  

Score 

Angus 85.8 564.8 1057 934.35 5.665 

Hereford 87.3 547.45 1013.75 862.6 5.37 

Red Angus 88.25 540.95 1023.6 0 0 

Shorthorn 90.15 527.7 1017.3 928 5.565 

South Devon 88.25 533.6 1001.7 866.35 5.165 

Beefmaster 90.05 587.45 1057.4 0 0 

Brahman 96.25 616.2 1072.1 899.45 5.025 

Brangus 89 579.2 1061.9 0 0 

Santa Gertrudis 90.8 604.15 1096.1 923.8 5.215 

Braunvieh 88.1 542.25 1012.05 883.2 5.07 

Charolais 92.55 597.4 1080.2 940.95 5.39 

Chiangus 88.6 544.6 1023.95 0 0 

Gelbvieh 88.65 545.9 1027.4 925 5.355 

Limousin 87.9 567.1 1006.6 921 5.54 

Maine-Anjou 88.2 533 1003.2 900.3 5.23 

Salers 86.7 550.95 1009.85 887.2 5.73 

Simmental 88.65 554.55 1039.95 929.15 5.5 

Tarentaise 88.85 584.15 1045.15 0 0 

 

4.2 Profit Results 

 The profit relies heavily on animal’s weight, feed price, beef price, and meat quality 

(Equation 7).  

Profit per Head = (ΣWi4 Xi * Q * Pj) – (6F4(ΣWi1 Xi) + 6F1((ΣWi2 Xi)- (ΣWi1 Xi)) + 6F2((ΣWi3 

Xi)- (ΣWi2 Xi)) + 6F3 ((1.538*ΣWi4 Xi)- (ΣWi3 Xi))     (7) 

Each crossbreed will have different amounts of revenue based on beef sale price, 

expenses, and total feed cost.  Table 13 provides the revenue for each crossbreed. 
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Table 13: Revenue for Each Crossbreed- 2015, 2016 and its average (Kuhen, 2017), (Kuhen, 

2018) 

Crossbreed 
2015 

Revenue 

2016 

Revenue 

Average 

Revenue  

Hereford $1,019.20 $1,027.75 $1,023.47 

Shorthorn $1,083.39 $1,118.75 $1,101.07 

South Devon $907.41 $1,030.48 $968.94 

Brahman $942.38 $1,069.51 $1,005.94 

Santa Gertrudis $968.73 $1,097.51 $1,033.12 

Braunvieh $926.63 $1,048.75 $987.69 

Charolais $1,114.72 $1,118.16 $1,116.44 

Gelbvieh $1,081.14 $1,113.89 $1,097.51 

Limousin $1,079.48 $1,106.06 $1,092.77 

Maine-Anjou $943.32 $1,070.46 $1,006.89 

Salers $1,049.70 $1,055.63 $1,052.66 

Simmental $1,101.67 $1,103.21 $1,102.44 

 

 Based on the data, we can see the beef cattle crossbreed that brings in the most revenue is 

Charolais.  For 2015 born sires we see that the Charolais is estimated to bring in the most 

revenue at $1,114.72.  This is because the Charolais is the largest of the crossbreeds, and it meets 

the quality standards to get the 13% increase in revenue based on profit. For 2016 born sires the 

Shorthorn crossed with the Angus is estimated to bring in $1,118.75.  Averaging the two years 

says that that the Charolais will bring in the most revenue barely beating out the Shorthorn by 

bringing in an estimated $1,116.44 per head.  

 While Charolais brings in the most revenue it does not mean it is the most profitable for 

beef cattle producers.  To determine this, we need to find the competing value, the expense or in 

this specific case the Total Feeding Cost. The feeding cost values for 2015 born sires, 2016 born 

sires, and the average of 2015-16 born sire is below: 
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Table 14: Expenses for Each Crossbreed- 2015 Born Sires, 2016 Born Sires and its Average 

(Kuhen, 2017), (Kuhen 2018) 

Crossbreed 

Feed 

Cost 

Total for 

2015 

Feed 

Cost 

Total for 

2016 

Average 

Feed 

Cost 

Hereford $383.71  $387.13  $385.42  

Shorthorn $412.23  $425.71  $418.97  

South Devon $387.36  $389.38  $388.37  

Brahman $396.74  $398.39  $397.57  

Santa Gertrudis $410.48  $411.69  $411.09  

Braunvieh $395.55  $396.04  $395.79  

Charolais $418.78  $420.37  $420.37  

Gelbvieh $409.42  $422.26  $415.84  

Limousin $403.55  $418.44  $411.00  

Maine-Anjou $403.87  $405.52  $404.70  

Salers $395.66  $397.67  $396.66  

Simmental $416.75  $417.77  $417.26  

 

 For Sires Born in 2015, the Charolais has the most expensive feeding cost at $418.78 per 

head.  The Shorthorn needs $425.71 worth of feed to reach max weights which is the maximum 

amount for Sire Born in 2016. The average for Sires Born 2015 and 2016 is $420.37 which is 

needed to make the Charolais reach its maximum weight. The Total Feed Cost is one of the 

biggest factors to find when finding the crossbreed that produces the maximum profit. 

 Finally, the estimated profits for each crossbreed needs to be determined. This profit is 

found using the values of Beef Sale Price and Total Feed Cost. The profits for each crossbreed 

are shown in Table 15. 
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Table 15: Profit for Each of the Crossbreed per Sires Born in 2015 (Kuhen, 2017) 

Crossbreed  Profit 

Hereford 
$1,019.20-$383.71= 

 $635.49 

Shorthorn 
$1,083.39-$412.23= 

 $671.16 

South Devon 
$907.41-387.36= 

 $520.05 

Brahman 
$942.38-396.74= 

 $545.63 

Santa Gertrudis 
$968.73-$410.48= 

 $558.25 

Braunvieh 
$926.63-$395.55= 

 $531.08 

Charolais 
$1,114.72-$418.78= 

 $695.94 

Gelbvieh 
$1,081.14-409.42= 

 $671.72 

Limousin 
$1,079.48-$403.55= 

 $675.93 

Maine-Anjou 
$943.32-$403.87= 

 $539.45 

Salers 
$1,049.70-$395.66= 

 $654.03 

Simmental 
$1,101.67-$416.75= 

$684.91  
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Table 16: Profit for Each of the Crossbreed per Sires Born in 2016 (Kuhen, 2018) 

Cross Breed  Profit 

Hereford 
$1,027.75-$387.13= 

$640.61  

Shorthorn 
$1,118.75-$425.71= 

$693.04  

South Devon 
$1,030.48-$389.38= 

$641.10  

Brahman 
$1,069.51-$398.38 

$671.12  

Santa Gertrudis 
$1,097.51-$411.69= 

$685.82  

Braunvieh 
$1,048.75-$396.04= 

$652.71  

Charolais 
$1,118.16-$420.37= 

$697.79  

Gelbvieh 
$1,113.89-$422.26= 

$691.63  

Limousin 
$1,106.06-$418.44= 

$687.61  

Maine-Anjou 
$1,070.46-$405.52= 

$664.94  

Salers 
$1,055.63-$397.67= 

$657.96  

Simmental 
$1,103.21-$417.77= 

$685.43  
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Table 17: Profit for Each Crossbreed- 2015-16 Average Born Sires (Kuhen, 2017) (Kuhen, 2018) 

Crossbreed  Profit 

Hereford 
$1,023.47-$385.42= 

 $638.05 

Shorthorn 
$1,101.07-$418.97= 

 $682.10 

South Devon 
$968.94-$388.37= 

 $580.57 

Brahman 
$1,005.94-$397.57= 

 $608.38 

Santa Gertrudis 
$1,033.12-$411.09= 

$622.03  

Braunvieh 
$987.69-$395.79= 

 $591.89 

Charolais 
$1,116.44-$420.37= 

 $696.07 

Gelbvieh 
$1,097.51-$415.84= 

 $681.67 

Limousin 
$1,092.77-$411.00= 

 $681.77 

Maine-Anjou 
$1,006.89-$404.70= 

 $602.19 

Salers 
$1,052.66-$396.66= 

 $656.00 

Simmental 
$1,102.44-$417.26 

$685.17  

 

 All three sets of data show that the Charolais produces the most profitable cross with 

Angus.  

 

4.3 Conclusion 

It is important to remember that the profit that this model produces can only be used for 

the ranking process.  This ranking can also be varied because these are only the averages.  In 
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general, the average Charolais crossed with the average Angus produces the most profitable 

crossbreed for beef cattle. 
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CHAPTER 5 

DISCUSSION 

5.1 Introduction 

 Since the quantifying model that is developed is based on averages, there may be 

variations from the mean in in real-world data.  This means the data needs to be analyzed from a 

statistical approach.  So, what-if scenarios has to be used to determine situations in which the 

beef producer may want to deviate from normal practices.  The best methods of using the model 

and the results are also discussed in this chapter. 

 

5.2 Stochastic Model 

 As Beal pointed out cattle do not always follow the average every time.  The standard 

deviation for cattle which were raised under normal conditions and in the same environment 

compared to one another, is 10 kg or 22 pounds (Beal, 1990).  This variation can be assigned as a 

percentage value to the other periods in life (Beal, 1990).  From here a confidence interval can be 

given to each of the breeds to see what overlaps and so what is significantly different.  Table 18 

shows the numbers for each of the breeds and the weights taken and the numbers of sires used to 

find the averages for the MARC’s data. 
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Table 18: Sample Sizes for MARC Data (Kuhen, 2018) 

    Weight Taken 

B
re

ed
s 

  Birth Weaning Yearling Carcass 

Hereford 122 122 122 107 

Red Angus 75 75 74   68 

Shorthorn 47 47 46 37 

South 

Devon 

16 16 16 12 

Beefmaster 61 61 58   

Brahman 39 39 34 29 

Brangus 67 67 66   

Santa 

Gertrudis 

32 32 32 30 

Braunvieh 31 31 30 30 

Charolais 83 83 82 74 

Chiangus 35 35 34 32 

Gelbvieh 72 72 70 69 

Limousin 74 74 70 64 

Maine-

Anjou 

36 36 36 34 

Salers 34 34 33 31 

Simmental 97 97 97 84 

Tarentaise 12 12 10   

 

 Similar to the results portion of this thesis, the cells highlighted in yellow do not receive 

hybrid vigor or there is no data on them and should not be used to cross with the angus.  For this 

confidence interval a t-test is used because the standard deviation of the population is known, but 

not the standard deviation for the sample group.  Also, some of the sample sizes are under 30, so 

they would need a t-test for that reason too.  Equation 8 is used to calculate a 90% confidence 

interval: 

�̅�  ± 𝑡𝑎/2
𝑠

√𝑛
       (8) 

Table 19 provides the t values for each of the different breeds and points where weight was taken 

for that breed. 
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Table 19: T-value based on MARC Sample Size (Kuhen, 2018) 

T-Table 

  Birth Weaning Yearling Carcass 

Hereford 3.30147425 3.301474 3.301474 3.529152 

Red Angus 4.23146382 4.231464 4.260699   

Shorthorn 5.38687131 5.386871 5.447597 6.106198 

South 

Devon 

9.64177696 9.641777 9.641777 11.4054 

Beefmaster 4.7059027 4.705903 4.830059   

Brahman 5.93931305 5.939313 6.385223 6.949626 

Brangus 4.483857 4.483857 4.518688   

Santa 

Gertrudis 

6.59402056 6.594021 6.594021 6.824768 

Braunvieh 6.70641519 6.706415 6.824768 6.824768 

Charolais 4.01740287 4.017403 4.042395 4.260699 

Chiangus 6.28800405 6.288004 6.385223   

Gelbvieh 4.32103437 4.321034 4.384009 4.416546 

Limousin 4.2606988 4.260699 4.384009 4.590856 

Maine-

Anjou 

6.19509901 6.195099 6.195099 6.385223 

Salers 6.38522277 6.385223 6.4871 6.706415 

Simmental 3.71001312 3.710013 3.710013 3.992868 

Tarentaise 11.4054004 11.4054 12.75299   

 

From here each of the crosses can be given a confidence interval for each of their 

weights.  It has already been stated that the carcass weight has a standard deviation of 22 pounds 

(Beal 1990), but the other weights, birth weight, weaning weight, and yearling weight, have 

standard deviations that are proportional, thus they are 1.4, 8.8, and 16.2 respectively.  Table 20 

provides the confidence intervals for the weights of the crossbreed cattle for the 2015/2016 born 

sires averages: 
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Table 20: 90% Confidence Interval for Crossbred Weights (Kuhen, 2017) (Kuhen, 2018) (Beal, 

1990) 

Confidence Interval- Weight 

  Birth Weaning Yearling Carcass 

Hereford 86.88 87.72 544.82 550.08 1008.91 1018.59 855.09 870.11 

Red Angus 87.57 88.93 536.65 545.25 1015.58 1031.62 0.00 0.00 

Shorthorn 89.05 91.25 520.79 534.61 1004.29 1030.31 905.92 950.08 

South 

Devon 84.88 91.62 512.39 554.81 962.65 1040.75 793.92 938.78 

Beefmaster 89.21 90.89 582.15 592.75 1047.13 1067.67 0.00 0.00 

Brahman 94.92 97.58 607.83 624.57 1054.36 1089.84 871.06 927.84 

Brangus 88.23 89.77 574.38 584.02 1052.89 1070.91 0.00 0.00 

Santa 

Gertrudis 89.17 92.43 593.89 614.41 1077.22 1114.98 896.39 951.21 

Braunvieh 86.41 89.79 531.65 552.85 991.86 1032.24 855.79 910.61 

Charolais 91.93 93.17 593.52 601.28 1072.97 1087.43 930.05 951.85 

Chiangus 87.11 90.09 535.25 553.95 1006.21 1041.69 0.00 0.00 

Gelbvieh 87.94 89.36 541.42 550.38 1018.91 1035.89 913.30 936.70 

Limousin 87.21 88.59 562.74 571.46 998.11 1015.09 908.38 933.62 

Maine-

Anjou 86.75 89.65 523.91 542.09 986.47 1019.93 876.21 924.39 

Salers 85.17 88.23 541.31 560.59 991.56 1028.14 860.70 913.70 

Simmental 88.12 89.18 551.24 557.86 1033.85 1046.05 919.57 938.73 

Tarentaise 84.24 93.46 555.18 613.12 979.82 1110.48 0.00 0.00 

 

 The next approach is to convert these weights into their monetary values for the beef 

cattle producer.  These will be calculated the same way as when they were averages.  This will 

let us compare profits with each of the crosses and determine if there is truly a difference.  The 

profit confidence intervals are provided in Table21. 
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Table 21: 90% Confidence Interval for Profit (Kuhen, 2017) (Kuhen, 2018) (Beal, 1990) 

Profit Confidence Interval 

  Lower Limit Upper Limit 

  Revenue Expenses Profit Revenue Expenses Profit 

Hereford $1,014.57 $381.97 $632.60 $1,032.38 $388.88 $643.50 

Red Angus $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

Shorthorn $1,074.87 $408.75 $666.12 $1,127.28 $429.19 $698.09 

South 

Devon $941.98 $354.81 $587.17 $1,113.87 $421.93 $691.93 

Beefmaster $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

Brahman $1,033.51 $384.34 $649.17 $1,100.88 $410.79 $690.10 

Brangus $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

Santa 

Gertrudis $1,063.56 $398.50 $665.07 $1,128.61 $423.68 $704.93 

Braunvieh $1,015.39 $383.20 $632.19 $1,080.44 $408.39 $672.05 

Charolais $1,103.51 $414.56 $688.95 $1,129.37 $424.59 $704.77 

Chiangus $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

Gelbvieh $1,083.63 $410.46 $673.17 $1,111.39 $421.21 $690.18 

Limousin $1,077.79 $405.17 $672.62 $1,107.75 $416.83 $690.92 

Maine-

Anjou $1,039.62 $393.63 $645.99 $1,096.79 $415.76 $681.03 

Salers $1,021.22 $384.46 $636.76 $1,084.10 $408.87 $675.24 

Simmental $1,091.06 $412.85 $678.22 $1,113.81 $421.68 $692.13 

Tarentaise $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

 

The results show that the Charolais may still produce the highest profit for the 2015/2016 born 

sire average data, but its confidence interval overlaps with many of the other crosses as well.  To 

sum up, while the Charolais crossed with the Angus may have the best potential for 

maximization in profit in crossbreeding beef cattle, the variation in weight alone makes it 

uncertain that it will always out preform the other crosses. 
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5.3 Graphical Approach 

 The easiest way to look at the numbers these tables is to produce it on a bar chart (Figure 

2).  The error bars allows the beef producer to see if there is a significant difference in the 

crosses’ profits. 

  

Figure 2: Profit Per Head Graphical Representation (Kuhen, 2017) (Kuhen, 2018) (Beal, 1990) 

Here we can see there is a lot of overlapping in the profits per head.  Where these points 

overlap it means there is not a significant difference in the amount of profit they produce, based 

on a 90% confidence interval.  The Charolais and Hereford for example, do not overlap at all so 

it can be stated that the Charolais is significantly better than the Hereford.  From this ranks and 

ties can be determined by the beef cattle producer. 
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5.4 Root Cause 

 The “winner” of the crossbreed that produces the most profit can be broken down into the 

values that affect the profit.  Obviously, weight is the biggest factor that affects the profit a beef 

producer can make.  The carcass weight and weights at different points in the animal’s life affect 

both revenue and expenses.  Quality is another aspect that affects the revenue for a beef cattle 

producer.  That 13% jump in price/revenue can easily make a smaller animal with better quality 

of meat more profitable than a larger animal with lower quality of meat.  These all would be 

considered as independent variables for this problem.  

 Every beef cattle producer wants their cattle to grow as massive as possible with the least 

amount of feed.  The model used to identify maximum profit in cross breeding beef cattle can 

determine whether to stop feeding and sell the smaller animal.  It can also identify, depending on 

market conditions, whether the biggest animal is the best option.   

Depending on the breed of cattle, the rate at which weight is added is different at various 

time-periods in their life.  This can be costly to a beef cattle producer if the animal doesn’t gain 

any weight until the animal is on the most expensive feed ration. It will cost the beef producer 

more money than if the cow gained most of its weight on the cheapest feeding plan.  For 

example, the Brahman gain 484.4 pound between birth and weaning.  This is when the plan is the 

cheapest and because of this Brahman saves money on feed.  This can have a big impact in 

maximizing profit in cross breeding beef cattle, when one animal weighs more than another but 

costs less to feed.  The weight and feed rankings for 2015 and 2016 are given in Table 22 and 

Table 23.  Table 24 provides the averages of the data from Table 22 and 23. 
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Table 22: Weight Feed Cost Comparison for 2015 Born Sires (Kuhen, 2017) 

2015 Born Sires Data 

Breed Feeding Cost Weight Weight Rank Feed Cost Rank 

Hereford $383.71 859 12 12 

Shorthorn $412.23 913.1 4 3 

South Devon $387.36 864.2 11 11 

Brahman $396.74 897.5 8 8 

Santa Gertrudis $410.48 922.6 3 4 

Braunvieh $395.55 882.5 10 10 

Charolais $418.78 939.5 1 1 

Gelbvieh $409.42 911.2 5 5 

Limousin $403.55 909.8 6 7 

Maine-Anjou $403.87 898.4 7 6 

Salers $395.66 884.7 9 9 

Simmental $416.75 928.5 2 2 

 

Table 23: Weight Feed Cost Comparison for 2016 Born Sires (Kuhen, 2018) 

2016 Born Sire Data 

Breed Feeding Cost Weight Weight Rank Feed Cost Rank 

Hereford $387.13 866.2 12 12 

Shorthorn $425.71 942.9 1 1 

South Devon $389.38 868.5 11 11 

Brahman $398.39 901.4 8 8 

Santa Gertrudis $411.69 925 6 6 

Braunvieh $396.04 883.9 10 10 

Charolais $420.37 942.4 2 3 

Gelbvieh $422.26 938.8 3 2 

Limousin $418.44 932.2 4 4 

Maine-Anjou $405.52 902.2 7 7 

Salers $397.67 889.7 9 9 

Simmental $417.77 929.8 5 5 
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Table 24: Weight Feed Cost Comparison for 2015/2016 Born Sires (Kuhen, 2017) (Kuhen, 2018) 

2015/2016 Born Sire Averages Data 

 Breed Feeding Cost Weight Weight Rank Feed Cost Rank 

Hereford $385.42 862.6 12 12 

Shorthorn $418.97 928 3 2 

South Devon $388.37 866.35 11 11 

Brahman $397.57 899.45 8 8 

Santa Gertrudis $411.09 923.8 5 5 

Braunvieh $395.79 883.2 10 10 

Charolais $420.37 940.95 1 1 

Gelbvieh $415.84 925 4 4 

Limousin $411.00 921 6 6 

Maine-Anjou $404.70 900.3 7 7 

Salers $396.66 887.2 9 9 

Simmental $417.26 929.15 2 3 

 

 The highlighted cells in the tables above represent when the weight rank was different 

than the feed cost rank.  The reason someone of these animals are cheaper to feed even though 

they are bigger is because of time-period in which when they gain their weight.  If a cow gains 

most of its weight while on the cheapest feed it saves you money on your total feeding cost. 

 The biggest reason this is important because the two breeds that had the highest profits, 

Charolais and Shorthorn, have different rankings for years 2015 and 2016.  The Shorthorn shows 

that its weight gaining rates make it more expensive to feed and even weigh less than the Santa 

Gertrudis.  The Charolais actually cost less to feed than the Gelbvieh even though it weighs more 

on average. 

 The next item that runs along the same lines is how does the weight compare to the profit.  

Learning how these compare, allows us to see if bigger animals really are better.  Tables 25 and 

26 provide weight profit comparison for 2015 and 2016 respectively based on the MARC’s data.  

The average of the 2015 and 2016 data is provided in Table 27.  
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Table 25: Weight Profit Comparison for 2015 Born Sires (Kuhen, 2017) 

2015 Born Sire Data 

Breed Weight Profit Weight Rank Profit Rank 

Hereford 859 $635.49 12 8 

Shorthorn 913.1 $671.16 4 6 

South Devon 864.2 $520.05 11 12 

Brahman 897.5 $545.63 8 9 

Santa Gertrudis 922.6 $695.94 3 2 

Braunvieh 882.5 $531.08 10 11 

Charolais 939.5 $695.94 1 1 

Gelbvieh 911.2 $671.72 5 5 

Limousin 909.8 $675.93 6 4 

Maine-Anjou 898.4 $539.45 7 10 

Salers 884.7 $654.03 9 7 

Simmental 928.5 $684.91 2 3 

 

Table 26: Weight Profit Comparison for 2016 Born Sires (Kuhen, 2018) 

2016 Born Sire Data 

Breed Weight Profit Weight Rank Profit Rank 

Hereford 866.2 $640.61 12 12 

Shorthorn 942.9 $693.04 1 2 

South Devon 868.5 $641.10 11 11 

Brahman 901.4 $671.12 8 7 

Santa Gertrudis 925 $685.82 6 5 

Braunvieh 883.9 $652.71 10 10 

Charolais 942.4 $697.79 2 1 

Gelbvieh 938.8 $691.63 3 3 

Limousin 932.2 $687.61 4 4 

Maine-Anjou 902.2 $664.94 7 8 

Salers 889.7 $657.96 9 9 

Simmental 929.8 $685.43 5 6 
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Table 27: Weight Profit Comparison for 2015/2016 Born Sires (Kuhen, 2017) (Kuhen, 2018) 

2015/2016 Born Sire Averages Data 

Breed Weight Profit Weight Rank Profit Rank 

Hereford 862.6 $638.05 12 8 

Shorthorn 928 $682.10 3 4 

South Devon 866.35 $580.57 11 12 

Brahman 899.45 $608.38 8 9 

Santa Gertrudis 923.8 $690.88 5 2 

Braunvieh 883.2 $591.89 10 11 

Charolais 940.95 $696.86 1 1 

Gelbvieh 925 $681.67 4 6 

Limousin 921 $681.77 6 5 

Maine-Anjou 900.3 $602.19 7 10 

Salers 887.2 $656.00 9 7 

Simmental 929.15 $685.17 2 3 

(Kuhen, 2017) (Kuhen, 2018) 

 From Tables 25, 26 and 27, it can be seen that the final weights are not directly correlated 

with the profits.  This means that the third heaviest cattle is not necessarily the third most 

profitable cattle.  The Charolais is however consistent with being the biggest animal and the most 

profitable.  It does it in a cheaper fashion, gains more on cheaper feeding plans, so it has less 

expense compared to other breeds.  Thus, it’s not necessarily about the final achieved weight of 

the crossbred animal, but the weight gain patterns during its lifetime. 

 

5.5 What If Scenario 

 The developed quantification model can be used for analysis of what-if scenarios.  For 

instance, the model can be used to determine the best crossbreed if feed or beef price changes 

dramatically.  This can also be used in situations where the forecasted price at the point of 

actually selling the cattle is available and a decision has to be made now about the crossbreeds.  

Consider, one of the scenarios, in which feed prices being incredibly low and the beef price is 

high.  Another scenario would be if feed cost is high and if the price of beef were low. 
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 As mentioned, the current model has low feed prices due to the current agriculture 

market.  There is a surplus of corn in particular, and this creates low prices due to high supply 

and low demand.  This is part of the reason that the current model picks the bigger or the biggest 

cattle crosses.  The next step would be to look at the opposite scenario, high feed prices.  Table 

28 provides the profit estimates when feed prices are increased 10% while beef prices stayed the 

same. 

Table 28: Profit, Revenue, and Expense Confidence Intervals With 10% Increase in Feed 

(Kuhen, 2017) (Kuhen, 2018) (Beal, 1990) 

  Lower Limit Upper Limit 

  Revenue Expenses Profit Revenue Expenses Profit 

Hereford $1,014.57 $420.16 $594.41 $1,032.38 $427.77 $604.61 

Shorthorn $1,074.87 $449.63 $625.24 $1,127.28 $472.11 $655.17 

South 

Devon $941.98 $390.29 $551.69 $1,113.87 $464.13 $649.74 

Brahman $1,033.51 $422.78 $610.73 $1,100.88 $451.87 $649.02 

Santa 

Gertrudis $1,063.56 $438.34 $625.22 $1,128.61 $466.05 $662.57 

Braunvieh $1,015.39 $421.52 $593.87 $1,080.44 $449.23 $631.21 

Charolais $1,103.51 $456.01 $647.50 $1,129.37 $467.05 $662.32 

Gelbvieh $1,083.63 $451.51 $632.12 $1,111.39 $463.34 $648.06 

Limousin $1,077.79 $445.68 $632.10 $1,107.75 $458.51 $649.24 

Maine-

Anjou $1,039.62 $433.00 $606.62 $1,096.79 $457.34 $639.45 

Salers $1,021.22 $422.91 $598.31 $1,084.10 $449.75 $634.35 

Simmental $1,091.06 $454.13 $636.93 $1,113.81 $463.85 $649.96 

 

From Table 28 it can be seen that although Charolais is ranked the highest, but with 

increase in feed cost all of the breeds are closer in their profits.  Currently beef prices are high 

and feed prices are low.  When the market is not skewed with grain prices being so low, the 

market can be competitive for both large and smaller cattle.  In the next scenario, the feed prices 

are increased by 50% compared to the regular feed prices (Table 29). 
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Table 29: Profit, Revenue, and Expense Confidence Intervals With 50% Increase in Feed 

(Kuhen, 2017) (Kuhen, 2018) (Beal, 1990) 

  Lower Limit Upper Limit 

  Revenue Expenses Profit Revenue Expenses Profit 

Angus $1,101.34 $624.37 $476.97 $1,115.87 $632.88 $482.99 

Hereford $1,014.57 $572.95 $441.62 $1,032.38 $583.32 $449.06 

Shorthorn $1,074.87 $613.13 $461.74 $1,127.28 $643.78 $483.49 

South 

Devon $941.98 $532.22 $409.77 $1,113.87 $632.90 $480.97 

Brahman $1,033.51 $576.52 $457.00 $1,100.88 $616.18 $484.70 

Santa 

Gertrudis $1,063.56 $597.74 $465.82 $1,128.61 $635.52 $493.09 

Braunvieh $1,015.39 $574.80 $440.60 $1,080.44 $612.58 $467.86 

Charolais $1,103.51 $621.83 $481.67 $1,129.37 $636.89 $492.48 

Gelbvieh $1,083.63 $615.70 $467.94 $1,111.39 $631.82 $479.57 

Limousin $1,077.79 $607.75 $470.04 $1,107.75 $625.24 $482.50 

Maine-

Anjou $1,039.62 $590.45 $449.17 $1,096.79 $623.64 $473.15 

Salers $1,021.22 $576.69 $444.53 $1,084.10 $613.30 $470.80 

Simmental $1,091.06 $619.27 $471.79 $1,113.81 $632.52 $481.29 

 

Even with the 50% increase in feed prices the Charolais is still bringing in the second 

highest values.  While not significantly different than the many of the others it is still higher for 

its average.  This again speaks to the periods at which the Charolais grows the most compared to 

other cows.  It is doing this while on the cheaper feeding plans.  The Charolais is not the biggest 

cow, not the smallest on this list but continues to bring in higher profits than most breeds in most 

scenarios. 

 

5.6 How to Use the Model 

 The model can be used before the breeding season.  The beef cattle producer can use 

either their numbers and EPD’s or those from the MARC.  With this information the beef cattle 

producer can use it to either decide between a few of the crosses that they are thinking about 
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using or they can include all of the breeds and pick where they want to start crossbreeding.  

While this model should not be used to predict the income of the crossbreed, just the ranking 

compared to the other breeds.  The purpose of this model is to help beef cattle producers to pick 

the crossbreed that will give the maximum profit while not over spending on feed is the purpose 

of this model. 

 

5.7 Conclusion 

 Finally, many conclusions can be drawn from this model.  While it is not it is easy to look 

at it and determine one clear winner based on the average weights due to variations in the 

weights, looking at their confidence interval and seeing what is statistically different from one 

another can tell you how one breed is better than another.  Three different data sets were used to 

see the response from the model depending on changes in variables.  Here the model showed 

Shorthorn and Charolais as the breeds to cross with Angus to receive maximum profit for beef 

cattle producers.  Table 30 provides the profit and rankings for the 2015/2016 Born Sire 

Averages. 

While it is true that some of the closer profit values are not significantly different due to 

variations in the animals’ weights, it does give a good starting point for beef cattle producers 

when picking their cross. Choosing the proper cross can have lasting effects on beef cattle 

producers bottom lines, and that’s why it is important to not only look at how much the animal 

will weight at sale time, but it’s also important to see what it cost to make it that big.  Lastly, 

through the use of this model the cross that can produce the most profit per head for beef cattle 

producers can be estimated and ranked. 
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Table 30: Profits and Their Respective Rankings for Each Crossbreed for 2015/2016 Average 

Born Sires (Kuhen, 2017) (Kuhen, 2018) (Beal, 1990) 

Profit and Rankings 

Breed Profit Profit Rank 

Hereford $638.05 8 

Shorthorn $682.10 4 

South Devon $580.57 12 

Brahman $608.38 9 

Santa Gertrudis $690.88 2 

Braunvieh $591.89 11 

Charolais $696.86 1 

Gelbvieh $681.67 6 

Limousin $681.77 5 

Maine-Anjou $602.19 10 

Salers $656.00 7 

Simmental $685.17 3 
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CHAPTER 6 

CONCLUSION AND FUTURE WORK 

Conclusion 

 While there is not a clear and concise answer to what breed gives maximum when 

crossed with the Angus, the model provides a definite direction.  The best cattle crossbreeds are 

when the cattle grows fastest while the feed is cheapest during its lifetime.  While it may be 

easiest for cattle to grow on the high calorie distiller grains, that type of feed is expensive.  Since 

it is an expensive feed, if you gain the most weight on that type of feed you will spend more on 

feed than if you gained more weight on a cheaper feed.  Tables 31 and 32 provides the rankings 

by profit per head for the years 2015 and 2016.  Table 33 provides the average of the profits for 

the 2015 and 2016. 

Table 31: Profits and Their Respective Rankings for Each Crossbreed for 2015 Born Sires 

(Kuhen, 2017) (Beal, 1990) 

2015 Born Sires 

Breed Profit 

Profit 

Rank 

Charolais $695.94 1 

Simmental $684.91 2 

Limousin $675.93 3 

Gelbvieh $671.72 4 

Shorthorn $671.16 5 

Salers $654.03 6 

Hereford $635.49 7 

Santa Gertrudis $558.25 8 

Brahman $545.63 9 

Maine-Anjou $539.45 10 

Braunvieh $531.08 11 

South Devon $520.05 12 
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Table 32: Profits and Their Respective Rankings for Each Crossbreed for 2016 Average Born 

Sires (Kuhen, 2018) (Beal, 1990) 

2016 Born Sires 

Breed Profit 

Profit 

Rank 

Charolais $697.79 1 

Shorthorn $693.04 2 

Gelbvieh $691.63 3 

Limousin $687.61 4 

Santa Gertrudis $685.82 5 

Simmental $685.43 6 

Brahman $671.12 7 

Maine-Anjou $664.94 8 

Salers $657.96 9 

Braunvieh $652.71 10 

South Devon $641.10 11 

Hereford $640.61 12 

 

Table 33: Profits and Their Respective Rankings for Each Crossbreed for 2015/2016 Average 

Born Sires (Kuhen, 2017) (Kuhen, 2018) (Beal, 1990) 

2015/2016 Born Sire Average 

Breed Profit 

Profit 

Rank 

Charolais $696.86 1 

Simmental $685.17 2 

Shorthorn $682.10 3 

Limousin $681.77 4 

Gelbvieh $681.67 5 

Salers $656.00 6 

Hereford $638.05 7 

Santa Gertrudis $622.03 8 

Brahman $608.38 9 

Maine-Anjou $602.19 10 

Braunvieh $591.89 11 

South Devon $580.57 12 
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From these data sets, it can be seen that Charolais on average produces more profit per 

head.  However, in all of the data sets there are other breeds that cross with the Charolais’s 

confidence interval.  This means there is not a significant difference between Charolais when 

compared to some of the other top breeds, due to variations in weight throughout the animal’s 

life.  To sum up, it is not possible at the current moment to declare one cross always more 

profitable. 
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Chapter 7 

FUTURE STUDIES 

 Like many of items in the agricultural world, continuous modeling is needed, and one 

simple model is not enough.  Many other items and variables can be looked at either with this 

model or collaborating with the model.  The other step needed is to modify the model to make it 

available for more scenarios.  Finally, a deeper study into the model itself can be done. 

 For adding more variables to the model there a couple items that can be added or 

changed.  The first is to change the way the decision variable works.  The decision variable could 

be changed from identifying the breed to cross with to identifying the weight that the cattle has 

to reach.  By doing this, you could do it with any cross based on a specific bull’s EPD.  The other 

option is to change the way the feed plan is set up.  Instead of purely being feeder cattle they 

could be put on grass.  Doing this would drastically change the price of feed expenses.  

 The way to make the model available for more scenarios is by generalizing it.  This can 

be done by not forcing Angus to be a part of the optimal solution.  Also finding a way to 

generalize the feed cost equation to allow any type of feeding plan to be accounted for.  Once 

these things are done the root causes for how the model works will need to be redefined and the 

variables could be modified. 
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APPENDIX 

 

=G43-G45 

Excel Objective Function 

 

 

 

 

MATLAB Objective Function 

 

=SUMPRODUCT(E4:E21,X4:X21)*V29*T32 

Excel Beef Sale Price Equation 

 

 

MATLAB Beef Sale Price Equation 

 

Variable Name Price 

P4 Carcass Price $1.05  

P3 Yearling on Hoof Price $1.05  

P2 Light Feeder Price  $1.05  

P1 Veal Price $5.99  
Table used in Excel to represent sale prices provided by Tyson 
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Table used in MATLAB to represent sale prices provided by Tyson 

 

Quality Table     

Breed AVG Score Price Adjustment 

Carcass =SUMPRODUCT(F4:F21,X4:X21) =IF(U29>5,1.13,1) 
Quality Impact Equations and Tables from Excel 

 
Quality Impact Equations and Tables from MATLAB 
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=6*N34*SUMPRODUCT(B4:B21,X4:X21) + 

6*N31*(SUMPRODUCT(C4:C21,X4:X21)-

SUMPRODUCT(B4:B21,X4:X21)) + 

6*N32*(SUMPRODUCT(D4:D21,X4:X21)-

SUMPRODUCT(C4:C21,X4:X21)) + 

6*N33*((1.538*SUMPRODUCT(X4:X21,E4:E21))-

SUMPRODUCT(D4:D21,X4:X21)) 

Feed Cost Equation from Excel Solver Program 

 

 

 

 

 

 

Feed Cost Equation from MATLAB 

Variable Name Cost 

F1 Starter 0.043 

F2 Grower 0.039 

F3 Finisher 0.057 

F4 Cow Ration 0.052 
Table used in Excel to represent feed prices provided by Hi Plains Feed 
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Table used in MATLAB to represent feed prices provided by Hi Plains Feed 

 

BREED OF SIRE MEANS FOR 2015 BORN ANIMALS 
 

UNDER CONDITIONS SIMILAR TO USMARC     

Breed Birth Wt Weaning Wt Yearling Wt Carcass Wt. Marbling Score 

Angus 86.1 567.2 1061.4 931.4 5.66 

Hereford 89.6 548.5 1011.1 885 4.9 

Red Angus 85.7 546.3 1025.5 899.8 5.4 

Shorthorn 91 528.6 1000.5 886.1 5.04 

South Devon 89.2 529.7 1001.2 855.2 5.04 

Beefmaster 89.7 562.1 1014.1   0 

Brahman 97.2 583.7 1016.1 864.5 4.48 

Brangus 89 556.9 1027   0 

Santa Gertrudis 89.7 559.7 1018 891.7 4.64 

Braunvieh 89.7 537.3 998.1 870.1 5.13 

Charolais 92 576.5 1045.8 921.3 4.9 

Chiangus 89.8 539.9 1004.2 887.7 5.02 

Gelbvieh 88 559.8 1036.3 902.9 4.93 

Limousin 88.5 556.8 1011.3 897.7 4.65 

Maine-Anjou 88.8 528.7 978.9 870 4.68 

Salers 87.2 544.5 1010.5 872.6 5.33 

Simmental 89.6 570.4 1049.5 920.5 5.04 

Tarentaise 88.7 550.3 988.7   0 

Table used in Microsoft Excel base on MARC Data 

 

 

 

 

Table used in MATLAB to define breeds based on MARC Data 
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Table used in MATLAB to define weight based on MARC Data 

 

 

Table used in MATLAB to define meat quality based on MARC Data 

 

Breed Decision Variable 

Angus 0.5 

Hereford   

Red Angus   

Shorthorn   

South Devon   

Beefmaster   

Brahman   

Brangus   

Santa Gertrudis   

Braunvieh   

Charolais   

Chiangus   

Gelbvieh   

Limousin   

Maine-Anjou   

Salers   

Simmental   

Tarentaise   

Summation =sum(X4:X21) 

Table where the decision variable is defined by the solver function in Excel 
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Solver Parameter used in Excel to solve problem 

 
Breed Variable in MATLAB 

 




