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ABSTRACT 

 

 

The objectives of this study were to investigate the different characteristics of the 

newly introduced breed, Waguli (Wagyu x Tuli) when comparing it with the Brahman 

breed. Twenty-four animals were used. Six steers of each breed were fed 94% 

concentrate diet (94C) and the other six were fed 86% concentrate diet (86C). Eight 

steers, two from each group, each were harvested at 128 days, 142 days, and 156 days on 

feed.  

Feedlot performance data indicated that Waguli steers were highly efficient (P < 

0.05) and gained more than Brahman steers on a daily basis (P < 0.05). There were no 

breed, diet or days on feed effects regarding serum urea nitrogen, but there was a 

significant interaction between breed x diet and between breed x days on feed (P < 0.05).  

Carcass characteristic data showed that Waguli steers have larger ribeye area with 

more 12th rib fat thickness, marbling score and higher quality grade (P < 0.05). Moreover, 

there was a significant difference in carcass protein percentage over the Brahman (P < 

0.05). 

It is well known that Wagyu is a highly marbled and tender Japanese breed. It was 

found that the reason for the Waguli tenderness and low shear force values to be the low 

level of calpastatin activity (P < 0.05), the inhibitor of the postmortem proteolytic 

enzyme-calpain. While the toughness of the Brahman meat was due to the high level of 

calpastatin activity. The calpain activity did not differ between the two breeds. Shear 
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force values agreed with the calpain and calpastatin activities data, in which the Waguli 

steaks showed less shear force values at day 7 and 10 postmortem than the Brahman 

steaks (P < 0.05). However, at day 14 postmortem there was no difference in shear force 

values between the two breeds (P < 0.05).  

Fatty acid data analysis indicated that Waguli steers had a profile with less 

saturated fatty acids (SFA) in intramuscular (C17:0) and subcutaneous fat (C14:0 & 

C16:0) than Brahman steers. However, Brahman steers had less C22:0 in intramuscular 

(i.m.) fat and less C18:0 in subcutaneous (s.c.) fat than Waguli steers. Also, Waguli steers 

showed more unsaturated fatty acids (UFA) content (C18: 2, C18: 2c9t11, C18: 2c10t12, 

C18: 2c12t10, C18: 3, C20: 3, C20: 4, C20: 5, C22: 1, C22: 2, C22: 4, C22: 3& C22: 6) 

than those in Brahman steers in i.m. fat compartment. Brahman steers possessed more 

C14: 1& C18: 1c9 than Waguli steers in i.m. fat. On the other hand, in s.c. fat, Waguli 

steers had more mono- (C11: 1, C12: 1, C13: 1, C14: 1& C20: 1) and polyunsaturated 

fatty acids (PUFA) than Brahman steers (C18: 2c12t10, C18: 2c9t11, C20: 2& C20: 5). 

Brahman had more C22: 1, C22: 2& C 18: 1c9 than Waguli steers in subcutaneous (s.c.) 

fat. Looking at the ratio of unsaturated fatty acids (UFA) to saturated fatty acids (SFA), it 

is observed that Waguli steers had a greater ratio than Brahman steers.  

To our knowledge this is the first report to show a favoring effect of Waguli breed 

regarding UFA content. In addition, these data might impact the choice of breed with 

respect to the beef consumer preference and health prospective.  
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Beef consumers have health related concerns about beef in part due to the high 

content of SFA, which increase cholesterol level in the blood and the low content of 

UFA, which decrease cholesterol level in the blood.  

In conclusion, Waguli steers produce tender meat with good marbling ability, 

which likely to satisfy the consumers demand. In addition, they have a desirable average 

daily gain and feed efficiency with high polyunsaturated fatty acids comparatively with 

Brahman steers.     
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1. INTRODUCTION 

 

1.1 Problem Definition 

 

Satisfaction of beef consumers from both the eating quality and health 

consciousness views is an important goal to achieve. Tenderness and the related 

palatability is a central consumer perception. In addition, the health concerns of beef 

consumers regarding consumption of more unsaturated fatty acids rather than saturated 

fatty acids is increasing. In an attempt to find a breed that possesses superior meat quality 

with heat tolerance to adapt in southwest USA, and to investigate its different fatty acids 

profile; Waguli breed has been developed at The University of Arizona V-V ranch, near 

Camp Verde, Arizona. This was achieved by crossing the Japanese Wagyu breed with the 

South African Tuli breed.  
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1.1.1 Objectives of the Current Research  

 

The main objectives of the current research were to 1) investigate the feedlot 

performance including serum urea nitrogen concentration of the Waguli and Brahman 

steers, 2) investigate the different carcass characteristics and composition of both breeds, 

3) Answer the question regarding tenderness of Waguli meat and toughness of Brahman 

meat “Is the tenderness Waguli meat due to high calpain activity or low calpastatin 

activity?” likewise, for the Brahman “Is the toughness of Brahman meat due to high 

calpastatin activity or low calpain activity?” and 4) Determine the fatty acids profile of 

subcutaneous and intramuscular fat in both breeds. 
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1.2. Literature Review  

 

1.2.1. Overview of Wagyu breed 

 

The word Wagyu refers to all Japanese beef cattle where 'Wa' means Japanese or 

Japanese-style and 'gyu' means cattle (http://www.ansi.okstate.edu/breeds/cattle/wagyu).  

In Japan, producers use different management procedures than what we use in the USA. 

Most cattle in Japan are essentially on feed all of their lives because grazing land is not 

available. So, cattle are raised in total confinement from birth to slaughter. Cattle are 

often fed a finishing diet for at least 16 months and are 30-34 months of age in the case of 

steers and up to 46 months old for heifers prior to slaughter. Because cattle are fed so 

long, and particularly in summer months when the interaction of fat cover, temperature 

and humidity depresses feed intake, many cattle go off feed. When this happens, beer is 

fed to the cattle to stimulate appetite. They merely feed beer as part of an overall 

management program designed to keep the cattle on feed 

(http://www.briggsranchgenetics.com).  

Also, cattle are sometimes massaged in Japan.  It is a practice required 

occasionally for cattle that are tied in one place for months and have no opportunity to 

exercise. The massaging is done to make the animal more comfortable and relieve stress 

due to stiffness that can result from inactivity. Cattle often become so lethargic that they 

will not get up and eat without coaxing. The massaging prolongs the length of time that 

http://www.briggsranchgenetics.com/
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cattle can be fed before they go to slaughter and thereby increases fat deposition 

(http://www.briggsranchgenetics.com).  

Brushing cattle with beer or sake is another practice, as Japanese producers 

believe that hair coat and softness of skin are related to carcass quality in Wagyu cattle. 

Consequently, judges at livestock shows in Japan, place considerable emphasis on hair 

coat in the ranking of fed cattle. Thus, brushing the hair coat with sake improves the 

appearance and softness of the animal's hair coat and is therefore of economic importance 

in show cattle (http://www.briggsranchgenetics.com). In 1976, two Japanese Black and 

two Japanese brown sires were imported into the United States from Japan. The bulls 

were mated to Angus and other breeds of cows. Consequently, the American Wagyu is 

really a hybrid of Japanese Black and Japanese Brown 

(http://www.briggsranchgenetics.com).  

Moreover, beef breeds such as Japanese Black and Japanese Brown, which are 

known as Wagyu, have a unique fat deposition pattern characterized by a greater extent 

of marbling (Lunt et al., 1993). Also, it has been reported that Japanese breeds had 

greater carcass fat proportions and lesser carcass lean and bone proportions than 

Holsteins (Ozutsumi et al., 1984) .A study conducted at Washington State University 

(Xie et al., 1996) showed that Wagyu-sired steers had more marbling and less external fat 

than Angus-sired steers and there is the possibility to select for improved marbling using 

the Wagyu breed. It has been reported that American Wagyu beef was more palatable 

than Angus and Longhorn beef (Busboom et al., 1993). 

http://www.briggsranchgenetics.com/
http://www.briggsranchgenetics.com/
http://www.briggsranchgenetics.com/
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Marbling is an important factor in determining quality grade, carcasses with 

inadequate marbling result in two ways loss. One is a monetary loss, when the carcass 

does not grade USDA Choice or Prime. The other is inadequate marbling which affects 

eating quality and consumer satisfaction (Smith, 1995). Wagyu cattle are characterized 

by their genetic capability to produce highly palatable meat via depositing high amounts 

of intramuscular fat (Kuber et al., 2004; Lunt et al., 1993; May, 1993; Mir et al., 1999a; 

Mir et al., 2002; Yamazaki, 1981). Moreover many research studies have emphasized the 

low shear forces values of the longissimus muscle (high tenderness), high quality (USDA 

choice) and yield grade (1 and 2) of Wagyu carcasses (Kuber et al., 2004; Wheeler et al., 

2004). Myers et al., (1999) documented that Wagyu crossed steers had a 76-unit-higher 

marbling score than Angus crossed steers and Pitchford et al., (2002) found that ribeye 

area from carcasses of Wagyu-sired steers had a greater percentage of intramuscular fat 

than that of Hereford sired steers. In order to reach these high levels of marbling, the 

Japanese utilize a unique management system, as we mentioned earlier, and the animals 

are fed for an extended period of time (552 days). Therefore, Wagyu genetics may be the 

final ingredient needed to develop a type of animal that will perform efficiently, improve 

consistency, and maintain uniformity (Elias Calles et al., 2000).   
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1.2.2. Overview of Tuli breed  

 

 Tuli is a pure African Sanga breed classified as Bos Taurus. It has been 

developed from crosses between Zebu and Bos Taurus cattle thousands of years ago in 

Africa. In its origin, it showed high fertility and maternal performance (Oliver, 1983; 

Schoemasn, 1989). So, Tuli breed is comparable to the Brahman in its environmental 

characteristics such as heat tolerance, parasite resistance and foraging ability 

(http://www.briggsranchgenetics.com). In addition, it is characterized by early maturing 

traits with maternal superiority (Holloway et al., 2002). 

 

1.2.3. Overview of Brahman breed 

 The Brahman breed originated from Bos Indicus cattle originally brought from 

India. Through centuries of exposure to inadequate food supplies, insect pests, parasites, 

diseases and the weather extremes of tropical India, the native cattle developed some 

remarkable adaptations for survival (http://www.ansi.okstate.edu/breeds/cattle/brahman/).  

All the Bos Indicus cattle are characterized by a large hump over the top of the 

shoulder and neck. Spinal processes below the hump are extended, and there is 

considerable muscular tissue covering the processes. The other characteristics of these 

cattle are their horns, which usually curve upward and are sometimes tilted to the rear. 

Their ears, which are generally large and pendulous, and the throatlatch and dewlap, have 

a large amount of excess skin that help with heat dissipation. They also have more highly 
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developed sweat glands than European cattle (Bos Taurus) and so can perspire more 

freely. Bos Indicus cattle produce an oily secretion from the sebaceous glands, which has 

a distinctive odor and is reported to assist in repelling insects 

(http://www.ansi.okstate.edu/breeds/cattle/brahman/). Brahman cattle have favorable 

environmental characteristics such as heat tolerance, parasite resistance and foraging 

ability (http://www.briggsranchgenetics.com). 

 

1.2.4. Feedlot performance 

The goal to improve production efficiency have immediate the beef cattle industry 

and researchers to assess the performance of various genotypes of cattle and methods of 

production that result in higher quality meat. Feeding grain diets to cattle result in more 

tender, flavorful and juicy meat than that from forage-fed cattle. Steers fed concentrated 

diet exhibited an average daily gain that was 0.85 kg/d higher than steers fed on 

pasture(Myers et al., 1999). A study conducted a 194 day feeding trial to compare the 

feedlot performance of 205 day old calves placed directly on a high concentrate finishing 

diet with calves allowed a growing period of 76 days before being placed on the finishing 

diet. At the end of the 76 days growing period, the steers on the high- concentrate 

finishing diet were 19.5 kg heavier and had gained 0.28 kg/d more than the steers on the 

high roughage grower diet (Lancaster et al., 1973). Myers et al., (1999) tested the effect 

of breed type on steers’ performance and found that steers (3/4 Simmental × ¼ Angus) 

were 18 kg heavier than the steers (3/4 Angus × ¼ Simmental) without difference 

http://www.briggsranchgenetics.com/
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between steers (3/4 Angus × ¼ Simmental) and steers (1/2 Wagyu × ¼ Angus × ¼ 

Simmental). In the same study, researchers concluded that no differences existed between 

breed types for the number of days on feed (Myers et al., 1999).  

   Different opinions in the literature exist regarding days on feed. For example, 

only approximately 65 days on feed were needed for purebred Angus steers to reach 

Choice grade (Greene et al., 1989). Whereas, 210 days were necessary for purebred 

Hereford steers fed 80 % concentrate diet to reach Choice (Zinn et al., 1970). Moreover, 

days on feed to reach slaughter end point for Angus steers was greater than for Brahman 

crossbred groups (Huffman et al., 1990). In a study comparing percentage Brahman and 

Angus breeding, researchers found that ½ Brahman and ¾ Brahman were heavier at the 

time they were placed in the feedlot, had heavier final feedlot weights, and consumed 

more feed per day than the Angus and ¼ Brahman steers (Huffman et al., 1990). Others 

reported that Angus steers had greater average daily gain and spent fewer days in the 

feedlot than Brahman steers did (Adams et al., 1982).  

Another study was conducted to compare feedlot performance between Angus 

cross and Wagyu cross-heifers and calves (Wertz et al., 2002). In this study, Wagyu cross 

calves were heavier than Angus calves, but less efficient gains for Wagyu calves than 

Angus calves were reported. Also, among early weaned, concentrate fed steers, Wagyu-

cross steers tended to be less efficient than British crossbred steers (Myers et al., 1999). 

Moreover, many researches compared feedlot performance between Brahman-sired steers 

and Tuli-sired steers (Cundiff et al., 1994; Franke, 1997; Herring et al., 1996) and they 
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addressed the fact that Tuli-sired steers had lower feedlot daily gains and smaller 

slaughter weights than steers by Brahman sires.  

 

1.2.5. Serum urea nitrogen 

 

 Blood metabolite concentrations fluctuate with nutritional status, and efforts have 

been made to utilize these fluctuations as indicators of the adequacy of feeding 

management (Blowey et al., 1973; Russel and Wright, 1983). Thus, monitoring of serum 

urea nitrogen (SUN) is a tool that can be used for determining protein and energy status 

in cattle (Hammond et al., 1993). Also, SUN can be used as the mirror that reflects the 

changes in the rumen as it is highly correlated to ruminal ammonia (Hammond, 1983a; 

Hennessy and Nolan, 1988; Thornton, 1970).  

When the energy level is kept constant in the diet, increasing dietary protein 

increases SUN concentrations (Hammond, 1983a). Mean SUN concentrations increased 

from 2.6 mg/dl to 11.1 mg/dl as dietary crude protein increased from 6 to 18 % of the diet 

(Hammond, 1983a). For growing steers, SUN levels between 11 and 15 mg/dl were 

associated with maximum rates of gain (Byers and Moxon, 1980). While, for finishing 

steers, maximum performance was associated with SUN concentrations of 7 to 8 mg/dl 

(Preston et al., 1978).  

Increasing dietary energy intake while keeping protein intake constant would be 

expected to decrease SUN (Chase et al., 1993). At high level of energy intake SUN 

averaged 5.6 mg/dl and at low level of energy intake SUN averaged 19.7 mg/dl. Low 
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SUN concentration was associated with more efficient use of nitrogen in the rumen 

(Thomas and Kelly, 1976). Moreover, reduction in SUN concentrations has been 

associated with augmentation in animal performance (Kennedy and Siebert, 1972). 

Lower concentrations of SUN in Hereford cows compared to Senepol cows (Hammond, 

1992) and lower concentrations of SUN in Angus bulls compared to Senepol bulls (Chase 

et al., 1993) suggests differences in protein utilization between breeds.  

Other researchers observed lower concentrations of SUN in Hereford compared to 

Brahman cattle (Hunter and Siebert, 1985), lower SUN in Angus compared to Brahman 

(Olbrich, 1996), and lower SUN in Angus × Hereford cattle compared to Brahman 

crosses (Coleman and Frahm, 1987). A higher plasma urea nitrogen in tropical breeds, 

Brahman and Senepol than those of temperate Angus bulls was documented (Valencia et 

al., 2001). In a study comparing Japanese Black, Japanese Brown and Holstein steers, 

gradual increase in urea nitrogen by time was observed and it seemed to reflect the 

surplus of substrate for protein metabolism as the fattening process progressed 

(Matsuzaki et al., 1997). 

  

1.2.6. Carcass characteristics 

The society is becoming more health conscious, consequently, current beef 

consumers tends to shift toward the consumption of leaner beef and beef products. 

However, at the same time, they do not want to sacrifice eating quality (Savell et al., 

1987). Therefore, the ability to produce palatable healthy meat is a challenging task to 

achieve. Days fed (Dolezal et al., 1982a; Tatum et al., 1980; Zinn et al., 1970b) and 
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subcutaneous fat thickness (Dolezal et al., 1982b; Tatum et al., 1982) are traits that have 

been associated closely with beef palatability, especially tenderness. The effect of fat 

deposition on meat tenderness has been the spotlight of many discussions. As the animal 

grows, fat is deposited subcutaneously and intermuscularly first, which insulates muscles 

from the effects of refrigeration and consequently prevent “cold-shortening” which 

induces toughness. Then, fat is deposited intramuscularly (marbling) in the perimysial 

connective tissue.  

A dilution of fibrous connective tissue by deposited fat decreases the resistance to 

shearing or chewing resulting in a low shear force values and palatability due to 

tenderness (Moloney et al., 2001). Brahman cattle have been known to assess low carcass 

quality traits, mainly marbling (Adams et al., 1982; Butler et al., 1956; Carpenter et al., 

1961; Cole et al., 1963; Crockett et al., 1979; Crouse et al., 1989; Cundiff et al., 1993; 

Huffman et al., 1990; Koch et al., 1982; Peacock et al., 1979; Whipple et al., 1990; 

Young et al., 1978). The reduction in marbling scores is directly related to the negative 

reputation of Brahman breed due to tenderness problems (Johnson et al., 1990a). 

Marbling scores decreased linearly with increasing percentage of Brahman breeding 

(Pringle et al., 1997). Also, Casas and Cundiff, (2003) showed that animals with 

Brahman inheritance had lower marbling when compared with British breeds.  

On the other hand, others have found higher marbling score for Tuli-sired than for 

Brahman-sired steers (Cundiff et al., 1998; Franke, 1997; Herring et al., 1996). Wagyu 

breed is well known for its marbling ability (May, 1993; Mir et al., 1999a; Mir et al., 

2002; Yamazaki, 1981) as compared to their Angus contemporaries (Lunt et al., 1993; 
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Wertz et al., 2002) or Wagyu × Limousin cross (Kuber et al., 2004). Myers et al., (1999) 

documented that Wagyu crossed steers had a 76-unit-higher marbling score than Angus 

crossed steers. Also, ribeye area from carcasses of Wagyu-sired steers had a greater 

percentage of intramuscular fat than that of Hereford sired steers (Pitchford et al., 2002). 

In a study done to compare carcass characteristics between Wagyu-sired steers, Herford-

sired steers and Angus-sired steers, Wheeler et al., (2004) found that Wagyu-sired steers 

had the highest percentage of USDA Choice, Yield grade 1 and 2 carcasses, but their 

carcasses were the lightest. Mir et al., (2002) documented the fact that breed of cattle 

influenced marbling score and as a result quality grade.  

In comparing the carcass traits of Wagyu steers, with Wagyu x Limousin and 

Limousin steers, it has been found that carcasses from Wagyu steers had the highest 

marbling score, followed by those from crossbred steers, and carcasses from Limousin 

steers had the lowest marbling scores (Mir et al., 2002). Moreover, 34% of the Wagyu 

carcasses graded Choice, and 66% of these carcasses graded Prime, while 8% of the 

carcasses from the crossbred steers graded Select and 92% graded Choice (Mir et al., 

1999a; Mir et al., 2002). Comparing Wagyu heifers with Angus heifers, 60% more 

Wagyu heifers graded USDA Prime than Angus heifers (Wertz et al., 2002). As Wagyu 

crossed steers had a higher marbling score than Angus crossed steers, 19% more Wagyu 

crossed carcasses graded greater than or equal to Choice and 82% more graded greater 

than or equal to Average Choice (Myers et al., 1999). However, as the percentage of 

Brahman breeding increased the percentage of carcasses graded USDA Choice decreased 

and those graded select and standard increased (Huffman et al., 1990; Pringle et al., 
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1997), and Angus crosses had the most desirable quality grade when compared with 

Brahman crosses (Damon et al., 1960; Paschal et al., 1995).  

Other researchers found no difference in quality grade between Brahman and Tuli 

steers (Chase et al., 2001; Franke, 1997).  Regarding yield grade, researchers indicated 

that yield grades were higher in Brahman crossbred steers than in Angus crossbred steers 

(Huffman et al., 1990; Paschal et al., 1995) and higher than Tuli crossed steers (Chase et 

al., 2001). Young et al., (1978) reported that Brahman-sired steers had poorer yield 

grades even though they had the least amount of fat opposite the ribeye. Wertz et al., 

(2002) documented that Wagyu calves had more subcutaneous fat cover and higher yield 

grade (3.6) than Angus calves (3.1). 

 

1.2.7. Tenderness 

Tenderness is an important factor in palatability. Since palatability determines 

consumer satisfaction, thus tenderness does as well. Calpain and calpastatin are 

responsible for postmortem tenderness of meat. The calpain system is composed of three 

molecules, two of which are Ca++ dependent proteases (µ and m-calpain) while the third 

molecule is a Ca++ dependent protease inhibitor, which is named calpastatin (Goll et al., 

2003). Calpastatin is the only known protein inhibitor for calpain (Goll et al., 2003) and it 

plays a central role regarding the rate and extent of postmortem proteolytic activity and 

hence, postmortem tenderness (Koohmaraie et al., 1995). Breed differences are related to 

difference in tenderness due to variation in postmortem muscle proteolysis (Shackelford 

et al., 1994; Whipple et al., 1990; Wulf et al., 1996). The calpain and its inhibitor, 
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calpastatin, are the main elements responsible for postmortem tenderization of beef 

muscle (Koohmaraie, 1992, 1988).  

Selection for low calpastatin activity is thought to be useful for enhancement of 

meat tenderness especially in Bos Indicus breed, as they possess inherently high 

calpastatin activity resulting in tough meat (Cundiff, 1993). Several researches indicated 

that the calpain system has an important role in meat tenderization (Dransfield, 1992b; 

Koohmaraie, 1992; Koohmaraie et al., 1988). However, Morgan et al., (1993) found no 

difference in calpain activity in muscles of bulls and steers and reached the conclusion 

that higher calpastatin activity results in less tender meat due to decreased proteolysis by 

calpain.  

Previous researches done on meat from Bos Indicus cattle (Shackelford et al., 

1991; Wheeler et al., 1990; Whipple et al., 1990), in which it was found that the 

postmortem activity of calpastatin is highly related to the rate of proteolysis and 

tenderness in meat from Bos Indicus cattle. Moreover, O'Connor et al., (1997) reported 

lower level of calpastatin activity in Bos taurus steers than in Bos Indicus steers. On the 

contrary, Kuber et al., (2004) did not find any breed effect on 0-hour calpastatin activity 

when compared meat from Wagyu, Limousin and Wagyu x Limousin.  

It is well accepted that high level of calpastatin activity is related to reduced 

proteolysis in beef from Bos Indicus cattle (Johnson et al., 1990b; Wheeler et al., 1990; 

Whipple et al., 1990) and associated with high percentage of Brahman breeding (Pringle 

et al., 1997).  
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Most research has indicated that aging beef for 10-14 days postmortem at 

temperature of 0-20°C is optimum for tenderization (NCA, 1994). O'Connor et al., (1997) 

suggested to age steaks from Bos Indicus breed for approximately 21 days to compensate 

for the delayed aging response associated with their higher calpastatin activities. 

 

1.2.8. Fatty acids 

The contributions of fat and saturated fatty acids to dietary energy intakes should 

be reduced to below 0.35% and 0.1% of total intake, respectively (Health, 1994). The 

ratio of the unsaturated to saturated fatty acids should be increased to around 0.45 and 

intakes of n-3 and n-6 polyunsaturated fatty acids (PUFA) should be increased because as 

reported by The Department of Health (1994), high levels of fat consumption and 

particularly of saturated fatty acids predispose man to several of the so-called “diseases 

of Western civilization” mainly CHD (coronary heart diseases). Others reported similar 

recommendations for increasing the consumption of n-3: n-6 fatty acids (Hibbeln and 

Salem, 1995; Salem and Ward, 1993). 

Also, Reavley (1998) stated that high intakes of saturated fatty acids are 

associated with an increased risk of many diseases. Moreover, PUFA including n-3 and 

n- 6 fatty acids have a wide range of biological roles and cellular functions including the 

manufacture of prostaglandins, substances which are involved in hormone synthesis, 

immune function, regulation of the response to pain and inflammation, blood vessel 

constriction, and other heart and lung functions (Reavley, 1998; Roche, 1999). Freese and 

Mutanen (1997) mentioned that C20: 4 n-6 and C20: 5 n-3 control thrombosis, the 
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immune and inflammatory responses. Shahidi and Finley (2001) noted that both n-6 and 

n-3 fatty acids contribute to lowering total cholesterol (TC) and low-density lipoprotein 

cholesterol (LDL-C). Weber and Leaf (1991), and Leaf (1990), agreed that both classes 

of PUFA are important for normal biological function and are involved in a variety of 

physiological processes.  

The optimal fatty acid composition of the diet is an important factor, which can 

play a role in disease prevention and promote health. Also, increasing the supply of 

unsaturated fatty acids, especially n-3 PUFA may be required to reduce the risk of 

disease, particularly CHD (Roche, 1999). Singh et al. (1997) demonstrated that C20: 5 n-

3 and C22: 6n-3 significantly reduced the number of total cardiac deaths. 

     Sweeten et al. (1990) noted that beef production must continue changing to 

satisfy the nutritional and palatability demands of consumers. A leaner product was 

targeted to develop beef with more monounsaturated and PUFA and less cholesterol 

elevating saturated fatty acids. 

 

 

1.2.9. Functions of fatty acids in the body 

         Roche (1999) elucidated that fatty acids have a wide range of biological roles 

and cellular functions. Fatty acids are an integral component of the phospholipid bilayer 

of cellular membranes, which in turn affects membrane fluidity and lipid protein 

interactions. Thus, fatty acids can affect transport of proteins and cellular receptors for 

hormones and neurotransmitters. Fatty acids are the substrates for eicosanoid synthesis, 
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and also affect the production of many biologically active compounds, including lipid 

derived cellular mediators such as platelet activating factor, and cytokines.  

    Also, fatty acids have the ability to affect the expression of genes encoding 

enzymes, which are involved in lipid metabolism, and to interact with nuclear receptor 

proteins that bind to DNA; therefore fatty acids can alter the transcription of regulatory 

genes. 

Fatty acids are involved in energy production, transfer of oxygen from the air to 

the blood stream and the manufacture of hemoglobin. Also, they are involved in growth, 

cell division and nerve function. They are found in high concentrations in the brain and 

are essential for normal nerve impulse transmission and brain function. Essential fatty 

acids are involved in the manufacture of prostaglandins, substances which involved in 

hormone synthesis, immune function, regulation of the response to pain and 

inflammation, blood vessel constriction, and other heart and lung functions (Reavley, 

1998).  

   Freese and Mutanen (1997) agreed that, this is an important difference because the 

balance of C20: 4 n-6 and C20: 5n-3 determines the type and biological efficacy of 

eicosanoids, which in turn controls thrombosis and the immune and inflammatory 

responses. It has been demonstrated that both C18: 3n-3 and long chain n-3 PUFA 

supplementation have equivalent effects on haemostatic factors. 

Sanders et al. (1989); Freese and Mutanen, (1997), found that unlike C20: 5 n-3 and 

C22: 6n-3, C18: 3 n-3 supplementation has no effect on TAG (triacylglycerols) 

concentrations. 
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   Conjugated linoleic acid (CLA) appears to be protective against atherosclerosis 

in rabbits, (Lee et al. 1994). CLA has been shown to reduce body fat in mice (Park et al. 

1997), as well as in rats and chickens (Pariza et al. 1996). Several studies have been 

conducted in AKR/J mice showing that CLA reduces body fat accumulation whether 

animals are fed a high-fat or low-fat diet, with no effect on fat intake. One mechanism by 

which CLA reduces body fat is by increased energy expenditure, which is observed 

within one week of CLA feeding and is sustained for at least six weeks. Also, increased 

fat oxidation but no decrease in de novo fat biosynthesis with CLA feeding has been 

observed (James and David, 2000).  

CLA was identified as an anticarcinogenic compound from cooked beef, of which 

the cis 9, trans 11 form accounts for 60% to 80% of the CLA (Ip et al., 1991). Little work 

has been done on the mechanisms by which CLA might affect energy metabolism. 

However, a recent report using isolated adipocytes suggests that CLA directly stimulates 

lipolysis and decreases lipoprotein lipase activity (Church and Gilbert, 1984). This could 

result in increased energy expenditure due to the increased energy needs for recycling 

between fatty acids and triglycerides or could shunt fatty acids 

into beta-oxidation if storage was impaired. An increased activity of carnitine palmityl 

transferase in muscle of animals treated with CLA support the latter explanation (Park et 

al. 1997).  

Therefore, it is highly interesting to find a breed of cattle that possess high 

concentrations of monounsaturated and/or polyunsaturated fatty acids. Consequently, 

combating and changing the negative image of beef by altering the fatty acids 
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composition away from saturated fatty acids and toward polyunsaturated fatty acids 

including n-3 and n-6 fatty acids are feasible.  
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1.3. Dissertation format  
 

This dissertation is organized into two chapters and two appendices. The two 

chapters include abstract, definition of the problem, research objectives related to this 

problem, review of literature, and summary of the research accomplished by the 

candidate. 

The research, findings, and interpretation of these findings are presented in the 

two appendices. These appendices represent manuscripts that are ready for submission 

for publication in Journal of Animal Science.  The degree candidate wrote them, with 

constructive criticism provided by the coauthor(s). 

Appendix A describes differences in fatty acids profile, including saturated fatty 

acids, monounsaturated fatty acids and polyunsaturated fatty acids in both breeds. Two 

fat sites were examined; intramuscular and subcutaneous adipose tissue. This was studied 

in the context of the effect of breed, diet, and days on feed.  

Appendix B describes several aspects of the study. These include the effect of 

breed, diet, and days on feed on feedlot performance, carcass characteristics, calpain and 

calpastatin activity and shear force values.  

 The Ph.D. candidate performed this work with constructive supervision by the 

mentor and the committee members. Design of the study was performed with the help of 

Dr. J. A. Marchello and Dr. G. C. Duff. The physical effort involved with the daily 

feeding of the animals took place with the help of the University of Arizona feedlot 

personnel particularly Mr. James English. Doctor D. E. Goll and his laboratory personnel, 

especially Mrs. Stefanie Mares, helped the candidate in performing the calpain and 
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calpastatin activity assays. Dr. G. C. Duff laboratory members, particularly Mrs. Sara 

Sanders, helped the candidate in performing the serum urea nitrogen assays. 
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2. PRESENT STUDY 

 

The methods, results and conclusions of this research are described in the papers 

appended to this dissertation. The following is a summary of the most important findings 

in each of these papers. 

Appendix A describes the effect of breed, diet, and days on feed on feed on 

feedlot performance, carcass composition, and fatty acid composition of subcutaneous 

and intramuscular fat. Data analysis indicated that Waguli steers had a profile with less 

saturated fatty acids and more polyunsaturated fatty acids content than in Brahman steers. 

Moreover, Waguli steers had more unsaturated fatty acids: saturated fatty acids. These 

data might impact the choice of breed with respect to the beef consumer preference and 

health prospective. As beef consumers have health related concerns about beef in part due 

to the high content of saturated fatty acids, which increase cholesterol level in the blood 

and the low content of unsaturated fatty acids, which decrease cholesterol level in the 

blood.  

Appendix B details the effect of breed, diet, and days on carcass characteristics, 

calpain system activity, and shear force values. Feedlot performance data indicated that 

Waguli steers were highly efficient (P = 0.018) and gained more than Brahman steers on 

a daily basis (P = 0.018). Carcass characteristics data showed that Waguli steers have 

larger ribeye area with more fat thickness, marbling score and higher quality grade (P = 

0.009, 0.03, 0.012 and 0.002, respectively). We found the reason for the Waguli 

tenderness and low shear force values is the low level of calpastatin activity (P = 0.003), 
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the inhibitor of the postmortem proteolytic enzyme-calpain. While, the toughness of the 

Brahman meat was due to the high level of calpastatin activity. The calpain activity did 

not differ between the two breeds. Shear force values agreed with the calpain and 

calpastatin activities data, in which the Waguli steaks showed less shear force values at 

day 7 and 10 postmortem than the Brahman steaks (P = 0.002, 0.016, respectively). 
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ABSTRACT 
 

 
This study was conducted to compare the fatty acid profiles of Waguli and 

Brahman steers. Twenty-four animals were used. Six steers of each breed were fed 94% 

concentrate diet (94C) and the others were fed 86% concentrate diet (86C). Eight steers, 

two from each group, each were harvested at 128 days, 142 days, and 156 days on feed. 

Feedlot performance data indicated that Waguli steers were highly efficient-gain /feed is 

0.169 (P = 0.01) and gained more than Brahman steers on a daily basis (P = 0.01). There 

were no breed, diet or days on feed effects regarding serum urea nitrogen, but there was a 

significant interaction between breed x diet and between breed x days on feed (P < 0.05).  

Carcass characteristic data showed that Waguli steers had larger ribeye area with 

more 12th rib fat thickness, higher marbling scores and higher quality grades (P < 0.05). 

Moreover, there was a significant difference in carcass protein percentage over the 

Brahman steers (P < 0.05), predicted by using prediction equations (Marchello et al., 

1983).   

Fatty acid data analysis indicated that days on feed had no effect on the fatty acid 

concentration; hence it was removed from the statistical model. Waguli steers had a 

profile with less saturated fatty acids in intramuscular (C17:0) and subcutaneous fat 

(C14:0 & C16:0) than Brahman steers. However, Brahman steers had less C22:0 in 

intramuscular fat and less C18:0 in subcutaneous fat than Waguli steers. Also, Waguli 

steers showed more polyunsaturated fatty acids content (C18: 2, C18: 2c9t11, C18: 

2c10t12, C18: 2c12t10, C18: 3, C20: 1, C20: 3, C20: 4, C20: 5, C22: 1, C22: 2, C22: 4, 
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C22: 3& C22: 6) than those in Brahman steers in intramuscular fat compartment. 

Brahman steers possessed more C14: 1& C18: 1c9 than Waguli steers in intramuscular 

fat. On the other hand, in subcutaneous fat, Waguli steers had more mono- (C11: 1, C12: 

1, C13: 1, C14: 1, C20: 1) and polyunsaturated fatty acids than Brahman steers (C18: 

2c12t10, C20: 2, C20: 5& C22: 2). Brahman had more C22: 1, & C 18: 1c9 than Waguli 

steers in subcutaneous fat.  

Looking at the ratio of unsaturated fatty acids (UFA) to saturated fatty acids 

(SFA), it is observed that Waguli steers had a greater ratio. Moreover, the Waguli breed 

possesses more conjugated linoleic acids (CLA) in both subcutaneous and intramuscular 

fat, and more omega-6 (n-6) fatty acids in intramuscular tissues than Brahman breed. 

However, Waguli possesses more omega-3 (n-3) fatty acids than Brahman steers in 

intramuscular tissues.  

To our knowledge this is the first report to show a favoring effect of Waguli breed 

regarding UFA content, CLA, n-3 and n-6 fatty acids. In addition, these data might 

impact the choice of breed with respect to the beef consumer preference and health 

prospective. Beef consumers have health related concerns about beef in part due to the 

high content of SFA, which increases cholesterol level in the blood and the low content 

of UFA, which decreases cholesterol level in the blood.  

 
 
Key Words: Waguli, Brahman, fatty acids, feedlot performance, carcass characteristics.  
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INTRODUCTION 

 
  

As dietary fatty acid concentration is very important to human health, the 

Department of Health (1994) recommended that fat and saturated fatty acids (SFA) 

should contribute up to 35 % and 10 % of total intake, respectively. Also, it has been 

recommended that energy intake from monounsaturated fatty acids and polyunsaturated 

fatty acids (PUFA) should be 16 % and 17% of total energy intake respectively. 

Moreover, the ratio of n-6: n-3 PUFA should be 4:1 (Health, 1994; Gibney, 1993; USDA, 

2000). In addition, the British Nutrition Foundation (1999), concluded “meat and meat 

products” are an integral part of the western diet, with high proportion of SFA that are 

responsible for increasing the risk of coronary heart diseases. All these recommendations 

have directed the sight of researchers to identify different ways, by which the total fat 

concentration is decreased, the PUFA concentration is increased and the total fatty acid 

composition of beef fat is altered to be more compatible with consumer requirements and 

health authorities’ recommendations. Beef consumers have health related concerns, in 

part due to the high content of SFA, which increases cholesterol levels in the blood and 

the low content of UFA, which decrease cholesterol level in the blood (Laborde et al., 

2001).  

Three groups of UFA, Conjugated linoleic acid (CLA), Omega-3 fatty acids (n-3) 

and Omega-6 fatty acids (n-6) are important for human health. CLA includes three forms, 

C18: 2 c9t11, C18: 2 t10c12& C18: 2c10t12 and appears to be protective against 

arteriosclerosis in rabbits (Lee et al., 1994).  
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CLA was identified as an anticarcinogenic compound from cooked beef, of which the 

C18: 2 c9t11 form accounts for 60% to 80% of the CLA (Ip et al., 1991). Little work has 

been done on the mechanisms by which CLA might affect energy metabolism. However, 

a report using isolated adipocytes suggested that CLA directly stimulated lipolysis and 

decreased lipoprotein lipase (Church and Gilbert, 1984). This could result in increased 

energy expenditure due to the increased energy needs for recycling between fatty acids 

and triglycerides or could shunt fatty acids into beta-oxidation if storage was impaired. 

An increased activity of carnitine palmityl transferase in muscle of animals treated with 

CLA support the latter explanation (Park et al., 1997). The major dietary sources of CLA 

for humans are beef and dairy products (Chin et al., 1992).  

Unsaturated fatty acids including n-3 and n-6 fatty acids have a wide range of 

biological roles and cellular functions including the synthesis of prostaglandins, 

regulation of pain and inflammation responses, blood vessels constriction, and other heart 

and lung functions (Reavley, 1998; Roche, 1999). C20: 4 n-6 and C20: 5 n-3 control 

thrombosis, as well as immune and inflammatory responses (Freese and Mutanen, 1997). 

It was noted that both n-6 and n-3 fatty acids contribute to lowering total cholesterol (TC) 

and low-density lipoprotein cholesterol (LDL-C) (Shahidi and Finely, 2001). Many 

researchers agreed that both classes of PUFA are important for normal biological 

function and are involved in a variety of physiological processes (Leaf, 1990; Schmidt 

and Dyerberg, 1994; Weber and Leaf, 1991). The optimal fatty acid composition of the 

diet is an important factor, which can play a role in disease prevention and promote 

health. Also, increasing the supply of unsaturated fatty acids, especially n-3 PUFA may 
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be required to reduce the risk of disease, particularly coronary heart diseases-CHD 

(Roche, 1999). Moreover, C20: 5 n-3 and C22: 6 n-3 significantly reduced the number of 

total cardiac deaths (Singh et al., 1997).  

The eating quality of meat is a result of tenderness, juiciness, aroma and flavor. 

Those factors are influenced by the lipid content and composition of the meat (Boylston 

and Morgan, 1992). Fatty acid composition in adipose and muscle tissue in cattle can be 

modified by diet (Christie, 1979; Eichorn et al., 1986; Ibrahim et al., 2006; Westerling 

and Hedrick, 1979) and breed (Eichorn et al., 1986; Sturdivant et al., 1992). 

Modifications in fatty acids composition have been demonstrated to affect palatability, 

especially flavor (Dryden and Marchello, 1970; Eichorn et al., 1986).   

However, because of the difficulties in manipulating the fatty acid profile in beef 

by dietary means (Smith, 1991), breed selection of cattle with potential genetic 

predisposition to deposit specific fatty acids, especially unsaturated fatty acids, may be 

the main goal by which the fatty acid image is modified in cattle. Breed comparisons of 

fatty acid composition are not an easy task due to the impact of age, nutrition and 

environmental factors (Eichorn et al., 1986; Yoshimura and Namikawa, 1983).  

The Waguli breed has been originated at The University of Arizona V-V ranch, 

near Camp Verde, Arizona. Three certified Wagyu sires are used for this purpose. The 

development of the Waguli breed was achieved by crossing the Japanese Wagyu breed 

with the South African Tuli breed (http://www.briggsranchgenetics.com). 

The Wagyu is a Japanese breed classified as Bos Indicus and it is known for its 

high marbling ability. While the Tuli is a pure African Sanga breed classified as Bos 
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Taurus. It was developed from crosses between Zebu and Bos Taurus cattle thousands of 

years ago in Africa. In its origin, it showed high fertility and maternal performance 

(Baker, 1996; Oliver, 1983; Schoemasn, 1989).  

In an attempt to find a strategy to modulate the fatty acid composition in beef 

meat; the effect of two different breeds (Waguli versus Brahman), fed two different levels 

of concentrates on fatty acid composition, feedlot performance and carcass chemical 

composition has been investigated.  
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MATERIALS AND METHODS 

 

Animals 
 

Twelve Waguli steers born and raised until weaning at the University of Arizona 

V-V ranch, near Campe Verde, Arizona and twelve purebred Brahman steers were 

obtained from a large feed yard in Arizona were used in this study. The study was 

conducted at the University of Arizona feedlot unit in Tucson, Arizona. The University of 

Arizona Institutional Animal Care and Use Committee (IACUC) approved the 

experimental protocol of the present study. On d 14 of the finishing period each steer was 

weighed, and this weight served as the starting weight of the trial. At the same time they 

were all implanted with 36 mg of zeranol (Ralgro®, Shering-Plough Animal Health 

Corp., Union, NJ). Each breed was randomly divided into two equal subgroups (six steers 

each), and each subgroup was randomly allotted into one of two diets:  1) 86% 

concentrate which will be referred to it as 86C   

2) 94% concentrate which will be referred to it as 94C. Diets used in this study were 

formulated according to NRC (1984). The 86C diet (DM basis) was composed of 14% 

sorghum sudan hay, 73.75% steam flaked corn, 5 % molasses, 3% fat, 0.5% limestone, 

1.25% urea, and 2.5% mineral mixture. The 94C diet (DM basis) was composed of 6% 

sorghum sudan hay, 81.75% steam flaked corn, 5% molasses, 3% fat, 0.5% limestone, 

1.25% urea and 2.5% mineral mixture. The two diets were isonitrogenous.  The 
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calculated chemical composition of the diet was 83% DM, 13% CP, 7.43% ADF for 94C 

and 12.26 for 86C, 4.59% Ash, 0.29 % Ca, and 0.29 % P. 

Management  

Steers within each treatment were randomly housed in individual pens and each 

steer was fed their respective diet once daily at 0600 h. Animals were weighed every 

twenty eight days and weight was recorded; Also, at the same time of weighing the 

animals, individual blood sample via jugular venipuncture was performed using 10-mL 

Corvac tubes (Sherwood Medical Co., St. Louis, MO) for determination of serum urea 

nitrogen (SUN).  

The amount of feed offered was recorded daily with feed refusals removed and 

weighed every twenty-eight days. Bunk management procedure was applied every 

morning. Steers reaching around 400 kg BW were monitored for fat thickness by 

scanning between the 12th and 13th rib interface using Aloka SSD-500V ultrasound 

machine equipped with a probe size 5.0 MHZ (Aloka Co., LTD., Ithaca, NY). Those 

reaching a compositional end point of 10 mm fat thickness opposite the longissimus 

muscle at three quarters the distance from the dorsal aspect of the muscle were scheduled 

for slaughter. Animals were slaughtered in three groups at the University of Arizona, 

Meat Science laboratory under Federal inspection. Each slaughter group was composed 

of eight animals, four of each breed (two for each tested diet). 

Sampling and Determination of Carcass Composition 

All factors used to determine USDA yield grade including hot carcass weight 

(HCW), longissimus area (LM), estimated kidney, pelvic, and heart fat percentage 
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(KPH), and 12th rib fat thickness (FT) were recorded and quality grades based on 

marbling score, lean maturity, and skeletal maturity were evaluated after a 48-h chill 

(USDA, 1989). Marbling score was transformed to a scale in which traces of marbling 

ranged from 300 to 399, slight marbling ranged from 400 to 499, small marbling ranged 

from 500 to 599 and so on. Also, quality grade was transformed to a scale in which Select 

grade ranged from 400 to 499, Choice grade ranged from 500 to 599 and Prime grade 

ranged from 600 to 699.  

At one week post-harvesting, the carcasses were fabricated into primal cuts, at 

which time a 2.54-cm thickness of longissimus muscle was taken for a sample of 

intramuscular (IM) and subcutaneous (SC) fat for fatty acid analysis. At the same time 

the flank area was used as a wholesale cut to predict the carcass chemical composition 

via prediction equations as described by Marchello et al., (1983). Soft tissue from the 

flank area was ground through a plate with 1.3 cm holes and mixed thoroughly. A 

random 0.5 kg sample from each flank was further processed through a food cutter 

(Hobart Model 10814, Hobart Mfg. Co., Phoenix, AZ 85007) until a homogenous 

mixture was obtained. Samples were then placed in a plastic bag, wrapped in 

polyethylene-coated freezer paper and frozen at – 25 °C until needed. 

Total lipids were determined for both the flank and the longissimus samples using 

the chloroform, methanol, and water extraction procedure (Wooten et al., 1979). The 

extracted lipid was stored by dissolving the residue in the beaker using 4 to 5 mL of 

pentane and stirring thoroughly with a glass rod. The solution was subsequently 

transferred into a 6-mL vial and stored in a freezer (-20°C) until transesterification and 
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analysis of fatty acids using GLC (Ibrahim et al., 2006). Ten mg of the extracted lipid 

were transferred to a 10-mL vial and dissolved with 1-mL of methylene chloride. To this 

solution, 3 drops (approximately 50 mg) of methanolic sodium methoxide (25 % wt/vol) 

were added and the mixture was vortexed for 2 min. Finally, 3 drops (approximately 50 

mg) of glacial acetic acid were added and the solution was vortexed for 30 sec. The 

solution was stored at 4°C until injection into the gas chromatograph (Cramer and 

Marchello, 1964). A Hamilton 10-µL syringe (Varian Inc., Walnut Creek, CA) was used 

for the introduction of samples into the gas chromatograph. Varian Star chromatograph 

3900 (Varian Inc., Walnut Creek, CA) fitted with flame ionization detector was used for 

the analyses. One µL of each sample was injected into the chromatograph, which had 

operating conditions as follows: oven temperature, 185°C, held for 5 min then increased 

to 250°C at rate of 1.5 °C/min, then held for 5 min; injector temperature, 250°C; detector 

temperature, 250°C; carrier gas (helium) flow, 30 mL/min; hydrogen flow, 30 mL/min; 

air flow, 300 mL/min; split ratio 1:100; capillary column 100 m x 0.25 mm, CP-select CB 

for FAME fused silica WCOT (Chrompack-select cross bonded for fatty acids methyl 

esters fused silica wall-coated open tubular). Individual fatty acids were identified by 

retention time with reference to the fatty acid standards (NU-Chek Prep, Inc., Elysian, 

MN).  

The regression equations (Marchello et al., 1983) for predicting carcass 

composition including total carcass lipid, protein and moisture of the carcasses soft 

tissues are as follows respectively:  
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1) Lipid: 3.05 - 0.039 x HCWa (kg) + 0.097 x REAb (cm2) + 3.31 x YGc + 0.785 x 

KPHd (kg) + 0.464 x QGe + 0.242 x % fat of the flank. R2 for this equation is 

0.846. 

2) Protein: 15 – 0.964 x FTf (cm) + 0.021 x REAb (cm2) – 0.065 x MSg – 0.033 x % 

fat of the flank + 0.208 x % protein of the flank – 0.019 x % moisture of the flank. 

R2 for this equation is 0.776. 

3) Moisture: 74.1 + 0.033 x HCWa (kg) – 0.083 x REAb (cm2) – 2.31 x YGc – 0.819 

x KPHd (kg) – 0.273 x QGe – 0.205 x % fat of the flank. R2 for this equation is 

0.819. 

a HCW = Hot carcass weight (kg); b REA = Ribeye area (cm2); cYG = USDA yield grade; 

d KPH = Kidney, pelvic and heart fat weight (kg); e QG = Quality grade (9 = Select-, 12 = 

Choice-, 15 = Prime-); f FT = Fat thickness (cm); g MS = Marbling score (10 = Slight-, 13 

= Small-, etc.).  

Determination of Serum Urea Nitrogen  
 

Blood samples were allowed to clot at room temperature for 1 h, were centrifuged 

at 1,000 × g for 20 min. (Beckman, Model J2-21, Irvine, CA), and then separated serum 

was frozen in individual storage vials at –20°C. Determination of serum urea nitrogen 

(SUN) performed using commercial kit (Teco Diagnostics. Anaheim, CA 92807), and a 

spectrophotometer (Beckman DU-5, Beckman Instruments, Irvine, CA; λ = 595 nm) 

according to the manufacture recommendations. 
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Statistical Analysis 

Data were statistically analyzed using SAS (SAS Inst., Inc., Cary, NC) with GLM 

and least significant difference (LSD) procedure. The analysis was performed using 

2x2x3 factorial design (two diets x two breeds x three feeding periods). The statistical 

model included the effects of breed, diet and total days on feed as the independent 

variables, with investigation of two way interactions between breed, diet and days on 

feed. Only significant interactions will be mentioned in the results and discussion section. 

The serum urea nitrogen values for the different time points were summed and averaged 

to one numerical value. Regarding the fatty acids analysis, it was observed that days on 

feed had no effect on the fatty acid concentrations. Consequently, it was removed from 

the model and a 2x2 factorial design (two diets x two breeds) was adopted. 
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RESULTS AND DISCUSSION 

 

Since Waguli is a new breed, information regarding its feedlot performance, 

carcass characteristics and composition are lacking in the scientific literature. Moreover, 

there is lack of literature that addresses the fatty acids composition in the Waguli genetic 

background. To our knowledge this is the first report which discusses fatty acid 

composition in the Waguli breed; a newly introduced breed to the southwest of the 

United States.  

 

Feedlot Performance 

Feedlot performance for Brahman and Waguli steers is presented in Table 1. 

There was a significant difference in average daily gain (ADG), Waguli steers gained 

0.45 kg/d more (P = 0.01) than Brahman steers but no significant difference was 

observed in dry matter intake (DMI) between the two breeds. As a result of faster ADG 

and almost the same DMI, Waguli steers were more efficient (P = 0.01) than their 

Brahman contemporaries. Wertz et al. (2002) documented a similar result in feed 

efficiency of Wagyu heifers versus Angus heifers, and he also stated that Wagyu cross 

calves were heavier than Angus calves.  

However, others reported different results regarding ADG (Lunt et al., 1993; 

Wertz et al., 2002), in which they stated that purebred Angus had higher ADG than ¾ 

Wagyu steers, fed a corn/barley diet for 552 days. Moreover, previous studies that 

involved Wagyu calves were in disagreement with our results. Myers et al. (1999) and 
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Wertz et al. (2002) indicated that among early weaned, concentrate fed steers, Wagyu 

cross steers tended to be less efficient than British crossbred steers. Also, Wagyu calves 

had less efficient gains than Angus calves (Myers et al., 1999; Wertz et al., 2002). The 

difference between those results and the present might be due to comparing Wagyu breed 

with other breeds than Brahman.  

Our data showed no significant differences in final body weight between 

Brahman and Waguli steers, although Brahman weighed more on average. It was 

previously reported that Brahman crossbred calves were heavier at weaning than Tuli 

crossbred calves (Baker, 1996; Cundiff et al., 1998; Herring et al., 1996; Holloway et al., 

2002). Also, Holloway et al., (2002) documented that Tuli crossbred calves are more 

competitive than Brahman crossbred calves in years of greater nutritional stress. Though, 

the difference is insignificant, it can be explained that when cattle are grown at a fast rate, 

adipose tissue deposition is greater than when cattle are grown at a slower rate (Lunt and 

Orme, 1987). Consequently, to have the same carcass composition, cattle that are fed a 

high concentrate diet or an energy-dense diet would need to be harvested at a lighter 

weight than cattle that are fed on low concentrate diet or forage (Lunt and Orme, 1987; 

Myers et al., 1999). Moreover, many researches compared feedlot performance between 

Brahman-sired steers and Tuli-sired steers (Cundiff et al., 1994; Franke, 1997; Herring et 

al., 1996) and they addressed the fact that Tuli-sired steers had lower feedlot daily gains 

and smaller slaughter weights than steers by Brahman sires. This suggests that the 

efficient Waguli steers and the high ADG are due to either the Wagyu breed- rather than 

the Tuli breed- background or due to the genetic combination of both. 
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Though the diet was not a source of the significant differences seen in case of 

ADG, the ADG on 86C diet (1.2 kg) tended to be more than the ADG on 94C diet (1.1 

kg). This could be explained by the fact that as the roughage level is increased, frequency 

of rumination increases, and ADG tends to be greater for steers that ruminate for longer 

period per day (Gill et al., 1981; Owens and Ferrell, 1983; Owens et al., 1997). Thus, 

high percentage of roughage in the diet would increase rumination period with 

subsequent reduction of the incidence of subclinical acidosis (Owens et al., 1997). 

Moreover, it would enhance chewing, consequently exposing more starch for digestion. 

Both effects would have a positive influence on ADG (Owens et al., 1997). 

 It is clear that the genetic background of Waguli is different than that of Wagyu 

and Tuli based upon the findings of previous researches (Cundiff et al., 1994; Franke, 

1997; Herring et al., 1996), and that could account for the differences and controversy 

with the literature regarding ADG, DMI and feed/gain.  

Concentration of Serum Urea Nitrogen 

               Serum urea nitrogen data are presented in Table 2. There were no differences in 

SUN concentration between the two breeds, or between the two diets, or days on feed. 

However, significant interactions between diet and breed & diet and days on feed had 

been noticed. 

Though, it is not statistically significant, Brahman steers showed higher SUN 

concentration than Waguli steers. It has been suggested that difference in plasma urea 

nitrogen could reflect a possible difference in protein utilization between breeds (Chase et 

al., 1993). A higher plasma urea nitrogen in tropical breeds such as Brahman and 
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Senepol, was observed over those of temperate Angus bulls (Valencia et al., 2001). 

Others have observed lower concentrations of blood urea nitrogen in Hereford compared 

to Brahman cattle (Hunter and Siebert, 1985), in Angus compared to Brahman (Olbrich, 

1996), and in Angus x Hereford cattle compared to Brahman crosses (Coleman and 

Frahm, 1987).  

Our data showed SUN concentration to range between 9-10 mg /dL on average, 

which indicated maximum performance for finishing steers. It has been reported that 

maximum performance of finishing steers was associated with blood urea nitrogen 

concentrations of 7 to 8 mg/dL (Preston et al., 1978).  

In the present study, despite the absence of statistical difference between the two 

diets, SUN value for 86C diet was higher than that for 94C diet. Chase et al., (1993) 

recorded that at the high level of energy intake, blood urea nitrogen averaged 5.6 mg/dL 

and at the low level of energy intake blood urea nitrogen averaged 19.7 mg/dL. 

Moreover, lower blood urea nitrogen has been associated with more efficient use of 

nitrogen in the rumen (Thomas and Kelly, 1976) as it is highly correlated with ruminal 

ammonia (Hammond, 1983a; Hennessy and Nolan, 1988; Thornton, 1970). Decreased 

blood urea nitrogen concentrations were associated with increased animal performance 

(Kennedy and Siebert, 1972) which agreed with our results of feedlot performance 

(Table.1).  

Higher level of SUN was observed at 156 d on feed than at 128 and 142 d on feed 

(Table 2). Similar results were reported when Japanese Black, Japanese Brown and 

Holstein steers were compared (Matsuzaki et al., 1997). It was suggested that the gradual 
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increase in urea nitrogen by time seems to reflect the surplus of substrate for protein 

metabolism as the fattening process progresses. 

 

Carcass chemical composition 

Chemical composition data (Table 3) did not show significant differences 

between both breeds, or between different diets. However, days on feed showed 

significant differences regarding protein percentage with the highest percentage related to 

128 d on feed. Schnell et al., (1997) mentioned that moisture content of carcass soft tissue 

decreased and fat content increased over the feeding period. Other researchers reported 

the same fact that moisture percentage decreased and fat percentage increased in carcass 

soft tissues over the feeding period (Cranwell et al., 1996; Faulkner et al., 1989; Matulis 

et al., 1987). As it is scientifically documented that moisture percentage is related to 

protein percentage and as protein content decreases by age, moisture content decreases by 

age.  
 

Fatty Acids 
           
       Saturated fatty acids 
 

Saturated fatty acid (SFA) composition of the intramuscular (i.m.) and 

subcutaneous (s.c.) fat tissue is shown in Table 4 and 5, respectively. There were no 

differences for saturated i.m. fatty acid composition between the two breeds except for 

C17:0, and C22:0 (P < 0.05). C17:0 was significantly higher in the Brahman samples 

while Waguli possessed more C22:0 than Brahman samples. The subcutaneous fat 
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compartment showed significant differences (Table 5) for C14:0, C16:0, C18:0 and 

C20:0 (P < 0.05). The cause for these significant differences varies from one fatty acid to 

another. For C14:0, breed, diet and breed x diet interaction caused the significant 

difference. For C16:0 and C18:0 the breed was the source of difference, while in C20:0 

the diet was the reason for the difference. In addition, a breed x diet interaction was 

observed with C16:0, C18:0 and C20:0. Wagyu-sired steers showed lower percentage of 

C18: 0 than Angus-sired steers in s.c. adipose tissue (Xie et al., 1996a). 

 The saturated fatty acids are predominantly found in animal foods as meat and 

dairy products (Agricultural, 1976) and are associated with an increased risk of many 

diseases (Reavley, 1998). Sweeten et al., (1990) recommended that beef production must 

continue changing to satisfy the nutritional demand of consumers. A leaner product 

should be targeted to develop beef with more monounsaturated and polyunsaturated fatty 

acids and less cholesterol elevating saturated fatty acids. Also, the Department of Health 

(1994) stated that high levels of fat consumption and particularly of SFA predispose 

humans to coronary heart diseases. Thus, the Waguli fat profile with less SFA has a 

better health prospective as compared to that of Brahman. 

Monounsaturated Fatty Acids 

 
Results for monounsaturated fatty acids composition of the intramuscular (i.m.) 

and subcutaneous (s.c.) fat tissue are presented in Table 6 and 7. Regarding 

monounsaturated fatty acids concentration in i.m. samples, C14: 1 and C18: 1cis 9, C20: 

1 and C22: 1 showed significant difference. For C14: 1, breed and diet with interaction 

between breed and diet are the cause of the significant increase in case of Brahman steers. 
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While C18: 1 cis 9, the breed is the only factor favoring significant increase in Brahman 

samples. Waguli breed showed higher concentrations of C20: 1 and C22: 1 than Brahman 

breed. Also, Waguli breed exhibited broader range of monounsaturated fatty acids in s.c. 

adipose tissue that have significantly higher concentrations (C11: 1, C12: 1, C13:1, C14:1 

and C20:1) than those of Brahman. The diet is the factor that resulted in this difference 

on C11: 1, C14: 1, C18: 1 cis 9 and C20: 1. Likewise, interaction between breed and diet 

contributed to this effect on C11: 1, C12: 1, C13: 1, C14: 1.  

These results agreed with those reported by Sturdivant et al. (1992), on the 

Wagyu breed. In their study, they documented that the concentration of monounsaturated 

fatty acids in s.c. fat of Wagyu exceeded what was previously reported for steers, heifers 

or cows (Huerta-Leindenz et al., 1991; St John et al., 1991; St John et al., 1987; Sweeten 

et al., 1990).  

Only C18: 1 cis 9 and C22: 1 concentration was significantly high in the s.c. fat of 

Brahman. Interaction of breed and diet affected C18: 1 cis 9 and C22: 1. Crossbred 

Wagyu-sired steers had lower percentages of C14: 1 and C18: 1 cis 9 than Angus – sired 

steers in s.c. fat (Xie et al., 1996a, b).  

Polyunsaturated Fatty Acids 

Results of polyunsaturated fatty acids (PUFA) are presented in Table 6 and 7.  

Waguli breed demonstrated high concentrations of polyunsaturated fatty acids in i.m. fat 

C18: 2n-6, C18: 2 c9t11 (CLA), C18: 2 c12t10 (CLA), C18: 2 c10t12 (CLA), C20:3n-3, 

C20:4n-6, C20:5n-3, C22:2, C22:4n-6, C22:6n-3 and C22:3). While, only C18: 2 c12t10 

(CLA), C20: 2n-6, C20: 5n-3 and C22: 3 were significantly high in s.c. adipose tissue of 
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Waguli. The diet played a role in causing significant enhancement only in case of C20: 

3n-3 and C20: 4n-6 in i.m. fat, and C20: 2n-6 and C20: 5n-3 in s.c. fat compartment. 

Likewise, interactions for breed x diet, for C18: 2n-6 and C22: 3 resulted in the observed 

significant change in the i.m. adipose tissue. Only C22: 2 was higher in Brahman s.c. fat 

tissue than Waguli tissue.  

Although, there is a scarcity of data in the literature that investigates the fatty acid 

profile in Waguli breed, there are several reports that have described fatty acids 

composition in Wagyu breed. Sturdivant et al. (1992) concluded that beef from purebred 

Wagyu cattle raised in Japan is enriched in monounsaturated fatty acids and that the 

degree of enrichment depends upon the region of Japan from which the samples were 

obtained. Moreover, with a second experiment, Sturdivant et al. (1992) found that, in 

Wagyu crossbred steers, monounsaturated fatty acids: saturated fatty acids ratio in s.c. 

adipose tissue was not different from values reported for other breeds of cattle. Waldman 

et al. (1965) documented that juiciness degrees for the muscle longissimus dorsi were 

negatively correlated with contents of C14:0 and C16:0, and positively correlated with 

the ratio of UFA: SFA.  

These data are in agreement with the results of the present study where UFA: SFA 

ratio in both s.c. and i.m. tissues of Waguli breed (Table 6 and 7) are higher than those of 

Brahman. Additionally, C14:0 and C16:0 in both s.c. and i.m. tissues of Waguli were 

significantly lower than in those of Brahman breed. These conclusions are in concomitant 

agreement with the reputation of the Wagyu breed as a provider of the most highly tender 

meat due to high marbling ability (Wheeler et al., 2004).  
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Our data regarding the CLA (Table 8) comes in agreement with a report that 

documented a significant increase in CLA in Wagyu steers, Wagyu x Limousine and 

Limousine steers when fed linolenic acid-rich oils (Mir et al., 2002). CLA is protective 

against arteriosclerosis (Lee et al., 1994), help to reduce body fat (Park et al., 1997), and 

is identified as an anticarcinogenic compound from cooked beef (Ip et al., 1991).  

The present study showed that Waguli beef contains significantly higher amounts 

of n-3 and n-6 fatty acids, besides a high n-3: n-6 fatty acids than Brahman steers (Table 

8), in both s.c. and i.m. fat compartments. These results fulfill the recommendations of 

the Department of Health (1994), which requested an increased intake of n-3: n-6 fatty 

acids. Others reported similar recommendations for increasing the consumption of n-3: n-

6 fatty acids (Hibbeln and Salem, 1995; Salem and Ward, 1993). 

In conclusion, i.m. and s.c. adipose tissues of Waguli breed are rich in unsaturated 

fatty acids, CLA, n-3 and n-6 fatty acids comparatively with those of Brahman. The n-3: 

n-6 ratio was high in Waguli s.c. and i.m. fat, as well. These results would likely to favor 

the selection of this breed for beef production under intensive management protocols in 

southwest of the USA. Also, the feedlot performance of Waguli breed is promising as it 

has high ADG and high gain/feed ratio. 
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IMPLICATIONS 

Emerging of a new breed of cattle creates an enormous number of questions about 

the different capabilities of this breed. One major question was about its feedlot 

performance and its fatty acids profile in the s.c. and i.m. fat tissues. How beneficial/ 

harmful would it be to human health? Clearly, Waguli breed carries the genetic 

propensity to deposit more unsaturated fatty acids than Brahman breed does. Its feedlot 

performance data are promising as it has high ADG and low feed/gain ratio. The area of 

discovering the different potentials of the Waguli is still rich and needs further studies 

and investigations.  
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Table 1. Effect of breed and diet on feedlot performance 
 
 
       

 
Breed Diet

Item BRa

128d      142d      156d 
WA b

128d    142d     156d 
SEM *P-  

Value 
86C c

128d   142d      156d 
94C d

128d   142d   156d 
SEM *P-  

Value 
Final Bwt, kg 438.1     496.8    508 445.2    492.7    497.8 12.7 0.588 440.9   511.4     517 442      478     486 8.6 0.228 
ADG, KG 0.81e      0.95 e     1.0 e    1.27 f    1.53 f     1.62 f  0.15 0.001 1.22     1.38       1.4 1.09     1.14    1.11 0.2 0.226 
DMI, kg 7.27       7.74       6.8 7.5        8.3         7.52    0.51 0.253 7.04      8.6        7.72 7.72     7.46    6.64 0.76  

 
0.216

Gain/feed 0.11 g     0.12 g     0.14 g 0.17 h    0.18 h     0.21 h 0.32 0.001 0.17      0.16      0.18 0.14     0.15    0.17 0.37 0.421 
a Brahman  
b Waguli  
c 86% concentrate  

d 94% concentrate 
*P<0.05    
e,f,g,h Values in the same row (between breeds or diets) with different superscript differ significantly 
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Table 2. Effect of breed and diet on Serum Urea Nitrogen 
 
       

 
Breed Diet

Item BRa

128d      142d      156d 
WA b

128d    142d     156d 
SEM *P-  

Value 
86C c

128d   142d      156d 
94C d

128d   142d   156d 
SEM *P-  

Value 
SUNe, mg/dl   8.9       12.18      8.5 7.5       8.1         12.5 1.3 0.153 10.9    10.5       10.1 8.5       8.2      8.8 1.68 0.40 
a Brahman 
 b Waguli 
 c 86% concentrate 
 d 94% concentrate 
 e Serum urea nitrogen 
 *P<0.05  
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Table 3. Effect of breed and diet on carcass chemical composition 
 
       

 
Breed Diet

Item BRa

128d    142d     156d 
WA b

128d    142d     156d 
SEM *P- 

Value 
86C c

128d     142d       156d 
94C d

128d    142d    156d 
SEM *P- 

Value 
Carcass  
Fat % 

26.40   27.08    28.79 27.56    27.88   28.95 1.08 0.30 26.09    26.49     27.93 26.95   27.22    27.87 1.33 0.06 

Carcass 
Protein 
% 

18.91   18.63    17.81    19.68    18.67    17.09   0.41 0.92 19.4      19.1        17.3 18.9     18.4        17.5 0.31 0.26 

Carcass 
Moisture 
% 

57.68    55.26   55.56 55.62     55.56    54.64 0.49 0.49 55.44     54      53.75 57.58     57     54.76 0.67 0.06 

 
a Brahman 
 b Waguli 
 c 86% concentrate 
 d 94% concentrate 
 *P<0.05 
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Table 4. Effect of breed, and diet on saturated fatty acids concentration of intramuscular fat 
 
   
Item       Breed

         
Diet

FAa BR%b

128d    142d     156d   
WA%c

128d     142d     156d 
SEM *P- 

Value 
86C%d 

128d     142d     156d 
94C%e 

128d     142d     156d 
SEM *P- 

Value 
C14:0 
 

2.49      2.61     2.73 1.98      2.11       2.21 0.31 0.24 2.12      2.22      2.28    2.42      2.57      2.65 0.28 0.41 

C15:0 
 

0.38     0.40      0.43 0.30      0.32       0.37 0.41 0.20 0.31      0.35      0.38 0.39    0.43        0.46 0.42 0.33 

C16:0 
 

20.22    20.51    20.71 19.11    20.21     20.21    0.38 0.87 20.76    21.33   21.45   22.46    22.89     24.11 0.93 0.91 

C17:0 
 

2.56f     2.71 f     2.84 f 1.11g     1.31 g       1.52 g 0.15 0.02 2.16      2.11      2.14 0.91      1.24       1.31 0.23 0.07 

C18:0 
 

14.24     14.36    14.57 15.11     15.64      16.32 0.58 0.42 14.21     14.72     15.08 16.24     17.26     18.44 0.68 0.37 

C20:0 
 

3.01        3.95      4.21 3.45        3.71        4.01 0.31 0.18 3.41        3.81       3.65 2.23       2.44       2.59 0.29 0.23 

C22:0 
 

0.12h      0.14 h     0.18 h 0.68i      0.71 i        0.79 i 0.51 0.02 0.34       0.41        0.51 0.38       0.45        0.54 0.49 0.06 

C23:0 
 

0.15        0.17        0.21 0.31        0.32        0.38 0.03 0.31 0.23       0.27        0.29 0.25        0.26        0.30 0.05  

  

0.42

C24:0 
 

1.01       1.24         1.28 0.72        0.81         0.95 0.24 0.95 1.03       1.21        1.11 0.91        0.87         0.97 0.32 0.75

a Fatty acids 
b Brahman  
c Waguli  
d 86% concentrate 
 e 94% concentrate 
*P<0.05  

f,g,h,i Values in the same row  (between breeds or diets) with different superscript differ significantly
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Table 5. Effect of breed, and diet on saturated fatty acids concentration of subcutaneous fat   
 
Item       

 

Breed
         

 

Diet

FAa BR%b 
128d      142d        156d   

 

WA%c 
128d     142d       156d 

SEM *P- 
Value 

86C%d 

128d      142d     156d 
94C%e 

128d     142d     156d 
SEM *P- 

Value 
C14:0 
 

3.72 f     3.68 f       3.48 f 1.21 g    1.35 g      1.47 g 0.35 0.003 3.08n      3.12 n      3.23 n   1.82o      1.76 o      1.78 o   0.34 0.008 

C15:0 
 

0.54      0.58         0.61 0.50      0.52        0.57  0.03 0.18 0.53      0.58      0.51 0.41      0.44      0.49    0.04 0.17 

C16:0 
 

21.83h    21.89 h    22.0 h 

 

        

17.93i   18.20 i     18.25i 0.59 0.007 20.12    20.05    20.42 18.9      19.8     19.4 0.54 0.31 

C17:0 
 

2.58      2.73        2.84 2.63       2.59        2.67 0.28 0.21 2.61      2.74      2.85   2.59       2.63    2.68 0.31 0.18 

C18:0 
 

12.01j   12.69 j     12.85 j 14.96k    15.10 k      15.23 k 0.35 0.03 12.98    13.58    13.63 13.87     13.94    14.32 0.41 0.14 

C20:0 
 

2.98l      2.13 l        3.07 l 3.18m       3.27 m      3.38 m 0.24 0.01 2.68p       2.72 p      2.79 p 3.81q     3.65 q      3.69 q 0.33 0.01

C22:0 
 

0.57      0.59        0.62 0.48       0.51       0.54 0.06 0.84 0.58       0.59      0.63 0.49        0.52      0.54 0.08  0.76 

C23:0 
 

0.42      0.47        0.49 0.39       0.43       0.47 0.05 0.74 0.49       0.51      0.54 0.41        0.43      0.47 0.07 0.81 

C24:0 
 

0.43      0.47        0.50 0.35       0.37       0.39 0.04 0.32 0.38       0.40       0.43 0.42         0.41     0.43 0.08 0.51 

a Fatty acids 
b Brahman  
c Waguli  
d 86% concentrate 
 e 94% concentrate 
*P<0.05  

f,g,h,I,j,k,l,m,n,o,p,q Values in the same row (between breeds or diets)  with different superscript differ significantly 
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Table 6. Effect of breed, and diet on unsaturated fatty acids concentration of intramuscular fat 
  

Item 
 

Breed 
         

   

 

    

Diet 

FAa BR%b 
128d      142d        156d  

   

WA%c 
128d     142d     156d 

  

SEM *P- 
Value 

 

86C%d 

128d     142d     156d 
   

94C%e 

128d     142d     156d 
   

SEM *P- 
Value 

 C11: 1 0.04 0.02 0.03 0.07 0.05 0.08 0.04 0.71 0.07 0.04 0.06 0.08 0.04 0.03 0.02 0.65
C12: 1                 

                 
                

       
        

                 
                

                

                

                 
                

           
               
              
            

                
                

                 
                

            
                 

               

0.02 0.05 0.09 0.08 0.06 0.07 0.03 0.46 0.02 0.03 0.05 0.04 0.04 0.07 0.04 0.27
C13: 1 0.07 0.08 0.11 0.01 0.02 0.03 0.05 0.61 0.02 0.04 0.07 0.03 0.07 0.07 0.03 0.53
C14: 1 0.69 f

 
0.70f 0.72f 0.48g

 
0.44g

 
0.50g

 
0.03 0.008

 
0.51j 0.48 j

 
0.49 j

 
0.65k

 
0.68 k

 
0.73 k

 
0.06 0.04

C16: 1 2.00 2.01 2.14 2.87 2.94 2.99 0.27 0.21 2.39 2.44 2.49 2.48 2.51 2.57 0.27 0.31
C18:1 cis9 35.81h 35.84 

h 
36.00 

h 
21.22i 21.31 

i 
21.47 

i 
1.83 0.01 27.95 28.05 28.35 28.65 28.71 28.78 1.94 0.42

C18: 2n-6 1.97j 1.99 j 2.06 j 3.94k 3.97 k 4.06 k 0.28 0.004 3.03 3.08 3.14 2.93 2.95 2.99 0.22 0.61
C18: 2 c9t11 
(CLA) 

0.29l 0.31l 0.33l 2.43m 2.46 m 2.48 m 0.29 0.001 1.49 1.52 1.54 1.25 1.23 1.27 0.27 0.11

C18: 2 c12t10 
(CLA) 

0.34n 0.38 n 0.42 n 1.11o 1.13 o 1.15 o 0.13 0.001 0.58 0.61 0.63 0.79 0.81 0.84 0.15 0.13

C18: 2 c10t12 
(CLA) 

0.41p 0.43 p 0.46 p 2.2q 2.8 q 2.9 q 0.27 0.02 1.58 1.62 1.68 1.59 1.64 1.70 0.34 0.24

C18: 3n-3 0.59r 0.67 r 0.69 r 2.75s 2.81s 2.86s 0.24 0.006 2.00 2.04 2.07 1.39 1.45 1.49 0.29 0.18
C20: 1 0.21t 0.24 t

 
0.27 t

 
0.89u

 
0.94 u

 
0.97 u

 
0.14 0.005

 
0.39 0.41 0.45 0.73 0.75 0.77 0.21 0.23

C20: 2n-6 0.29 0.32 0.35 0.30 0.33 0.36 0.03 0.87 0.31 0.37 0.39 0.20 0.26 0.29 0.07 0.91
C20: 3n-3 0.19v 0.21 v 0.23 v 0.63w 0.65 w 0.67 w

 
0.06 0.04 0.54l 0.61l 0.52 l 0.21m

 
0.24m 

 
0.28m 0.03 0.01

C20: 4n-6 0.24x 0.28 x 0.31 x 0.73y 0.77 y 0.80 y 0.04 0.01 0.62n 0.65 n

 
0.67 n

 
0.40o

 
0.43 o

 
0.48 o

 
0.06 0.01

C20: 5n-3 0.03z 0.05 z 0.07 z 0.39a 0.42 a 0.45 a 0.07 0.004 0.21 0.25 0.28 0.18 0.21 0.24 0.14 0.17
C22: 1 0.09b 0.12 b 0.14 b 0.49c 0.52 c 0.55 c 0.09 0.001 0.30 0.32 0.36 0.24 0.27 0.28 0.10 0.23
C22: 2 0.01d 0.04 d 0.04 d 0.41e 0.46 e 0.48 e 0.04 0.001 0.20 0.23 0.25 0.21 0.25 0.28 0.07 0.31
C22: 4n-6 0.02f 0.05 f 0.07 f 0.45g 0.48g 0.51g 0.07 0.004 0.28 0.29 0.31 0.24 0.26 0.27 0.10 0.25
C22: 3 0.11h

 
0.15 h

 
0.17 h

 
0.40i 0.51i 0.54 i

 
0.05 0.002

 
0.27 0.32 0.37 0.28 0.30 0.35 0.03 0.33

C22: 5n-3 0.68 0.72 0.78 1.09 1.11 1.15 0.23 0.68 1.12 1.15 1.19 0.48 0.50 0.54 0.32 0.71
C22: 6n-3

 
0.02 0.05 0.08 0.63 0.65 0.69 0.07 0.003

 
0.31 0.34 0.33 0.32 0.35 0.37 0.09 0.41

C24: 1 0.19 0.27 0.41 0.31 0.52 0.60 0.11 0.82 0.49 0.54 0.60 0.47 0.49 0.52 0.21 0.71
a Fatty acids, b Brahman, c Waguli, d 86% concentrate, e 94% concentrate,  *P<0.05, a,b,c,d,e,f,g,h,I,j,k,l,m,n,o,p,q,r,s,t,u,v,w,x,y,z Values in the same row 
(between breeds or diets) with different superscript differ significantly 
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Table 7. Effect of breed, and diet on unsaturated fatty acids concentration of subcutaneous fat                                                            

     
Item 

 
Breed 

         
Diet 

FAa 

      

BR%b 
128d    142d     156d   

  

WA%c 
128d     142d     156d 

  

SEM *P- 
Value 

 

86C%d 

128d     142d     156d 
  

94C%e 

128d     142d     156d 
  

SEM *P- 
Value 

 C11: 1 0.01f 0.01f 0.03 f 0.17g 0.19 g 0.20 g 0.05 0.01 0.15d 0.18 d 0.18 d 0.03e 0.04 e 0.06 e 0.07 0.01
C12: 1 0.04h                

                
               

                 
             

              
                

                

                

                
               

                
                 
                 
                 

                
               

                 
                

                 
                 

                

0.06 h 0.09 h 0.35i 0.37 i 0.38 i 0.07 0.001 0.19 0.21 0.24 0.22 0.25 0.27 0.09 0.10
C13: 1 0.13j 0.16 j 0.18 j 0.28k 0.34 k 0.39 k 0.08 0.005

 
0.22 0.24 0.24 0.30 0.32 0.35 0.51 0.12

C14: 1 1.10l 1.17 l 1.25 l 2.30m 2.36 m 2.47 m 0.22 0.01 1.94f 2.14 f 2.21 f 1.10g 1.33 g 1.51 g 0.27 0.01
C16: 1 3.21 3.32 3.46 3.29 3.37 3.39 0.21 0.86 3.21 3.35 3.36 3.28 3.32 3.51 0.15 0.91
C18:1 cis9 15.41n 15.43n 15.47n 

 
13.41o 13.47o 13.49o 0.65 0.02 15.38i 15.46i 

 
15.65i 13.18j

 
13.21j 13.30j 0.54 0.03

C18: 2n-6 2.85 2.97 3.01 3.16 3.35 3.47 0.21 0.60 2.72k 2.75 k 2.79 k 3.73l 3.75 l 3.78 l 0.18 0.04
C18: 2 c9t11 
(CLA) 

2.98p 3.00 p 3.12 p 4.00q 4.03 q 4.08 q 0.15 0.003 3.38 3.40 3.43 3.41 3.65 3.76 0.19 0.32

C18: 
2c12t10(CLA) 

2.47r 2.58 r 2.76 r 3.10s 3.13 s 3.16 s 0.19 0.02 2.69 2.74 2.78 3.00 3.10 3.12 0.20 0.30

C18: 
2c10t12(CLA) 

 

3.29 3.30 3.32 3.28 3.32 3.35 0.17 0.91 3.29 3.31 3.35 3.28 3.31 3.33 0.15 0.87

C18: 3n-3 3.00 3.05 3.10 3.25 3.30 3.27 0.14 0.18 3.46 3.58 3.63 3.75 3.84 3.99 0.15 0.11
C20: 1 2.74t 2.79 t 2.84 t 2.97u 3.54 u 3.77 u 0.18 0.02 3.55m 3.60 m 

 
3.67 m 2.76n 2.81 n 2.95 n 0.20 0.03

C20: 2n-6 1.29v 1.33 v 1.38 v 3.09w 3.11 w 3.14 w 0.21 0.007 1.48o 1.56 o 1.65 o 2.79p 2.80 p 2.87 p 0.23 0.004
C20: 3n-3 0.38 0.42 0.46 0.51 0.56 0.59 0.03 0.72 0.45 0.48 0.51 0.59 0.61 0.63 0.05 0.81
C20: 4n-6 0.58 0.61 0.63 0.49 0.51 0.53 0.05 0.32 0.53 0.56 0.57 0.54 0.56 0.58 0.04 0.35
C20: 5n-3 0.34x 0.37 x 0.39 x 0.49y 0.50 y 0.52 y 0.03 0.05 0.29q 0.36 q 0.39 q 0.51r 0.54 r 0.57 r 0.02 0.04
C22: 1 0.49z 0.51 z 0.53 z 0.31a 0.35 a 0.38 a 0.04 0.01 0.29s 0.34 s 0.38 s 0.54t 0.56 t 0.58 t 0.03 0.001

 C22: 2 0.48b 0.52 b 0.54 b 0.34c 0.36 c 0.37 c 0.04 0.05 0.38u 0.38 u 0.41 u 0.43v 0.46 v 0.48 v 0.03 0.05
C22: 4n-6

 
0.48 0.51 0.51 0.38 0.40 0.42 0.03 0.84 0.49 0.46 0.47 0.40 0.41 0.43 0.02 0.90

C22: 3 0.41 0.43 0.44 0.49 0.50 0.51 0.45 0.11 0.48 0.46 0.44 0.47 0.48 0.45 0.37 0.12
C22: 5n-3 0.51 0.53 0.57 0.39 0.41 0.42 0.02 0.23 0.48 0.50 0.51 0.38 0.41 0.46 0.04 0.25
C22: 6n-3

 
0.43 0.45 0.48 0.39 0.40 0.43 0.03 0.52 0.50 0.51 0.54 0.39 0.41 0.52 0.05 0.54

C24: 1 0.35 0.39 0.39 0.34 0.36 0.38 0.04 0.61 0.35 0.37 0.39 0.38 0.40 0.41 0.02 0.56
a Fatty acids, b Brahman, c Waguli, d 86% concentrate,  e 94% concentrate, *P<0.05  

a,b,c,d,e,f,g,h,I,j,k,l,m,n,o,p,q,r,s,t,u,v,w,x,y,z Values in the same row (between breeds or diets) with different superscript differ significantly 
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Table 8. Effect of breed, and diet on CLA, omega-3 and omega-6 fatty acids 
 
Item      

 

    

Breed Diet
FA a BR%b 

128d    142d     156d 
WA%c 

128d    142d     156d 
SEM *P-

value 
86C%d 

128d    142d     156d 
94C%e 

128d     142d        156d 
SEM *P-

value 
 CLAf, 

IMg 
1.04k     1.12 k   1.21 k    5.74l     6.39 l     6.53 l 0.24 0.01 3.65w    3.75 w    3.85 w   

 
3.63x      3.68 x       3.81 x 0.21 0.01

CLA, 
SCh 

 

8.74m    8.88 m    9.2 m    10.38n   10.48 n    10.59 n 0.34 0.01 9.36     9.45         9.56   9.69     10.06       10.21 0.54 0.21 

n-3i, IMg       

 

      

 

1.51o      1.7 o     1.85 o   5.49p      5.64 p      5.82 p 0.42 0.01 4.18y     4.39 y      4.39 y   
 

2.58z      2.75 z        2.92 z 0.44 0.01

n-3, SCh 4.66       4.82        5.00    
 

5.03     5.17         5.23 0.20 0.32 5.18     5.43          5.58 5.62      5.81          6.17 0.23 0.41 

n-6j, IMg 

 
2.52q      2.64 q     2.79 q 5.42r     5.55 r      5.73 r 0.25 0.001 4.24       4.39       4.51 3.77        3.9          3.86 0.41 0.21 

n-6, SCh 

 
5.2s        5.42 s      5.53 s  7.12t      7.37 t      7.56 t 0.23 0.001 5.22a       5.33 a    5.48 a   7.46b       7.52 b      7.66 b 0.22 0.001

n-3:n-6, 
IMg 

 

0.59u      0.64 u      0.66 u 1.01v     1.01 v        1.01 v 0.21 0.01 0.98       0.82       0.97 0.68        0.70        0.76 0.31 0.23 

n-3:n-6, 
SCh 

 

0.89       0.89          0.90 0.7        0.7          0.69 0.22 0.11 0.99       1.01       1.01 0.75        0.77        0.80 0.13 0.06 

a Fatty acids 
 b Brahman 
 c Waguli 
 d86% concentrate 
 e 94% concentrate 
*P<0.05 
f CLA = C18: 2 c9t11+ C18: 2 c12t10 + C18: 2 c10t12   
g Intramuscular 
 h Subcutaneous 
i Omega-3 fatty acids = C18:3+ C20:3+ C20:5+ C22:5+ C22:6 
 j Omega-6 fatty acids = C18:2+ C20:2+ C20:4+ C22:4 
a,b,k,l,m,n,o,p,q,r,s,t,u,v,w,x,y,z Values in the same row (between breeds or diets) with different superscript differ significantly 
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ABSTRACT 
 
 

The objective of this study was to compare carcass characteristics of a newly introduced 

breed, the Waguli (a cross between the Wagyu and the Tuli breeds), with the carcass 

characteristics of the Brahman breed. Brahman cattle are used extensively in the Southwestern 

part of the United States because of their tolerance to heat and adverse environmental conditions. 

However, Brahman carcasses are discounted according to the height of their humps because of 

meat tenderness issues. The Waguli was developed in an attempt to obtain a breed that retained 

the heat tolerance of the Brahman but have meat quality attributes similar to the Wagyu.  

 Twenty-four animals were used. Six steers from each breed (12 animals) were fed a 94% 

concentrate diet (94C) and six steers from each breed were fed an 86% concentrate diet (86C). 

Eight steers, two from each group, each were harvested after 128 days, after 142 days, and after 

156 days on feed. Waguli steers had larger ribeye areas, greater back fat thickness, higher 

marbling scores, and higher quality grades than the Brahman steers (P < 0.05). It is well known 

that the Japanese Wagyu breed is highly marbled and has tender meat, and these traits are also 

present in the Waguli. The Waguli had significantly lower Warner-Bratzler shear force values 

than the Brahman steers after 7 and 10 d of postmortem aging (P<0.05); this difference decreased 

after 14 d postmortem (P>0.05) when tenderness of the slower aging Brahman had increased to 

acceptable levels. Toughness of the Brahman has been associated with high levels of calpastatin 

in Brahman muscle, and the Waguli longissimus had significantly less at 0-h postmortem 
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calpastatin activity (P< 0.01) than the Brahman longissimus. At 0-h postmortem calpain activity 

was higher in the Waguli longissimus than in the Brahman longissimus, but calpain activity 

varied among different animals from the same breed, and this difference was significant only at 

the P<0.53 level.  Neither diet nor days on feed had any significant effect on at 0-h postmortem 

calpain or at 0-h postmortem calpastatin activity, and had no effect on Warner-Bratzler shear-

force values. 

In conclusion, longissimus muscle from the Waguli steers has a high degree of marbling, 

was tender, and had low calpastatin activity that is related to tender meat. A separate study has 

shown that the Waguli has feedlot performance characteristics similar to the Tuli; the Waguli 

seems to be a breed that would perform well in hot climates and produce meat of high quality. 

 
 
 
Key Words: Waguli, Brahman, calpain, calpastatin, carcass characteristics, tenderness 
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INTRODUCTION 
 

 

The beef cattle industry has used the Brahman breed, which is adapted to hot climates, in an 

attempt  

to find a breed that will perform well in the hot and humid climates encountered in the southern 

states in the US. Brahman cattle, however, do not gain as rapidly or as efficiently as breeds from 

Europe and meat from Brahman cattle often is less tender and not desirable to consumers. 

Therefore, various breeding schemes have been tested in which Brahman are crossed with 

European breeds in an effort to obtain an animal with high heat tolerance but having the 

performance and meat quality attributes of the European breeds. The Santa Gertrudis was a 

product of early attempts in this area. To obtain a breed of cattle that possesses superior meat 

quality but that has the heat tolerance to perform well in feedlot conditions in the southwestern 

United States, the Waguli breed was developed at the University of Arizona V-V ranch near 

Campe Verde, AZ.  This breed results from crossing the Japanese Wagyu (Bos Taurus) with the 

South African Tuli (Bos Indicus). 

The Wagyu breed is a moderately framed animal known for its ability to deposit intramuscular 

fat (marbling) and whose longissimus dorsi muscle has low shear force values, resulting in 

carcasses that grade USDA choice with yield grades of 1 or 2, and that are highly palatable to the 

consumer (Kuber et al., 2004; Lunt et al., 1993; Wheeler et al., 2004; Yamazaki, 1981). The Tuli 

is an African Sanga breed produced from crosses between Zebu and Bos Taurus animals 

thousands of years ago in Africa. Tuli have high fertility and maternal performance (Oliver, 
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1983; Schoemasn, 1989) and are similar to the Brahman in their tolerance to heat, early maturing 

traits, parasite resistance, and foraging ability (Holloway et al., 2002). The purpose of this study 

was to compare the carcass and some quality traits of the newly developed Waguli breed with 

those of the Brahman breed.              

 

 
MATERIALS AND METHODS 

 
Design, Feeding and Sample Collection 

The University of Arizona Institutional Animal Care and Use Committee (IACUC) 

approved the experimental protocol used in the present study. Twelve Waguli steers were born 

and raised until weaning at the University of Arizona V-V ranch, near Campe Verde, Arizona, 

and twelve purebred Brahman steers were obtained from Red Rock feed lot in Arizona. The 

twenty-four steers were received at the University of Arizona feedlot unit in Tucson where the 

study was conducted. After 14-d of acclamation to the high concentrate diet, the study started. 

The steers were weighed and this weight served as the starting weight of the trial. At the same 

time they were all implanted with 36 mg of zeranol (Ralgro®, Shering-Plough Animal Health 

Corp., Union, NJ).  

The two breeds of steers were divided into two groups of six steers each; the six steers in 

each group were then randomly allocated into one of two diets. Diet 1: 86% concentrate diet-86C 

and diet 2: 94% concentrate diet-94C. The diets used in this study (Table 1) were formulated 

according to NRC (1984). Each steer was housed in individual pens and was fed once daily at 

06:00 h. Animals were weighed every twenty-eight days, and weights were recorded. During 
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weighing, a blood sample was taken via jugular venipuncture and placed in 10-mL Corvac tubes 

(Sherwood Medical Co., St. Louis, MO) for determination of serum urea nitrogen (SUN).  

The amount of feed offered to the animals was recorded daily, and unused feed was 

removed and weights were recorded. Bunk management procedure was applied every morning. 

Steers reaching approximately 400 kg BW were monitored for fat thickness by scanning between 

the 12th and 13th rib interface using an Aloka SSD-500V ultrasound machine equipped with a 

probe size 5.0 MHZ (Aloka Co., LTD., Ithaca, NY). As the animals reached approximately 10 

mm fat thickness at the 12th-13th rib interface, they were scheduled for slaughter. Animals were 

slaughtered in three groups at the University of Arizona, Meat Science laboratory under Federal 

inspection. Each slaughter group consisted of eight animals, four of each breed (two for each 

tested diet). Feedlot performance data are not included in this paper. 

Within 45 min after exsanguination, two samples, two g each, were removed from the 

longissimus muscle at the 12th rib , were vacuum-packaged and were stored at -140 0C (REVCO 

Ultima II) until analysis for calpain and calpastatin activity. At 1wk after slaughter, three steaks, 

2.54 cm thickness each, were removed from the longissimus dorsi of each carcass and were 

assigned randomly to one of the following aging periods 7d, 10d or 14d. The 7d steaks were 

immediately processed for Warner-Bratzler shear force values (WBSF); the 10d and 14d steaks 

were vacuum-packaged and stored at 2°C for 3 or 7 d before processing for Warner-Bratzler 

shear force measurements respectively.  

Determination of Carcass Characteristics 

 Hot carcass weight (HCW) was recorded immediately after slaughter, while longissimus 

dorsi area (LM), estimated kidney, pelvic, and heart fat percentage (KPH), and adjusted fat 
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thickness (FT) at the 12th rib were recorded 48 h after slaughter for yield grade determination. 

Marbling score, lean maturity, and skeletal maturity were evaluated after 48-h at 2 0C (USDA, 

1989). Marbling scores and quality grades used the following scales: marbling: traces 300-399; 

slight 400-499; small 500-599; modest 600-699; etc.; quality grades were scored as follows: 

Select grade 400-499; Choice grade 500-599; and Prime grade 600-699.      

 
Determination of Warner-Bratzler Shear Force 
 

At the end of the assigned aging period, the steaks were cooked in groups of three using 

an electrical grill (George Foreman grilling machine, model GR35TMR, Lake Forest, IL 60045) 

to an internal temperature of 71°C. A Type K thermocouple (Taylor model 9800, Omega 

Engineering Inc., Stamford, CT) was placed in the center of each steak, and the internal 

temperature was monitored during cooking using a microprocessor thermometer (model HH21, 

Omega Engineering Inc., Stamford, CT).  

After cooking, the steaks were allowed to cool to room temperature and 10 cores (1.27-

cm diameter) were removed from each steak parallel to the muscle fiber. Each core was sheared 

perpendicular to the muscle fiber, with a Warner-Bratzler shear force machine manufactured by 

Emerson (Model S44TJ, Emerson Electric Inc., St. Louis, MO) fitted with a dynamometer scale 

(Chatillon, NY). One shear force value was obtained for each core, hence ten values /steak. The 

highest and lowest shear force values per steak were eliminated from the data, and the remaining 

eight values per steak were averaged to have a single shear force value for each steak. 
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Determination of Calpain and Calpastatin Activity 

Two g of frozen LM were homogenized in 15 mL of 20 mM homogenizing buffer 

(20mM Tris-HCl, pH 7.5; 5mM EDTA; 10 mM MCE; 1mM Pefabloc; and 2.5 µM E-64) by 

using a Polytron homogenizer (Model PT-MR 3000 Kinematica AG, Littau, Switzerland). The 

settings were 28,400 rpm, with two bursts of 20 s, each separated by 30s cooling periods. The 

homogenate was centrifuged at 14,000 × g for 20 min, the supernatant was filtered through glass 

wool, and 50 µl of the supernatant were saved on ice for protein determination (Bradford, 1976). 

KCl was added to the supernatant to bring it to a final concentration of 125 mM and the 

supernatant was loaded into 1.6 cm x 16 cm Phenyl Sepharose column. After flushing with 126 

mL of 125 mM KCl; 20 mM Tris-HCl, pH 7.5; 5mM EDTA; 10 mM MCE, the calpain was 

eluted off the column with 5mM EDTA, 10 mM MCE.  

All tubes containing the fractions eluted from the Phenyl Sepharose column were assayed 

for calpain activity by using the BODIPY fluorescent assay (Thompson et al., 2000), and for 

calpastatin activity by using the FITC-labeled casein assay (Edmunds et al., 1991; Wolfe et al., 

1989). Tubes containing calpain or calpastatin activity were pooled, and the pooled samples were 

concentrated by using an Amicon ultra-15 (Millipore). The amount of protein in each fraction 

was determined by using the Coomassie brilliant blue assay. The pooled concentrated samples 

were assayed for calpain and calpastatin activity by using the BODIPY fluorescent assay and the 

FITC-labeled casein assay as described before.    

Statistical Analysis 
  

Data were statistically analyzed using SAS (SAS Inst., Inc., Cary, NC). The analysis was 

performed using 2x2x3 factorial design (two diets x two breeds x three different feeding 
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periods). The statistical model included the effects of breed, diet and total days on feed as the 

independent variables, and analysis of the two-way interactions between breed, diet and days on 

feed. Only significant interactions will be mentioned in the Results and Discussion section. 
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RESULTS AND DISCUSSION 

This is the second report on the newly developed Waguli breed; the first paper describing 

the Waguli included data on rate of gain and feedlot performance (Ibrahim et al., 2007). This 

paper includes some data on carcass characteristics in addition to tenderness and calpain and 

calpastatin activities to document that the Waguli are much more tender than the Brahman and 

that this increased tenderness is accompanied by much lower longissimus dorsi calpastatin 

activities than exist in the Brahman. The Wagyu breed was used in this cross because the Wagyu 

has superior marbling and tenderness traits, and it was hypothesized that these superior quality 

attributes might be retained in a cross that also had the heat tolerance of the Tuli.    

 
Carcass Characteristics 

 Mean values for the different carcass traits measured in this study are presented in Table 

2. There were no significant differences between the Waguli and Brahman breeds in hot carcass 

weight and in kidney, pelvic, and heart fat. Waguli steers, however, had a larger longissimus 

dorsi area at the 12th rib section, had greater fat thickness measured at the 12th rib section, had a 

significantly higher marbling score, and had a higher quality grade than the Brahman steers. 

Surprisingly, there was no significant difference between the two breeds in yield grade, even 

though the Waguli steers had significantly higher back fat thickness.  

Because there have been no previous studies of the Waguli, any comparison of the results 

reported here with earlier findings must involve studies comparing Brahman or Tuli with the 

Wagyu or European breeds or comparisons of the Wagyu with the Brahman or European breeds. 

Previous studies comparing yield grades of cattle containing Brahman breeding with cattle of 
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Tuli-sired or Wagyu cross-bred steers have produced conflicting results. One group of 

investigators found that Brahman-sired and Tuli-sired steers had similar yield grades (Casas and 

Cundiff, 2003; Franke, 1997; Herring et al., 1996), whereas another group reported that Brahman 

crossbred steers had numerically higher yield grades than Tuli-cross-bred steers  (Chase et al., 

2001). When compared with cattle of Angus ancestry, two studies (Huffman et al., 1990; Paschal 

et al., 1995) found that Brahman cross-bred steers had higher yield grades than Angus crossbred 

steers; one study found that Brahman-sired steers had a numerically higher yield grade than 

Angus steers even though they had less back fat than the Angus steers (Young et al. 1978); and a 

third study found that Brahman and Angus cross-bred steers had similar yield grades (Koch et 

al., 1982), similar to that reported in the present study comparing the new Waguli breed with the 

Brahman. Studies comparing steers having Wagyu or Tuli ancestry with steers having Angus 

ancestry have found that Angus and Wagyu-crossed steers had similar yield grades (Myers et al., 

1999) or that Angus calves had lower (3.1) yield grades than Wagyu (3.6) calves (Wertz et al., 

2002).          

 It is generally acknowledged that animals with Wagyu ancestry fatten more rapidly and 

have higher marbling scores than other breeds of cattle, and that this difference in rate of 

fattening is reflected in the greater fat thickness, higher marbling scores and higher quality 

grades of the Waguli animals in this study (Table 2). Quality grade is highly related to marbling, 

and there were significant breed x days on feed and diet x days on feed interactions in the quality 

grades. A number of studies have shown that Brahman steers have lower quality grades than 

British breeds of cattle (Adams et al., 1982; Butler et al., 1956; Carpenter, et al., 1961; Casas and 

Cundiff, 2003; Cole et al., 1963; Crockett et al., 1979; Crouse et al., 1989; Cundiff et al., 1993; 
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Huffman et al., 1990; Koch et al., 1982; Peacock et al., 1979; Whipple et al., 1990; Young et al., 

1978). Marbling scores have been reported to decrease with increasing Brahman inheritance 

(Pringle et al., 1997), and this lower marbling score has been associated with decreased 

tenderness of Brahman cattle (Johnson et al., 1990a). Even Tuli-sired steers were reported to 

have higher marbling scores than Brahman-sired steers (Cundiff et al., 1998; Franke, 1997; 

Herring et al., 1996). Steers from Wagyu-crosses had higher marbling scores than steers from 

Angus crosses ((Lunt et al., 1993; Myers et al., 1999; Wertz et al, 2002) or from Wagyu x 

Limousin cross-bred steers (Kuber et al., 2004); the former result is consistent with widely noted 

marbling ability of Wagyu breed when compared to the Angus breed (May 1993; Mir et al., 

1999a; Yamzaki et al., 1981). Wagyu-sired steers also had a greater percentage fat content in 

their longissimus dorsi than Hereford-sired steers (Pitchford et al., 2002).  

The Angus breed has a reputation for having a high degree of marbling among the British 

breeds, but a comparison of Wagyu heifers with Angus heifers showed that 60% more Wagyu 

heifers graded Choice than Angus heifers (Wertz et al., 2002). In a second study, 19% more 

Wagyu cross carcasses graded Choice or higher and 82% more graded Average Choice than 

carcasses from Angus crosses (Myers et al., 1999). In a study comparing Wagyu-sired, Hereford-

sired, and Angus-sired steers, Wheeler et al (2004) found that the Wagyu-sired steers had the 

highest percentage of USDA Choice, yield grade 1 or 2, carcasses even though their carcasses 

were the lightest. These studies all indicate that the Wagyu breed has consistently higher 

marbling and quality scores than even the Angus breed, and that the Wagyu therefore may be an 

excellent choice for crossing with a Bos Indicus species in order to increase quality of the cross.     
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 Interestingly, in the present study, Waguli steers had significantly larger longissimus 

dorsi areas than Brahman steers, even though their carcass weights were similar to the Brahman 

carcass weights (numerically even slightly smaller, Table 2). This difference is likely due in part 

to the effect of Brahman ancestry on longissimus dorsi area. A number of studies have found that 

as percentage of Brahman ancestry increases, the longissimus dorsi area decreases (Huffman et 

al., 1990; Peacock et al., 1979; Pringle et al., 1997), and that Brahman and Brahman crosses 

produce carcasses having smaller longissimus dorsi areas than carcasses from British breeds or 

British-breed crosses (Crockett et al., 1979; Lopes. 1986; Luckett et al., 1975; Peacock et al., 

1982). Studies comparing longissimus dorsi areas of Wagyu and Wagyu cross-bred steers with 

the longissimus dorsi areas of British breeds have produced differing results. Some studies found 

that Wagyu crossbred bulls and heifers had larger longissimus dorsi areas than Angus crossbred 

bulls and heifers (Myers et al., 1999; Wertz et al., 2002), whereas other studies have found that 

the longissimus dorsi areas in carcasses from Angus-sired and Hereford-sired steers were similar 

to those in carcasses from Wagyu-sired steers (Pringle et al., 1997; Wheeler et al., 2004). 

Consequently, the larger longissimus dorsi area in the Waguli steers is likely due to the Wagyu 

influence and not the Tuli inheritance; also, several studies found no difference in longissimus 

dorsi area between Brahman and Tuli steers (Cundiff et al., 1998; Herring et al., 1996). 

 Although animals having Wagyu ancestry generally have higher marbling scores and 

greater back fat thickness than other breeds, there was no difference between the Waguli and 

Brahman steers in amount of kidney, pelvic, and heart fat in the present study (Table 2). Earlier 

studies generally have found no effect of breed on amount of kidney, pelvic, and heart fat when 

Brahman x Angus, Senepol x Angus and Tuli x Angus were compared (Chase et al., 2001) or 
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when Brahman and Angus steers were compared (Huffman et al., 1990), although one study 

found that Angus steers had just slightly less (0.2 percentage) kidney, pelvic, and heart fat than 

Wagyu steers (Myers et al., 1999).  It seems that animals with Wagyu ancestry deposit fat 

differently than animals having British or Brahman ancestry, with proportionately more fat being 

deposited intramuscularly and subcutaneously and less fat being deposited around interior 

organs. Additional study is needed to confirm or negate this suggestion.         

 
Tenderness and the Calpains/Calpastatin 

 Shear force values indicated that Waguli longissimus dorsi was more tender than 

Brahman longissimus dorsi although this difference decreased with longer times of postmortem 

aging (Table 3). Previous studies have shown that muscle from animals having Brahman 

ancestry age more slowly than muscle from British breed animals (Johnson et al., 1990a; 

O’Conner et al., 1997; Whipple et al., 1990) and that steaks from Brahman animals should be 

aged for approximately 21 days to compensate for the delayed aging process in these animals 

(O’Conner et.al., 1997). Neither energy content of the diets nor days on feed had any effect on 

longissimus dorsi tenderness of either Waguli or Brahman (Table 3). The increase in toughness 

between 7-d and 10-d of postmortem aging is unusual (Table 4), and it is unclear why this 

occurred. That shear force values for both the Waguli and the Brahman increased between 7-d 

and 10-d of aging suggests that it may be related to how the samples were handled, but to the 

best of our ability, the samples were all processed identically. 

 The calpain/calpastatin system has an important role in postmortem tenderization of meat 

(Dransfield, 1992b; Koohmaraie, 1992; Koohmaraie et al., 1988), so the muscle samples taken in 
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this study were assayed for calpain and calpastatin activity, No attempt was made to separate µ-

calpain from m-calpain, and the assays measure combined µ- and m-calpain activity. The calpain 

and calpastatin assays varied considerably from animal to animal for both the Waguli and the 

Brahman animals. As a result of this variation, there were no significant differences in calpain 

activity between breed, between high energy and low energy diets and between the three times 

on feed (Table 3). Calpain activity was slightly higher in Waguli longissimus dorsi than in 

Brahman longissimus dorsi, but this difference was significant only at the 0.35 level. Also, the 

higher calpain activity of the animals on the high energy diet was significant at the 0.33 level 

whereas the higher calpain activity after 156 d on feed was not significant (P< 0.53). Calpastatin 

activity was much higher in Brahman longissimus dorsi than in Waguli longissimus dorsi (Table 

3) and despite the animal to animal variation, this difference was significantly different at P< 

0.01. Diet has no effect on calpastatin activity, although calpastatin activity seemed lower after 

156 d on feed than at the earlier times (Table 3); however, this difference was not significant (P< 

0.70). It should be pointed out that these calpain and calpastatin activities are all 0-time (at-

death) activities.                    

 This is the first study describing calpain and calpastatin activities in Waguli muscle, but 

the results are consistent with those reported in earlier studies that found calpastatin activity was 

high in Brahman muscle (Cundiff, 1993; Johnson et al., 1990b; Pringle et al., 1997; Shackelford 

et al., 1991; Wheeler et al., 1990; Whipple et al., 1990). Because we did not include any British 

breeds in this study, it is not known whether calpastatin activity in Waguli muscle is lower, 

higher, or the same as calpastatin activity in muscles from the British breeds, although the 

absolute values and the relative differences with calpastatin activity in the Brahman suggest that 
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calpastatin activities in the Waguli are similar to those in the British breeds. The high calpastatin 

activities and high shear force values of Brahman muscle are also consistent with earlier studies 

that compared muscle from Bos taurus with Bos Indicus (Brahman) breeds and that suggested 

that high calpastatin activity is the cause of the low tenderness and long aging times required for 

Brahman muscle (Cundiff, 1993; Morgan et al., 1993; O’Conner et al., 1997; Shackelford et al., 

1991; Wheeler et al., 1990; Whipple et al., 1990). 

 In conclusion, the newly developed Waguli breed was created in the hope that it would 

retain the heat tolerance traits of the Bos Indicus, but that it would not have the decreased meat 

quality traits that have been associated with the Bos Indicus species. The results indicate that, 

when compared with Brahman steers, Waguli steers have more marbling (hence would grade 

higher), have much greater tenderness, and age more rapidly during postmortem storage. 

Moreover, the increased tenderness and rapid aging of Waguli is associated with a much reduced 

calpastatin content in the Waguli longissimus dorsi. Hence, the Waguli would seem to be a 

highly desirable breed for use in hot climates that adversely affect the performance of the Bos 

Taurus breeds.            

 
Implications 

The present study indicate the usefulness of the newly developed breed; Waguli. It 

tolerates the heat as it was raised in Tucson, Arizona (Southwest USA). The Waguli steers 

possess good marbling ability and hence tenderness and overall palatability. Moreover, Waguli 

steers have good yield and quality grades.  
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Table 1. The formulation and chemical composition of the two diets used in the study  

Feed Stuff (DMa basis) 86% concentrate (86C) 94% concentrate (94C) 
Sorghum sudan hay % 14 6 
Steam flaked corn % 73.75 81.75 
Molasses % 5 5 
Tallow % 3 3 
Limestone % 0.5 0.5 
Urea % 1.25 1.25 
Mineral mixture % 2.5 2.5 
Chemical composition   
Dry matter 83%   
Crude protein 13 %   
Acid detergent fiber  7.43% 12.26%                               
Ash 4.59 %   
Calcium 0.69 %   
Phosphorous 0.29 %   
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Table2. Effect of breed, and diet on carcass characteristics 
                                                                             
                        Breed     

  

Diet 
 
Item 

 
BRa 

128d     142d    156d 

 
WA b 

128d             142d        156d 

 
SEM 

 
*P-
value 

 
86C c 

128d     142d      156d 

 
94C d 

128d      142d       156d 

 
SEM 

 
*P-
value 

HCWe, kg 
 

292.2   293.5   294.8  287.9           289.6      290.1     3.21 0.77 294.8    295.7   296.08 285.1     287.4      288.03 2.24 0.68 

KPHf % 
 

2.12     2.24       2.43 2.02              2.11          2.19 0.21  

  

  

  

   

  

0.38 2.11      2.28       2.37 2.12        2.15         2.23 0.27 0.58 

LMg area, 
cm2  
 

70.6 j     70.4 j    70.8j 77.8k             78.1 k      78.6 k   1.14 0.008 74.85     75.11   75.19 72.41      72.64       73.25 1.4 0.49 

Fat 
thickness, 
cm 
 

0.60l     0.61 l     0.63 l 0.99m            1.08 m     1.09 m

 
0.057 0.02 0.73       0.75      0.77 0.88         0.89         0.94 0.11 0.33 

Marbling 
score h 

 

509.4n   509.8    510.9n     518.9o         519.8 o   521.66 o 14.37 0.01 487.1     489.3   495.16 529.8       534.9     538.5 15.77 0.52 

Quality 
gradei 

 

478.1p   479.5 p   480.3 p 500.2q         501.4 q   501.7 q 9.76 0.02 478.0      479.2   481.0 502.2       503.1    504.16 7.80 0.62 

Yield grade 
 

2.38     2.47       2.58       2.32           2.45          2.57  0.07 0.46 2.43        2.45      2.48 2.45         2.54       2.65 0.95 0.39 

a Brahman,  
b Waguli,  
c 86% concentrate,  
d 94% concentrate,  
e Hot Carcass Weight,  
f Kidney, pelvic, and heart fat,  
g Longissimus muscle, h 400 = slight00, 500 = Small00 (USDA 1997),     
i USDA Quality grade (400 = select, 500 = choice, 600 = prime), *P<0.05  

j,k,l,m,n,o,p,q Values in the same row (between breeds or diets) with different superscript differ significantly 
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Table 3. Effect of breed, and diet on Calpain and Calpastatin activities 
                                 
                        Breed     

  

Diet 
 
Item 

 
BRa 

128d     142d       156d 

 
WA b 

128d         142d          156d 

 
SEM 

 
*P-
value 

 
86C c 

128d     142d     156d 

 
94C d 

128d      142d       156d 

 
SEM 

 
*P-
value 

CDP e 
FU/wet  
tissue 
 

415.6    417        419.4  637.2        648.5       655.7        117.4 0.57 414.8    415.7  415.08 649.1     654.4      658.03 112 0.68 

CDPI f 
FU/wet 
tissue 
 
 

4874g   4892 g        4981 g 300.4h        301.5 h      303.7 h 611.54  0.002 2511      2513    2516 2764.1    2769        2776 627 0.38 

a Brahman,  
b Waguli,  
c 86% concentrate,  
d 94% concentrate,  
e Calpain, Fluorescent unit per gram wet tissue,  
f Calpastatin, Fluorescent unit per gram wet tissue,   
*P<0.05 
g,h Values in the same row (between breeds or diets)  with different superscript differ significantly 
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Table 4.  Effect of breed, and diet on Shear force values 
  
                            Breed     

  

Diet 
 
Item 

 
BRa 

128d       142d         156d 

 
WA b 

128d         142d          156d 

 
SEM 

 
*P-
value 

 
86C c 

128d     142d      
156d 

 
94C d 

128d      142d       
156d 

 
SEM 

 
*P-
value 

       7- d Shear     
       force, kg  
 

4.25e        4.27 e       4.29 e 3.42f         3.51 f          3.52 f   0.47 0.003 4.04      4.05       4.15 3.49       3.54        3.83 0.43 0.38 

10-d Shear 
force, kg 

 

5.74g       5.82 g       5.85 g 4.10h        4.12 h         4.17 h 0.54  

  

0.01 4.07      4.09       4.17 4.12       4.32        4.42 0.51 0.24 

       14-d Shear    
       force, kg 
 

3.72 e      3.74 e      3.77 e 2.86 f        2.89 f          2.94 f 0.36 0.2 3.42      3.53       3.58 3.01        3.09       3.14 0.31 0.18 

a Brahman  
b Waguli 
c 86% concentrate  

d 94% concentrate 
e , f,g,h Values in the same row and same column (between breeds or diets) with different superscript differ significantly  

*P<0.05 
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