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ABSTRACT 

Recent development of com having greater oil content offers the 

opportunity for added benefit to carcass and palatability characteristics of 

beef. The objective of this study was to determine if feeding high oil com to 

finishing feedlot steers had an added benefit as compared to normal mill run 

corn plus added fat. One hundred twenty Angus steers were assigned 

randomly to either Normal or High Oil treatments. Pens (12 pens per 

treatment with five steers per pen) were assigned randomly to one of the 

following dietary treatments: (1) normal based diet (NMR) of mill-run steam-

flaked corn plus added fat, (2) high oil diet (HOC) based on high oil steam-

flaked corn. On the morning of d 165, 117 of the original 120 steers were 

shipped to a commercial packing facility. At 48 h postmortem, carcass data 

was collected on all carcasses. Carcasses were then randomly selected (2 

carcasses from each pen) and 180A strip loins were collected. One steak 

was removed for retail display at d 14. Two steaks (2.5 cm thick) were 

removed from each strip loin for sensory panel analysis and Wamer-Bratzler 

Shear Force determination after 14-d aging. No treatment differences were 

observed (P > .05) between fat thickness, ribeye area, KPH, hot carcass 

weight, yield grade, and skeletal and lean maturities. Marbling scores and 

quality grades were higher (P < .05) for NMR than HOC. Overall 88% of the 

NMR steers graded Choice compared to the 84% for HOC. Sensory traits as 

well as Warner-Bratzler Shear Force determinations did not differ (P > .05). 

VI 



No significant differences were determined for purge loss, fat and moisture 

percentages, nor fatty acid analysis with the exception of linoleic acid. HOC 

had a higher level (P < .05) of linoleic acid than did NMR. Feeding high oil 

com failed to improve carcass quality, palatability, and conjugated linoleic 

acid levels. 
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CHAPTER I 

INTRODUCTION 

In recent years the deaeased market share in beef products has created 

a major concern among researchers, packers, retailers, and obviously producers. 

The loss in market share to other protein sources has been caused by several 

factors - health concerns, environmental concems, food safety issues, the lack 

of product consistency and convenience, and not economically feasible to all 

social classes of people (Bidner et al., 1986). Therefore, the industry is 

attempting to develop branded, case-ready beef products for consumers that will 

satisfy all their of needs and demands. 

The possibility of feeding high oil corn (HOC) to improve beef steak flavor, 

fatty acid profiles, and the conjugated linoleic acid levels in the product for 

improved consumer perceptions of beef has far reaching implications. Little data 

exist to reveal the impact of HOC feed stuffs on the palatability and composition 

of beef steaks. In addition to discovering these results, evaluating the carcass 

characteristics of these beef animals could result in, not only great economic 

benefits to the beef industry, but improve consumer perception by producing a 

more consistent, healthy, and affordable product. 

The objectives of this study were to determine the differences in steers fed 

high concentrate diets based on either HOC or normal mill-run corn plus added 

fat (NMR) for: (1) beef palatability traits; (2) conjugated linoleic acid levels; (3) 



fatty acid profiles; (4) retail case shelf life of beef top loin steaks; and (5) carcass 

characteristics. 



CHAPTER II 

LITERATURE REVIEW 

Overview 

Cyril Hopkins developed a seed product, known as high-oil corn (HOC), 

during the late 1800's at the University of Illinois. Because of its low yield until 

recent improvements, it has become available to producers through commercial 

seed companies only in the past five years. Cattle feeder interest in using HOC 

has steadily increased because of the high calorie density of the seed, which 

results in greater weight gain per unit of feed (Alexander, 1986). 

Typically, the crude fat percentage in HOC is approximately 7.5, as 

reported by Soderlund and Owens (1999) of Optimum Quality Grains. The 

enlarged germ of HOC contains almost all of the kernel's oil. Consequently, the 

enlarged germ replaces some of the endosperm, resulting in a lower starch 

content in HOC. With each 1 % increase in crude fat content, a reciprocal 

decrease in starch of approximately 1.3% results. The increased oil content 

provides approximately 2.25 times the energy available than starch to the animal, 

which results in energy values of HOC being 4 to 6% higher than typical com. 

High-oil corn contains slightly more crude protein (CP) than normal com, (9.83 

vs. 9.23%). Mean values for starch content are approximately 68.0% for HOC 

and 71.5% for typical com (Soderlund and Owens, 1999). 

Considering these nutritional facts, HOC can be substituted in cattle diets 

for normal corn, resulting in increased energy density of the diet, while replacing 



some or all the fat that would be added to the diet. However, protein quality of 

corn remains low with the addition of HOC (Soderlund and Owens, 1999). 

Previous research indicates that feeding HOC offers several benefits over 

corn-based diets. For example, feeding HOC has increased ADG and improved 

feed efficiency (Maday, 2000) and improved carcass characteristics such as 

higher dressing percents and an increased percentage of Choice carcasses. 

The increase in quality grade is attributed to an increase in intramuscular fat. 

Studies of beef palatability have shown that feeding HOC can improve 

tenderness and juiciness of longissimus steaks compared with normal com 

(Maday, 2000). Moreover, preliminary research suggests that feeding HOC 

produces beef longissimus steaks with higher levels of polyunsaturated fatty acid 

at the cost of saturated fatty acid, thus, resulting in a potentially healthier product 

(Maday, 2000). 

Brown et al. (1998) reported that steers fed steam-flaked HOC compared 

to typical com at a level of 57.2 kg/bu produced no differences in growth 

performance and carcass characteristics. However, when the steers were fed 66 

kg./bu. HOC compared with typical corn at 66 kg./bu., ADG tended to increase 

because of an increase in DM intake. Feed efficiencies were similar among all 

treatments. No significant differences in carcass quality measurements were 

determined among the treatments. Brown et al. (1998) concluded that HOC can 

effectively replace typical com plus 3% tallow in steam-flaked corn diets fed to 

finishing beef steers. 



In a trial conducted at the University of Idaho (Andrae et al., 1998), dry-

rolled HOC and typical dry-rolled corn were compared. Steers fed a typical com 

diet had a substantially higher DM intake than steers fed HOC or HOC diluted 

with roughage so that it would be isocaloric with the typical corn diet. No 

differences were observed for ADG, but feed efficiencies tended to be improved 

for steers fed HOC diets. Carcass quality measurements also differed from 

previous research in that carcasses of steers fed HOC had higher marbling 

scores, resulting in higher quality grades, than carcasses from steers fed typical 

com. The authors concluded that feeding HOC did not result in enhanced live 

performance, but did indeed provided great economic benefits because of the 

large price spread between Choice and Select carcasses. 

A study was conducted by Iowa State University (Trenkle, 1998) to 

compare the feeding values of HOC with typical com both with and without 

added fat. Both corn types were fed in the whole form. Live performance by 

steers fed HOC supported Brown et al. (1998), tending to have higher DM 

intakes and ADG compared to steers fed typical corn with or without added fat. 

No differences In feed efficiencies were detected among treatments. Carcass 

quality measurements of steers fed typical com plus added fat and HOC tended 

to express a greater amount of fat thickness and have a higher percentage of 

carcasses grading Choice or better (Trenkle, 1998). 

Researchers at South Dakota State University (Tollefson et al., 1999) 

compared the feeding value of whole and rolled HOC with whole and rolled 

typical corn without added fat. Cumulative ADG and feed:gain values did not 



differ between HOC and regular corn. In addition, carcass quality grade and 

marbling scores were not altered by diet. These data suggest the processing 

method of HOC is Important for optimal utilization In finishing diets for feedlot 

steers. 

The feeding trials described above support the substitution of HOC for 

typical corn and typical corn with up to 3% added fat in finishing beef cattle diets. 

The enhanced performance of HOC was most notable in trials where the corn 

was processed by dry-rolling and (or) steam-flaking. Carcass quality grade was 

not improved in all studies, nor was live performance. Further research is 

required to support the results of these studies. 

Factors Affecting Beef Palatabilitv 

Tenderness 

How is tenderness of beef muscle measured and how important to the 

beef industry is tenderness? Tenderness is measured by Warner-Bratzler shear 

(WBS) force and by trained sensory panels and (or) consumer panels, which will 

be discussed later in the materials and methods portion of this thesis. Smith et 

al. (1992) reported tendemess did not rank in the top five major concerns of beef 

quality. In fact, the overall level of uniformity in beef and excessive extemal fat 

were the two leading concerns. Miller et al. (1995) reported that a consumer's 

perception of beef steaks revolved around tendemess because it accounted for 

more than 50% of the overall acceptability rating. In recent years, beef has been 

extremely variable in overall palatability, with the greatest variable being 



tenderness. The reason a large majority of university-based research concems 

beef tenderness is because tenderness varies twice as much as flavor 

(Koohmaraie et al., 1995), and flavor can be easily influenced by cooking method 

and seasonings (NLSMB, 1995). It remains highly critical that the beef industry 

improve not only beef tendemess, but perhaps more importantly, the variation In 

beef tenderness. Improving consumers' desirable perceptions of beef steaks will 

help decrease the market share loss to other protein sources. 

Factors affecting the variation of beef tenderness have been studied for 

decades. These factors include age, breed, genetics, use of growth promotants, 

post-mortem aging, electrical stimulation, nutritional regimen, and days on a 

high- concentrate diet. Beef from younger animals is more tender than beef from 

older animals; thus as maturity inaeases, palatability decreases (Tuma et al., 

1963; Dikeman and Tuma, 1971; Smith et al., 1982). Although no one breed 

(Wheeler et al., 1996) possesses all the traits that are important to beef 

production, diverse breeding is aitlcal to utilize hybrid vigor of purebred cattle. 

Crossbreeding allows genetic potential to take advantage of feed availability and 

geographic location, as well as the diverse management and marketing systems 

adopted by the beef industry. Hilton (1999) concluded that genetic differences 

between and within breeds of cattle could be identified as a major source of 

variation in beef tendemess. This fact has provoked many researchers to 

explore numerous biological types particulariy {Bos taurus vs. Bos indicus) in an 

attempt to explain the variation in beef tendemess through crossbreeding. As 

Bos indicus influence increases, not only does beef tendemess decrease, but the 



variation in tenderness increases (Damon et al., 1960; Palmer et al., 1963). 

However, no one breed is entirely free from tough beef, just as not all Bos indicus 

cattle produce tough, unpalatable beef These data have led researchers to 

study the variation in tenderness In Bos taurus breeds of cattle (Koch et al., 

1976; Gregory et al., 1994; Wulf, 1996) showing they, too, have obtained tough 

beef from their own breeds. 

Post-mortem aging treatments have increased tenderness. Cooler aging 

has shown its greatest effect on less tender beef (Savell et al., 1981); thus, it 

remains important for the industry to identify tough beef rather rapidly. 

Commercial packing facilities and major universities are working to develop 

segregation techniques such as on-line WBS measurements, objective color 

measurements, and the traditional method of assigning USDA quality grade to 

beef carcasses to focus the attention on identifying tough beef. These 

determinations will allow commercial packers to market these less palatable beef 

products to alternative markets. Identifying tough beef will not only help control 

variability in beef tenderness, it will also result in economic benefits to the 

industry by Improving consumer perception of red meat. 

Enhancing meat tenderness has been studied as far back as Ben 

Franklin's era (Stilfler et al., 1982). Franklin recorded that killing turkeys 

electrically made them significantly more tender. This report was one of the first 

known methods of aiding meat tendemess. Modern researchers have identified 

this procedure as electrical stimulation. Electrical stimulation most commonly 

occurs after exsanguination. This method has resulted in an increase not only in 
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overall palatability of beef products, but also in tenderness (Davey et al., 1976; 

McKeith et al., 1981), with improved lean color and higher marbling scores 

(Savell et al., 1978a, b; McKeith, 1981). 

Marbling 

As beef producers continue to improve their cattle herds to produce higher 

quality, more palatable beef products, it remains imperative that the industry also 

strive to develop means of segregating animals into their respective tenderness 

groups. Since the 1960's, the USDA has utilized marbling and maturity to 

evaluate and predict beef palatability. Measures are presently under study to 

provide more accurate predictions than marbling and maturity because 

researchers report marbling accounts for no more than 10% of the variation in 

overall beef palatability (Blumer, 1963 and Campion et al., 1975). Tatum et al. 

(1982) reported that differences in marbling accounted for only 5% of the 

variation in beef tendemess. Marbling might be more of an insurance factor by 

allowing high marbled steaks and roasts to be more aggressively abused by 

diverse cooking methods, rather than an individual factor affecting palatability. 

Diet 

As consumers continue to mainstream toward a healthy, affordable, and 

palatable beef product, it is essential for the beei industry to produce leaner, yet 

highly palatable carcasses (Savell et al., 1987; Schaake et al., 1993). Managing 

feeding practices and allowing ruminant animals to utilize their greatest 



advantage in converting low-quality food sources, such as forages, into high-

quality food products is one way to provide this edible portion (Fortin et al., 1985; 

Bidner et al., 1986). Nonetheless, most data will contradict this statement by 

reporting grain-fed beef is much more desirable to consumers than forage-fed 

beef, simply because of a more desirable flavor (Reagan et al., 1977). 

Bidner et al. (1986) reported that steers finished on an all-forage or a 70-d 

grain-fed diet produced an acceptable consumer product, providing no significant 

differences in consumer panel ratings for loin, rib, or round steaks. However, 

grain-fed beef has proven time and time again to be not only more flavorful, but 

grain feeding also increases ADG, hot carcass weight, intramuscular fat 

(marbling), quality grade and palatability (Hedrick et al., 1983; Larick et al., 1987; 

Mitchell etal., 1991). 

The impact of HOC on meat quality is relatively unknown to the beef 

industry. Very little research exists on the palatability of cattle fed HOC. The 

potential for HOC to increase deposits of intramuscular fat (marbling) has lead 

many researchers to believe that HOC will increase overall palatability of beef by 

increasing tendemess and juiciness scores of beef steaks, resulting in a more 

desirable eating experience. Duckett et al. (2000) reported that longissimus 

steaks from steers fed HOC had greater juiciness and tenderness values (P < 

.02) than steaks from steers fed typical com. However, Johnson et al. (2000) 

found no treatment differences in trained sensory panel or WBS measurements 

between steers fed HOC or typical com. Thus, additional research is needed to 

support the feeding HOC as an added benefit to overall beef palatability. 
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Coniuoated Linoleic Acid 

In recent years, the increased attention conjugated linoleic acid (CLA) has 

received is because of researchers reporting the many positive health benefits 

realized by humans consuming animal tissues rich in CLA. Benefits from CLA 

include the reduction of cancerous tumors, acting as a repartitioning agent in 

favoring muscle development over fat, possible prevention of diabetes, reduction 

of atherosclerosis development and positive effects on bone formation and 

skeletal health (USDA, 1997). 

CLA is a natural derivative of the fatty acid linoleic acid and is most often 

found in food from ruminant animals. Other protein sources, such as seafood, 

poultry, and pork products as well as vegetable oils, are not notable sources of 

CLA. However, Jiang et al. (1996) found ruminants fed high energy diets and 

dried forages had considerably less CLA in their muscle tissues than animals 

raised on pasture. Based on these data, modern agricultural feeding practices 

could and will limit the abundance of CLA in animal products. In tum, feeding 

cattle high concentrate diets would limit the amount of CLA consumed by 

humans. 

CLA not only results in positive effects on the health of humans; it can also 

contribute to multiple economic benefits to producers whose animals consume 

this fatty acid. In the beginning, the high cost of synthetic CLA limited not only 

the number of trials in which animals were fed CLA in their diets, but It also 

affected the size of these trials. However, the recent large-scale commercial 
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production of CLA has made animal feeding trails economically feasible. Many 

potential health benefits are associated with feeding CLA to livestock. In tum, 

feeding CLA to livestock has created considerable interest among animal 

producers to determine if CLA can improve growth performance and carcass 

composition of these animals. 

Previous research indicates feeding 2% CLA in the diets of swine 

positively affected growth performance and improved carcass composition by 

decreasing subcutaneous fat and increasing intramuscular fat. Dugan et al. 

(1997,1999) stated that pigs fed CLA tended to decrease feed intake, had 

improved feed efficiency and similar ADG as pigs fed sunflower oil in cereal-

based diets. In 1999, Dugan et al. reported no differences in shear force values 

or palatability characteristics, but increased visual marbling scores were obtained 

between pigs fed a cereal-based diet with the addition of 2% CLA as compared 

to the addition of 2% sunflower oil. Therefore, CLA had no detrimental effect on 

pork quality. CLA also has consistently enhanced feed efficiency in mice and 

rats (Chin et al., 1994b). These consistent improvements in feed efficiency and 

decreased feed intake have caused researchers to believe either CLA has 

affected body composition, or metabolic rate was altered (Cook and Pariza, 

1998). 

These findings led us to hypothesize that the increased fat (energy) of 

HOC, could in fact, alter the fatty acid make-up of the feed consumed by feedlot 

steers. With the increased absorption of CLA In fat and muscle tissue, at the 

expense of saturated fatty acid, the beef consumed in this country may no longer 
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be feared as a non-compatible component to a healthy diet. These data should 

be the first of their kind for beef products and could cause a significantly increase 

in beef consumption in this country. This should allow beef to regain some of the 

market share lost to other protein sources such as poultry and pork. 
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CHAPTER III 

MATERIALS AND METHODS 

Angus steers (n = 120) were used to evaluate nomnal and high-oil corn in 

finishing diets. Pens (12 pens per treatment with five steers per pen) were 

assigned randomly to one of the following dietary treatments: (1) nomnal mill-run 

steam-flaked com plus added fat (NMR) or (2) high-oil steam-flaked corn (HOC). 

After d 28, 56, 84, 112,140 and 165 on feed, steers in all pens were weighed 

before the morning feeding to determine ADG and feed efficiency (Derington et 

al., 2000). 

On the morning of d 165, 117 of the original 120 steers were shipped to a 

commercial packing facility. Three animals were removed from the study 

because of lameness or illness. At 48 h postmortem, carcass data were 

collected on all carcasses. Furthermore, 180A strip loins (n = 48, 2 per pen) 

were captured, vacuum packed, boxed, and transported to the Texas Tech 

University Meat Laboratory. The strip loins were stored at 2°C for further 

processing following a 14-d postmortem aging treatment. The following analyses 

were perfomned: purge loss (percent), retail display shelf-life, Warner-Bratzler 

shear force (WBS), trained sensory panel determinations, fat and moisture 

percentages (AOAC, 1991), and fatty acid profiles (Folch et al.,1957) 
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Carcass Data Collection 

Personnel from Texas Tech University evaluated each carcass for skeletal 

and lean maturity, marbling score, USDA quality grade (QG, USDA, 1996), lean 

color score (1 = extremely dark red, 8 = extremely bright red), lean firmness (1 = 

extremely soft, 8 = extremely firm), lean texture (1 = extremely coarse, 8 = 

extremely fine), degree of dark cutter (1 = full dark cutter, 5 = no dari< cutter), and 

heat ring presence (1 = extreme, 5 = none). Additionally, carcasses were 

evaluated at the 12**" rib for preliminary yield grade (PYG), adjusted PYG 

(APYG), longissimus area (REA), kidney, pelvic, and heart fat percentage (KPH), 

hot carcass weight (HCWT) and USDA yield grade (YG, USDA, 1996). Finally, 

carcasses were selected randomly (two carcasses from each pen) and followed 

through fabrication under normal commercial packing conditions. Proper 

selection of the 180A strip loins was assured by representing each sub-sample's 

averaging marbling characteristics of the two treatment groups. 

Purge Loss Percent 

After the 14-d postmortem aging treatment, each strip loin was weighed in 

the vacuum-packed bag. The strip loin then was removed from the bag to dry for 

1 min. Purge loss percent was determined by weighing the strip loin after the 1-

min drying period. After obtaining purge loss percents, the remainder of the strip 

loins were processed into individual steaks {2.5-cm thick) and frozen at -20°C for 

further analyses, except for the retail case shelf-life steak. 
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Retail Shelf-life Evaluations 

One steak from each strip loin, 2.5-cm thick, was placed in a meat boat 

and covered with over-wrap film. This commercial style setting was located at the 

Texas Tech Meat Laboratory. The retail display-case was a coffin-style (Tyler 

Refrigeration Corp., Model DGC6, Niles Ml) and contained overtianging lights 

(Sylvania 40W, Gro-Lux, Model A858) in addition to ceiling lights (Phillips 34W, 

Watt-Saver, Model G). A measured light reading of 55 foot candles was taken at 

the meat level. Steaks were evaluated according to AMSA (1995) Guidelines for 

visual scoring of beef steaks daily for 4 d by eight trained visual panelists. The 

steaks were scored on the following attributes: beef color (1 = extremely dark 

red, 8 = extremely bright red), color uniformity (1 = uniform, 5 = extreme two-

toning/non-uniform), surface discoloration (1 = 0%, 7 = 100%, and browning (1 = 

none, 6 = dark brown). 

Wamer-Bratzler Shear Force Determinations 

All steaks were thawed ovemight to a target temperature of 3 to 5°C. One 

steak from each strip loin then was weighed before cooking and then cooked on 

a belt grill (MagiKich'n, Model MaglGrill TBG 60, Quakertown, PA). Final intemal 

temperature reached 71 °C (medium degree of doneness) for WBS 

detenninations. Steak temperatures were measured by using a (Hantover, 

Model TM99A-H) meat themnometer. Following cooking, steaks were weighed 

to determine cooking loss and then chilled at 4°C for 24 h. Six, 1.3-cm-diameter 

cores were taken from each steak parallel to the muscle fiber orientation. The 
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cores then were sheared perpendicular to the muscle fibers with a Salter Shear 

Machine (Model 9406482, G-R Electric Mfg. Co.) and WBS values were 

expressed in kilograms. The six values were averaged to verify the shear force 

value of each steak. 

Trained Sensory Panel Evaluations 

All steaks were thawed and cooked following the same procedure 

described above for the WBS analyses. One steak, from the same location of 

each strip loin was used to determine sensory attributes. The steak was cooked 

to a medium degree of doneness (71 °C), sliced into 1-cm^ pieces, and placed in 

a pre-warmed pan, filled with sand, followed by storage in an Ultasham until time 

of serving. Under red lights, to provide the necessary masking for degree of 

doneness, eight trained sensory panelists (Cross et al., 1978) were served the 

steaks. The panelists scored steaks (AMSA, 1995) for the following attributes: 

initial and sustained juiciness (1 = extremely dry, 8 = extremely juiciness), initial 

and sustained tenderness (1 = extremely tough, 8 = extremely tender), flavor 

intensity (1 = extremely bland, 8 = extremely intense), beef flavor (1 = extremely 

uncharacteristic of beef flavor, 8 = extremely characteristic of beef flavor), and 

overall mouthfeel (1 = extreme non-beef-like mouthfeel, 8 = extreme beef-like 

mouthfeel). 
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statistical Analyses 

Data were analyzed by using GLM procedures with least squares model 

(SAS, 1998) that included the fixed effect of treatment (NMR, HOC). Mean 

separation for all analyses was performed using the PDIFF option (pair-wise t-

tests) of SAS (a = .05). A frequency table was constmcted to determine the 

number of carcasses that would qualify for a Certified Angus Beef Program and 

Chi-square (SAS, 1998) analysis was used to determine if frequencies were 

different. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

No differences (P > .05) were found in fat thickness, longissimus area, 

KPH, HCW, yield grade, lean color, texture, or firmness between carcasses from 

cattle fed NMR or HOC (Table 4.1). However, marbling scores were higher (P < 

Table 4.1. Means and standard errors of carcass yield and quality 
characteristics by treatment 

Number 

Hot carcass weight, kg 

Longissimus area, cm^ 

KPH, % 

Fat thickness, cm 

USDA yield grade 

Marbling score*' 

Lean color*̂  

Lean texture® 

Lean firmness^ 

Normal mill run com 

58 

366 (9.5) 

91.6 (.12) 

2.0 (.06) 

1.72 (.04) 

3.26 (.08) 

478''(10.6) 

6.7 (.20) 

7.1 (.14) 

7.5 (.10) 

High oil corn 

59 

362(9.1) 

89.6 (.15) 

2.0 (.05) 

1.65 (.18) 

3.33 (.07) 

440' (7.6) 

6.7 (.17) 

7.0 (.17) 

7.3 (.12) 

'•''Means in a row with different superscripts differ (P < .05). 
^Slight°° = 300; Small°° = 400. 
""l = extremely dark red; 8 = bright cherry red. 
M = extremely coarse textured; 8 = extremely fine textured. 
H = extremely soft; 8 = extremely firm. 
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.05) for carcasses from cattle fed NMR than for cattle fed HOC (Small̂ ^ vs. 

Small"^). These results support the findings of Andrae et al. (1998) in that no 

differences were observed between treatments for all carcass traits with the 

exception of martDling scores. Andrae et al. found that feeding HOC produced 

higher marbling scores, resulting in higher quality grades. Trenkle et al. (1998) 

reported no differences between any carcass quality measurements for 

treatments that included HOC, and typical com with and without added fat (P > 

.05). Tollefson et al. (1999) observed no significant differences in carcass 

characteristics as a result of feeding HOC, with the exception of KPH. 

The percentages of carcasses by quality grade are shown in Table 4.2. 

Cattle fed NMR produced a greater (P < .05) number of carcasses grading 

Average Choice or higher compared with carcasses from cattle fed the HOC diet. 

Consequently, HOC had a significantly lower number of carcasses eligible for the 

Table 4.2. Percentages of carcasses of each USDA quality grade 
by treatment 

Quality Grade Normal mill run corn High oil corn 

Number 

High Choice, % 

Average Choice, % 

Low Choice, % 

Select, % 

Standard, % 

58 

12.1 

25.8 

50.0 

10.3 

1.8 

59 

1.7 

17.0 

66.1 

15.2 

0.0 
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Certified Angus Beef Program. In this case, feeding NMR led to large economic 

benefits for not only the commercial packer, but the producer as well. On a 318-

kg carcass, a value of $42 per animal would be added by feeding NMR. 

Therefore, for HOC to be an altemative to NMR (vs.) HOC, other added benefits 

must be obtained through improvements in feedlot performance or healthiness of 

beef products. 

Retail shelf life evaluations were conducted for 4 d on color, color 

uniformity, surface discoloration, and browning. No significant differences were 

observed (Table 4.3). These data contradict the findings of from Johnson et al. 

(2000) in that rate of discoloration was slower (P < .05) in samples from steers 

fed HOC as compared to typical com or HOC fed at a level isocaloric to typical 

corn. Steaks from these treatment groups showed little surface discoloration and 

exceptional color scores after 4 d in the retail-display case. This could be why 

HOC failed to extend the shelf-life of these particular steaks. Furthermore, no 

differences (P > .05) were detected for moisture and fat percentages of raw 

muscle. Finally, purge loss between treatments revealed no significant 

differences. 

No differences for WBS shear force, cooking loss, initial or sustained 

juiciness, initial or sustained tenderness, fiavor intensity, beef flavor or overall 

mouthfeel were observed between treatments (Table 4.4). Also, Johnson et al. 

(2000) found no significant differences for trained sensory panel or WBS shear 

force measurements. These data differ from the findings of Duckett et al. (2000) 

who reported that steaks from steers fed HOC had greater juiciness and 
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tenderness (P < .02) scores compared with typical corn. The WBS shear force 

values tended to be lower for steers fed HOC (P < .06). 

Table 4.3. Means and standard errors of steaks during 4 d of retail case 
display by treatment 

Attribute 

Number 

Beef color" 

Color uniformity'' 

Surface discoloration^ 

Browning*̂  

Day 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

Normal mill run com 

24 

7.0 (.13) 

6.2 (.16) 

5.3 (.19) 

5.0 (.14) 

1.1 (.04) 

1.3(.11) 

2.0 (.15) 

2.4 (.12) 

1.1 (.03) 

1.3(.11) 

2.3 (.20) 

2.5 (.16) 

1.0 (.01) 

1.2 (.08) 

1.9 (.13) 

2.8 (.18) 

High oil com 

24 

6.8 (.16) 

6.2 (.15) 

5.4 (.22) 

5.2 (.16) 

1.1 (.04) 

1.2 (.06) 

2.0 (.15) 

2.2 (.14) 

1.1 (.03) 

1.3 (.07) 

2.0 (.18) 

2.2 (.13) 

1.1 (.05) 

1.2 (.05) 

1.9 (.14) 

2.5 (.21) 

*Beef color: 8 = extremely bright cherry-red; 1 = extremely 
"Color uniformity: 1 = uniform; 5 = extreme two-toning. 
^Surface discoloration: 1 = 0%; 7 = 100%. 
^Browning: 1 = none; 6 = dark brown. 
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Table 4.4. Means and standard errors of WBS values and sensory panel ratings 
for steaks by treatment 

Attribute 

Number 

WBS, kg 

Cooking loss, % 

Initial juiciness' 

Sustained juiciness' 

Initial tenderness" 

Sustained tendemess" 

Beef flavor intensity*' 

Beef flavor characteristic** 

Overall mouthfeel® 

Normal mill run corn 

24 

2.9 (.09) 

16.9 (.32) 

6.2 (.12) 

6.4 (.12) 

6.5 (.14) 

6.5 (.17) 

6.3 (.08) 

6.5 (.09) 

6.5 (.11) 

High oil corn 

24 

2.9 (.10) 

17.1 (.27) 

6.3 (.12) 

6.5 (.13) 

6.5 (.15) 

6.4 (.19) 

6.3 (.11) 

6.4 (.13) 

6.5 (.12) 

'1 = extremely dry; 8 = extremely juicy. 
"l = extremely tender; 8 = extremely tender. 
*'1 = extremely bland beef flavor; 8 = extremely intense beef flavor. 
**1 = extremely uncharacteristic beef flavor; 8 = extremely characteristic beef flavor. 
®1 = extremely uncharacteristic of beef; 8 = extremely characteristic of beef 

Mean percentages for fatty acids by treatment are listed in Table 4.5. No 

significant differences were detemriined for fatty acids with the exception of 

linoleic acid. A higher percentage of linoleic acid (P < .05) was found in the raw 

muscle samples for HOC than NMR. This finding may result from the overall 

percentage of linoleic acid found in each of the diets. HOC contains almost twice 

the amount of oil as compared to typical com. Thus, HOC could possibly have a 

greater amount of linoleic acid at the expense of other fatty acids such palmitic 
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acid. Palmitic acid is a saturated fatty acid and a shift of .6 % was detected 

between the two treatments. Therefore, the .5 % difference of linoleic acid might 

result from the addition of tallow to the NMR diet. These data support McGuire et 

al. (1998) In that an increase in linoleic acid failed to increase the CLA content In 

beef muscle. 

Table 4.5. Means and standard errors of fatty acids (wet weight basis) by 
treatment 

Fatty Acid 

Number 

Myristate, % 

Myristoleate, % 

Palmitate, % 

Palmitoleate, % 

Stearate, % 

Oleate, % 

Vaccenate, % 

Linoleate, % 

Conjugated Linoleate, % 

Other, % 

Normal mill run com 

23 

3.3 (.08) 

1.1 (.16) 

27.6 (.20) 

3.2 (.08) 

14.4 (.28) 

36.8 (.56) 

0.8 (.14) 

3.6'(.16) 

<0.1 

9.2 (.50) 

High oil corn 

24 

3.2 (.07) 

1.3 (.12) 

27.0 (.31) 

3.0 (.06) 

14.3 (.27) 

36.8 (.53) 

0.9 (.12) 

4.1"(.17) 

<0.1 

9.4 (.52) 
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CHAPTER V 

CONCLUSION 

High-oil corn failed to improve beef quality, palatability, shelf-life traits, and 

fatty acid composition of beef top loin steaks as compared to NMR. The 

population of these particular animals were superior to most pens of cattle. 

Excellent scores were observed continuously in all categories of evaluation for 

cattle and their carcasses of both treatment groups. These scores led us to 

believe It would be difficult for HOC to provide any added-benefit to groups of 

cattle who will perform extremely well from the beginning. Although no added-

benefit was determined for feeding HOC, no detrimental effects on beef 

palatability, shelf-life traits, and fatty acid composition were observed. NMR did 

reveal higher marbling scores (P < .05), resulting in greater economic benefits for 

the cattle grading in the upper two-thirds of the Choice grade. An added-value 

of $40.00 per animal was gained by feeding NMR in the diet. No added-benefits 

were discovered in fatty acid composition to increase the healthiness of these 

beef products. Conjugated linoleic acid (CLA) levels were not present in any raw 

muscle samples. Therefore, an increased percentage of roughage to the diet or 

the direct addition of CLA to the diet may need to be considered before this fatty 

acid is present in muscle tissue . Finally, additional feeding trials with multiple 

breed types and a greater number of cattle per treatment should be considered 

to ultimately determine the significance of HOC In the diets of finishing feedlot 

cattle. 
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APPENDIX A 

FOLCH FATTY ACID PROCEDURE 
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Folch Fatty Acid Extraction 

1. Extraction of Total Lipids 
a. Weigh 1 g raw muscle and add to a labeled 50-mL tube 

(plastic/glass). 

b. Add 5.0 mL of chlorofonn:methanol (CHCI3CH3OH, 2:1, vol/vol). 

c. Homogenize each sample with Polytron homogenizer on medium 
setting for -30 sec. After homogenization, rinse the probe with 
CHCl3:CH30H until there is a final volume in the tube of 15 mL. 

Rinse probe in warm water. Spray with clean water into waste 
beaker. 
Rinse with CHCl3:CH30H into another waste beaker. Dry probe 
with kim-wipes. 

d. Let sample sit for 30 min to extract lipids. 

e. Filter homogenate through sintered glass filter funnel (or Whatman 
filter apparatus using 2.4 cm GF/C filters) into a second 50-mL 
centrifuge tube. 
Rinse 1** tube 2 to 3 times withCHCl3:CH30H. 
Also rinse filter funnel 2 to 3 times with CHCl3:CH30H. 

f Q.S. filtered homogenate to a convenient volume (20 to 30 mL). 

g. Add 8 mL of 0.74% ut/vol KCI and vortex 1 minute. 

h. Let sit 2 h to separate phases or cap with nitrogen, seal tube, and 
let sit in walk-in refrigerator overnight. 

i. Carefully remove the upper phase and discard. If you want to stop 
at this point, then flush with nitrogen, cap, and store at -20°C. 

j. Transfer all the lower phase to a 20-mL glass tube. Rinse the 50-
mL tube 2 to 3 times with CHCl3:CH30H into the glass tube. 

k. Evaporate the sample to dryness with nitrogen using the N-Vap. 
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2. Saponificafion and Methylation of Lipids 

a. Add 1 mL of 0.5 N KOH in MeOH; heat in 70°C bath for 10 min. 

b. Add 1 mL of 14% ut/vol BF3 in MeOH; flush with N2; loosely cap; 
place in 70°C water bath for 30 min. 

This procedure saponifies the lipids, i.e., it liberates the fatty acids 
from the glycerides. The acid group is methylated in the process, 
removing the net negative charge of this group. 

c. Remove the tubes and allow them to cool. 
Add 2-mL of HPLC-grade hexane and 2-mL of saturated NaCI; 
vortex for 1 min. 

d. Remove the upper hexane layer with transfer pipette. Place the 
hexane layer in a 20 mL tube with 800 mg Na2S04. Add 2 more mL 
of hexane to the tube with saturated NaCI, vortex, allow to settle, 
and pipette the upper hexane layer into the 20 mL tube with 
Na2S04. Now a total of 4 ml of hexane remains in the tube. Vortex 
this tube briefly. The Na2S04 removes any moisture from the 
hexane. 

e. Pipette the hexane into a labeled scintillation vial. 

f Add 1 mL of hexane to the 20-mL tube that contains Na2S04. 
Vortex. Then transfer this hexane to the scintillation vial. 

g. Evaporate the hexane completely with the N-vap. 

h. Reconstitute the lipid with the appropriate amount of hexane to 
obtain approximately 50 mg/mL. 

Pipette 400 .̂L of this solution into a 2 mL auto sampler vial containing 
1.6 mL of HPLC-grade hexane. Inject 0.5 tol .0 îL into the GC. 
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APPENDIX B 

INGREDIENT COMPOSITION OF THE EXPERIMENTAL DIETS 
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APPENDIX C 

COOKING DATA FORM 
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APPENDIX D 

SENSORY PANEL EVALUATION FORM 
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Name 

Beef Sensoiy Evaluation Form 

Date Time am/pm Project, 

miumnj^ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

JUICINESS 

•NiTIAL SUSTAINED 

TCNbEftHESS 

MIUL SUSTAlNEb 

kEEP. 
FLAVOR 

MTEKSHV 

BEEF 

lUVOli 

OVEItALL 

M6UYW£EL 

m. -
FtAVM ~ 

Oflf-flavor Qiaracteristic Descriptions (Burnt. Chared. Metallic. Liverv. ^^eriimiY) 

Jakfaiess Teademcss Beef Flavor Intensltv 
SExbcoietyJuicy 
TVoyjulcy 
6 Moderatety jo i^ 
S SUgfatfy Jofcy 
4 Slightly diy 
3 Moderate^ diy 
2Vciydiy 
1 Exbtmely diy 

Beef Flavor 

5 Extremety tender 
7 Veiy tender 
6 Modentely tender 
SSIigbtly leader 
4SUghtfyloagii 
3 Moderately toogh 
2Vcfytoagh 
1 Extremely tough 

OvertH Beef Montfafed 

8 Extremely fattense 
7 Veiy intense 
6 Moderately faitense 
5 Slightly faitense 
4SUibtIybland 
3Moderatdybbuid 
2Vetybland 
1 Extremely blandV 

Off-flavor 
5 Extremely characteristic beef flavor 
7 Vciy characteristic beef flavor 
6 Moderate^ characteristic beef flavor 
S Slightly characteristic beef fiavor 
4 Slightly uncharacteristic beef flavor 
3 Modertfely uncharacteristic beef flavor 
2 Veiy uncharacteristic beef flavor 
1 Extremety uncharacteristic beef flavor 

5 Exticmely beef-Uke mouthfeel 
7 Very beef-Uke moutfifeel 
6 Modertfefy beef-Uke moudifeel 
S SUghtfy beef-Uke moudifeel 
4 Slightly non4)eef-UkB moudifeel 
3 Moderately non-beef-like'mouthfeel 
2 Very non-beef-Uke mouthfeel 
1 Extremely non-beef-like mouthfeel 

1 None 
2 SUght Off-flavor 
3 Moderate Off-flavor 
4 Very Off-flavor 
5 Extremely Off-flavor 
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APPENDIX E 

RETAIL DISPLAY EVALUATION FORM 
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BEEF COLOR EVALUATION 

Project. _ Name Date 

Beef Color 
SsExlremely Bright CheoY Red 
7=Verv Bright Chenv Red 
6=Moderately Cheny Red 
5=SHahtlv Briflht Chenv Red 
4«SliahtlvDaricBromi 
3»Moderately Darti Brown 
2=Verv Dart( Brown 
1 ̂ Extremely Darti Brown 

Color Untformity 
5=Extrem€ two-toning 
4=Moderate two-toning 
3=Snui!l two-toning 
Z^SIight two-toning 
1=Unlfonn 

Surface 
Discoloration 
7=100% 
6=80-99% 
5=60-79% 
4=40-59% 
3=20-39% 
2=10-19% 
1=0% 

Browning 
6=Dari( brown 
5=Light brown 
4-Brownish-gray 
3=Grayish 
2=Dun 
1=None 

No. Color Unlf Disc Brown No. Color Unif Disc Brown 
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