
A Comparative Study of Quality
Characteristics in Grass and Grain-Fed Beef

Item Type text; Electronic Dissertation

Authors DalMolin, Tyler E.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:39:50

Link to Item http://hdl.handle.net/10150/301702

http://hdl.handle.net/10150/301702


 
 

A COMPARATIVE STUDY OF QUALITY CHARACTERISTICS IN GRASS AND 

GRAIN-FED BEEF 

 

 

 

by 

 

Tyler Evan DalMolin 

 

 

 

 

 

 

 

 

 

 

 

A Dissertation Submitted to the Faculty of the 

 

DEPARTMENT OF ANIMAL SCIENCES 

 

In Partial Fulfillment of the Requirements 

For the Degree of  

 

DOCTOR OF PHILOSOPHY 

 

In the Graduate College 

 

THE UNIVERSITY OF ARIZONA 

 

2013 



2 
 

THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

 

As members of the Dissertation Committee, we certify that we have read the dissertation 

prepared by Tyler Evan DalMolin, titled A Comparative Study of Quality Characteristics in Gras 

and Grain-fed Beef and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy. 

 
 

_______________________________________________________________________ Date: _______________ 

Dr. John A. Marchello    

 

_______________________________________________________________________ Date: _______________ 

Dr. Elaine V. Marchello    

    

_______________________________________________________________________ Date: _______________ 

Dr. R. Dean Fish    

 

_______________________________________________________________________ Date: _______________ 

Dr. David W. Schafer    

    

_______________________________________________________________________ Date: _______________ 

Dr. Doug Tolleson    

 

_______________________________________________________________________ Date: _______________ 

Dr. Dan B. Faulkner 

    

 

Final approval and acceptance of this dissertation is contingent upon the candidate’s submission 

of the final copies of the dissertation to the Graduate College.   

 

I hereby certify that I have read this dissertation prepared under my direction and recommend 

that it be accepted as fulfilling the dissertation requirement. 

 

 

________________________________________________ Date: ______________ 

Dissertation Director: Dr. John A. Marchello    

    

 

 

 

 

 

 



3 

 

 

 

STATEMENT BY AUTHOR 

 

This dissertation has been submitted in partial fulfillment of the requirements for an 

advanced degree at the University of Arizona and is deposited in the University Library to be 

made available to borrowers under rules of the Library. 

 

Brief quotations from this dissertation are allowable without special permission, provided 

that an accurate acknowledgement of the source is made.  Requests for permission for extended 

quotation from or reproduction of this manuscript in whole or in part may be granted by the head 

of the major department or the Dean of the Graduate College when in his or her judgment the 

proposed use of the material is in the interests of scholarship.  In all other instances, however, 

permission must be obtained from the author. 

 

 

 

 

SIGNED: Tyler Evan DalMolin 

 

  



4 

 

ACKNOWLEDGEMENTS 

 

 

 I wish to thank several people for their contribution to my work; my research supervisors, 

especially Dr. John Marchello, for their guidance, patience, and support; Serena Allred for 

sharing her expertise in statistical analysis. My special thanks are extended to the staff of the 

University of Arizona Food Products and Safety Laboratory.  They have provided continual 

support and help through offering me the resources needed to complete my research. 

 

 I would also like to thank the Santa Fe Ranch and, in particular, Ron Fish.  Also, the 

University of Arizona Feedlot. 

 

 Finally, I would like to thank my parents and family for their support and endless 

encouragement throughout my educational career. 

 

  



5 

 

DEDICATION 

 

 

 I affectionately dedicate this dissertation to my wife, who has supported me every step of 

the way. I would also like to dedicate this work to our beautiful daughter, Adella.  



6 

 

TABLE OF CONTENTS 

 

LIST OF FIGURES .............................................................................................................8 

LIST OF TABLES ...............................................................................................................9 

ABSTRACT .......................................................................................................................10 

CHAPTER 1: INTRODUCTION ......................................................................................12 

CHAPTER 2: LITERATURE REVIEW ...........................................................................14 

 Section 2.1: Cattle Performance on Feed ...............................................................14 

 Section 2.2: Carcass Characteristics ......................................................................16 

 Section 2.3: Tenderness .........................................................................................18 

 Section 2.4: Aging Methods ..................................................................................20 

 Section 2.5: Sensory Evaluation ............................................................................21 

 Section 2.6: Chemical Composition ......................................................................22 

CHAPTER 3: MATERIALS & METHODS .....................................................................24 

 Section 3.1: Feeding Performance .........................................................................24 

  Section 3.1.1: Grain-fed .............................................................................25 

  Section 3.1.2: Grass/grain-fed....................................................................27 

  Section 3.1.3: Grass-fed .............................................................................27 

  Section 3.1.4: Irrigated ...............................................................................28 

 Section 3.2: Harvesting Method ............................................................................28 

 Section 3.3: Carcass Merit .....................................................................................29 

 Section 3.4: Aging of Beef.....................................................................................30 

 Section 3.5: Chemical Composition ......................................................................33 

  Section 3.5.1: Moisture Procedure: ............................................................33 



7 

 

TABLE OF CONTENTS – continued 

 

  Section 3.5.2: Lipid Procedure...................................................................34 

  Section 3.5.3: Protein Analysis ..................................................................35 

  Section 3.5.4: Statistical Methods ..............................................................36 

CHAPTER 4: RESULTS ...................................................................................................37 

 Section 4.1: Feeding Performance .........................................................................37 

 Section 4.2: Carcass Merit .....................................................................................39 

 Section 4.3: Aging Comparisons ...........................................................................40 

 Section 4.4: Chemical Composition ......................................................................42 

CHAPTER 5: DISCUSSION .............................................................................................44 

 Section 5.1: Feeding Performance .........................................................................44 

 Section 5.2: Carcass Merit and Cutout ..................................................................45 

 Section 5.3: Shear Force Values ............................................................................46 

 Section 5.4: Sensory Evaluation ............................................................................47 

 Section 5.5: Chemical Composition ......................................................................48 

CHAPTER 6: CONCLUSION ..........................................................................................49 

REFERENCES ..................................................................................................................50 

  



8 

 

LIST OF FIGURES 

FIGURE 1: Palatability Score Sheet ..................................................................................33 

FIGURE 2: Weight Gain by Month ...................................................................................38 

 

  



9 

 

LIST OF TABLES 

TABLE 1: Concentrate Ration...........................................................................................26 

TABLE 2: Feeding Performance .......................................................................................37 

TABLE 3: Profitability ($/head) ........................................................................................39 

TABLE 4: Carcass Merit ...................................................................................................40 

TABLE 5: Cutout Data ......................................................................................................41 

TABLE 6: Shear Force Value ............................................................................................42 

TABLE 7: Sensory Evaluation ..........................................................................................42 

TABLE 8: Chemical Composition.....................................................................................43 

  



10 

 

ABSTRACT 

 

 A study was conducted to evaluate the quality characteristics in a comparative manner of 

grass-fed and grain-fed beef.  Thirty two commercially bred beef steers were used.  These steers 

were assigned to one of four treatments; grain-fed, grass/grain-fed, grass-fed and irrigated.  

These treatments were each reflective of the ration that would be provided to the animal.  

Individual animal weights were recorded every 28 days throughout the portion of the study.  The 

grain-fed animals realized the highest (P<0.05) average daily gain with the grass-fed and 

irrigated having the lowest.  The steers were harvested when they reached the pre-determined 

criteria, which was 0.4 inch back fat as measured at the 12
th

 rib via ultrasonography, for the 

grain-fed or 800 pounds for the grass-fed animals.  All animals, once harvested, were graded 

based upon USDA quality grades with results mirroring those previously mentioned.   

 Carcasses were involved in an aging study in which all left sides of the carcasses were 

fabricated into primal cuts, vacuumed packaged and aged for 14 days while the right sides were 

dry aged during the same period.  Shear force data were collected to provide for a measure of 

tenderness.  All samples were significantly (P<0.05) more tender following aging with no 

difference being realized between aging techniques.  Percent cutout was also calculated for the 

two techniques to quantify what difference, if any, existed.  No significant difference (P>0.05) 

was shown between wet and dry aging with regard to percent cutout.  Sensory evaluation was 

also conducted based upon the attributes of juiciness, tenderness and flavor intensity.  For all 

three attributes grain-fed beef was favored (P<0.05).  The panelists detected no difference in 

aging technique for any of the treatments (P>0.05). 
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 Carcass soft tissue chemical composition (lipid, protein and moisture) was also evaluated 

for the treatments.  Grain-fed beef was shown to be highest (P<0.05) for overall percent lipid and 

lowest for percent moisture and protein.  The grass-fed carcasses were the opposite, being 

highest for overall moisture and protein and lowest for lipid (P<0.05).  
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CHAPTER 1 

INTRODUCTION 

 

Since the 1950’s, the majority of beef consumed in the United States has been fed in 

feedlots for at least a finishing portion of their life (Daley et al., 2010).  In confined animal 

feeding operations, such as feedlots, high concentrate diets are fed in order to decrease the time 

on feed, as well as, increase carcass quality.  This leads to what is termed in this paper as grain-

fed beef.  In a recent study by McClusky et al. it was shown that 72% of consumers read 

nutritional labels, and greater than 55% were familiar with health effects of having beef in their 

diet (2005).  These consumers were also aware of the effect that feeding strategy has upon the 

beef product consumed.  Specifically the difference between conventional feeding of beef and 

grass feeding, with grass-fed beef having perceived health benefits (McClusky et al., 2005).  As 

these consumers switch to the desired (grass-fed) beef, with its lower quantities of total fat, the 

traditional beef (grain-fed) is found to be less desirable by some consumers.  This shift in 

preference has led to some non-traditional feeding strategies being employed by some producers, 

giving rise to what is termed grass-fed beef.  

 While some consumers have made this switch to grass-fed beef, there has been 

significant concern for palatability, tenderness, and flavor with regard to this class of meat.  This 

is attributed largely to the consumer possessing a taste for beef with a higher fat content (Daley 

et al., 2010).  Grass-fed beef will often have a distinct color within the subcutaneous fat noted as 

a yellowish tinge, due to higher concentrations of carotene within the fat.  These high 

concentrations are a direct product of consuming diets higher in carotene such as natural grasses 
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and forages (Dunne et al., 2009).  Worthy of note is that plant species and season of year have an 

impact on carotenoid content of feed stuffs (Chauveau-Duriot et al., 2005). 
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CHAPTER 2 

LITERATURE REVIEW 

 

Section 2.1: Cattle Performance on Feed 

Overall efficiency of cattle production is extremely important to the producer and 

ultimately to the consumer from the stand point of price per pound.   Average daily gain (ADG) 

and feed efficiency are important parameters that can indicate the overall efficiency of an animal, 

and thus indicate production costs.  The goal then of a production setting is to have high average 

daily gains and low feed to gain ratios.  The following represent some considerations affecting 

these two parameters.    

One way to improve cattle’s feed efficiency is through the use of hormonal implants. 

Broadly speaking there are two types of implants commercially available, estrogenic and 

androgenic.  The use of either type of implant may have variable outcomes.  Some research has 

shown that the use of implants will increase feed efficiency, but will have negative effects on 

carcass quality, shear force values, and consumer acceptability.  Other research has revealed that 

the use of implants did not have any detrimental effects on beef tenderness while still enhancing 

feed efficiency (Barham et al., 2003). 

Cattle temperament may also influence performance in feedlots.  Findings by Café, et al. 

suggest that Brahman genetics (due in part to temperament) have negative effects on growth 

rates, feed intake, and time spent eating, thus reducing efficiency.  On the contrary, Angus  

growth rate , feed intakes and time spent eating were not affected by their temperament (2010).  

Sherbeck, et al. found that Hereford steers had higher ADG than did Hereford x Brahman 
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crossbreds (1995).  Other research showed that ½ Brahman and ¾ Brahman crossbred cattle had 

higher feed consumption, higher ADG and heavier final weights (Huffman et al., 1990). 

Cattle will generally enter feedlots at various weights and ages. It has been noted by 

Schoonmaker et al. (2004) that early weaned cattle (chronologically younger) will have better 

feedlot performance when compared to yearlings not weaned early.  This research suggests that 

the earlier an animal enters a feedlot the more efficient will be its feedlot performance.  Other 

research discussed below may, however, provide a more complete picture to varying feedlot 

performance among animals of varying ages.   

Very well documented is the phenomenon of compensatory growth (Ryan et al., 1990).  

Animals will experience an increased rate of growth following nutrient restriction, once a diet of 

sufficient nutrient density is presented.  This period of compensatory growth is attributed to 

increased feed efficiency, a lower basal energy requirement and changes in circulating 

concentrations of metabolic hormones (Conner et al., 2010).  Animals of varying ages would be 

at different stages of development (i.e. muscle and /or bone growth compared to fat deposition).  

Each would require different nutrients in order to produce those varying structures / tissues, with 

fat requiring the highest gross caloric intake and therefore the longest time to develop. 

 Most of the research previously cited has been performed on cattle in feedlots being fed 

high concentrate diets.  However, diet composition can have an effect on feeding performance of 

cattle.  Under grass-fed production systems, significant differences were observed in the 

performance metrics mentioned.  The duration of time on feed has been shown to be significantly 

longer among beef cattle feed on a pasture or a grass based diet (Archile-Contreras et al., 2010).  
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Also, well documented is the difference of cattle finishing weights between the varying feeding 

strategies (May et al., 1992).  Another variable very difficult to control in grass-fed production 

settings is the composition of the grass to be fed.  In a confined feeding operation, rations can be 

specifically calculated to meet all of the needs of the animal, whereas, in a pasture setting forage 

quality can vary by pasture (plant species composition) as well as by season (Leheska et al., 

2008). 

 Also, relevant to discussion, are the changes that will occur in a beef animal when a 

significant change occurs in a diet.  An example of this could be the changes that would be seen 

when an animal leaves a native land stocker operation and enters a confined feeding operation.  

In published work by both May et al. (1992) and Duckett et al. (1993), there were changes 

observed in both soft tissue chemical composition and palatability attributes in as few as 56 days 

after switching from native pasture to a feedlot ration.   

Section 2.2: Carcass Characteristics 

 There are many factors that affect consumer acceptance of beef cuts.  Some of these 

factors include: tenderness, juiciness, flavor, aroma, texture, color and price.  All of these factors 

are heavily influenced by the production setting used in the feeding of the animal.  The degree of 

marbling or intramuscular fat is the measure largely used to appraise many of these factors.  It 

considerably affects juiciness and flavor; therefore, increasing customer acceptability of beef 

products (Killinger et al., 2004).  In addition, the findings of May et al. (1992) show that 

increasing marbling scores were shown to be related to improved taste panel tenderness scores.  
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 Carcasses are graded on a quality basis, combining factors such as physiologic age 

(maturity), color, texture and firmness of the loin eye (Longissmuss dorsi) muscle, and marbling.  

Quality grades, from highest to lowest, include: Prime, Choice, Select, Standard, Commercial, 

Utility, Cutter and Canner.   

Maturity is determined by observing the shape, size and degree of ossification of cartilage 

in the lumbar, sacral and thoracic vertebral areas combined with the appearance and color of the 

ribs.  Additionally, other indications of maturity are color, texture and firmness of the loin eye. 

Older cattle will have a large, more coarsely textured and darker red colored muscle due to the 

increased myoglobin concentration in that muscle (Ojha, 2009).  Younger cattle will have lean 

muscle that is a light cherry red color and will be more finely textured.  

As marbling increases, the quality grade also increases. Marbling is expressed in terms of 

quantity (listed in decreasing order): abundant, moderately abundant, slightly abundant, 

moderate, modest, small, slight, traces, practically devoid and devoid.   The degree of marbling 

has been shown to correlate to both juiciness and flavor but not necessarily with tenderness, as 

was shown by Sitz et al. (2005), conflicting with the work of May et al., (1992). 

Yield grade is another important carcass characteristic.  It reflects the amount of 

boneless, closely trimmed retail cuts coming from the round, loin, rib and chuck.  Yield grades 

are expressed numerically ranging from 1 to 5.  The expectation is that the lower the yield grade, 

the higher the amount of saleable retail cuts.  Often expressed as cutability, either an animal 

possesses high cutability or low cutability.  Yield grade is evaluated by considering the following 

factors; thickness of subcutaneous fat at the 12
th

 rib, the hot carcass weight, the percent of 
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kidney, pelvic and heart fat, and the area of the loin eye muscle.  Much work has been done to 

allow evaluators the ability to evaluate carcasses quickly.  One technique that has gained 

popularity is that of preliminary yield grading using just subcutaneous fat measurement, as taken 

at the 12
th

 rib on the loin eye, to predict the yield grade from that one measurement (Hale et al., 

2013).   

Similar research has also been conducted on live animals through the use of 

ultrasonography.  It has been suggested that today’s market cattle measuring 0.4 inches of 

subcutaneous fat at the twelfth rib should possess sufficient marbling and yield grade in the 

range of 2.0 to 2.9, which is representative of an optimum production animal (Boleman, 1998).  

Brethour et al. (2000) further suggested that through the use of ultrasonography variations among 

cattle could be detected through more extensive use of this technology in order to target the 

desired yield and quality grades by extending or decreasing days on feed. 

Section 2.3: Tenderness 

The Beef Industry Long Range Plan, set forth by the National Cattleman Beef 

Association (NCBA), highlighted the importance of the beef industry working “to develop and 

implement demand generation initiatives based on consumer needs and preferences” (NCBA, 

2013).  Emphasis has been placed upon decreasing consumer dissatisfaction in eating quality 

with special attention being given to tenderness (Killinger et al., 2004).  Tenderness is one of the 

most significant attributes that affects the purchasing decision and the acceptability of retail meat 

cuts (Huffman et al., 1996).  Furthermore, studies have shown that consumers are willing to pay 

a premium for a guaranteed tender product.  Therefore, making beef tender is an important goal 

for producers to increase profitability (Brooks et al., 1998 and Barham et al., 2004).  In fact, it 



19 

 

has been suggested that carcasses with desired tenderness could be worth up to $76 more than 

less tender carcasses (Barham et al., 2004).   

One way to mechanically evaluate tenderness is by the pounds of force needed to shear 

through a core sample of cooked muscle.  Initially developed in 1928 by K. F. Warner (further 

refined in 1932 by L.J. Bratzler), the Warner-Bratzler shear force machine has become the 

industry standard for mechanically measuring tenderness (Makenna, 2000).  A series of studies 

were conducted to create a tenderness scale through the use of this machine.  Research has 

shown that 95% of the population would rate 7.0 lbs. of force or less to be tender; 68% would 

rate 8.6 lbs. of force slightly tender; and  88% would rate 10.1 lbs. of force to be tough 

(Makenna, 2000).  

One strategy employed to improve tenderness of the carcass is through the use of high 

voltage electrical stimulation (ES) shortly post harvesting.  During stimulation high voltage 

electricity is used to cause severe muscle contraction.  This contraction causes an increased rate 

of glycolysis and therefore a more rapid drop in pH.  This more rapid drop in pH allows for an 

earlier onset of rigor mortis.  The advantage of earlier rigor mortis is that the aging process 

commences at higher temperatures and therefore occurs more rapidly.  More specifically, the 

aging process has to do with the rate of proteolysis (i.e. activation of the calpain protease system) 

stimulated by the release of calcium ions, from contraction of the muscle at the higher 

temperature (not yet chilled in the cooler) allowing those proteolytic reactions to occur at higher 

rates (Hwang et al., 2003).  This also aides in the prevention of cold shortening which occurs 

when the sarcoplasmic reticulum fails to use all available glycogen leading to decreased 
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proteolytic activity as the pH remains too high (Hwang et al., 2003).  Roeber et al. (2000) found 

that all carcasses that were treated with ES had lower Warner-Bratzler Shear values than those 

that were not treated.  Furthermore, it was also found that marbling scores did not differ between 

electrically stimulated carcasses and those with no stimulation, although color had improved 

(Roeber et al., 2000).  With the color improvement however, quality grades would be enhanced.  

Section 2.4: Aging Methods 

Another strategy used in the beef industry to improve the marketability of products is that 

of aging.  Aging, just as the name implies, is allowing time for the carcass or cut to age or get 

older.  It is accomplished in two manners; wet aging or dry aging.  Wet aging is characterized by 

meat being packaged and sealed in a barrier film and held at a temperature above freezing 

(35F).  Dry aging is accomplished by aging meat (either primal cuts or carcasses) at a 

temperature above freezing (35F), with humidity controlled, for a period of time.   

Both aging techniques have been well documented to improve tenderness, as well as, 

flavor development (Warren and Kastner, 1992; Miller et al., 1997; Campbell et al., 2001; Sitz et 

al., 2006).  To first address the tenderization of meat through aging, proteolytic enzymes must be 

mentioned, as proteolysis of myofibrillar proteins is the principle reason suggested in literature 

for improvements in meat tenderness.  There exists substantial evidence indicating that the 

calpain proteolytic system is responsible for this proteolysis (Koohmaraie, 1994).  Worthy of 

note is that there are other proteases also at work (Koohmaraie et al., 2005).   With regard to 

flavor development in meat products through aging, results seems to differ somewhat on the 

degree of difference among the aging methods.  In one study, results indicated that only small, 
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yet significant palatability changes existed between dry and wet aged samples (Parrish et al., 

1991).  Bischoff, however, showed significantly more flavor and aromas in dry aged steaks 

compared to wet aged (1984).  More recently, Sitz et al., (2006) found that wet aged steaks were 

numerically greater for all sensory traits.  In the same study, where preferences were shown for 

the wet aged steaks, no statistical significance in Warner-Bratzler shear force values were 

observed (Sitz et al., 2006).  Killinger et al., (2004) displayed very similar results of flavor 

preference favoring wet aging even when the marbling scored differed by as much as two 

marbling scores. 

Section 2.5: Sensory Evaluation 

 Another important factor to the consumer is flavor and sensory characteristics. 

Assessment of these characteristics through sensory evaluation can be a powerful tool used to 

determine consumer preferences.  Many studies have indicated that consumer acceptance is 

related to marbling score, meaning that as marbling score increases so does consumer acceptance 

(Savell et al., 1987; Neely et al., 1998).  Other research has shown that marbling score may not 

always directly relate to consumer acceptance (Killinger et al., 2004).  Emphasized by Sitz et al. 

(2005) was the fact that consumers are willing to pay a premium for the beef that possesses the 

flavor profile that they prefer, be that grass-fed or grain-fed beef, regardless of marbling score.  

Therefore, it becomes important to identify those flavor profiles that are desired by consumers.   

Maughan et al. (2012) attempted to develop a lexicon for the sensory evaluation of beef 

when comparing grain and grass-fed samples and concluded that there were eighteen terms in 

that lexicon.  Of the 18 terms selected, these terms were further classified as either “positive” or 

“negative” terms.  Interestingly enough, terms associated with grass-fed beef were those such as 
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“grassy”, “gamey” and “metallic” which were all negative terms based upon consumer 

acceptance ratings.  Some of the positive terms were, “juicy”, “fatty” and “brothy” which were 

all associated with grain-fed beef.  Therefore, concluded from this research is that the demand 

for grass-fed beef is driven by its perception of high nutritional value rather than its sensory 

properties.  This point becomes more clear with price recognition, as grass-fed beef sells for a 

higher price (Maughan et al., 2012). 

Section 2.6: Chemical Composition 

 Soft tissue chemical composition analysis is a powerful tool which can be used to provide 

a comparison among food items.  This analysis provides parameters with which researchers and 

consumers alike can compare and select the product that best meets their needs.  Re-iterating the 

research previously cited, McClusky et al. (2005) showed that 72% of consumers read nutritional 

labels on the products that they purchase.  Composition with regard to beef has been performed 

largely in two methods; carcass soft tissue composition and individual cut composition. 

 Marchello et al. (1983) conducted research with regard to carcass chemical composition.  

Their work led to the development of prediction equations which can now be used to predict 

composition based upon individual cut composition and carcass traits.  This enables the 

researcher to conduct wet lab composition on only a small portion of the animal and then 

calculate with confidence the carcass composition.  Once calculated, telling comparisons can be 

drawn between animals illustrating differences between the two samples (Marchello et al., 1983).   

 Individual cut composition is most commonly performed on the loin eye.  This analysis is 

performed on only a small portion of loin eye and the results thereof speak largely to the 



23 

 

composition of only lean meat and intramuscular fat due to the sample used.  This comparison, 

although not as fully telling as the one previously mentioned, has become widely accepted 

(Leheska et al., 2008; French et al., 2000; Duckett et al., 1993). 

 In research, it is clear that grass-fed beef is lower in overall fat content than that of its 

grain-fed counterparts (Leheska et al., 2008; Duckett et al., 1993; May et al., 1992).  The degree 

to which it differs varies and can likely be attributed to the titles grain-fed and grass-fed being 

very broad.  Interestingly enough, the results of protein, moisture and ash seem to be less clear.  

In a study by Leheska et al. (2008), protein and ash measurements were not significantly 

different between grain and grass-fed samples but lipid and moisture showed statistically 

significant differences.  Indicating that the relationship in the composition of these animals, was 

between lipid and moisture.  This was attributed directly to the amount of intramuscular fat in the 

samples.  In the work by Duckett et al. (1993), different results for moisture, protein, and ash 

were noted in native pasture fed steers and their counter parts in as soon as 56 days consuming a 

high concentrate grain based diet which could be interpreted as grain-fed beef.  Differences in 

lipid percentages were found in 112 days and were likely attributed to a delayed onset of lipid 

deposition due to the high nutritional requirements for growth (Duckett et al., 1993).           
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CHAPTER 3 

MATERIALS & METHODS 

 

Section 3.1: Feeding Performance 

 All procedures involving animal care and management were approved by the University 

of Arizona Institutional Animal Care and Use Committee (IACUC; No. 08-147 amended 

2/18/2011). 

 A total of 32 steers were purchased from the University of Arizona V-V Ranch (Rimrock, 

Arizona).  The breeds represented therein were of commercial crosses of Hereford, Angus, 

Waygu, Tuli, and CGC composite (¼ tarentaise, ¼ charolais and ½ red angus).  No breed 

characteristics or tendencies were analyzed in any of the following studies using these steers as 

each treatment possessed a diversity of breed makeup and therefore variation due to breed was 

considered random.  The steers traveled 207 miles and were received at the University of 

Arizona Feedlot (Tucson, Arizona) on October 21, 2010 and were weighed (CS Manufacturing, 

Garden City, Kansas) the following day.  These steers were assigned to a treatment based upon 

weight, taking care to ensure that initial starting weights differed minimally between treatments. 

 The treatments, for the purpose of this work, were given the titles; Grain-fed, 

Grass/grain-fed, Grass-fed and Irrigated.  These titles represent the diets that the cattle received.  

Grain-fed were housed at the Feedlot for the duration of the study and received a grain 

concentrate based diet from day zero until they met the criteria for harvesting.  The grass/grain-

fed treatment were fed a forage based diet until reaching an average weight of 600 pounds, at 

which time they returned to the Feedlot to be placed on a grain concentrate based diet until they 
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reached the harvesting criteria.  The grass-fed treatment were fed a forage based diet for the 

duration of the study until they reached an average weight of 900 pounds at which time they 

would be harvested.  The irrigated treatment were placed upon irrigated grass pasture for the 

duration of the study, until they reached an average weight of 900 pounds at which time they 

would be harvested.  None of these animals reached this criterion for harvesting.  Due to low 

rates of gain and the significant time investment made, these animals had to be removed from the 

cooperating ranch (due to another incoming project) and harvested.  They were harvested as soon 

as could be scheduled providing for a serial harvesting end point.  It should be noted that none of 

the animals received any growth promoting implants.   

Section 3.1.1: Grain-fed 

  The grain-fed steers received a 70% concentrate diet initially (Step 1), with the 

concentrate percentage being increased until a 90% concentrate diet was reached (Step 5). The 

concentrate increases were done over the course of five steps, with each of the first four ration 

steps lasting for 14 days and the fifth ration remaining for the duration of the study (Tables 1).  

Steam-flaked corn was fed as the energy/carbohydrate source and alfalfa hay was the roughage 

source.  Also included in the diet were; molasses, soybean meal, mineral premix, rumensin/tylan 

and urea.   
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Table 1: Concentrate Ration 

 Percent (%) of Ration 

Commodity Step 1
* 

Step 2
* 

Step 3
* 

Step 4
* 

Step 5 

Corn 60.43 61.86 67.04 72.17 76.39 

Alfalfa 28.38 23.14 18.42 13.73 9.11 

Molasses 6.31 6.38 6.34 6.31 6.28 

Mineral Mix 1.94 2.16 2.15 2.14 2.13 

Soybean Meal 1.94 4.73 4.24 3.75 4.19 

Pre-mix (Rumensin/Tylan) 1.00 1.00 1.00 1.00 1.00 

Urea 0 0.73 0.81 0.90 0.90 

* = Step was completed in 14 days 

 The feed bunk was managed using a slick bunk approach (Galyean et al., 1999). The slick 

bunk approach is designed so the animals finish the feed present in the bunk approximately one 

hour before the next feeding time. The bunk was evaluated at 0700 daily and then the amount of 

feed to be offered was determined on the basis of the past days consumption which varied based 

upon many factors, including environmental conditions.  Additionally, total pounds of feed 

consumed were recorded daily. 

 Steer weights were recorded one day after arrival and every 28 days thereafter.    

Weighing occurred in the morning before steers were fed, in order to obtain a more accurate 

weight minimizing the variability of gastrointestinal tract fill.  Ultrasonography was used as a 

tool to aide in determining when these animals were ready for harvesting.  Ultrasound readings 

were obtained, using an Aloka SSD-500V ultrasound machine equipped with a 5.0-MHz probe 

(Aloka Co. Ltd., Ithaca, NY), and were initiated once steers reached 900 lbs. and every 28 days 

thereafter until reaching the desired backfat (subcutaneous fat) thickness. Steers were harvested 

when back fat at the twelfth rib reached 0.4in.  It is desired that by targeting 0.4in. backfat, a 

steer should grade USDA Choice while remaining below a USDA Yield Grade of 3 which is 
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representative of a desirable carcass (Boleman, 1998).  Feed to gain ratios and average daily gain 

were calculated for every 28 day period and averaged among the treatments.   

Section 3.1.2: Grass/grain-fed 

 The steers were transported on October 22, 2010 from the Feedlot to the Santa Fe Ranch 

(Nogales, Arizona), where the steers would remain for the grass portion of the study.  At the 

Ranch the steers were placed on approximately section of pasture consisting of both native and 

non-native Arizona grasses and woody species, representative of rangeland pasture in southern 

Arizona.  The steers were allowed to graze/forage for the remainder of the time they were housed 

at the Ranch.  Quantity of feed was never restricted although quality varied with the season of 

year.  Weights were recorded every 28 days as outlined above.  Once having reached the target 

weight the group was removed from the Ranch and transported back to the Feedlot where they 

were treated in like manner as described above for their grain-fed contemporaries including the 

five step diet and harvesting criteria. 

Section 3.1.3: Grass-fed 

 The steers in the grass-fed treatment were also transported to the Santa Fe Ranch on 

October 22, 2010.  These steers were placed into the same one section pasture as described above 

for the grass/grain-fed animals.  This treatment was handled in the same manner as those above 

with the exception of removing the animals from the Ranch when reaching 600 pounds.  Instead 

they remained at the Ranch until the feeding portion of the study drew to a close and they were 

harvested.   
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Section 3.1.4: Irrigated 

 This treatment, as described above, was also transported to the Santa Fe Ranch.  Unlike 

previously described however, they were not placed in the rangeland pasture but rather were 

placed into a series of irrigated pastures for the duration of the time held at the Ranch.  These 

pastures were regularly irrigated and the steers were rotated from one to another to ensure that at 

all times adequate feed was available and that the feed was of the highest quality.  These pastures 

contained largely Bermuda grasses during the warm season and oats in the cool season.  The oats 

in the cool season only represented a portion of the diet, dormant Bermuda however was offered 

free choice.  These pastures were in all cases surrounded by mesquite which provided a canopy 

on all sides and were not exclusive to only the plant species managed for on the Ranch as 

invasive species were intermittently present.   

 All of the animals housed at the Santa Fe Ranch were also involved in a rangeland 

nutrition study involving fecal sampling of all animals every 28 days following weighing.  These 

samples were largely rectally retrieved and had no known effect on performance as described 

above.    

Section 3.2: Harvesting Method  

 Once the steers met requirements for harvesting, they were transported from the U of A 

Feedlot or Ranch to the University of Arizona Food Product and Safety Laboratory (formerly 

known as the Meat Science Laboratory).  Steers were weighed and delivered one day prior to 

harvest and were not fed prior to arrival in order to reduce the gastro-intestinal tract fill of the 

animal; however, water was always available.  A captive bolt stunner (4100R Jarvis Industries, 

Calgary AB, Canada) was used to render the animals unconscious, which was immediately 
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followed by exsanguination of the animal, achieved by cutting the carotid artery. Upon 

exsanguination, the use of a Jarvis low voltage beef stimulator (model ES-4) was required to 

deliver 300 volts of electricity for 30 seconds to each animal in order to improve tenderness and 

color (Jarvis Products Corp, Middleton, CT).  Animals were skinned, eviscerated, split down the 

vertebral column, examined and trimmed for any external particles and were sprayed with acetic 

acid (2.5%) to reduce and retard any potential bacterial growth.  The “sides” (half of the carcass 

post splitting) were weighed (Mettler Toledo, Colombus, OH) to provide for a hot carcass 

weight.  Carcasses were then moved in to a refrigerated cooler (33
o
 F) to begin the chilling 

process and after 48 hours moved into another cooler (35
o
 F) for the aging process.  All 

harvesting procedures met or exceeded the requirements set forth by the Food Safety Inspection 

Service (FSIS) of the United States Department of Agriculture (USDA). 

Section 3.3: Carcass Merit 

 Carcass merit was determined on carcasses which had been dry aged for 14 days. Carcass 

merit was largely evaluated by visual appraisal of the loin eye muscle (longissmuss dorsi) as 

seen at the twelfth rib.  This was accomplished by cutting the carcass between the twelfth and 

thirteenth rib exposing the muscle for evaluation.   

 The carcasses were evaluated for quality and yield grade factors as set forth by the 

USDA.  The following data was collected in the evaluation: physiological maturity score, 

marbling score, color of lean, firmness and texture scores were all obtained at this time and 

recorded.  Marbling scores were as follows: Prime (Abundant, Moderately Abundant and 

Slightly Abundant) =800-1000, Choice (Moderate, Modest and Small) =500-799, Select (Slight) 

=400-499, Standard (Traces and Practically Devoid) = 0-400. Ribeye area was measure with an 
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eight to ten inch measuring grid. This combination of data was used to determine the quality 

grade for each carcass.  Quality grades were obtained by using an USDA grading chart coupled 

with any necessary reduction due to color, texture and firmness deviations (USDA, 1997).  Yield 

grade was calculated by combining the following factors: hot carcass weight (HCW), ribeye 

area, percent of HCW which was kidney, pelvic and heart fat and 12
th

 rib fat thickness.  Yield 

Grade was then calculated by using the following equation 2.5 + (2.5 x Adjusted fat thickness in 

inches) + (.2 x percent kidney, pelvic and heart fat) + (.0038 x hot carcass weight in pounds) - 

(.32 x rib eye area in square inches) (Boleman, 1998).  This data, once collected and calculated, 

allowed for a standard from which a comparison to the industry could be made. 

Section 3.4: Aging of Beef 

 For the aging purpose of the study only the grass/grain-fed, grass-fed and irrigated 

treatments were used.  The purpose for this portion of the study was to validate the grain-fed 

aging research that has been done (grass/grain-fed) and to begin to explore the characteristics of 

grass-fed beef (grass-fed and irrigated) as they pertain to the aging of beef.   

 Once harvested and processed, as described above, the carcasses or sides thereof, were 

involved in this study.  As described above each side remained in the chill cooler for a period of 

48 hours.  Prior to entrance into the second cooler each side was weighed a second time to 

provide for an accurate weight following the initial chilling.  After this weight was taken the 

right sides of each carcass were fabricated into primal cuts per Uniform Retail Meat Identity 

Standards to function as a wet aged treatment.  Wet aging is simply aging individual cuts of meat 

in vacuumed packaged bags for a period of time.  These fabricated primal cuts were each 

individually weighed in order to determine the amount lost due to purging of meat juices in the 
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vacuum packaging during the fourteen day trial.  These cuts were boxed and held in the same 

cooler (37
o
 F, 80% relative humidity) as the left sides to ensure uniform conditions for both 

treatments.  Following the fourteen days of wet aging the cuts were removed from their 

individual packages and weighed again to determine the amount of loss due to the mentioned 

purge.   

 The opposite sides to those that were included in the wet aging study were dry aged for 

the same fourteen day period.  On day fourteen of the study, the carcasses were again weighed to 

determine the amount of cooler shrink that occurred.  Cooler shrink refers to the weight that is 

lost in the cooler due to dehydration of the carcass.  These sides were then fabricated into the 

primal cuts as mentioned for the wet aged study and were also weighed for comparison.   

 On functional day zero of the trial, when the right sides were fabricated, a one inch steak 

was removed from the twelfth rib area of the ribeye for Warner-Bratzler Shear Force Value to be 

determined.  For this evaluation the steak was cooked (Spectrum Brands, Madison WI) to an 

internal temperature of 165
o
 F and then chilled to room temperature (75

o
 F).  A minimum of 

eight one half inch cores were taken from each steak and were sheared to determine the pounds 

needed to shear the core.  Averages of the eight were then taken. 

 After the fourteen day period, a steak was cut from each side involved in the two 

treatments.  These two steaks were processed as stated above and provided a comparison in shear 

force reduction of the two aging methods.   

 Also at this time, another one inch steak was removed to be used in sensory evaluation.  

All of these steaks were immediately wrapped in plastic coated butcher paper and frozen (5
o
 F) 
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until the time of sensory evaluation.  An eight person sensory panel was used to evaluate the 

samples for characteristics such as tenderness, juiciness, and flavor intensity.  Each member of 

the panel calibrated their palates with a sample of a loin that was not part of the study but was 

used at the beginning of each of the five evaluations.  At the first evaluation this steak was 

scored and then at subsequent evaluations the score card was returned to the panelist to aide in 

consistency of evaluation as panelist could be reminded of how the steak was previously scored 

(AMSA, 1978).   

 All of the steaks in each of the five evaluations were thawed for 24 hours at 37
o
 F.  All 

thawed steaks were weighed both prior to and after cooking to provide an estimate of cooking 

loss.  They were then roasted (convection, 330
o
 F) to an internal temperature of 160

o
 F (removed 

at 157
o
 F due to residual heat temperature increases) with turning occurring once at the mid-point 

of cooking.  Temperatures were continually tracked using a probe thermometer with probes 

remaining in the steak to prevent opening of the oven door during cooking.  All steaks were then 

cut into ¾” cubes and served warm (100-120
o
 F), one sample per plate (AMSA, 1978). 

 The panelists who participated in the evaluation were all volunteers and received no 

compensation for participation.  All panelists were instructed on hedonic scoring of samples to 

be consumed, including being allowed to read over the score card and ask questions regarding its 

completion.  In addition, palate cleansing using unsalted crackers and water between each 

sample was explained.   Also, a brief explanation of the research aim was provided to highlight 

the importance of their efforts.  Once trained on use of score card and cleansing, panelists were 

introduced into the sensory panel and placed under the influence of red light to prevent sight 
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bias.  Previously prepared samples were given to panelists in a random order with a random two 

digit identification number being used as to what they were consuming to prevent any bias on the 

part of the server or panelist (AMSA, 1978).  Panelists scored each sample using an 8 point 

hedonic scale with 1 being unacceptable and 8 being highly acceptable (Figure 1).  Results were 

quantified numerically and analyzed. 

Figure 1: Palatability Score Sheet

      

 

Section 3.5: Chemical Composition 

Section 3.5.1: Moisture Procedure 

 In preparation for the moisture procedure, 50 ml beakers were cleaned and dried at 215
o
 F 

for 10 minutes.  Once having cooled in the desiccator, two grams of ground flank was added and 

the beaker was placed into the vacuum oven (National Appliance Co., Md. 5830) for drying at 

107
o
 F, 10-15 PSI for three hours.  Following drying the samples were removed and placed into 



34 

 

the desiccator to cool.  After cooling, the samples were again weighed to determine the amount 

(g) of moisture lost.  This allowed us to calculate the percent moisture of the two gram sample of 

ground flank.  Adapted from Moisture in Meat 39.1.02 (Official Method of Analysis, 2005) 

Section 3.5.2: Lipid Procedure 

  For the lipid procedure an adaptation of the Ether Extract procedure was used.  For this 

procedure, 33mmX80mm cellulose extraction thimbles (Whatman Supplies, GE Healthcare) 

were used.  These thimbles were placed in a desiccator for a minimum of 30 minutes prior to 

taking an initial weight in grams.  A two gram sample of ground flank was added to the thimble 

and then the sample and thimble were placed into the Pyrex Soxhlet apparatus (Corning Inc., 

Tewksbury MA).  This portion of the ether extraction unit was attached to the 500ml round 

bottom flask containing 250ml of Ethyl Ether Anhydrous (Fisher Scientific Pittsburg, PA).  The 

Allihn Condenser (Corning Inc., Tewksbury MA) was then placed upon the extraction unit and 

the now complete extraction unit was placed into the Thermo Scientific Electrothermal 

(Pittsburg, PA) heating stand and secured with clamps.  A water supply is connected to the unit 

and allowed to continuously flow through system.  The sample remained in the extraction unit 

for three hours.  After disconnecting from the water and removing the electrothermal heater, all 

extractive must be allowed to siphon from the thimble to the round bottom flask.  Twenty 

milliliters of ether was then used to flush the thimble Soxhlet section to ensure that all of the 

extractive was collected.  The flask with extractive was then placed into the sand bath (Fisher 

Scientific Isotemp Pittsburg, PA) at 165
o
 F until approximately 50mls remained.  Using a 

previous prepared and weighed beaker (cleaned and dried at 215
o 
F for 10 minutes) add 

remaining extractive and allow the ether to evaporate.  The weight of extractive was recorded to 
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be used in calculations.  Adapted from Ether Extract in Meat 39.1.05 (Official Method of 

Analysis, 2005) 

Section 3.5.3: Protein Analysis 

Digestion 

 For protein analysis, a Kjeldahl analysis was performed.   A one gram sample of ground 

flank was weighed and added to a 100ml digestion flask.  Also to the flask, 15mls of sulfuric 

acid (Fisher Scientific Pittsburg, PA) was added along with two Kjeldahl catalyst tablets (Fisher 

Tab CT-50, Fisher Scientific Pittsburg, PA), finely crushed, along with five hollow glass boiling 

beads (Fisher Scientific, Pittsburg, PA).  The flask was then placed upon the heating element 

(Labconco 6 Burner, Kansas City, MO).  Heat was increased slowly to prevent solution from 

boiling out of the flask.  The sample needs to remain boiling until the solution is clear to slightly 

green in color indicating a complete digestion (about 4 hours).  Sample was then removed from 

heat and allowed to cool before adding 100mls of distilled water.  The aqueous solution is then 

poured into a 500ml distillation flask with 150mls additional distilled water.  Fifty milliliters of 

sodium hydroxide (Fisher Scientific, Pittsburg, PA) were then added to the distillation flask and 

the flask was quickly covered with parafilm (Pechiney Plastic Packaging, Neenah, WI) to 

prevent any volatile gasses from escaping.   

Distillation 

 Into an Erlenmeyer flask, 50ml of 4% Boric Acid (Fisher Scientific, Pittsburg, PA) was 

measured with 5 drops of bromocresol green-methyl red (color indicator) being added to 

function as the nitrogen trap.  This flask was attached to the distillatory (Labconco Protein 

Distillatory, Kansas City, MO) insuring that the outlet was fully submerged into the Boric acid 
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solution.  The distillation flask was connected to the distillatory very quickly with little open 

exposure to the air due to the volatile nature of ammonia gas (loss of nitrogen).  The sample was 

allowed to distill for approximately 15 minutes.  Once the distillation was complete the boric 

acid solution was titrated using .2N hydrochloric acid (Fisher Scientific, Pittsburg, PA) while 

being stirred continuously (VWR Dylastir Magnetic Stirrer, Radnor, PA), until color change was 

noted.  Calculations for protein were as follows: (((ml HCL to titrate* .2N HCL)*1.4007)/sample 

weight)*6.25= % protein.  Adapted from Nitrogen in Meat 39.1.15 (Official Method of Analysis, 

2005) 

Section 3.5.4 Statistical Methods 

 All statistics were analyzed through Microsoft Excel 2010.  Statistical tools used 

consisted of average, standard deviation, T test (paired and homocedastic) and correl (r2). 
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CHAPTER 4 

RESULTS 

 

Section 4.1: Feeding Performance 

 Table 2 shows the feeding performance for the four treatments involved.  There exists no 

significant difference in these initial starting weights.  The final weight did show difference 

statistically (P<0.05) among those animals fed a concentrate diet in the feedlot and those which 

remained on a roughage diet throughout harvesting, however, no difference was noted in either 

the grain-fed and grass/grain-fed or the grass-fed and irrigated treatments.  When comparing the 

average daily gain of the treatments significant difference (P<0.05) was again observed.  The 

grain-fed steers gained on average 2.70 (+/- 0.23), the grass/grain-fed 1.99 (+/- 0.25), the grass-

fed 0.71 (+/- 0.05) and the irrigated gained 0.77 (+/- 0.06).  Further difference (P<0.05) was 

observed in the total days on feed with grain-fed taking on average 191 fewer days than the next 

shortest treatment to reach harvesting.       

Table 2: Feeding Performance 

Item Grain-fed Grass – Grain Grass Irrigated 

Initial Weight (lbs)
 

444 (+/-76) 431
 
(+/-61) 454 (+/-48) 442 (+/-47) 

Final Weight (lbs) 1125
a
 (+/-84) 1128

a 
(+/-70) 775

b
 (+/-28) 783

b
 (+/-18) 

ADG
1
 2.70

a
 (+/-0.23) 1.99

b
 (+/-0.25) 0.71

ab
 (+/-0.05) 0.77

ab
 (+/-0.06) 

Days in Study 255
a
 (+/-19) 458

b
 (+/-15) 450

b
 (+/-26) 446

b
 (+/-26) 

ab 
= Differences in superscript indicate values are significantly different within rows (P<0.05) 

1
ADG = Average daily gain 

No growth promoting implants were used in any treatment. 

 

 With regard to weight gain for the individual treatments, an observation can be made in 

Figure 2.  The grain-fed steers gained at a very steady rate throughout the duration of the study 
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while the other animals that were on a roughage based diet experienced more erratic growth.  It 

was noticed that in some months those treatments in the rangeland setting experienced higher 

ADG than did those on concentrate diets. 

 

Figure 2: Weight Gain by Month

 
 

 In an attempt to highlight production costs, Table 3 provides a monetary comparison of 

the treatments.  Due to all of the steers being sourced at the same time and from the same 

location initial purchasing costs were the same.  Costs to feed varied significantly (P<0.05) 

between the grain-fed, grass/grain-fed and the two roughage based diets with grain-fed being the 

most costly to feed.  The money generated from the sale of these animals (as if sold at finished 

live weights respectively) varied in the same manner, however, the grass/grain-fed steers 

generated the most money at sale, followed by the grain-fed and then grass-fed and irrigated 

which did not differ significantly.  The profitability varied significantly (P<0.05) with the grass-

fed and irrigated steers together being the most profitable followed by the grass/grain-fed 
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treatment.  The grain-fed steers were the only treatment to show a negative profitability value 

due to the high cost of feeding. 

Table 3: Profitability ($/head) 

Item Purchase Cost Cost to Feed
* 

Money Generated
** 

Profitability 

Grain-fed
 

629 (+/-68) 744
a
 (+/-54) 1284

a
 (+/-82) -88

a
 (+/-11) 

Grass/grain-fed 598 (+/-74) 626
b
 (+/-57) 1418

b
 (+/-95) 195

b
 (+/-90) 

Grass-fed 621 (+/-65) 191
ab 

(+/-15) 1106
ab

 (+/-39) 294
ab

 (+/-18) 

Irrigated 596 (+/-69) 206
ab

 (+/-25) 1112
ab

 (+/-25) 310
ab

 (+/-70) 
ab 

= Differences in superscript indicate values are significantly different within columns (P<0.05) 

No growth promoting implants were used in any of the treatments. 
*
 Grain-fed costs were actual costs of ration and associated yardage fees.  Grass-fed pasture was 

$0.60/pound gained 
**

 All prices based upon USDA National Averages for live cattle, at the time of harvesting 

 

Section 4.2: Carcass Merit 

 All carcass data (with the exception of hot carcass weight) were taken 14 days post 

harvesting as described in the Materials and Methods section above.  In the calculation of the 

dressing percentage hot carcass weight (HCW) was used.  Dressing percentages (DP), similar to 

final body weight, showed significant difference (P<0.05) when comparing concentrate diet 

receiving treatments, to those receiving roughage diets (Table 4).  Both grain-fed and 

grass/grain-fed showed significantly higher (P<0.05) DP.  Similar bifurcations were seen 

throughout quality grade and its attributing measures (color, firmness and texture).  Quality 

grades did differ by two full grades; Choice for concentrate diets and Standard for roughage 

diets.  In the case of rib eye area (REA), grass-grain-fed steers developed the largest followed by 

grain-fed.  There was no difference noted in the REA the two roughage treatments.  When 

comparing based upon rib eye area per hundred weight (REA/CWT), which is a calculation that 

takes into account the size of the carcass as it relates to the REA, Table 4 shows that the 
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roughage based treatments had significantly larger (P<0.05) REA/CWT, with the grain-fed 

treatment having the smallest.  Yield grade, to an extent, shows similar results as it also takes 

into account REA and HCW showing the grass-fed and irrigated having superior yield grades 

and again with grain-fed having the highest yield grade.       

Table 4: Carcass Merit 

Item Grain-fed Grass - Grain Grass Irrigated 

DP
1 

60
a
 (+/-1.7) 59

a 
(+/-2.0) 50

b
 (+/-2.0) 49

b
 (+/-1.4) 

Color 6
a
 (+/-0) 6

a
 (+/-0) 5

b
 (+/-0.4) 5

b
 (+/-0.5) 

Firmness 6
a
 (+/-0) 6

a
 (+/-0.4) 5

b
 (+/-0.5) 5

b
 (+/-0.5) 

Texture 6
a
 (+/-0) 6

a
 (+/-0) 5

b
 (+/-0.5) 5

b
 (+/-0) 

QG
2 

CH 55
a
 (+/-1.7) CH 35

a
 (+/-1.0) ST 20

b
 (+/-0.4) ST 30

b
 (+/-0.4) 

REA
3 

10.6
a 
(+/-1.0) 11.8

b
 (+/-1.5) 9.34

ab 
(+/-1.4) 8.9

ab
 (+/-1.0) 

REA/CWT
4 

1.57
a 
(+/-0.1) 1.78

b
 (+/-0.1) 2.43

ab
 (+/-0.33) 2.32

ab
 (+/-0.2) 

YG
5 

3.49
a 
(+/-0.4) 2.85

b
 (+/-0.4) 1.31

ab
 (+/-0.4) 1.44

ab
 (+/-0.4) 

ab 
= Differences in superscript indicate values are significantly different within rows (P<0.05) 

1
DP = Dressing percentage 

2
QG = USDA Quality Grade by percent within grade 

3
REA = Ribeye area (square inches) 

4
REA/CWT = Ribeye area per hundred weight 

5
YG = Yield Grade 

 

Section 4.3: Aging Comparisons 

Cutout Data 

Due the large amount of data existing comparing grain-fed cattle with regard to aging, the 

grain-fed animals were omitted.  Only the grass/grain-fed animals were included to provide a 

comparison for the roughage diet steers to that of a concentrate diet (Table 5).  From Table 5, it 

can be observed that in the case of hot carcass weight (HCW) there was significant difference 

(P<0.05) when comparing the two diet types but no difference between the grass-fed and 

irrigated.  In the case of cold carcass weight (CCW) at fabrication (48 hours post harvesting for 
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the wet aged samples and 14 days post harvesting for dry aged samples), it was observed that 

there was a significant difference (P<0.05) in the CCW for the dry aged and wet aged carcasses 

for both grass-fed and irrigated treatments.  This was not observed in the case of the grass/grain-

fed carcasses due to less carcass cooler shrink.  In both, the percent cutout at fabrication (48 

hours post-harvest for the wet aged samples) and percent cutout at day fourteen, no differences 

were observed.  This is important in highlighting that losses due to cooler shrink as well as purge 

loss are relatively equal.     

Table 5: Cutout Data 

 
Grass/Grain-fed Grass-fed Irrigated 

Item Dry Wet Dry Wet Dry Wet 

HCW
1 
(lbs) 332

a 
(+/-23) 332

a 
(+/-25) 192

b 
(+/-12) 192

b 
(+/-12) 191

b 
(+/-9) 192

b 
(+/-8) 

CCW
2 

at 

Fabrication 

(lbs) 

322
a 
(+/-23) 326

a 
(+/-25) 188

b 
(+/-12) 185

ab 
(+/-11) 187

b 
(+/-9) 184

ab 
(+/-8) 

Percent Cutout 

at Fabrication 
49 50 48 49 48 49 

Percent Cutout 

at Day 14 
49 44 48 50 48 49 

ab 
= Differences in superscript indicate values are significantly different within rows (P<0.05) 

1
HCW = Hot Carcass Weight 

2
CCW = Cold Carcass Weight 

Shear Force Values 

 With regard to shear force value, very little difference were seen in the values (Table 6).  

Significant difference (P<0.05) was observed at 48 hours post harvesting between the 

grass/grain-fed sample and both roughage based diet samples.  This difference was likely 

observed due the rate of carcass cooling and the detrimental effects of cold shortening.  As seen 

in Table 6, the shear force values had equilibrated by day fourteen in both examples of dry aging 
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and wet aging.  No significant difference was shown between the aging methods on each 

individual treatment.   

Table 6: Shear Force Value (lbs/core) 

Item Grass/Grain-fed Grass-fed Irrigated 

48 Hour (lbs/core)
 

7.5
a
 (+/-1.3) 9.17

b
 (+/-1.8) 9.4

b
 (+/-1.4) 

14 Day Wet (lbs/core) 5.9 (+/-1.1) 5.9 (+/-0.8) 6.6 (+/-0.5) 

14 Day Dry (lbs/core) 5.9 (+/-0.9) 5.9 (+/-1.0) 6.1 (+/-1.7) 

ab 
= Differences in superscript indicate values are significantly different (P<0.05) 

Sensory Evaluation 

 Of the three sensory attributes evaluated; juiciness, tenderness and flavor intensity, the 

grass/grain-fed treatment had a better (P<0.05) hedonic score (Table 7).  This was the case in 

both wet and dry aged samples.  Among the grass-fed and irrigated treatments there existed no 

statistically significant difference for any of the three attributes.  In none of the treatments and in 

none of the attributes, did the panelists observe any difference between aging methods.   

Table 7: Sensory Evaluation
1 

 

Grass/Grain-fed Grass-fed Irrigated 

Attribute Dry Wet Dry Wet Dry Wet 

Juiciness
 

5.8
a
 (+/-0.5) 6.1

a
 (+/-0.9) 4.4

b
 (+/-0.7) 4.6

b
 (+/-0.7) 4.4

b
 (+/-1.1) 4.9

b
 (+/-0.8) 

Tenderness 5.7
a
 (+/-0.5) 5.9

a
 (+/-0.9) 4.8

b
 (+/-0.5) 4.8

b
 (+/-0.6) 4.8

b
 (+/-1.2) 4.9

b
 (+/-0.8) 

Flavor 

Intensity 
5.7

a
 (+/-0.5) 5.7

a
 (+/-0.7) 4.6

b
 (+/-0.7) 4.7

b
 (+/-0.7) 4.6

b
 (+/-0.8) 4.6

b
 (+/-0.4) 

ab 
= Differences in superscript indicate values are significantly different (P<0.05) 

1
= Numerical values are based upon a hedonic scale (1-8) with 8 being superior 

 

Section 4.4: Chemical Composition 

 In the chemical composition analyses all four treatments (grain-fed, grass/grain-fed, 

grass-fed and irrigated) were included (Table 8).  The three main compositional components of 
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soft tissue (lipid, moisture, and protein) were all quantified and expressed in a percent basis.  In 

the case of lipid, it was observed that the grain-fed steers had the highest (P<0.05) percentage, 

followed by the grass/grain-fed.  There was no difference in the percent lipid in either the grass-

fed or irrigated treatments having the least.  Percent moisture was bifurcated between the two 

diet types with the grass-fed and irrigated having significantly higher (P<0.05) moisture content 

than either the grain-fed or grass/grain-fed treatments.  Percent protein followed the pattern of 

lipid, however in ascending order, with grain-fed having the lowest percent protein and grass-fed 

and irrigated having the highest percent protein.  Worthy of note is that the remaining percent 

(~3%) that is not accounted for in Table 6 is attributed to mineral and carbohydrate components 

which were not analyzed in this study.      

Table 8: Carcass Soft Tissue Chemical Composition 

Item Grain-fed Grass/Grain-fed Grass-fed Irrigated 

Lipid (%)
 

30.6
a
 (+/-2.6) 27.6

b
 (+/-2.7) 13.1

ab
 (+/-1.4) 12.95

ab
 (+/-1.3) 

Moisture (%) 51.8
a
 (+/-2.2) 54.1

a
 (+/-2.2) 66.0

b
 (+/-1.0) 66.2

b
 (+/-1.0) 

Protein (%) 14.9
a
 (+/-0.3) 15.4

b
 (+/-0.4) 17.8

ab
 (+/-0.3) 18.0

ab
 (+/-0.3) 

ab 
= Differences in superscript indicate values are significantly different within row (P<0.05)  
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CHAPTER 5 

DISCUSSION 

 

Section 5.1: Feeding Performance 

 There has been a wealth of knowledge published with regard to the feeding of beef cattle, 

especially on high concentrate diets.  With regard to rangeland grazing, however, specifically in 

the state of Arizona, very little data exists.  Therefore, the present discussion will draw heavily 

on research that has been conducted in other areas.   

   With regard to ADG there was a great deal of variation observed among the treatments, 

as well as, within the treatments.  While many factors are at play in the rate of gain of steers 

undoubtedly, in the example of the roughage fed animals near the months of June and July 

(Figure 2), compensatory growth was observed.  These steers had not, experienced significant 

growth for months but when presented with sufficient nutrition realized the highest gains of the 

study.  Their gains closely followed the rainfall patterns of the area.   

 Closely related to ADG was the time on feed.  There was again a great deal of variation 

in the amount of time that it took the animals to finish.  In the case of the grass/grain-fed, the 

grass-fed, and the irrigated treatments the times did not differ yet the finishing weights did differ 

significantly.  This is due to the transition of the grass/grain-fed steers transitioning to the 

concentrate diet which allowed them to sustain higher ADG for the final months of the study.  

Increased time on feed has been shown to have a direct effect on increasing marbling score, 

however, as was made clear in the present study this is only the case if the nutritional status of 

the animals allows for its deposition ( May et al. 1992; Duckett et al.,1993).   
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     The profitability assessment that was made was crude and basic (Table 3).  These 

values do not include any opportunity costs associated with the significant increase in time on 

feed between the grain-fed steers and the other three treatments.  However, there is value in the 

data in that it provides a comparison of the production costs and returns if sold as finished cattle 

(live weight basis).  These values varied significantly (P<0.05) even when finished weights did 

not (grain-fed and grass/grain-fed).  This variation was due to the time of year that these animals 

would have been marketed (summer and winter) and the price fluctuations that correspond.  The 

grass-fed and irrigated treatments were sold at the same time of year as were the grass/grain-fed 

steers but saw greater profitability due to the lower feeding costs of remaining on a grass based 

diet for the entire feeding trial.  This however, does not take into account labor costs nor 

opportunity costs for the time investment made. 

Section 5.2: Carcass Merit and Cutout 

 With regard to dressing percentage and many of the carcass traits, there was a division 

which occurred between the animals that were fed a high concentrate diet and those that were not 

exposed to that diet.  The results observed were expected based upon other research in that grass-

fed animals were inferior in dressing percentage and carcass quality attributes but superior in 

yield grade and REA/CWT (May et al., 1992; Duckett et al., 1993; Leheska et al., 2008).  It is 

important to note that no shrink was applied to the live weight to account for digestive tract fill.  

There were however, some results which are valuable for discussion.  In the example of REA, 

grass/grain-fed steers realized larger (P<0.05) REA than their grain-fed counter parts in spite of 

there being no difference in live weight or carcass weight.  Similar results were observed by 

Geay and others (1978) in which age effected the muscling of steers.  In the comparison of 
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REA/CWT, different results were observed in that grass-fed and irrigated steers showed the 

largest values (P<0.05) followed by grass/grain-fed and then grain-fed.  REA/CWT removes the 

weight bias in REA.  By calculating the REA on a hundredth weight basis a more complete 

evaluation can occur to represent how much of that carcass weight can be expected to be present 

within the rib eye which represents the highest value of the carcass.  

 All hot carcass weights were taken immediately post harvesting.  Cold carcass weights 

were taken at the time of fabrication.  In the case of the wet aged samples this occurred 48 hours 

post harvesting, while in the case of the dry aged samples these weights were taken 14 days post 

harvesting.  The difference allowed a comparison to be made between purge loss and cooler 

shrink.  The CCWs showed no difference (P>0.05) in the case of the grass/grain-fed samples but 

showed difference (P<0.05) for the grass-fed and irrigated treatments.  Cooler shrink has been 

noted to occur in greater amounts in leaner carcasses which is supported in the data found herein 

(Savell et al., 2004).  In both the cases, percent cutout at fabrication and at day fourteen no 

differences were observed.  These results show that in the case of grass-fed and irrigated samples 

purge losses in wet aging and cooler shrink are equal, or at least in the present study were not 

detected. 

Section 5.3: Shear Force Values  

 Samples for shear force values were taken at two times throughout the study; 48 hours 

post harvesting, and 14 days post harvesting.  At day 14, two values were collected, one for wet 

and one for dry aged samples.  Forty eighty hours post harvesting differences (P<0.05) were 

observed between the grass/grain-fed and the grass-fed and irrigated samples.  These values 

likely differ due to differing rates of chilling and the subsequent effect on the onset of rigor 
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mortis (Hwang et al., 2003).  This difference was not shown to exist in either the 14 day wet 

aged sample or the 14 day dry aged sample.  The reduction in shear force value can be attributed 

to the proteolytic enzymes discussed in the literature review and agree with the results found by 

Hwang et al. (2003). 

Section 5.4: Sensory Evaluation   

 Often there exists great variation in sensory evaluation, which can hamper the ability of 

meaningful comparisons to be made from one study to another.  The use of standardized 

evaluation criteria and terminology can aid in allowing for a comparisons (Maughan et al., 

2012).  With that said, the following comparisons are made to research which closely follows the 

same methodologies.   

 All of the three sensory attributes recorded (juiciness, tenderness and flavor intensity) 

showed that panelist preferred (P<0.05) grass/grain-fed samples over those of grass-fed and 

irrigated.  These results have been shown in other studies as well (Killinger et al., 2004; 

Maughan at al., 2012).  This preference could be due to the higher marbling score of the 

grass/grain-fed samples which has been shown to correlate to consumer preference (Savell et al., 

1987; Neely et al., 1998).  However, the preceding was contradicted by Killinger et al., (2004) 

who observed that consumer’s preferences for flavor profile will be maintained in spite of 

difference of two marbling score. 

 With regard to sensory evaluation of samples that have been wet or dry aged, results very 

greatly in the research with preferences existing for both methods as well as neither method 

(Bischoff, 1984; Parrish et al., 1991; Killinger et al., 2004; Sitz et al., 2006).  Many ideas exist as 
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to why the variability exists which includes consumer background and perception of meat (Daley 

et al., 2010).  The results found in Table 5 show that in the panelists observed no differences in 

the samples from any of the treatments for either wet or dry aging.   

Section 5.5: Chemical Composition  

 Research on soft tissue chemical composition is limited, especially with regard to grass-

fed beef.  The results observed in this study for grain-fed beef are very similar to those observed 

in the literature (Powell and Huffman, 1968; Crouse et al., 1974; Marchello et al., 1983).  The 

results of percent lipid and protein in the comparison of grain-fed beef and grass/grain-fed beef 

proved interesting from the standpoint of lipid being lower and protein higher in the grass/grain-

fed carcasses.  This was also reflected to some extent in the yield grade being lower for that of 

the grass/grain-fed and the REA/CWT being larger.  Reasons for the lower levels of fat 

compared to lean include the steers being slightly older at harvesting, also being allowed greater 

opportunity to increase in frame score before being introduced to the high concentrate diet 

(Arthaud et al., 1977).  As expected, the grass-fed and irrigated carcasses had lower lipid content 

which gave way to increased levels of percent moisture and protein which was also observed by 

Duckett et al., (1993) and Leheska et al., (2008).  This supports advertised health benefits of 

grass-fed beef being lower in overall fat and higher in protein.  
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CHAPTER 6 

CONCLUSION 

 

 This study highlighted many of the differences and similarities between two different 

feeding strategies of beef; grass-fed and grain-fed.  The results show that in many instances both 

types possess strengths and weaknesses.  However, regardless of these differences, consumer 

preferences ultimately drive production.  The decision of which production strategy to employ 

should involve all of the strengths and weaknesses discussed.  The opportunity cost of switching 

from any production strategy must also be evaluated and involved in the decision making 

process. 

 Undoubtedly, results were influenced by the early harvesting of the grass-fed treatments.  

Likely if these animals were allowed to finish the study and reach the initial harvest criteria, they 

would have had higher proportions of lipid.  This increased time and lipid would have effected 

all aspects of research.  This change to the proposed criteria provides, however, insight into 

grass-fed beef production in the southwestern United States.  It is highly dependent upon 

precipitation which can, on any given year, significantly alter plans by increasing time on feed 

and altering carcass characteristics.    

 Well supported are the claims of grass-fed beef being lower in overall fat.  However, this 

says nothing of the fatty-acid profile of this fat.  Also supported by this work are the claims that 

percent protein is higher in grass-fed beef.  These two factors must be weighed against the 

superior performance of grain-fed beef in all palatability attributes evaluated.   
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