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CHAPTER I 

INTRODUCTION 

Traditionally, beef cattle nutritionists do not formulate feedlot diets to meet 

specific amino acid requirements. However, when lysine and methionine are 

supplemented, positive responses have been noted in cattle growth and hot carcass 

weight, which suggests that these might be rate limiting amino acids in microbial protein 

(Veira et al., 1991; Klemesrud et al., 2000b; Montaño et al., 2019). The main ingredient 

in most feedlot starting and finishing diets is corn (Samuelson et al., 2016). However, 

corn is typically a poor source of lysine (0.13% DM) (NASEM, 2016). This has led to the 

hypothesis that a diet high in corn but low in rumen undegraded protein (RUP) may be 

low in metabolizable lysine (Klemesrud et al., 2000b).  

Products like bloodmeal and oilseed meals are used to supplement amino acids, 

although the actual amino acid profile of these products is variable, which can still leave 

some cattle deficient (Klemesrud et al., 2000a). The cost and variability of these rumen 

unprotected products makes supplementation of rumen-protected amino acids an 

attractive alternative (Whitehouse et al., 2017). In the United States, crude protein 

concentration of diets is greater than in the past because of the inclusion of byproducts 

such as corn gluten feed and distiller’s grains (Galyean, 1996; Samuelson et al., 2016). 

Nonetheless, when supplementing lysine and methionine in combination with growth-

promoting technologies, an improvement in feedlot growth performance has been 

observed (Hosford et al., 2015). Still, amino acid supplementation is not a widespread 

practice in the feedlot but has potential to improve cattle growth performance.  



Texas Tech University, James D. Young, May 2022 

2 

The objective of this study was to evaluate the effects of supplementing rumen-

protected amino acids (Smartamine ML; Adisseo, Atony, France) in a traditional 

finishing scheme using light weight crossbred beef steers. It was hypothesized that 

insufficient lysine was provided by the basal diet relative to the aggressive growth 

technologies implemented and supplementation of amino acids would improve growth 

performance in the feedlot. 
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CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

 Dietary protein is a priority when formulating diets for beef cattle in feedlot 

settings. In the ruminant system, dietary protein concentration, source, and utilization 

should be evaluated. Rumen degradable protein, rumen undegradable protein and 

microbial crude protein affect the animal and overall performance differently. Typically, 

nutritionists will formulate to a crude protein level and not consider specific amino acid 

requirements, because it is challenging to evaluate the use and flow of amino acids in the 

ruminant animal. Consequently, nutritionists tend to focus on protein. However, when 

protein requirements are met there can still be deficiencies in specific amino acids which 

can limit overall performance. 

Protein 

Overview. 

 Protein plays a vital role in biological processes (Van der Walt and Meyer, 1988). 

Protein provides structural units for the body, enzymatic function, and cell 

communication via hormones in addition to many other functions. Within the body 

protein synthesis and degradation are constantly occurring. In a typical steer at 

maintenance protein synthesis will be equal to degradation allowing for homeostasis.  

Protein intake is necessary to maintain homeostatic function and to allow for 

growth after meeting demands for maintenance. Trenkle et al (1978) stated that growth of 
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an animal is characterized by an orderly change in mass of tissues and organs, as well as 

a changes in form and body composition. Growth requires protein accretion and therefore 

requires intake of protein. Maturity and rate of gain or production, greatly influence the 

protein requirements of beef animals. Additionally, frame size and mature body weights 

affect the nucleic acid content on an empty body basis, which drives protein synthesis 

(Oltjen et al., 1986). Faster rate of DNA accretion enables greater maximum rate of 

muscle growth (Trenkle et al., 1978).  

Ultimately this means estimating protein requirements in cattle can be difficult. 

However,  protein can be separated into three categories: rumen degradable protein, 

rumen undegradable protein, and microbial protein (NASEM, 2016). Collectively, the 

amino acids of these three categories of protein provide the amino acid profile available 

to the beef animal. 

Rumen Degradable Protein. 

 Rumen degradable protein is an essential diet component. Rumen degradable 

protein is rapidly degraded in the liquid phase of the rumen (Chalupa, 1975). Bacteria 

need protein to sustain their normal function, as it provides ammonia to be used as the 

primary nitrogenous nutrient for bacterial growth (Kamalak et al., 2005). Some species of 

bacteria use peptides directly to produce microbial protein (Kamalak et al., 2005). Rumen 

degradable protein an important source of nitrogen for the bacteria within the rumen. For 

this reason non protein nitrogen, such as urea, is considered  rumen degradable protein 

(NASEM, 2016). The protein contained in most feedstuffs can be digested, at least 

partially, by the microbes in the rumen. However, extent of ruminal degradation is 
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influenced by the rate of passage from the rumen. For example a greater rate of passage 

will result in less degradation of proteins in the rumen (Kamalak et al., 2005). 

Rumen Undegradable Protein. 

 Rumen undegradable protein is any protein source that cannot be utilized by the 

microbes within the rumen. This fraction contributes directly to the protein available in 

the small intestine of the beef animal. Rumen undegradable protein can be naturally 

occurring or can be created, either by application of heat or formaldehyde to feedstuffs 

(Kamalak et al., 2005). While rumen undegradable protein supplies protein directly to the 

beef animal it should not be the sole source of protein supplied otherwise, issues within 

the rumen can occur. Additionally, there is no set method to determine the digestibility of 

rumen undegradable protein and the actual digestibility of feedstuffs ranges greatly 

depending on if it is a forage or concentrate (NASEM, 2016). 

Microbial Protein. 

 Microbial protein is the fraction of total protein that comes from the microbes 

within the rumen. This fraction is arguably the most variable in terms of its contribution 

to the beef animal both in quantity and quality. The microbes of the rumen will use 

peptides and free amino acids to synthesize microbial crude protein (Kamalak et al., 

2005). The microbes need feedstuffs in order to grow, and digestible energy of the diet 

plays a major role in determining the microbial protein produced (Hoover and Miller, 

1991). Energy is important for microbial protein synthesis, but ruminally available 

protein is often more limiting than energy (Hoover and Miller, 1991). Depending on the 

setting and the diet microbial protein can provide from 50-100% of the crude protein 
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required by the animal (NASEM, 2016). Although with current techniques, prediction 

methods of microbial crude protein have large standard errors and more research to better 

understand this topic is needed (NASEM, 2016). 

One challenge in determining total protein flow and use is urea recycling. Excess 

nitrogen is converted to urea in the liver then, either excreted in the urine or returned to 

the gastrointestinal tract of the animal via saliva (NASEM, 2016).  Urea which is 

recycled to the gastrointestinal tract can then be used by the microbes of the rumen to 

produce additional microbial protein. Ultimately this makes it extremely challenging to 

track the fate of all the protein in the animal’s system, as well as to quantify the actual 

requirement for protein and amino acids.  

Protein Turnover. 

 Another important topic when discussing protein nutrition in beef cattle is protein 

turnover. Essentially, protein turnover is the rate of protein synthesis versus the rate of 

protein degradation within the body. Protein turnover enables adaption to environmental 

stressors (Lobley, 2003). The constant turnover of proteins is also needed for digestion; 

protein turnover allows for the enzymes of the intestines to adapt to different substances 

and effectively utilize them. While the gastrointestinal tract only makes up 8-14% of 

body protein mass it accounts for 25-45% of the protein synthesis (Lobley, 2003). To 

have positive growth of the animal, protein synthesis must occur at a faster rate than 

protein degradation. As animals age the rate of protein synthesis will slow, which makes 

comparison between species challenging (Lobley, 2003).  
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Overall protein in beef cattle is a complicated nutrient that consists of several 

fractions. When beef nutritionist account for all the different factors, there is obviously 

more than one adequate way to supply protein to the animal. Differences in philosophies 

of how to best accomplish this make it challenging to deem one system better than 

another but without a doubt protein is an important part of the diet which must be 

accounted for in some fashion. 

Amino Acids  

Overview. 

 Amino acids are the building blocks of proteins and serve invaluable roles in 

metabolism as well as protein synthesis. Amino acids will form chains with peptide 

bonds, which makes up the primary structure of proteins. Additionally, amino acids are 

crucial for cell signaling (Wu, 2009). Amino acids can also in times of need be 

completely oxidized through the Krebs cycle to make ATP; however, this process is 

much less efficient than using fat or glucose (Wu, 2009). If amino acids are oxidized, 

they can be used as either glycolytic or Krebs cycle intermediates. The specific amino 

acid being utilized, will determine what it is used for and where in the Krebs cycle the 

substrate will enter. Ultimately this can reduce the efficiency of production if the 

substrate enters at a place where carbon dioxide is produced as the loss of carbon will 

prevent transamination. 

 While knowledge of amino acids is not novel, diets are still not balanced at an 

amino acid level. Instead, feedlot diets are balanced on a total protein level. For this 

reason, many feedstuffs are utilized based on the crude protein content and not the amino 
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acid profile. While this approach theoretically provides the required nutrients, individual 

amino acids could become limiting depending on the availability within specific 

feedstuffs composing the diet. 

Definitions.  

Over 500 naturally occurring amino acids have been identified in nature, but only 

about 20 are used in metabolism to synthesize body protein (Wagner and Musso, 1983). 

Amino acids are variable in structure, but all consist of a central or alpha carbon bound to 

an amine group, a carboxyl group, a hydrogen atom, and a R group. The R group is 

variable, and the structure of the R group is what distinguishes each amino acid from 

another. Since there are many types of amino acids, they can be classified chemically in 

several ways. For example, amino acids can be classified as polar or non-polar, 

hydrophobic or hydrophilic, aromatic or aliphatic, or a number of other ways (Taylor, 

1986). Amino acids can be presented in either L or D isomer designations. L isomers are 

the naturally occurring formation for amino acids while the D isomer is typically 

chemically synthesized (Campbell et al., 1996). It is important to consider the 

configuration of supplemental products. Depending on which amino acid is being 

evaluated, the efficiency of D isomers versus L isomers can range from 20-100% (Wu, 

2009). 

In a nutritional setting, amino acids are typically classified as either essential or 

non-essential amino acids. Essential amino acids must be consumed in the diet; non-

essential amino acids can be synthesized within the body. However, occasionally some 

amino acids can be classified as conditionally essential. A conditionally essential amino 
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acid is one which typically can be synthesized fast enough that it doesn’t need to be 

supplied through the diet, but might need to be supplemented if use exceeds the rate of 

synthesis such as during stress or rapid growth (Wu, 2009). Amino acids are also 

discussed based on their dietary concentrations and if it can fill demand within the body. 

If an amino acid is considered rate limiting, then that means it is being undersupplied to a 

point where normal protein synthesis can no longer occur. Any amino acid used in 

protein synthesis has the potential to become rate limiting; however, some are more likely 

than others. In livestock production, typically lysine or methionine are first limiting. 

Additionally, amino acids cannot be stored as free molecules, so ingested amino acids 

must follow anabolic routes to form peptides or other molecules (D’Mello and D’Mello, 

2003). 

Classifications.  

One major class of amino acids is sulfur containing amino acids. The R group of 

these amino acids are varying lengths of carbon chains with a sulfur molecule. These 

amino acids are highly prevalent in skin and hair. One of the most important amino acids 

belonging to this group is methionine (Shoveller et al., 2005). Methionine is important for 

many reasons, it is an essential amino acid, it can act as a methyl group donor, and it can 

be used to make cystine which is a non-essential amino acid (Campbell et al., 1997). 

Additionally, methionine is the initiating amino acid in the synthesis of virtually all 

eukaryotic proteins (Brosnan and Brosnan, 2006). Within the body the splanchnic tissue 

uses 30-44% of methionine and cystine (Shoveller et al., 2005). 
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Another important group is aromatic amino acids. The R group of this class of 

amino acids contains some form of a benzene ring with varying side chains. This group 

contains phenylalanine and tyrosine among others. Notably this group helps to bind iron, 

and phenylalanine; which is essential, can be used to make tyrosine; which is non-

essential (Hufton et al., 1995). 

Finally, a third important group is the branched chain amino acids. This groups R 

group is composed of carbon chains with various other attachments that have one or more 

branch. This group contains leucine, isoleucine, and valine, and compose about 35% of 

the amino acids in muscle (Harper et al., 1984). Branched chain amino acids are 

extremely important in the body for maintaining homeostasis, and respond drastically to 

many variables in the body (Harper et al., 1984).  Branched chain amino acids are 

especially concentrated in the heart and kidneys. 

Supply and Requirements. 

 Typically, amino acids can be supplied to the beef animal by consumption of 

feedstuffs. The amino acids supplied by dietary intake and endogenous degradation 

should closely match body demand. The ideal protein concept is that a protein source 

should perfectly meet the amino acid requirements of the animal (Lobley, 2003). 

However, not all feedstuffs will supply the same amino acids in the same proportions. For 

this reason, protein sources should be evaluated on both the quantity of the crude protein 

and the availability of the amino acid sources (Richardson and Hatfield, 1978). Different 

feedstuffs contain amino acids in different proportions, which means differences in diet 

composition can make different amino acids rate limiting. For example, Klemesrud et al. 
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(2000b) suggest that corn, which is a major ingredient in most feedlot diets, is a poor 

source of lysine; therefore, cattle on high corn diets could be receiving insufficient 

amounts of lysine. On the other hand, when cattle are on high forage diets, methionine is 

considered to be first limiting (Cantalapiedra-Hijar et al., 2020). An additional challenge 

is evaluating the true amino acid profile that is utilized by the animal, because of 

ambiguity of microbial protein. In a typical feedlot setting microbial protein can supply 

some amino acids, but historically microbial protein was insufficient to meet the amino 

acid requirements in ruminants by itself (Kung Jr and Rode, 1996). But, with an increase 

in the use of byproducts as feedstuffs this is no longer the case (Samuelson et al., 2016). 

 While any of the amino acids present in the small intestine are available for 

absorption, not all amino acids present will be absorbed. When evaluating amino acid 

efficacy of absorption, it is important to remember that some amino acids are metabolized 

by the gastrointestinal tissue. In the case of leucine, lysine, and threonine, 30-60 % of the 

total available amino acid is sequestered in the gut during digestion (Shoveller et al., 

2005).  When amino acids are absorbed, they are taken across the lumen by both active 

and passive transport before transport in the portal vein. This means that the amino acid 

profile that is actually available to the animal and should be of the most concern is the 

amino acid profile within the portal vein (Lobley, 2003). But even the absorption process 

is not completely efficient. When considering sulfur-containing amino acids and 

branched chain amino acids typically only 40-70% of what is available is absorbed across 

the portal vein (Shoveller et al., 2005). 
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Once absorbed into the portal vein amino acids flow to the liver. The liver is the 

primary site of metabolism of amino acids. This is true for sulfur containing amino acids 

and aromatic amino acids (Hufton et al., 1995; Shoveller et al., 2005). Lysine is 

metabolized specifically in the mitochondria of the liver (Fellows and Lewis, 1973) as is 

the case with most amino acids. While branched chain amino acids can be metabolized in 

the liver, other tissues metabolize branched chain amino acids more efficiently (Harper et 

al., 1984). For example, branch chained amino acids can be metabolized in the cytosol or 

mitochondria of muscle.  This metabolism has no known unique regulation of initiation 

and therefore can be metabolized solely depending on the concentration of enzymes 

relative to substrate (Harper et al., 1984). In contrast other amino acids must be 

metabolized in the liver and require specific signaling prior to initiation. Regardless of 

where they are metabolized however, most amino acids must be actively transported into 

a cell, and typically extra cellular concentrations are higher than intracellular 

concentrations (Hyde et al., 2003). 

Efficacy of Supplementation.   

Determining the requirements of specific amino acids is challenging as not all 

amino acids are required in the same capacity. Depending on which biological functions 

are occurring specific amino acids will be needed in a greater capacity. Ultimately, the 

metabolism of specific amino acids and the process of absorption needs to be better 

understood to accurately determine requirements for each individual amino acid (Wu, 

2009). The effectiveness of amino acid supplementation is influenced by many different 

factors, like breed, age and current nutritional state (Anthony, 2016). Furthermore, 



Texas Tech University, James D. Young, May 2022 

13 

differences in growth rate can alter the amino acid requirements of an animal (Kung Jr 

and Rode, 1996). Differences in diet and maturity can cause different amino acids to be 

co-limiting (Kung Jr and Rode, 1996). For these reasons, the stage of growth and rate of 

gain must also be considered when considering amino acid supplementation. A low 

performing animal might be meeting its requirement for amino acids based solely off of 

microbial protein, while a higher performing animal might require supplementation 

(Kamalak et al., 2005). 

Different theories exist, and some suggest that no single amino acid consistently 

limits the growth of cattle (Zinn and Owens, 1993).   Zinn and Owens (1993) found that 

methionine was the first rate limiting amino acid 73% of the time. However not all 

literature supports this; Wright and Loerch (1988) suggested that methionine may be co 

limiting. Lysine and methionine are typically considered the first rate limiting 

(Richardson and Hatfield, 1978; Kung Jr and Rode, 1996). Additionally Wright and 

Loerch (1988) also suggested that over feeding of only one specific amino acid could 

suppress growth as absorption of other amino acids could be hindered by an 

overabundance of a different amino acid. This theory suggests that supplementation of a 

specific amino acid with the intent of raising the available concentration of that amino 

acid can be increased to a point at which it will begin to interfere with the absorption of a 

different amino acid. When over supplementation issues occur, it is typically referred to 

as competitive inhibition. If competitive inhibition is occurring, it will interfere with the 

natural absorption rate. Consequently, if any amino acid cannot be absorbed in its normal 

way, then any amino acid can become rate limiting, even if it is supplied in abundance. 
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For this reason, it may be more beneficial to supply multiple essential amino acids, 

instead of just one or two (Kamalak et al., 2005). 

Supplementation.  

While extensive work has been conducted on swine and their ability to use amino 

acids, it is a much more complicated process to evaluate the effectiveness of amino acid 

supplementation in ruminants. The primary challenge in dealing with ruminants is the 

rumen itself. The microorganisms of the rumen will utilize amino acids that are available 

before the amino acids reach a point where the animal can actually absorb the amino 

acids (Fenderson and Bergen, 1975). The free amino acids in the rumen can be 

assimilated directly by microbes and be absorbed through the rumen, but most amino 

acids are deaminated to yield ammonia and other intermediate products (Hoover and 

Miller, 1991). For oral supplementation of amino acids to be effective, amino acids must 

be provided in a form which is resistant to microbial degradation, yet available for 

absorption in the lower gut (Oke et al., 1986). The primary methods to prevent 

fermentative digestion of amino acids are structural manipulation to produce amino acid 

analogs and coating with resistant materials (Chalupa et al., 1996). If not protected, there 

will be limited free amino acid flow out of the rumen. Torrentera et. al (2017) suggested 

that only 9% of unprotected lysine escapes the rumen. Therefore, amino acids must be 

fed in a rumen protected form to have the greatest potential for any positive effect in the 

animal. 

If an amino acid can be presented in a protected form, then supplementation 

should be able to increase the availability of said amino acid. If the supplement is 
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protected digestion should occur the same way as in monogastric animals, which 

ultimately should result in more amino acids available for growth. However, this is often 

not the case (Wright and Loerch, 1988; Teixeira et al., 2019). Some hypothesize that it is 

because of difference in growth rates, specifically the time it takes to reach maturity, 

between monogastric and ruminants, which suggest that a greater proportion of amino 

acids absorbed by ruminants are actually used for maintenance instead of growth (Zinn 

and Owens, 1993). Additionally, many scientists hypothesize that requirements for amino 

acids will fluctuate based on the stage of production (Richardson and Hatfield, 1978; 

Wilkerson et al., 1993). Most tend to think that supplementation of amino acids would be 

most effective early in the feeding period (Eisemann et al., 1989; Veira et al., 1991; 

Klemesrud et al., 2000a; Klemesrud et al., 2000b). Other work has indicated that it could 

be beneficial to supplement amino acids during the end of the feeding period in concert 

with administration of a beta adrenergic agonist (Hosford et al., 2015). Both theories rely 

on the same principle; during times of increased protein synthesis, whether early in the 

growing phase, or later in life because of synthetic promotion, ensuring adequate 

concentrations of amino acids can improve performance. 

Applied Studies.  

The literature is greatly varied on the efficacy of using rumen protected amino 

acids, however several studies have shown positive responses to supplementation. Viera 

et al (1991) used Simental × [Herford × Charolais] crossbred steers on a silage based diet, 

with 8.2 g of rumen protected lysine and 2.6g of rumen protected methionine fed for at 

least 70 days and noticed an advantage in average daily gain of an additional 0.15 
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kilograms a day. Additionally, there was no difference noted in dry matter intake which 

led to an advantage of feed to gain favoring cattle supplemented with protected amino 

acids by 1.08 kg. Similarly, Klemesrud et al (2000b) also used crossbred steers to 

evaluate the effects of a rumen protected lysine source on cattle performance. Cattle for 

this trial were fed a high corn based diet including wet corn gluten feed, high-moisture 

corn, dry-rolled corn, and corn silage. Treatments ranged from 0 to 12 grams of 

supplemental lysine using Smartamine ML and included a supplemental methionine 

group as a positive control which was delivered using Smartamine M. This study showed 

an advantage in average daily gain (P = 0.01) for cattle supplemented with either 3 or 4 

grams of lysine (Klemesrud et al., 2000b). However, no significant difference was 

observed after day 56. Although, cattle in the 3 or 4 gram treatment group maintained 

their weight advantage till the end of the 161 day feeding trial. There was no difference 

noted in dry matter intake for the trial. However, there was a quadratic effect noted on 

gain to feed favoring the 3 and 4 gram supplemented treatment groups. 

Methionine and lysine supplementation also provided a performance 

improvement in a study done on Holstein steer calves (Montaño et al., 2019). This 86 day 

study used light weight calves (128 ± 9 kg) on a basal diet based on steam flaked corn 

and distillers’ grains. Smartamine ML was included at either 0.4% or 0.8% to provide 

rumen protected lysine and methionine. Average daily gain was increased in the amino 

acid supplemented cattle. Dry matter intake was not affected. Gain to feed increased in 

amino acid treated cattle (Montaño et al., 2019). 
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In a study using Charolais bulls, Cantalapiedra-Hijar et al (2020) fed two different 

protein levels. The basal diet included 54% grass silage, 6% wheat straw, and 40% 

concentrate. Cattle were supplemented with 7 grams a day of rumen protected methionine 

(Smartamine M). This experiment reported an advantage in average daily gain for bulls 

who were supplemented with additional methionine. However no difference was noted in 

dry matter intake or feed conversion efficiency (Cantalapiedra-Hijar et al., 2020). 

Another study evaluated the use of lysine and methionine in concert with 

zilpaterol hydrochloride (Hosford et al., 2015). This study used British crossbred steers 

and supplemented zilpaterol hydrochloride and either 12 grams of lysine or 4 grams of 

methionine. There was an advantage of lysine and methionine treated cattle over the 

cattle with no amino acid supplements for average daily gain for the total 134 day trial. 

This advantage came in the last part of the feeding period specifically when the zilpaterol 

hydrochloride was fed. There was no advantage in dry matter intake but there was an 

advantage in gain to feed when comparing the lysine and methionine treatment to the 

cattle who received no amino acids and no zilpaterol hydrochloride. There was also a 

trend in gain to feed when comparing lysine and methionine treated cattle to cattle who 

received no amino acids but did receive zilpaterol hydrochloride (Hosford et al., 2015). 

Although several studies contradict the findings of the above mentioned. Wright 

and Loerch (1988) used steers to execute three different studies. Trial number 1 used 

either Simmental or Charolais sired cattle, while trials 2 and 3 consisted of Angus × 

Hereford crosses.  The first and third studies were based on high-moisture corn diets and 

the second was a corn silage based diet. In the first study steers were fed different 
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concentrations of methionine and no difference in average daily gain was observed. In the 

second and third study lysine and methionine were utilized together, and a trend was 

observed favoring supplementation of soybean meal over urea but not in supplementing 

amino acids. All three studies reported a lack of difference in dry matter intake and gain 

to feed (Wright and Loerch, 1988). 

Hussein and Berger (1995) used Holstein steers on a high concentrate diet 

containing mainly whole shelled corn for a 266 day finishing trial. Cattle were 

supplemented with rumen protected lysine and methionine at either 0, 5, 10, or 15 grams 

a day per animal. No difference was noted in average daily gain. However, there was a 

cubic response in dry matter intake and gain to feed favoring the 10 gram supplement 

group by 12%. Similarly, Oney et al (2016) used calf fed steers for a 190 day finishing 

trial. Cattle were supplemented with either 8 grams of rumen protected methionine, or 8 

grams of rumen protected methionine and 12 grams of rumen protected lysine. The basal 

diet used was 40% sweet bran and 50% high moisture corn, with 5% wheat straw and 5% 

supplement. Cattle were weighed on a pen scale and no difference in average daily gain, 

dry matter intake or gain to feed was noted. 

In a study from Teixeira et al (2019) used Angus × Simmental steers in a factorial 

design to look at 63 grams of supplemental rumen protected arginine, 40 grams of 

supplemental rumen protected lysine, supplementation of both or neither. The basal diet 

included 52% dry-rolled corn, 22% dried distillers grains with solubles, 20% corn silage 

and 6% supplement. Neither arginine nor lysine influenced average daily gain or dry 

matter intake. However, the cattle fed additional lysine had an increased gain to feed 
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during the first 87 days of the trial. In a study with angus cross steers cattle on a dry 

rolled corn diet formulated to be deficient in lysine still had a higher average daily gain 

for a 180 day feeding period over cattle supplemented with a rumen protected lysine 

source (Heiderscheit and Hansen, 2020).  There were no reported differences in dry 

matter intake for the trial. However, there was an advantage in gain to feed during the 

first 56 days of the trial which favored the lysine deficient diet (Heiderscheit and Hansen, 

2020). Additionally, Heiderscheit and Hansen (2020) said that intakes were higher than 

expected which could have caused an imbalance in other amino acids besides lysine. 

Even in studies which attempt to repeat themselves discrepancies will occur. 

Ludden and Kerley (1997, 1998), showed an advantage in supplementing rumen 

protected lysine in one study but not in another even though both studies used Charolais 

and Simmental cross steers on a 60% corn diet designed to be high in methionine and low 

in lysine. In a third study Ludden and Kerley (1998) noted an advantage in average daily 

gain when supplementing blood meal instead of lysine.  

Conclusion. 

 While there have been several studies investigating the use of rumen protected 

amino acid supplementation in feedlot settings, the results have greatly varied. Some 

studies noted an advantage in average daily gain early in the feeding period(Veira et al., 

1991; Klemesrud et al., 2000b; Montaño et al., 2019). Other studies noted no difference 

in average daily gain (Wright and Loerch, 1988; Hussein and Berger, 1995; Oney et al., 

2016; Teixeira et al., 2019). Typically, there is no difference in dry matter intake (Ludden 

and Kerley, 1998; Klemesrud et al., 2000b; Montaño et al., 2019). Most experiments 
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report no difference in gain to feed efficiency (Wright and Loerch, 1988; Oney et al., 

2016; Cantalapiedra-Hijar et al., 2020). But some experiments showed a difference in 

gain to feed (Veira et al., 1991; Klemesrud et al., 2000b; Teixeira et al., 2019). 

Amino acid supplementation can be beneficial in specific scenarios but not 

required to be implemented in every feeding strategy. Another important consideration is 

that even when growth advantages are noted, eventually once the requirement has been 

met there is no advantage to additional supplementation of amino acids. 

Growth Technologies 

Overview.  

With the continued push for sustainable beef supply, the use of different growth 

technologies has become widespread within in the industry. Growth technologies are 

often referred to as growth promotants, or growth modifying agents (Bell et. al., 1998). 

The term of growth modifiers includes both anabolic steroids and beta adrenergic agonist 

(Bell et. al., 1998). Both beta agonist and anabolic steroids are used to create a biological 

response within the animal which promotes lean tissue growth and increase feed 

efficiency. 

Implants. 

 When discussing anabolic steroids in cattle, early use goes back to the 1950’s 

(Cahill et al., 1956). Today there is a wide variety of commercially available implants. 

Typically implants utilized in feedlot settings contain a combination of trenbolone 

acetate, and estradiol. Use of steroidal implants increase the mitogenic activity of sera, as 

well as the levels of circulating insulin-like growth factor I (Johnson et. al., 1996). 



Texas Tech University, James D. Young, May 2022 

21 

Typically, an increase in feed efficiency of 15-20% and an increase in rate of gain of 20-

25% is observed when testosterone and estradiol combination implants are used (Johnson 

et. al., 1996, Johnson et. al. 1998). Implanted cattle have greater nitrogen retention, which 

is commonly stored as lean tissue (Lobley et al., 1985; Walker et al., 2007). Implants 

increase the retention of protein either by increasing the rate of protein synthesis or 

reducing the rate of protein degradation. While implants can increase the amount of 

protein retained, typically the protein requirement of the diet does not need to increase 

(Galyean, 1996; Gleghorn et al., 2004). This could be because of an increase in the 

efficiency of which protein is utilized. Some have suggested that the protein requirement 

is lowered with implant use leaving more available for use for growth (Dicostanzo et al., 

1999). Some studies have even shown that when exposed to anabolic steroids cells will 

uptake more amino acids (Kerth et al., 2003). 

Beta Adrenergic Agonist.  

Early use of beta adrenergic agonist dates to 2003 for beef cattle (Abney et al., 

2007). Beta agonist are synthetic chemical compounds that act on beta receptors to elicit 

a growth response within the animal. Specifically, beta agonist increases the rate and 

sometimes the efficiency of protein deposition in lean tissue of livestock (Bell et al., 

1998). This increased rate of protein deposition increases efficiency as it is more 

energetically efficient to deposit muscle tissue compared to adipose tissue. Increased 

protein accretion results in greater muscle mass and weight gain (Mersmann, 2002). 

While there are other types of beta agonist, ractopamine hydrochloride is the primary beta 

adrenergic agonist used in the United States, for commercially fed cattle. The type of beta 
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agonist used is an important consideration as different compounds will affect different 

animals and different muscles within the animal differently (Mersmann, 2002). Typically, 

beta agonist have a stronger response in ruminants than in swine (Bell et al., 1998). In 

beef cattle, ractopamine hydrochloride has been shown to linearly increase average daily 

gain, body weight, and gain to feed ratio, as well as increasing loin muscle area and 

decreasing yield grade (Abney et al., 2007).  

 While beta adrenergic agonist offer many benefits, there is also several draw 

backs. Depending on which beta agonist are used there can be withdrawal times prior to 

slaughter. Additionally, extended use of beta agonist will diminish the beta receptors that 

are present in the animal (Bell et al., 1998). As receptor density is reduced, the response 

to the beta agonist is reduced. Although Walker (2007) noted ractopamine hydrochloride 

decreased the beta receptors present in a steer, the use of steroidal implants showed an 

increase in beta receptors. This suggest that there could be a synergistic response between 

these two growth technologies. Furthermore, beta agonists are not a substitute for proper 

nutrition: feeding insufficient amounts of limiting amino acids will reduce the efficacy of 

the growth modifiers (Bell et al. 1998). However, if all animal requirements are met by a 

basal diet based on steam flaked corn with supplemental urea, according to Walker 

(2006) there is no need for supplemental protein even when using ractopamine 

hydrochloride. 

Finally, beta agonists are more effective during different stages in an animal’s life 

(Bell et al., 1998). Typically, animals closer to market weight are given beta agonist 

because it will provide a more efficacious response than in young animals (Bell et al. 
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1998). This is because when animals age, their rate of lean tissue accretion slows and is 

ultimately passed by the rate of adipose tissue accretion. This is not advantageous for rate 

of gain, as it takes more energy to accrue fat tissue than protein tissue even though fat 

tissue contains more energy on a dry matter basis (Webster, 1977). Therefore, beta 

adrenergic agonist are typically used at the end of the feeding period to try and improve 

efficiency of gain in the final days prior to slaughter. Additionally beta agonist promote 

muscle hypertrophy but not nuclei content (Hosford et al., 2015). This is results in 

unsustainable muscle hypertrophy and is why beta agonist are typically only fed at the 

end of the feeding period (Smith and Johnson, 2020). 

Conclusion.  

In relation to amino acids, growth technologies can be used synergistically. 

Regardless of the growth technology implemented, the goal is to increase performance 

typically through additional protein accretion. This will result in a higher demand for 

nutrients, specifically amino acids, so it is crucial that the specific amino acid 

requirements are met. While the literature varies on the requirement of amino acids it has 

been shown to be advantages when supplementation of amino acids was paired with 

growth technology (Hosford et al., 2015).  
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CHAPTER III 

EFFECTS OF RUMEN-PROTECTED LYSINE SUPPLEMENT ON 

GROWTH AND CARCASS TRAITS WITH LIGHT WEIGHT 

CROSSBRED BEEF STEERS. 

Abstract 

The effects of rumen protected amino acids on feedlot performance and carcass 

characteristics are inconsistent in the literature. Therefore, the purpose of this experiment 

was to study the effects of rumen-protected lysine supplementation on feedlot 

performance and carcass characteristics on light weight steers. This 198-d experiment 

used 192 crossbred steers (BW 266 kg ± 11.2) in a completely randomized block design, 

which blocked steers by initial body weight (BW) and by arrival source (Bos indicus 

crossbreds were blocked separately from the Bos taurus). The experiment included 4 

treatments; negative control (1,940 g of ground corn; NCTRL) supplemental bloodmeal 

(Perdue Ag Solutions; Salisbury, MD [1940 g of bloodmeal; BLDM]), 2 g of 

supplemental rumen-protected lysine (Smartamine ML; Adisseo, Atony, France [1,655 g 

of ground corn and 285 g of Smartamine ML; 2GSM]), and 4 g of rumen-protected 

lysine (Smartamine ML; Adisseo [1370 g of ground corn and 570 g of Smartamine; 

4GSM]). There was no difference in final BW or average daily gain (P ≥ 0.20). Dry 

matter intake (DMI) showed a difference between BLDM and 2GSM of 0.27 kg with 

BLDM consuming more, additionally BLDM and NCTRL were both different from 

4GSM with 4GSM consuming the least by 0.23 kg or more (P < 0.01).  For gain to feed 

ratio (G:F) there was a difference between 2GSM and all other treatments with 2GSM 

being 0.003 less efficient than the next closest treatment (P < 0.01).  For carcass 
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characteristics, there was no difference in marbling score, loin muscle area (LMA), 12th 

rib back fat, yield grade (YG), percent of liver abscesses, or dressing percentage (P ≥ 

0.28). There was a difference in hot carcass weight (HCW), but this was likely unrelated 

to treatment (P = 0.05). Ultimately, there was no significant advantage in 

supplementation of rumen protected lysine in this subset of cattle. However, based off 

observations made during the last 35 days of this trial there is a need for further research 

into how beta-adrenergic agonist effect amino acid requirements.  

Key words: feedlot steers, rumen protected lysine 

  



Texas Tech University, James D. Young, May 2022 

32 

Materials and Methods 

All procedures conducted in this trial were approved by the Texas Tech 

University Institutional Animal Care and Use Committee (IACUC # 200063-08). The 

experiment was conducted at the Texas Tech University Beef Center Teaching and 

Research Unit located 9.7 km east of New Deal, TX from August 2020 to March 2021. 

Pretrial Animal Selection and Management 

Upon arrival cattle (n = 228) were housed in 3 large soil-surfaced pens (27 x 37 

m) and given ad libitum access to WW-B dahl hay and water. The next morning steers

were processed through a bud box/raceway system using a hydraulic chute (Arrowquip; 

Manitoba, Canada). During processing cattle were weighed using load bars connected to 

a digital scale head (Tru-Test, Mineral Wells, TX) with a readability of ± 0.45 kg. During 

processing cattle were given; 1) a clostridial vaccination (Ultra choice 7; Zoetis, 

Kalamazoo, MI), 2) a vaccine to combat bovine respiratory disease (Inforce 3; Zoetis, 

Kalamazoo, MI), a Mannheimia hymelitica vaccine (Bova Shield Gold; Zoetis, 

Kalamazoo, MI), 3) an oral anthelmintic (Valbazen; Zoetis, Kalamazoo, MI), 4) an 

injectable anthelmintic (Dectomax; Zoetis, Kalamazoo, MI), and 5) implanted with 

Synovex Choice (100 mg of trembolone acetate and 14 mg of estradiol benzoate; Zoetis, 

Kalamazoo, MI), and a unique visual and electronic identification tag (Allflex; SCR 

Engineers, Ltd; Netanya, Israel). Additionally, cattle were treated for three days by 

feeding chlortetracycline (Aureomycin; Zoetis, Kalamazoo, MI) at a rate of 1.25 

mg/steer˙d-1. Finally, cattle were given a subjective chute temperament score from 1 to 6 
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with 6 being the most aggressive, to help eliminate steers with excessive aggression. 

Additionally, steers were revaccinated on day 28 with a Mannheimia hymelitica vaccine 

(1 shot BVD; Zoetis, Kalamazoo, MI). Finally, cattle were re-implanted on days 70 and 

140 with Synovex Plus (200 mg of trenbolone acetate and 28 mg of estradiol benzoate; 

Zoetis, Kalamazoo, MI). 

Experimental Design 

A 198-d feeding trial was conducted on 192 steers (initial BW 265 ± 20.5 kg). 

Steers were used in a randomized complete block design, with 4 treatments replicated 1 

time within each 12 blocks. The steers were sourced from 2 different farms; therefore, 

cattle were blocked by arrival source and within source by body weight. The first source 

was from Paris, TX and represents blocks 1 to 4 and this source consisted of Bos taurus 

crossbred steers. The second source was from Alabama and represents blocks 5 to 12. 

The second source consisted of Bos taurus × Bos indicus crossbred steers. All cattle were 

randomly assigned to treatments within block (4 steers/pen; 12 pens/treatment; 48 total 

pens) and treatment was randomly assigned to pen within block. The 4 treatments were: 

1) 0 g of rumen-protected lysine product negative control (1,940 g of ground corn; 

NCTRL ), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD [1940 g of 

bloodmeal; BLDM])  3) 2 g of supplemental rumen-protected lysine product 

(Smartamine ML; Adisseo, Atony, France[1,655 g of ground corn and 285 g of 

Smartamine ML; 2GSM]), 4) 4 g of rumen-protected lysine product (Smartamine ML; 

Adisseo, , Atony, France[1370 g of ground corn and 570 g of Smartamine; 4GSM]).  
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Cattle Management and Data Collection 

 Cattle were housed in soil-surfaced pens (3 × 15 m) with 3-meter concrete apron 

and fitted with 3-meter concrete feed bunk and a 6.5-meter-high shade cloth (Net Pro 

Canopies, Queensland, Australia) and automatic waters which were shared by adjacent 

pens. Daily health logs were maintained, and therapeutic treatment of animals was 

recorded in paper logs by the personnel who administered treatment. Throughout the trial 

2 were treated for pink eye and 2 were treated for foot rot. 

 Diets were formulated to meet the nutrient requirements of growing beef cattle 

(NASEM, 2016). Diet composition is reported in Table 1 and nutrient analysis are 

presented in Tables 2-5: 1) grower diet (26.5% steam flaked corn, 30% wet corn gluten 

feed (Sweet Bran; Cargill, Dalhart, TX), 20% chopped alfalfa hay, 15% ground cotton 

burs, 2% tallow, 3% molasses, 1% limestone, 0.5% urea, and a vitamin and mineral 

package, 2) finisher diet 63% steam flaked corn, 20% wet corn gluten feed (Sweet Bran; 

Cargill),  8% ground cotton burs, 3 % cane molasses, 2% tallow 1 % urea, 1% limestone, 

and a vitamin and mineral packet. Both diets contained monensin (Rumensin-90; Elanco, 

Greenfield, IN, included to achieve 300 mg/animal˙day-1). All daily diets were made at 

the Texas Tech Burnett Center Feed Mill. Record winter storms caused loss of power in 

the mill which forced a switch to dry-rolled corn on a 1:1 basis with steam flaked corn 

from April 16th to March 5th. Additionally, with the projected slaughter date near, this 

diet was maintained for the remainder of the trial (18 days). 

 This trial utilized slick bunk management practices. The goal of this practice was 

for cattle to refuse ≤ 0.45 kg of feed on a DM basis. Cattle were required to clean their 
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bunks for 2 consecutive days before being challenged with an addition 0.45 kg of feed. In 

instances of feed refusal for 3 days or after a significant weather event, residuals were 

removed and weighed to adjust DMI calculations, and a sample of the residual was dried 

(forced air oven at 100˚C for 24 h). 

 Feed was delivered with a tractor pulled mixer (Rotomix 84-8; Dodge City, KS) 

equipped with a scale with an accuracy of ± 0.45 kg. All roughage sources and wet corn 

gluten feed were added to the Rotomix with a skid steer the day of feeding, while the 

remaining ingredients were mixed the day before in a paddle type mixer and delivered to 

a feed truck, by a drag chain conveyor system. The premixed portion of the diet was set 

on the ground in a barn for storage until delivery. Steers were fed twice daily, at 0700 and 

0900.  The 0700 feeding was used for delivery of treatment as well as the delivery of 

ractopamine hydrochloride (Actogain; Zoetis, Kalamazoo, MI) [fed at 400 mg/steer ˙d-1 

(fed only for the last 35 days prior to slaughter)]. Treatments and Actogain (Zoetis, 

Kalamazoo, MI) were measured and manually mixed in a 5-gallon bucket by using a lid 

and then shaking and inverting. After this the bucket was poured into the rotomix and 

mechanically mixed into the diet during a 5 min stationary mix before delivery. 

 To ensure that the treatment was consumed, for days 0 to7 cattle were fed the 

grower diet 1.5% of their initial BW at 0700 and a second feeding of the grower ad 

libitum at 0900. From days 8 to14 steers were fed the grower at 1.5% of their initial BW 

at 0700 and the finisher ad libitum at 0900. Days 15 to21 cattle were fed 1.0% of their 

initial BW of the grower diet at 0700 and the finisher ad libitum at 0900. From days 21 to 

28 steers were fed the grower diet at 0.5% of their initial BW at 0700 and the finisher diet 
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ad libitum at 0900. On day 28 the cattle were fed solely the finisher diet, and this was 

maintained for the duration of the trial. Once the cattle were only eating the finisher diet 

the 0700 feeding was fixed at 3.4 kg/steer to deliver the dietary treatment and the cattle 

were fed ad libitum at 0900. All feed deliveries were tracked and logged using an app 

connected to the tractor scale head (Performance Beef; Ames, IA). 

Feed samples were collected from the 0700 feeding weekly and stored at 4˚C for 

further analysis. These samples were composited for each diet within interim period. To 

establish representative composites, samples were thawed and vigorously shaken and 

inverted in a bucket for 1 min. The samples were then quartered and re-bagged. 

Composites were sent to (Servi-Tech Laboratories, Amarillo, TX), for proximate 

analysis. Dry matters were calculated weekly by drying diet samples [forced air oven; 

The Grieve Corporation, Round Lake, IL (at 100˚C for 24 h)]. An additional composite 

was sent to University of Missouri Experimental Station and analyzed for amino acid 

composition. 

Individual BW measurements were recorded on d 0, 28, 70, 140, 162, and 198. 

Cattle were weighed prior to feeding. On d 0 weights were shrunk by 2% to adjust for fill 

and transport stress. All interim weights were shrunk by 4%. On the final weights cattle 

were fed only 80% of their normal ration the d before and weights were collected several 

hours later than a typical weigh day, so final BW was not shrunk. Additionally, on days 

BW was collected, prior to feeding, orts were removed from the bunk weighed and 

subsampled for DM analysis.  
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On d 0 and d 161/162 cattle were measured for loin muscle area (REA),12/13th 

rib fat (BF), percent intramuscular fat (IMF), and marbling score (MS) using 

ultrasonography. Measurements were taken by a certified technician and later analyzed 

by the principal investigators. To keep feeding times consistent, blocks 1-6 were weighed 

and ultrasound on d 161 while blocks 7-12 were collected on d 162. Both d 161 and d 

162 were prior to the initiation of ractopamine hydrochloride. One steer was euthanized 

on d 70 and subsequently removed from all pen averages from thereafter. Additionally, 

one steer was unaccounted for in the day 162 measurements and was excluded from all 

calculations pertaining to ultrasound measurements.   

Post-Trial Management and Data Collection 

Following completion of the study cattle were loaded onto semi-trucks and 

transported 302 km to a commercial abattoir in Cactus, TX (JBS; Greely, CO). Carcass 

data was collected by personnel from West Texas A&M and shared with the principal 

investigators at Texas Tech University. Yield grade was calculated using the USDA 

formula (2017) and assuming a standard kidney pelvic and heart fat of 2.0%.  

Statistical Analysis 

Data were analyzed as a randomized complete block design in R version 4.0.2 

(Team, 2020) using pen as the experimental unit. Linear models of each quantitative 

variable included treatment as a fixed effect and block as a random effect. The lmer 

function (Kunzetsova et al., 2017) was used to build all linear mixed effect models. 

Significance was evaluated by analysis of variance. Pairwise comparisons were 

performed using tukey method (Lenth, 2020). Statistical testing was performed as a 
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“deads in”, meaning that steers that died during the study were not removed from the 

statistical analyses (n = 2). Liver abscess prevalence was evaluated using Pearson’s chi-

squared test. Statistical significance was identified at P ≤ 0.05. All P-values ranging from 

0.05 ≤ 0.10 were considered tendencies. 

Results 

Feedlot Performance 

  By design, there was no difference in initial BW (P = 0.99; Table 6). There was 

no difference in final BW between treatments (P = 0.20). In the first 70 days, BLDM 

gained 8% more than 4GSM (P = 0.01; Table 7). From d 0 to 28 and from d 28 to 70, 

there was no difference in ADG (P ≥ 0.11). There was no difference from d 70 to 162 (P 

= 0.16) in BW gain. However, for the interim period of d 70 to 140 there was a tendency 

for ADG to be numerically greater for NCTRL than the other treatments (P = 0.06). 

Nonetheless, ADG from d 140 to 162 did not differ (P = 0.69). From d 162 to 198 4GSM 

had 21% greater ADG (P = 0.01) than cattle fed 2GSM but no difference between other 

treatments. When looking at overall ADG, no difference was observed (P = 0.86). 

 From d 0 to 70, BLDM had 1.5% greater DMI than NCTRL (P = 0.05). For DMI 

from d 0 to 28, 2GSM consumed 1.6% more than the other treatments (P < 0.01). 

However, from d 28 to 70 BLDM consumed 2.5% more dry matter than NCTRL and 

2GSM (P = 0.01). From d 70 to 162 there was a trend for NCTRL to consume more than 

4GSM (P = 0.08). From d 70 to 140, NCTRL tended to consume more dry matter than 

the other treatments (P = 0.06). In contrast, there was no difference in DMI between d 

140-162 (P = 0.24), but between d 162 and 198 4GSM had a 5.5% greater DMI than 
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2GSM (P = 0.01). For the total trial DMI between NCTRL and BLDM did not differ, nor 

did PCTL and 2GSM, but NCTRL consumed 3.1% more than 2GSM and 3.8% more 

than 4GSM (P < 0.01). 

 In the first 70 d, BLDM had a 6.8% greater G:F than 4GSM (P = 0.01). From d 0 

to 28 there is a trend towards BLDM having a greater G:F (P = 0.07) than the other 

treatments. However, from d 28 to 70, d 70 to 140, and d 140 to 162 no difference was 

detected (P ≥ 0.28). Conversely, from d 162 to 198 4GSM had 9.4% greater G:F than 

other treatments (P < 0.01). Finally, overall G:F was at least 1.6% greater for all 

treatments when compared to 2GSM (P < 0.01). 

 Carcass adjusted live gain was calculated and showed a trend in final bw (P = 

0.06) with 2GSM 2.03 % lighter than the next closest treatment. For carcass adjusted 

ADG there was a trend (P = 0.06) for 2GSM to added 3.64% less per day than the next 

closest treatment. However, there was no difference (P = 0.60) in carcass adjusted g:f. 

When carcass gain ADG and G:F was calculated a trend was observed for 2GSM 

to gain the least (P = 0.06). No difference was detected in G:F (P = 0.42). 

Carcass Characteristics  

 Ultrasound measurements are reported in Table 8. No difference was reported in 

the initial or final measurements for REA, BF, IMF, or MS (P ≥ 0.30). Consequently, 

there was also no difference in change in REA, BF, IMF, MS (P ≥ 0.28). 

Carcass characteristics are reported in Table 9. There was a trend in HCW with 

2GSM having the lightest weight (P = 0.05).  No difference was reported in in dressing 
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percentage, 12th rib back fat, LMA, marbling score, yield grade, or percent of liver 

abscesses (P ≥ 0.28).   

Discussion 

Feedlot Performance  

The hypothesis of this study was that cattle performance would respond favorably 

to supplemental rumen protected lysine when fed corn-based diets. Most prior studies 

report performance values pertaining to an initial growing period typically containing the 

first 80 d (Wright and Loerch, 1988; Klemesrud et al., 2000b; Montaño et al., 2019). The 

assumption was that the early phase of feeding in the feedlot is when protein accretion is 

greatest, and, therefore, the amino acid requirement would be also greatest. Additionally, 

this study used an aggressive implant strategy, with 500 mg of TBA and 70 mg of 

estradiol benzoate between the three implants used. This strategy should have increased 

the protein accretion of these cattle which could have created a demand for more AA. In 

an in vitro study, aggressive anabolic steroid exposure resulted in more AA up take 

(Kerth et al., 2003). 

 In the present study, ADG from d 0 to 70 the BLDM outperformed the 4GSM. 

But, during d 0 to 28 and d 28 to 70 there is no reported difference in ADG. However, 

with short time intervals the variation in gut fill and daily consumption is increased, 

which reduces the accuracy of measured body weights. The advantage in ADG from d 0 

to 70 is most likely driven by the BLDM greater intake.  This advantage in ADG when 

supplementing bloodmeal was also reported Ludden and Kerly (1998).  
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In the present study, no difference was observed between NCTRL and 2GSM or 

4GSM. This contradicts other studies that identified an advantage in the early growing 

period when rumen protected lysine was supplemented (Klemesrud et al., 2000b; 

Montaño et al., 2019). The differences observed during the growing phase are 

challenging to explain; however, could be because of competitive inhibition. When over 

supplementation of a specific AA occurs, can limit the uptake of other AA. For this 

reason, Kamalak et. al. (2005) suggested supplementation of a variety of AA instead of 

only 1 or 2. Blood meal contains an array of AA including all 10 dietary essential AA 

(NASEM, 2016). This could help explain the difference between BLDM and 4GSM as 

the blood meal would provide a more balanced amino acid profile compared to the high-

lysine treatment; consequently, supplementing blood meal would be less likely to cause 

competitive inhibition. 

At the end of the feeding period (d 162-198), the difference in ADG is like that 

reported by Horsford et. al. (2015). When a beta-adrenergic agonist is fed, the AA 

requirement may be increased; when cattle are simultaneously fed a beta adrenergic 

agonist and supplemental AA, increased protein accretion may result. While a different 

beta-agonist was used by Horsford than was used in the present study, Horsford found 

that both Lys and Met treatment groups showed an increase in ADG, which strengthens 

the claim that beta-agonist could raise the requirements for AA in the diet. Beta-agonist 

are typically referred to as repartitioning agents. If additional AA in the diet could reduce 

the need for this repartitioning, then more gain with less loss of tissue would result in 

greater total body weight. This could explain why the 4GSM outperformed the other 
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treatment groups. However, further research is needed to explain why the 2GSM 

treatment of the present study showed a reduction in ADG. 

When evaluating the amount of metabolizable protein (ME) supplied in each diet, 

all cattle consumed more than the requirement for the gain that they had. However, while 

the goal was to provide sufficient amounts of ME, there can be an energetic cost to over 

supplying protein (Jennings et al., 2018). Although, typically in this experiment the cattle 

consuming the most ME also posted the best growth rates, which suggest that if protein 

was over supplied it either was not at high enough level to cause an energetic response, or 

the diet was also likely over supplying energy which resulted in a balancing effect. 

Additionally, during some stages of growth especially early, and after receiving 

additional protein can be beneficial (Galyean, 1996). 

While the ratio of lysine to methionine stayed constant, because of fixed 

inclusions of AA supplements, the ratio of lysine to other AA would change based on the 

amount of DM consumed. This change could lead to an imbalance in the AA profile 

absorbed which could unintentionally make an AA rate limiting that typically would be 

in abundance.  

Others have reported no difference in DMI in the initial growing phase in 

response to supplemental AA, even in cattle who outperformed their contemporaries 

(Ludden and Kerley, 1998; Klemesrud et al., 2000b; Montaño et al., 2019). While there 

were some trends and occasionally statistical significance reported in interim periods of 

this trial, the biological significance of these findings is limited and, therefore, considered 

a result of random variation than an effect of the treatments. However, when evaluating 
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DMI for the entire feeding period, the two treatments receiving Lys and Met supplements 

were significantly lesser than NCTRL. However, there was still no difference in ADG. 

For the first 70 d a difference was observed in G:F with BLDM being more 

efficient than 4GSM. This advantage is lost between d 70 and 162. However, when 

looking at each individual interim period there is no significant difference in G:F ratio 

until the last 35 d on feed which is the interim period when the beta agonist was fed. The 

difference in G:F for the first 70 d is driven by an ADG advantage in BLDM over 4GSM 

since DMI is not different. The lack of significance in the early interim periods between 

lysine treated cattle and NCTRL is supported by previous research (Klemesrud et al., 

2000b; Montaño et al., 2019). But Teixeira et. al. (2019) showed an increase in G:F 

through the first 87d favoring amino acid treated cattle. Additionally, while most 

researchers do not discuss the composition of their cattle early in the feeding period it is 

worthwhile to note that in the present study, the Brahman crossbred cattle were very thin 

upon arrival and probably were in a compensatory state, which could increase the 

efficiency of amino acids use. Fox et al, (1972) noticed that steers in a compensatory 

phase of growth more efficiently used protein. This supports the idea that increased 

protein efficiency would result in less need for amino acid supplementation. However, 

with the introduction of the beta agonist, AA demand could have increased. In the present 

study, G:F increased for the 4GSM treatment which is supported by the results, of 

Horsford et al, (2015).  

The trend in carcass adjusted final BW and ADG follow live trends, with 2GSM 

posting the lightest weights with the least ADG. This is logical when it is compared to the 
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carcass gain values, that the treatment group with the least amount of carcass gains shows 

the same trend on a carcass adjusted basis. However, it is unclear why there is not a 

stronger trend in carcass adjusted G:F. 

Carcass gain ADG tended to favor all treatments compared to 2GSM. At the end 

of the trial, the 2GSM was the lightest group, and since there was no difference in overall 

ADG for the entire trial, it is logical that the smallest weight group of cattle would have 

the least proportion of live weight gain transfer to the carcass (Owens et al., 1995). 

However, the lack of significance in carcass gain G:F is more challenging to explain 

since there was a significant effect on unadjusted G:F.  

Carcass Characteristics  

While no previous studies reported ultrasound measurements, the results are as 

expected. The lack of significance in final carcass measurements is mirrored in the 

ultrasound data which reports no difference in REA, BF, IMF, or MS.  

Overall, the lack of difference in MS, LMA, 12th rib fat, yield grade, liver score, 

or dressing percent is supported by Horsford et al., (2015). However, Teixera et al. 

(2019) noted an increase in LMA and a reduction in 12th rib fat in cattle fed supplemental 

lysine. While there tended to be a difference in HCW, this is also reported Horsford et. 

al., (2015) and Teixera et. al. (2019) but was not shown by Klemstrud et. al. (2000b).  

However, in the current data set differences in hot carcass weight is explained by the 

difference in live weight prior to slaughter with no difference in dressing percent. 

44 
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Conclusion

Ultimately while more research is needed to fully understand the implications of 

supplementing ruminal protected Lys and Met. Previous research has inconsistently 

used different factors, such as the breed type and backgrounds of cattle, growth 

technologies implemented, and basal diet fed, when evaluating AA supplementation. 

However, in the preset study it appears that the AA requirements were fulfilled by the 

basal diet and supplementation was not necessary. 
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Tables 

  

Table 1. Ingredient composition (DM basis) of basal diets fed during the trial.1,2 

Ingredient Grower Diet % Finisher Diet % 

Steam-flaked corn 26.5 63 

Sweet bran3 30 20 

Alfalfa hay 20 0 

Ground cotton burrs 15 8 

Urea 0.5 1 

Limestone  1 1 

Cane molasses 3 3 

Yellow grease 2 2 

Supplement4 2 2 

1Cattle were transitioned over 28 days. For days 0 to7 cattle were fed the grower diet 1.5% of their initial 

BW at 0700 h and a second feeding of the grower ad libitum at 0900 h. From days 8 to 14 steers were 

fed the grower at 1.5% of their initial BW at 0700 and the finisher ad libitum at 0900. Days 15 to 21 

cattle were fed 1.0% of their initial BW of the grower diet at 0700 h and the finisher ad libitum at 0900 

h. From days 21to 28 steers were fed the grower diet at 0.5% of their initial BW at 0700 h and the 

finisher diet ad libitum at 0900 h. On day 28 the cattle were fed the finisher diet, and this was maintained 

for the duration of the trial. Once the cattle were eating the finisher diet the 0700 h feeding was fixed at 

3.4 kg/steer to deliver treatment and the cattle were fed the rest of the feed call at 0900 h. 

2The 4 treatments were 1) 0 grams of rumen-protected lysine product or negative control (1,940 g of 

ground corn; NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of 

bloodmeal; BLDM).  3) 2 grams of supplemental rumen-protected lysine product (Smartamine ML; 

Adisseo, Atony, France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 grams of 

rumen-protected lysine product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 

570 g of Smartamine; 4GSM). All treatments were mixed into the basal diet and then delivered at 3.4 

kg/steer. Ingredient inclusion on a dry matter basis remained the same regardless of treatment  

3Sweet Bran (Cargill, Dalhart, TX) 

4Supplement Composition (DM basis)- 67.75% Cottonseed meal, 0.5% Endox (Kemin Industries, Des 

Moines, IA), 10% Potassium chloride, 3.76% Urea, 15% Salt, 0.002% Cobalt carbonate, 0.196% Copper 

sulfate, 0.083% Iron sulfate, 0.003% EDDI, 0.166% Manganous oxide, 0.125% Selenium premix, 

0.986% Zinc sulfate, 0.009% Vitamin A (1,000,000 IU/g), 0.157% Vitamin E (500 IU/g), 0.75 monensin 

(Rumensin-90, Elanco, Greenfield, IN). 
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Table 2. Chemical composition (DM basis) of diets fed during the trial.1 

 Grower Diet Finisher Diet 

DM, % as-fed2 74.60 74.23 

CP, % 16.63 14.19 

NDF, % 28.02 16.00 

TDN, % 73.22 84.80 

Ca, % 0.90 0.51 

P, % 0.46 0.38 

K, % 1.61 0.92 

Mg, % 0.29 0.21 

DE, Mcal/kg 3.35 3.85 

ME, Mcal/kg 2.75 3.16 

NEm, Mcal/kg  1.80 2.17 

NEg, Mcal/kg 1.17 1.49 
1Values were calculated using ingredient tabular values and models from the NRC. 
2DM percentage is the average of weekly samples which were dried in a forced air oven at 100˚C for 24 

hrs. 
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Table 3. Chemical analysis of amino acids (DM basis) of grower diet fed during the 

trial. 

 Treatment1 

Amino Acid2 NCTRL BLDM 2GSM 4GSM 

Aspartic Acid, g/100g 1.14 1.52 1.57 1.64 

Threonine, g/100g 0.50 0.68 0.73 0.73 

Glutamic Acid, g/100g 2.03 2.26 2.45 2.25 

Proline, g/100g 0.92 1.13 1.19 1.10 

Glycine, g/100g 0.66 0.87 0.91 0.93 

Alanine, g/100g 0.92 1.10 1.12 1.09 

Cysteine, g/100g 0.28 0.32 0.35 0.31 

Valine, g/100g 0.73 0.94 0.93 0.96 

Methionine, g/100g 0.23 0.30 0.35 0.37 

Isoleucine, g/100g 0.50 0.71 0.77 0.82 

Leucine, g/100g 1.26 1.46 1.50 1.48 

Lysine, g/100g 0.66 0.80 0.87 0.92 

Total g/100g 9.83 12.09 12.74 12.60 
1Treatments were 1) 0 g of rumen-protected lysine product or negative control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). All treatments were mixed into the basal diet and then delivered at 3.4 kg/steer. 
2Composite of weekly samples (3 weeks) analyzed at a university laboratory (University of Missouri, 

Columbia, MO). Samples were taken from treatment feedings.  
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Table 4. Chemical analysis of amino acids (DM basis) of finisher diet fed during the 

trial. 

 Treatment1 

Amino Acid2 NCTRL BLDM 2GSM 4GSM 

Aspartic Acid, g/100g 1.05 1.10 0.99 0.94 

Threonine, g/100g 0.47 0.47 0.45 0.44 

Glutamic, Acid g/100g 1.88 1.87 1.85 1.90 

Proline, g/100g 0.85 0.87 0.85 0.89 

Glycine, g/100g 0.61 0.62 0.60 0.57 

Alanine, g/100g 0.80 0.87 0.80 0.81 

Cysteine, g/100g 0.25 0.25 0.24 0.25 

Valine, g/100g 0.62 0.69 0.60 0.59 

Methionine, g/100g 0.25 0.25 0.24 0.30 

Isoleucine, g/100g 0.50 0.47 0.47 0.48 

Leucine, g/100g 1.08 1.19 1.05 1.12 

Lysine, g/100g 0.54 0.60 0.54 0.63 

Total, g/100g 8.90 9.25 8.68 8.92 
1Treatments were 1) 0 g of rumen-protected lysine product or negative control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). All treatments were mixed into the basal diet and then delivered at 3.4 kg/steer. 
2Composite of weekly samples (15 weeks) analyzed at a university laboratory (University of Missouri, 

Columbia, MO). Samples were taken from treatment feedings. 
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Table 5. Nutrient supply and requirements for growth.1 

Treatment2 

Item NCTRL BLDM 2GSM 4GSM 

Day 0 to 28     

MP Supplied3, g/d 510.26 509.53 509.51 510.70 

MP Required, g/d  538.80 538.20 545.00 538.80 

Methionine Supplied, 

g/d 

12.04 12.40 12.71 13.42 

Methionine Required, 

g/d 

10.78 10.76 10.91 10.78 

Lysine Supplied, g/d 37.18 40.12 39.12 41.21 

Lysine Required, g/d 34.48 34.44 34.88 34.48 

Lysine:Methionine4  3.09 3.23 3.08 3.07 

Day 28 to 70     

MP Supplied, g/d 864.28 873.20 864.40 873.60 

MP Required, g/d  798.09 778.50 778.00 787.50 

Methionine Supplied, 

g/d 

19.49 20.06 19.56 21.05 

Methionine Required, 

g/d 

15.70 15.57 15.56 15.56 

Lysine Supplied, g/d 57.60 61.15 59.59 62.11 

Lysine Required, g/d 50.25 49.82 49.79 58.11 

Lysine:Methionine  2.96 3.05 3.05 2.95 

Day 70 to 140     

MP Supplied, g/d 938.71 952.00 925.50 916.90 

MP Required, g/d  805.88 781.80 770.00 771.30 

Methionine Supplied, 

g/d 

22.14 21.85 21.57 22.07 

Methionine Required, 

g/d 

16.12 15.64 15.40 15.43 

Lysine Supplied, g/d 65.38 66.42 63.74 65.15 

Lysine Required, g/d 51.58 50.04 49.28 49.36 

Lysine:Methionine  2.95 3.04 2.95 2.96 

Day 140 to 162     

MP Supplied, g/d 873.19 864.8 847.00 798.10 

MP Required, g/d  715.52 706.8 698.50 683.30 

Methionine Supplied, 

g/d 

19.89 20.07 19.99 19.60 

Methionine Required, 

g/d 

14.31 14.14 13.97 13.67 

Lysine Supplied, g/d 58.91 61.31 59.20 51.45 

Lysine Required, g/d 45.79 45.23 44.71 41.14 

Lysine:Methionine  2.96 3.05 2.96 2.96 

Day 1624 to 198     
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MP Supplied, g/d 752.90 744.10 725.00 766.20 

MP Required, g/d  661.10 642.20 642.90 664.50 

Methionine Supplied, 

g/d 

17.28 17.47 17.33 18.92 

Methionine Required, 

g/d 

13.22 12.84 12.86 13.29 

Lysine Supplied, g/d 51.30 53.73 51.45 56.08 

Lysine Required, g/d 42.31 41.10 41.14 42.53 

Lysine:Methionine  2.97 3.08 2.96 2.96 

Day 0 to 198     

MP Supplied, g/d 847.90 839.00 821.60 816.40 

MP Required, g/d  790.30 784.30 788.80 778.30 

Methionine Supplied, 

g/d 

19.08 19.27 19.19 19.77 

Methionine Required, 

g/d 

15.81 15.69 15.78 15.57 

Lysine Supplied, g/d 56.35 58.79 56.65 58.36 

Lysine Required, g/d 50.58 50.19 50.48 49.81 

Lysine:Methionine  2.95 3.05 2.95 2.95 
1All values were calculated using the BCNRM 2016 model, based off individual treatment groups weights 

ADG and DMI. 
2Treatments were 1) 0 g of rumen-protected lysine product or negative control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). 

3Supply provided by the basal diet and treatment. 
4Ratio of supplied lysine to supplied methionine 
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Table 6. Effects of rumen-protected lysine supplement on feedlot performance in 

crossbred steers for a 198 d feeding period.1 

Item NCTRL BLDM 2GSM 4GSM SEM2 P-

value 

Initial BW3, kg 266 266 266 266 11.2 0.99 

Final BW, kg 603 602 586 593 9.95 0.20 

Day 0 to 28       

ADG, kg 2.34 2.40 2.25 2.21 0.069 0.11 

DMI, kg 6.24b 6.23b 6.34a 6.24b 0.010 <0.01 

G:F 0.299 0.309 0.280 0.278 0.0110 0.07 

Day 28 to 70       

ADG, kg 2.04 2.09 2.00 1.97 0.050 0.21 

DMI, kg 8.98b 9.21a 8.98b 9.07ab 0.065 0.01 

G:F 0.227 0.227 0.223 0.217 0.0047 0.28 

Day 70 to 140       

ADG, kg 1.69 1.59 1.56 1.51 0.085 0.06 

DMI, kg 10.21 9.89 9.62 9.53 0.837 0.06 

G:F 0.166 0.159 0.162 0.158 0.0039 0.40 

Day 140 to 162       

ADG, kg 1.12 1.24 1.11 1.16 0.863 0.69 

DMI, kg 9.12 9.03 8.85 8.35 0.383 0.24 

G:F 0.120 0.135 0.124 0.136 0.0084 0.45 

Day 1624 to 

198 

      

ADG, kg 1.56ab 1.57ab 1.46b 1.77a 0.075 0.01 

DMI, kg 7.90ab 7.81ab 7.61b 8.03a 0.318 0.01 

G:F 0.198b 0.203b 0.196b 0.222a 0.0061 <0.01 

Day 0 to 198       

ADG, kg 1.69 1.69 1.60 1.64 0.036 0.86 

DMI, kg 8.80a 8.71ab 8.53bc 8.48c 0.216 <0.01 

G:F 0.193a 0.194a 0.189b 0.192a 0.0018 <0.01 

Carcass 

Adjusted5 
      

Final BW, 

kg 
603 603 580 592 8.92 0.06 

ADG, kg 1.70 1.70 1.59 1.65 0.0487 0.06 
G:F 0.888 0.870 0.861 0.870 0.00202 0.60 

Carcass Gain6       

ADG, kg    1.13 1.13 1.05 1.09 0.0268 0.06 

G:F 0.0326 0.0322 0.0309 0.0321 0.0007 0.42 
1Treeatments were 1) 0 g of rumen-protected lysine product or negative control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 



Texas Tech University, James D. Young, May 2022 

60 

 

  

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). 
2Pooled standard error of treatment means (n=12 pens). 
3Initial weight was shrunk 2% interim weights were shrunk 4% and final weight was not shrunk to adjust for fill. 
4Cattle were weighed on consecutive days (161 and 162) by block (block 1-6, then block 7-12).  
5Carcass adjusted live gain values were calculated with an average dressing percent of 62.5. 
5Carcass gain measurements were calculated using an assumed dressing percent of 58 for the initial dressing 

percent. Actual measurements were used for all other calculations. 
a-cRow means that have different superscript differ (P < 0.05). 

ADG = Average daily gain, DMI = Dry matter intake, G:F = gain-to-feed ratio.   
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Table 7. Effects of rumen protected lysine supplement on feedlot performance during 

key time periods, in crossbred steers.1 

Item NCTRL BLDM 2GSM 4GSM SEM2 P-value 

Day 0 to 70       

ADG, kg 1.97ab 2.03a 1.91ab 1.88b 0.035 0.01 

DMI, kg 7.90b 8.04a 7.93ab 7.97ab 0.039 0.05 

G:F 0.251ab 0.252a 0.241ab 0.236b 0.0042 0.01 

Day 70 to 162       

ADG, kg 1.56 1.50 1.45 1.42 0.074 0.16 

DMI, kg 9.95 9.69 9.44 9.26 0.368 0.08 

G:F 0.156 0.154 0.153 0.154 0.0031 0.90 

Day 1623 to 198       

ADG, kg 1.56ab 1.57ab 1.46b 1.77a 0.075 0.01 

DMI, kg 7.90ab 7.81ab 7.61b 8.03a 0.318 0.01 

G:F 0.198b 0.203b 0.196b 0.222a 0.0061 <0.01 

Day 0 to 198       

ADG, kg 1.69 1.69 1.60 1.64 0.036 0.86 

DMI, kg 8.80a 8.71ab 8.53bc 8.48c 0.216 <0.01 

G:F 0.193a 0.194a 0.189b 0.192a 0.0018 <0.01 

Carcass 

Adjusted4 
      

Final BW, 

kg 

603 603 580 592 8.92 0.06 

ADG, kg 1.70 1.70 1.59 1.65 0.0487 0.06 

G:F 0.888 0.870 0.861 0.870 0.00202 0.60 

Carcass Gain5       

ADG, kg 1.13 1.13 1.05 1.09 0.0268 0.06 

G:F 0.0326 0.0322 0.0309 0.0321 0.0007 0.42 
1Treatments were 1) 0 g of rumen-protected lysine product or positive control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). 
2Pooled standard error of treatment means. (n=12 pens). Except for DMI and G:F from Day 0-70 as one 

pen was removed as an outlier because of a steer mortality. 
3Cattle were weighed on consecutive days (161 and 162) by block (block 1-6, then block 7-12). 
4Carcass adjusted live gain values were calculated with an average dressing percent of 62.5. 
5Carcass gain measurements were calculated using an assumed dressing percent of 58 for the initial 

dressing percent. Actual measurements were used for all other calculations. 
a-cRow means that have different superscript differ (P < 0.05). 

ADG = Average daily gain, DMI = Dry matter intake, G:F = gain-to-feed ratio.   
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Table 8. Comparison of Ultrasound Measurements from d 0 and d 1621 

                          Treatment2 

Item NCTRL BLDM 2GSM 4GSM SEM3 P-

value 

REA, cm2       

   Initial REA, cm2 38.8 39.2 38.3 38.2 1.28 0.46 

   Final REA, cm2 92.3 93.4 93.8 91.5 1.89 0.82 

   Change in REA, 

cm2 

53.5 54.2 55.5 53.3 2.41 0.89 

       

BF, cm       

   Initial BF, cm 0.26 0.27 0.28 0.29 0.016 0.30 

   Final BF, cm 0.92 1.02 0.94 0.93 0.045 0.34 

   Change in BF, cm 0.66 0.76 0.67 0.64 0.045 0.28 

       

IMF       

   Initial IMF 2.6 2.5 5.4 2.5 0.15 0.35 

   Final IMF 3.7 3.7 3.7 3.6 0.20 0.82 

   Change in IMF 1.1 1.2 1.3 1.1 0.16 0.69 

       

MS4       

   Initial MS 3.64 3.56 3.50 3.54 0.12 0.33 

   Final MS 4.51 4.49 4.50 4.41 0.16 0.84 

   Change in MS 0.87 0.93 1.01 0.87 0.12 0.68 
1Measurments were taken by a certified technician, and because of time restrictions blocks 1-6 were 

measured on day 161 and blocks 7-12 were on day 162, both days were prior to initiating ractopamine 

hydrochloride. 
2Treatments were 1) 0 g of rumen-protected lysine product or positive control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). 
3Pooled standard error of treatment means (n = 12 pens). 
43.0-3.9 = Traces, 4.0-4.9 = Slight 

REA = ribeye area, BF = back fat, IMF = percent intramuscular fat, MS = marbling score 
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Table 9. Effects of rumen protected lysine supplement on carcass traits of finishing 

cattle.1 

Item NCTRL BLDM 2GSM 4GSM SEM2 P-value 

HCW, kg 377a 377a 363b 370a 5.53 0.05 

Dressing Percent 62.6 62.6 62.0 62.6 0.372 0.61 

Marbling score3  439 423 425 416 10.4 0.28 

LMA, cm2 92.6 92.3 90.4 92.1 1.45 0.66 

12th rib fat, cm 1.46 1.50 1.36 1.41 0.07 0.51 

Yield Grade4 2.9 3.0 2.8 2.8 0.109 0.72 

Abscessed Liver 

%5 

13 10 17 13 5.38 0.84 

1Treatments were 1) 0 g of rumen-protected lysine product or positive control (1,940 g of ground corn; 

NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). 
2Pooled standard error of treatment means (n = 12 pens). 

3400-499 = Small. 
4Yield grade was calculated using the USDA equation (2017) camera measurements, and assuming a 

kidney pelvic and heart fat value of 2.0%. 
5Liver scores are reported as a percentage of the treatment group with any abscess. 
a-cRow means that have different superscript differ (P < 0.05). 
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APPENDIX  

 
Table 10. Analyzed chemical composition (DM basis) of Emergency diet fed during 

the trial1. 

Analyzed 

Composition2 

Treatment3 

 NCTRL BLDM 2GSM 4GSM 

DM, %4 78.9 76.8 75.6 76.4 

Crude Protein, 

% 

13.5 13.9 14.2 13.6 

ADF, % 18.8 24.1 22.1 13.3 

TDN, % 74.2 68.7 70.8 84.6 

Total Starch, % 42.7 31.6 32.5 47.6 

Ca, % 0.66 0.67 0.72 0.51 

P, % 0.41 0.39 0.44 0.4 

Mg, % 0.25 0.27 0.28 0.21 

K, % 1.18 1.35 1.34 0.97 

DE Mcal/kg 3.278 3.036 3.124 3.718 

ME Mcal/kg 2.684 2.486 2.552 3.058 

NEm Mcal/kg 1.76 1.584 1.65 2.068 

NEg Mcal/kg 1.144 0.99 1.056 1.408 

1Cattle were switched to an Emergency diet matching the finisher except for substituting dry rolled corn 

for steam flaked corn on a 1 to 1 basis. The 0700 h feeding was fixed at 3.4 kg/steer to deliver treatment 

and the cattle were fed the rest of the feed call at 0900 h. 
2Composition of samples (3 samples) analyzed at a commercial laboratory (Servi-Tech Laboratories, 

Amarillo, TX). Samples were taken from the treatment feeding.  
3The 4 treatments were 1) 0 g of rumen-protected lysine product or negative control (1,940 g of ground 

corn; NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). All treatments were added to the basal diet and then delivered at 3.4kg/steer. Ingredient 

inclusion on a dry matter basis remained the same regardless of treatment. 
4Average of 3 samples collected and dried through a forced air oven for 24h at 100˚C.
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Table 11. Chemical analysis of amino acids (DM basis) of emergency diet fed during 

the trial1. 

 Treatment2 

Amino Acid3, NCTRL BLDM 2GSM 4GSM 

Aspartic Acid, g/100g 0.97 0.98 0.88 1.03 

Threonine, g/100g 0.46 0.44 0.42 0.50 

Glutamic Acid, g/100g 1.88 1.87 1.88 1.96 

Proline, g/100g 0.87 0.86 0.88 0.92 

Glycine, g/100g 0.58 0.57 0.53 0.64 

Alanine, g/100g 0.79 0.82 0.78 0.84 

Cysteine, g/100g 0.26 0.24 0.25 0.28 

Valine, g/100g 0.59 0.61 0.55 0.64 

Methionine, g/100g 0.24 0.22 0.26 0.29 

Isoleucine, g/100g 0.47 0.46 0.44 0.51 

Leucine, g/100g 1.05 1.14 1.10 1.10 

Lysine, g/100g 0.52 0.54 0.49 0.66 

Total, g/100g 8.68 8.75 8.46 9.37 
1Cattle were switched to an Emergency diet matching the finisher except for substituting dry rolled corn 

for steam flaked corn on a 1 to 1 basis. 

2The 4 treatments were 1) 0 g of rumen-protected lysine product or negative control (1,940 g of ground 

corn; NCTRL), 2) supplemental bloodmeal (Perdue Ag Solutions; Salisbury, MD; 1940 g of bloodmeal; 

BLDM).  3) 2 g of supplemental rumen-protected lysine product (Smartamine ML; Adisseo, Atony, 

France) (1,655 g of ground corn and 285 g of Smartamine ML; 2GSM), 4) 4 g of rumen-protected lysine 

product (Smartamine ML; Adisseo, Atony, France) (1,370 g of ground corn and 570 g of Smartamine; 

4GSM). All treatments were mixed into the basal diet and then delivered at 3.4 kg/steer. 
3Composite of weekly samples (3 weeks) analyzed at a university laboratory (University of Missouri, 

Columbia, MO). Samples were taken from treatment feedings.  
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