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ABSTRACT 

 

Growth and quality are two major concerns to producers of meat animals.  Lean 

growth in meat animal will affect the yield of that animal, and the amount of 

intramuscular fat will affect the quality of that animal.  This thesis contains two studies 

that involved two different methods of producing an animal with improved growth and 

meat quality.  The first study used animal breeding and genetics to produce a swine line 

with improved growth, marbling and meat quality.  The second study used a feed 

supplement (Ascophyllum nodosum) to manipulate the processes involved in 

intramuscular fat deposition to produce greater fat deposition without affecting overall 

animal performance.   

Study 1 used two genetic swine lines, a low serum cholesterol (LC) swine line 

and a modern (M) swine line, that were crossed (LC×LC, LC×M, M×LC, and M×M) to 

produce a new line with improved weight gain, marbling and overall meat quality. Once 

weaned animals were penned by cross with three animals per pen. Pigs were weighed 

every 7 d from birth to end of nursery phase, then every 14 d until harvest at 154 d. 

Comparison of linear regressions of the LC×M line to the M×M line, and the LC×LC line 

to the M×LC line found that the LC×M line grew faster (P < 0.05) than the M×M line, 

and the LC×LC line grew slower (P < 0.05) than the M×LC line. Comparison of linear 

regressions of the M×M and M×LC lines found that the two lines were not different (P > 

0.05) and grew at the same rate. No differences (P > 0.05) were seen in marbling between 

treatment groups, but LC×LC group tended to have less (P = 0.079) initial juiciness than 

the M×LC group, and less (P = 0.075) sustained juiciness than both the M×LC and 
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LC×M groups. Offspring from an M line dam had heavier weights at d 14 and from 28-

56 d than offspring from LC sows (P < 0.05). Interaction of sire and dam was seen from 

0-7 d and from 70-154 d (P < 0.05). From this study two lines were formed with 

improved growth, but neither had improved marbling and meat quality. 

Study 2 used English cross steers (n = 32) and heifers (n = 32) that were fed a  

commercial corn based diet and differentially supplemented with 2% Ascophyllum 

nodosum to maximized intramuscular fat deposition as determined by quality grade.  

Cattle were blocked by sex and divided into one control and three treatment groups 

receiving Ascophyllum nodosum. Treatment 1 (trt 1) received Ascophyllum nodosum 

from d 36-50 of the feeding period, trt 2 received Ascophyllum nodosum for the last 14 d 

of the feeding period, and trt 3 which received Ascophyllum nodosum for both d 36-50 

and the last 14 d of the feeding period.  Cattle were weighted and ultrasounded at the 

commencement of trial and every 28 d following until they reach an average body weight 

of 544 kg.  No effect for Ascophyllum nodosum supplementation was found on measured 

performance characteristics. All treatments groups supplemented with Ascophyllum 

nodosum had higher actual marbling scores (P < 0.05) than controls.  Trt 1 was found to 

have a highest marbling score of 572.5 (P < 0.05) with the control group having the 

lowest marbling score of 473.75.  Trt 1 had a higher (P < 0.05) quality grade than the 

control group (P < 0.05) and Trt 2 and Trt 3 were not different (P > 0.05) from any other 

treatment group.  Control group had 25% Choice, 62.5% Select; trt 1 had 75% Choice, 

18.8% Select; trt 2 had 62.5% Choice, 25% Select and trt 3 had 56.3% Choice and 31.2% 

Select.  Overall, treatment groups had a 39.58 % increase in Choice quality grade and a 

37.5 % decrease in Select quality grade when compared to the control group. 
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 These two studies revealed that it is difficult to positively affect both lean growth 

and intramuscular fat.  However, through the use of genetic selection and feed 

supplementation, improvements in lean growth and intramuscular fat deposition can be 

achieved.  Study 1 found that the effect of the dam on growth is often underestimated and 

more care should be taken when making breeding decisions.  Currently many producers 

are using terminal cross sires to increase the growth of their offspring and the dam lines 

are bred to have large litters and good mothering ability.  Data collected from this trial 

suggests that the dam also plays an important role in growth, even after lactation.  Study 

two found that the use of Ascophyllum nodosum increases marbling score in English 

cross cattle without effecting performance.  Supplementation from d 36-50 showed the 

greatest improvement in marbling score.  While the mechanism of action for 

Ascophyllum nodosum as it relates intramuscular fat deposition is unknown the use of 

Ascophyllum nodosum as a feed supplement can help to improve marbling score in 

English cross cattle.  
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CHAPTER I 

LITERATURE REVIEW 

 

Improving Pork Quality through Genetic Selection 

Introduction 

  Swine breeding programs have been focused on production traits, which have lead 

to modern swine breeds (M line) that have increased littler sizes, weight gains, decreased 

backfat, and improved feed conversion (National Pork Board, 2003).  The main reason 

for this type of breeding is that consumers, and consequently packers, prefer lean pork 

and therefore producers are raising leaner, heavier-muscled pigs to satisfy these demands. 

Moreover, carcass quality traits are not considered a high priority objective for breeding 

because of the lack of monetary incentives (USDA, 2005).  The results of these breedings 

are lean hogs that lack marbling, and do not maximize palatability traits (Fabian et al., 

2003).  However, there are a number of methods for determining pork quality such as 

optical probes, real time ultrasound and electromagnetic scanners that can better 

objectively predict carcass value than marbling alone (Berg et al., 1998; Newcom et al., 

2002; Swatland, 1993).   The pork industry will begin to use these technologies in pricing 

systems as the industry moves toward a value-based marketing system (Brorsen et al., 

1998).  As the pork industry begins to move toward a system where quality will be 

marketed, producers will have to begin to produce meat that is of higher quality, but still 

maintain the production performance characteristics of today’s modern pigs. 

Through the use of divergent selection from a composite population, that included 

equal parts Chester White, Landrace, Large White and Yorkshire breeds, a low serum 
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cholesterol (LC) line and a high serum cholesterol (HC) line of pigs were developed by 

Young et al. (1993).  The LC line (65.5 mg/dL) had lower (P < 0.05) serum cholesterol at 

d 56 than both an unselected control line (85.7) and the high serum cholesterol line 

(107.1), and had higher fat than the high serum cholesterol line (Young et al., 1993).  

This LC line was also found to have lower (P < 0.05) birth, weaning, and d 56 weights 

than the HC line.   

Tenderness, juiciness, flavor, and overall satisfaction are generally accepted as 

palatability attributes desired by consumers (Davis et al., 1975).  Davis et al. (1975) 

showed that improved marbling of pork causes increased juiciness, increased tenderness 

and increased palatability to the consumer.   DeVol et al. (1988) found a positive 

correlation between tenderness, flavor, juiciness, and marbling with percentage increase 

of fat.  So, the high fat of the LC line should increase tenderness, flavor, juiciness, and 

marbling, thus increasing overall palatability and quality.  Hodgson et al. (1991) found 

that consumers found higher marbling pork chops more palatable than lower marbling 

chops.  By incorporating the increased marbling of the LC line with the performance of 

the M line we can produce a new line of pigs with improved weight gain and amount of 

lean tissue, improved marbling and overall consumer acceptance.  By increasing 

consumer satisfaction and having potential health benefits through using LC swine a 

niche market or branded product could be formed. 

 

Cholesterol 

Cholesterol is a lipid that is important for the formation of cell membranes and 

hormone production (Berg et al., 2002; Voet and Voet, 2004).  Cholesterol and other 
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lipids are broken down to cholesterol, fatty acids and monoglycerides by enzymes 

including pancreatic lipase, cholesterol esterase, and bile salts (Berg et al., 2002).  

Cholesterol esters are broken down into cholesterol and fatty acids by cholesterol 

esterase.  Lipids are then separated into globules called mixed micelle (Voet et al., 2005).  

The mixed micelles then travel to intestinal epithelium and are absorbed through the 

plasma membrane (Berg et al., 2002). Absorbed cholesterol is recombined with fatty 

acids into cholesterol esters, which are transported through the body by lipoproteins 

(Berg et al., 2002; Voet and Voet, 2004).  Chylomicrons transport triglycerides to the 

liver and the chylomicron remnant contains the cholesterol esters, which delivers 

cholesterol esters to the liver (Berg et al., 2002).  Both of the lipoproteins, high-density 

lipoprotein (HDL) and low-density lipoprotein (LDL), which transport cholesterol 

through the body, are well known to the public (Berg et al., 2002). LDL transports 

cholesterol from the liver to non-hepatic tissues in the body and HDL transports 

cholesterol from non-hepatic tissues to the liver for excretion out of the body (Berg et al., 

2002; Voet and Voet, 2004).  One common perception is that LDL, which is often 

referred to as “the bad cholesterol”, is unhealthy even though it is necessary to body 

functions (Berg et al., 2002).  The same is true for cholesterol as a whole.  Even though it 

is vital in the body, consumers want products that are low in cholesterol and LDL 

because it is related to fat and atherosclerotic plaque that can cause clogged arteries (Berg 

et al, 2002).   Fat content is also the most frequently examined element on food product 

labels (Food Marketing Institute, 2005).  In a public opinion survey conducted in 2004 

they found that 62 % of Americans are concerned with low fat content when choosing 
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foods (Ruhland, 2004).  So any reduction in cholesterol or LDL would allow the 

opportunity to present a more acceptable product to consumers. 

 

Modern (M) Line 

According to the National Pork Board (2003) pigs today are bred and fed to be 

leaner than pigs of the past.  When modern swine breeds are compared to 1950’s breeds, 

today's swine have slimmed down considerably, with 50 percent less fat. Around World 

War II, pigs averaged 7.26 cm of backfat compared with less than 2.29 cm now (National 

Pork Board, 2003).  The Pig Improvement Company (PIC), a supplier of swine genetics 

in the United States, focuses on litter size, litter weaning weight, lean growth rate, feed 

efficiency, low backfat levels, high lean percent and carcass yield in its composite breeds 

(Pig Improvement Company, 2001).  The Camborough® 22, one of PIC’s maternal lines, 

focuses on structure soundness, litter size, weaning weight, lean growth rate, and feed 

efficiency to produce high yield low fat offspring.  The Camborough® 22 shares many of 

the traits selected for in competitors such as the Genepacker Gold×Parent Gilt (JSR 

Farms Ltd., 2005) and F1 Top Hybrid Gilt (Herimitage Pedigree Pigs Ltd., 2005).  This 

breeding philosophy of high feed efficiency and high lean yields of carcasses can be seen 

for most suppliers of genetics throughout the industry.  This selection for lean growth 

will cause a reduction in color, firmness and marbling (Fabian et al., 2003). 

 

Low Serum Cholesterol (LC) Line 

A composite line of equal genetic contribution from the Chester White, Landrace, 

Large White, and Yorkshire breeds were selected for serum cholesterol levels to create 
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two genetic lines of swine, a high serum cholesterol line (HC line) and a low serum 

cholesterol line (LC line); (Pond et al., 1993; Wise et al., 1993; Young et al., 1993).  Fifty 

litters of pigs born to third-parity sows in 1987 formed the base generation.  Serum 

cholesterol concentration was measured on all pigs that survived to 56 d of age.  In the 

base generation, cholesterol concentration on d 56 was used to assign the 50 females and 

20 males with the highest serum cholesterol level to the High line and the 50 females and 

20 males with the lowest serum cholesterol level to the Low line (Pond et al., 1993; Wise 

et al., 1993; Young et al., 1993).   In subsequent generations, unidirectional selection was 

practiced within each line.  Pigs that weighed <6.8 kg at 56 d of age were not considered 

for selection due to the occurrence of severe health problems, injury, or developmental 

delays that would likely have large effects on blood traits, including serum cholesterol.  

At 56 d of age, no more than five boars or eight gilts were selected per litter to restrict 

accumulation of inbreeding.  The number of gilts per line was reduced to the top 35 at 

breeding with no more than five gilts from any litter. The number of boars was reduced to 

the top 10 at breeding with no more than three boars from a litter (Pond et al., 1993; Wise 

et al., 1993; Young et al., 1993).   

In the three lines (LC line, HC line, and unselected control line) compared by 

Young et al. (1993) differences were found in both performance and carcass 

characteristics.  First, serum cholesterol concentration at d 56 was different (P < 0.05) 

among all lines.  Serum cholesterol concentration in the LC line (65.5 mg/dL) was 41.6 

mg/dL lower than in the HC line (107.1 mg/dL) and 20.2 mg/dL lower than the control 

line (85.7 mg/dL); (Pond et al., 1993; Young et al., 1993).  Pigs from the HC line were 

significantly heavier (P < 0.05) than pigs from the LC line at birth (HC line, 1.43 kg; LC 
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line, 1.25 kg), weaning (HC line, 7.10 kg; LC line, 6.27 kg), and at d 56 (HC line, 15.1 

kg; LC line, 11.9 kg); (Young et al., 1993).  This was verified by Pond et al. (1993) who 

saw differences in weight between the HC and LC lines at weaning and at d 56, but not at 

birth.  HC line grew 13 and 43% faster (P < 0.05) than LC pigs from birth to d 28 and 

from d 28 to d 56.  Finally the LC line had higher (P < 0.05) first rib backfat thickness 

(5.70 cm) than the HC line (5.28 cm); (Young et al., 1993).  Due to a positive correlation 

between backfat and marbling in swine (Jensen et al., 1967) we can expect the LC line to 

have a higher amount of intramuscular fat when compared to HC line.  Of the created 

lines the LC line had more economic value due to its low serum cholesterol accompanied 

by higher first rib backfat.   

Pond et al. (1993) found that the level of circulating serum cholesterol at 8 wk of 

age may be predictive of growth potential of pig populations due to a strong correlation (r 

= .46; P < 0.05) between serum cholesterol at 8 wk of age and body weight at 8 wk of 

age.  This correlation suggests that possibility of a physiological relationship between 

serum cholesterol and growth.  This correlation was verified by Pond et al. (1997) who 

also found a significant positive correlation (r = .34, P < 0.01) between body weight and 

total cholesterol concentration at 8 weeks of age.  Lu et al. (1995) found that indicators of 

body fatness including backfat thickness (at 1st, 10th and last ribs) and weight of lean cuts 

showed that LC boars were fatter than HC boars.  Lu et al. (1995) also found than LC 

carcasses were shorter and the weight of four trimmed lean cuts was less than HC 

carcasses.  This suggests that the LC line should have a lower body weight, slower 

growth, and be fatter than modern pigs that have a normal level of serum cholesterol.   
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Lu et al. (1995) found that cholesterol concentration in subcutaneous fat was 

lower in LC boars (P < 0.04) than in HC boars suggesting that cholesterol content of 

subcutaneous fat may be reduced by genetic selection.   Harris et al. (1993) looked at the 

effect of diet and genetics on tissue cholesterol concentration in the HC and LC lines, 

feed consumption and body weight were recorded and after harvest tissue samples were 

collected for cholesterol and total fat analyses from the cerebrum, heart, ileum, kidney, 

liver, longissimus muscle, semitendinosus muscle, and subcutaneous fat.  When samples 

were compared between genetic groups the liver was the only tissue that had a significant 

difference in cholesterol content and lipid level between genetic groups and between 

diets.  This research indicated that the amount of cholesterol accretion in tissues other 

than the liver of growing pigs is generally not influenced by their serum cholesterol 

concentration or by the fat and cholesterol content provided by the diet (Harris et al., 

1993).   

There are also differences in milk composition between LC sows and normal 

(control) sows.  Low serum cholesterol sows had lower milk fat content and lower milk 

cholesterol than control sows (Kandeh et al., 1993).  This suggests that there is a lower 

amount of energy and cholesterol intake of pigs suckling LC sows.  Park et al. (1994) 

also found that LC sows had significantly lower levels of Cu, and higher levels of Mn 

when compared to control animals.  Schoknecht et al. (1994) showed that neonatal pigs 

from these lines may be unable to produce sufficient cholesterol to meet requirements for 

optimal growth, and increased dietary cholesterol would help them reach optimal 

neonatal growth.  The decreased birth weight of LC pigs (Pond et al., 1997; Schoknect et 
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al., 1994; Young et al., 1993) may be due to decreased milk cholesterol supplied to the 

offspring growing offspring (Schoknect et al., 1994).   

 

Pork Quality 

Although the LC line of pigs are slower growing they are higher in fat, which 

correlates to higher quality (Lu et al., 1995; Young et al., 1993).  Most people do not 

think of quality grade when they think of pork because producers today are not generally 

paid for higher quality pork products.  However, as the pork industry begins to make use 

of new techniques and quality indicators such as optical probes, real-time ultrasound, and 

electromagnetic scanners to better objectively predict the value of pork carcasses (Berg et 

al., 1998; Brorsen et al., 1998; Newcom et al., 2002; Swatland, 1993) packers will begin 

to require higher quality pork carcasses to meet consumer demands.  This will cause 

producers to breed for quality traits as well as performance traits. 

Higher marbling pork is more juicy, more tender, and is more palatable to 

consumers (Davis et al., 1975).  This was verified by Hodgson et al. (1991) who also 

showed that higher marbling pork loins are more palatable to consumers than lower 

marbling pork loins.  Hodgson et al (1991) also found that chops with lower marbling had 

lower moisture, higher cooking loss, and lower juiciness.  There is a positive correlation 

between tenderness, flavor, juiciness, and marbling with % fat (DeVol et al., 1988).  So 

by increasing the % fat we can also increase tenderness, flavor, juiciness, and marbling.   
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Conclusion 

The LC line of pigs is a line that has low serum cholesterol, and has higher body 

fat.  The M line offers the benefits of increased growth rate, feed efficiency and high 

yield.  Using the LC line to crossbreed with the lean M line should increase the amount of 

fat in the offspring, therefore, increasing the sensory characteristics associated with 

higher marbling.  By increasing consumer satisfaction and having potential health 

benefits through using LC swine a niche market or branded product could be formed. 
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Ascophyllum Nodosum Supplementation Strategies that  
Improve Overall Carcass Merit of Implanted English Cross Cattle 

Introduction 

The beef processing industry grades beef for both yield and quality.  Quality 

grade is a measure of meat characteristics which predict the palatability of the lean 

(USDA, 1997).  Yield grade is an estimate of the amount of boneless, closely trimmed 

retail cuts from the high-value parts of the carcass and is often altered through the use of 

implant regimens (Paisley et al., 1999; USDA, 1997).  These implants have been shown 

to increase ADG, improve feed efficiency, and produce carcasses that are leaner and 

more muscular (Apple et al., 1991; Foutz et al., 1997).  Aggressive or multiple 

implanting of cattle usually results in improved growth rate, feed efficiency, and leanness 

of cattle (Hancock et al., 1991).  However, implanting also causes a reduction in marbling 

and a subsequent reduction in quality grades (Duckett et al., 1996) and carcass value.  

Carcass quality is determined by intramuscular fat deposition and the effects of growth 

promotants and implants (Morgan, 1997).  Quality grade effects consumer satisfaction by 

altering flavor profiles, so a reduction in carcass quality often produces a reduction in 

consumer acceptance.  Any economically feasible way to improve quality through 

enhanced marbling without detrimental effects on performance would be desired by 

producers. 

Ascophyllum nodosum is a brown seaweed isolated off the coast of Nova Scotia 

that has been shown to improve animal health and food safety, increase serum antioxidant 

circulation, as well as increase marbling and quality grade (Fike et al., 2001; 

Montgomery et al., 2001 and Saker et al., 2001;).  Ascophyllum nodosum has also been 

shown to improve color stability and extend shelf life (Montgomery et al., 2001).  While 

 10



many studies have shown that Ascophyllum nodosum supplementation will improve 

animal health and carcass performance, there has been considerable debate as to the 

optimal supplementation strategy.  Thus, the focus of this study was to determine the 

supplementation period that generated the greatest improvement in overall carcass merit. 

 

Marbling 

Smith et al. (1987) found that across all USDA quality grades, loin and round 

steaks from higher grading carcasses were more palatable than steaks from carcasses of a 

lower grade.  Marbling is the major factor in determining USDA quality grade, which 

makes it a critical factor in beef marketing (USDA, 1997).  Consumers attach value to 

perceived differences in beef palatability that are a result of the associated quality grade 

(Platter et al., 2005).  Consumers were willing to pay an additional $0.89/kg for choice 

steaks and an additional $2.47/kg for prime steaks (Platter et al., 2003b).  Platter et al. 

(2003b) suggested that for each full increase in marbling score there is a 10% increase in 

consumer acceptance. Therefore, a linear relationship between the likelihood of consumer 

acceptance and marbling scores has been determined.  This is verified by Killinger et al. 

(2004) who showed that consumers were willing to pay from $2.51/kg to $3.11/kg for a 

product that they determined to be more acceptable, and the vast majority of consumers 

found higher marbling steaks to be the most acceptable, therefore increasing quality 

grade would then increase the value of the product to the consumer.   

Marbling is a contributing factor in beef palatability, which is a determining 

factor in identifying more palatable steaks (Tatum et al., 1982).  Multiple studies have 

shown that as marbling levels increase, so does consumer acceptance of fresh beef steaks 
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(Savell et al. 1987; Neely et al., 1998).  Smith et al. (1984) found that steaks from 

carcasses with higher marbling scores had a more desirable flavor 31.7% of the time 

when compared to steaks from carcasses with lower marbling scores.  Comparable 

percentages were found for juiciness (39.3%), tenderness (35.7%), and overall 

palatability (35.3%)  (Smith et al., 1984). Marbling has a low, but positive relationship to 

beef palatability traits (Blumer, 1963; Pearson, 1966), therefore increases in marbling 

should cause improvements in overall palatability, and increases in consumer satisfaction 

(Savell et al., 1987) in addition to increased profits through USDA choice and prime 

quality grade grid incentives.   

 

Implanting Cattle 

Currently, there are many types of implants readily available for producers to use, 

but all work through estrogenic activity, androgenic activity, or a combination of both 

(Montgomery et al., 2001b). Estrogenic implants increase the circulating levels of 

somatotropin (ST) and insulin-like growth factor-1 (IGF-1); (Preston et al., 1995; White 

et al., 2003).  Androgenic implants that contain trenbolone acetate (TBA) do not 

stimulate the production of ST, but do significantly increase the circulating levels of IGF-

1, subsequently decreasing normal loss of muscle tissue in sedentary animals (Preston et 

al., 1995; White et al., 2003).  These substances are hormone-like, naturally produced by 

the animal and effect how nutrients are used to produce muscle, bone, and fat (Gerrard 

and Grant, 2003; Voet and Voet, 2004).  These substances cause nutritional repartitioning 

so that nutrients and energy are directed toward muscle growth and away from fat 

deposition.  IGF-1 and ST increase chondrocyte proliferation and osteoblast activity 
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leading to the lengthening of bones (Gerrard and Grant, 2003).  Both IGF-1 and ST 

increase protein synthesis and decrease protein degradation leading to increased muscle 

mass and at the same time increase lipolysis to decrease fat mass (Gerrard and Grant, 

2003; White et al., 2003).     

According to Hancock et al. (1991) implanting of cattle improves growth rate, 

feed efficiency, and leanness.  In a trial conducted by Roeber et al. (2000), there was a 

decrease of 25.9 kg of carcass weight from implanted to non-implanted cattle.  Berry et 

al. (2000) found implanted cattle yielded 26.36 kg more of carcass weight than non-

implanted cattle.  Platter et al. (2003a) found that cattle implant strategies increased hot 

carcass weight of implanted cattle by 8.9 to 13.8% when compared to non-implanted 

cattle.    

In addition, Platter et al. (2003a) showed that repetitive implants in cattle results 

in cattle with lower marbling scores (454.9 for implanted v. 538.0 for non-implanted) and 

resulting quality grades (65% choice and prime for implanted v. 82% choice and prime 

for non-implanted) than cattle without implants.  Platter et al. (2003a) also showed that 

the use of four or five implants resulted lower marbling scores than steers implanted 

twice.  Roeber et al. (2000) also found that there was an average 27.2% increase in 

percentage choice or better for cattle implanted to non-implanted cattle.  Implant\ effects 

on tenderness are still an area of controversy.  Huck et al. (1991) and Belk and Savell 

(1992) reported that the combined use of trenbolone acetate and estradiol implants did 

not effect beef tenderness, whereas, Foutz et al. (1989) reported that steers implanted 

twice with trenbolone acetate had a greater likelihood of resulting in tough steaks than 

did steers implanted with a single trenbolone acetate or two estradiol implants.  So, any 
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intervention that could decrease the reduction in marbling resulting of aggressive 

implanting without effecting performance and tenderness would potentially increase 

producer profits.  

 

Ascophyllum nodosum 

Ascophyllum nodosum is a brown seaweed harvested off the coast of Nova Scotia 

that is commercially available as a feed additive.  Ascophyllum nodosum supplemented 

into cattle feedlot diets at 2% on a dry matter basis has shown to improve animal health, 

food safety and carcass quality (Fike et al., 2001; Saker et al., 2001; and Montgomery et 

al., 2001a).  Cattle grazing Ascophyllum nodosum-treated fescue had an increased level of 

superoxide dismutase, which protects oxygen-metabolizing cells against harmful effects 

of superoxide free-radicals (Fridovich, 1972), and increased concentrations of vitamin E 

and whole blood Se (Fike et al., 2001).  Fike et al. (2001) suggested that some of the 

health benefits of Ascophyllum nodosum might come from increased antioxidant activity 

of superoxide dismutase and vitamin E.  The inclusion of Ascophyllum nodosum through 

direct supplementation or by pasture application has shown improvements in heat 

tolerance and immune cell function in addition to increased circulating antioxidant levels 

(Fike et al., 2001; Saker et al., 2001).     

In studies conducted by Montgomery et al. (2001a) and Allen et al. (2001) it was 

found that meat products from cattle supplemented with Ascophyllum nodosum had 

extended shelf lives, enhanced color and improved marbling measurements.  

Ascophyllum nodosum caused steaks from supplemented steers to be more uniform, have 

less browning and less discoloration than those from animals not fed Ascophyllum 
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nodosum (Montgomery et al., 2001a).  Meat color greatly affects consumer purchases of 

meats (Faustman and Cassens, 1990).  Due to this selection on color any deterioration in 

meat quality and color, caused by lipid and (or) pigment oxidation, will have a dramatic 

effect on consumer preference (Montgomery et al., 2001a).  Vitamin E plays a vital role 

in maintaining and protecting biological membranes and muscle pigments from oxidative 

damage (Rice and Kennedy, 1988; Arnold et al., 1993).  Although steers that were 

supplemented with Ascophyllum nodosum did not differ from non-supplemented steers in 

weight gain or hot carcass weights (Allen et al., 2001), there was a significant increase in 

marbling score (P < 0.05) for supplemented steers, and Ascophyllum nodosum 

supplementation also tended to increase USDA quality grade (P < 0.05); (Allen et al., 

2001).  Steers from Ascophyllum nodosum supplemented pastures had an average grade 

of Choice, whereas steers from unsupplemented pastures only had and average grade of 

Select (Allen et al., 2001). 

 

Conclusion 

 Consumers are willing to pay more for a product that they deem to be more 

acceptable.  Marbling is a quality trait that is linked to increasing palatability and 

consumer acceptance.  Implanting, whether with a single implant or with an aggressive 

multi-implant strategies, increases growth rate of cattle.  However, it also reduces some 

of the carcass value through decreased marbling and tenderness.  The use of a feed 

supplement such as Ascophyllum nodosum will increase the amount of marbling in the 

beef product and consumer acceptance, however, the timing of Ascophyllum nodosum 

needs to be optimized for maximum benefit.   
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CHAPTER II 

IMPROVING PORK QUALITY  
THROUGH GENETIC SELECTION 

Abstract 

 From two genetic swine lines, a low serum cholesterol (LC) swine line and a 

modern (M) swine line, were crossed (LC×LC, LC×M, M×LC, and M×M) to produce a 

new line with improved weight gain, marbling and overall meat quality. Once weaned 

animals were penned by cross with three animals per pen. Pigs were weighed every 7 d 

from birth to end of nursery phase, then every 14 d until harvest at 154 d. Comparison of 

linear regressions of the LC×M line to the M×M line, and the LC×LC line to the M×LC 

line found that the LC×M line grew faster (P < 0.05) than the M×M line, and the LC×LC 

line grew slower (P < 0.05) than the M×LC line. Comparison of linear regressions of the 

M×M and M×LC lines found that the two lines were not different (P > 0.05) from each 

other and grew at the same rate. These results indicate pigs in LC×M grew faster than the 

pigs in M×M but the growth of pigs in M×M and M×LC were not different and the 

LC×LC pigs grew slowest. No differences (P > 0.05) were seen in marbling between 

treatment groups, but LC×LC group tended to have less (P = 0.079) initial juiciness than 

the M×LC group, and less (P = 0.075) sustained juiciness than both the M×LC and 

LC×M groups. Offspring from an M line dam had heavier weights at d 14 and from d 28-

d 56 than offspring from LC sows (P < 0.05). Interaction of sire and dam was seen from d 

0-d 7 and from d 70-d 154 (P < 0.05). In summary, two lines were formed with improved 

growth, but neither had improved marbling and meat quality. 
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Introduction 

For many years swine breeding programs have been focused on production traits. 

This has lead to modern swine (M line) that are bred for increased littler size, weight 

gain, decreased backfat, and improved feed conversion (National Pork Board, 2003).  

Consumers and consequently packers prefer lean pork, forcing producers to raise leaner, 

heavier-muscled pigs to satisfy these demands (National Pork Board, 2003).  The results 

of these breedings are lean hogs that lack marbling, and do not maximize palatability 

traits (DeVol et al., 1988).  However, there are a number of quality indicators including 

optical probes, real time ultrasound and electromagnetic scanners that can better 

objectively predict carcass value of live animals and carcasses on the rail. (Berg et al., 

1998; Newcom et al., 2002; Swatland, 1993).   As the pork industry begins to move 

toward a system where quality will be valued, producers will have to begin to produce 

meat that is of higher quality, but still retain the performance characteristics of today’s 

modern pigs. 

Through the use of divergent selection for d 56 serum cholesterol levels, a 

composite population of Chester White, Landrace, Large White, and Yorkshire breeds 

produced a high (HC) and low serum cholesterol (LC) line of swine (Young et al., 1993).  

The LC line had lower serum cholesterol at 56 d than an unselected control line and had 

higher fat than the high serum cholesterol line (Young et al., 1993).  Serum cholesterol 

concentration in the LC line (65.5 mg/dL) was 41.6 mg/dL lower than in the HC line 

(107.1 mg/dL) and 20.2 mg/dL lower than the control line (85.7 mg/dL); (Pond et al., 

1993; Young et al., 1993).  By incorporating the meat quality of the LC line with the 

performance of a M line we can produce a new line of pig with improved weight gain and 
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lean with improved marbling and overall meat quality.  From these crosses there is the 

potential to create a higher marbling product that has lower serum cholesterol and 

improved taste.   

 

Materials and Methods 

 Breeding Phase.  Sows were synchronized using a 0.044 mg/kg altrenogest 

solution (Matrix by Intervet) top dressed for 14 d.  After synchronization 10 M and 10 

LC sows were bred to create four genetic lines, two purebred genetics lines and two 

crossbred lines utilizing reciprocal crosses.  Two LC boars and two M boars were used in 

matings.  Purebred lines of LC pigs were created by breeding an LC boar with a LC sow 

(LC×LC; n=5) and an M boar mated with an M sow to create the pure M line (M×M; 

n=5).  Crossbred lines included an M boar mated with a LC sow (M×LC; n=5) and a LC 

boar mated with an M sow (LC×M; n=5).  However, due to breeding difficulties 4 of the 

LC×LC sows, 3 of the M×LC sows and 1 of the LC×M sows bred did not produce litters.  

As a result, a second breeding trial was preformed as described above to the required 

number of animals.   

 Gestation and Lactation Phase. During gestation sows were fed ad libitum and 

had free access to water.  Gestation diets consisted of corn and soybean meal based ration 

containing 12.2% crude protein at 1.9 kg/d (Table 2.1).  On d 109 of gestation, sows were 

moved to farrowing crates.  Litter sizes were recorded and animals were processed within 

24 hr postpartum for milk teeth clipping, ears notching, tail clipping, and castrating of 

males.  All piglets received an iron shot and antibiotic as well.  During lactation sows 

were feed a corn and soybean meal based lactation diet containing 19.2% crude protein 
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that was fed ad libitum (Table 2.1).  Sow and piglet weights were recorded weekly 

beginning at parturition until d 21 of lactation.  

 Nursery Phase. After 21 d of lactation, piglets were weaned and moved to the 

nursery pens.  Piglets were randomly allotted to pens by trt, with three animals per pen.  

Each pen had a minimum of one male and one female.  For growing trial 1; 2 LC×LC 

pens and 4 pens for each of the M×M, LC×LC, and M×LC groups.  Growing trial 2 had 1 

M×LC pen, 1 LC×M pen, and 3 LC×LC pens.  Pigs’ weights were recorded every 7 d.  

Pigs remained in the nursery for 28 d, and pigs were fed based on a 3-phase feeding 

program (Table 2.2).  Pigs were fed ad libitum, had free access to water and feed intake 

was recorded.   

 Growing and Finishing Phase. After 28 d in the nursery pigs were moved to the 

grower and finisher pens.  Pigs were fed ad libitum based on a 2-phase feeding program 

(Table 2.3) and had free access to water.  Pig weights were recorded every 14 d, and 

remained in the growing pens until pigs backfat averaged of 1.78 cm to remove variation 

due to growth performance.   

 Post Harvest.   Once animals reached a backfat thickness of 1.78 cm, measured 

with an external ultrasound probe at the last rib, they were transported to Texas Tech 

University and sacrificed by exsanguination. Only males were harvested to allow for 

repopulation.  Four animals were harvested for LC×LC, 5 animals for M×M, 9 animals 

for M×LC, and 8 animals for LC×M.  After harvest carcasses were chilled in the chill 

cooler for 48 hr to reach a core temperature of 7ºC and then fabricated according to 

industry standards. Temperature and pH were recorded at 0, 12, 24 and 48 h post harvest.  

Forty-eight h post harvest carcass length, backfat thickness, loineye area, fat depth, color 
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scores (L*, a*, b*), and marbling score were collected.   Loins (longissimus dorsi) were 

removed from each carcass and cut into 2.54 cm pork chops.  Proximate analysis, sensory 

characteristics, Warner-Bratzler shear force, cook loss, fatty acid composition, and 

cholesterol analysis were preformed on harvested product.  

Proximate analysis was used to determine percentage of moisture, fat, protein and 

ash.  For proximate analysis all samples had external fat removed, were chopped 1.5 cm2 

cubes and frozen in liquid nitrogen.  Samples were then homogenized in a blender, placed 

in a labeled bag and stored in a -80ºC freezer.  

For determination of moisture 4-5 g of frozen homogenized sample was weighed 

out (wet sample wt + pan wt.) in triplicate into aluminum pans that have been weighed 

(pan wt.) and labeled.  Pans were placed in a drying oven at 100-110oC for 16 to 18 hr.  

Pans were then removed from the drying oven and allowed to cool in a desiccator for 1 

hr.  Pans were removed one at a time from the desiccator and weights (dry sample wt. + 

pan wt.) were recorded.  Percent moisture was calculated using the following equation: 

% Moisture =     {(wet sample wt. + pan wt.) - (dry sample wt. + pan wt.)}    X 100 
                         ---------------------------------------------------------------------------- 
   {(wet sample wt. + pan wt.) – (pan wt.)}  

 

 After the Dry Sample Wt + Pan Wt had been recorded, samples were used for fat 

determination.  Non-absorbent cotton was placed in pans over the dried sample to cover 

the sample.  Edges of the pans were folded over the cotton to prevent loss of sample 

during extraction.  Samples were placed back into the dessicator for at least 30 minutes to 

remove any additional moisture.  Weight of sample was then recorded (Dry sample + 

cotton + pan).  Under a hood boiling flasks were filled approximately 2/3 full with 

petroleum ether (to the bottom of the neck) and 3-5 boiling chips were placed into the 
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flask to prevent bumping while boiling.   Six to 10 sample pans were placed in the 

Soxhlet apparatus.  Samples should be below the top elbow siphon.  Anything over the 

elbow will not have ether run through it and will produce inaccurate readings.  The inner 

lip of the Soxhlet and the inner lip of the boiling flask were greased with petroleum jelly 

and then the Soxhlet was attached to the boiling flask.  Water was turned on to cool 

condensers.   The Soxhlet and boiling flask were connected to the condensers and the 

flask was set on the hot plate.  Hot plate was turned on to boil ether, and samples were 

extracted for 16 hr or overnight.  Samples are then removed from the Soxhlets and placed 

on a paper towel under the hood for 30 mins to allow excess ether to evaporate.  Samples 

were then dried in a drying oven at 100° C to 105° C for at least 1 hour then samples 

were moved to a desiccator to cool for a minimum of 1 hour.  Samples weight was then 

recorded (Extracted sample + pan + cotton).  Percentage of crude fat was calculated using 

the following equation: 

%Crude fat =(Dry sample + pan + cotton) - (Extracted sample + pan + cotton)   X  100 
                         ---------------------------------------------------------------------------- 
   [Wet sample + pan wt.) – (pan wt.)].  

Percentage of protein was determined by weighing out .5-1 g of frozen 

homogenized sample into ceramic boats and run through a LECO FP 2000.   

To determine percentage of ash 5 g of frozen homogenized sample was weighted 

out (Wet Sample + Crucible wt.) in triplicate and placed in pre-weighed (Crucible wt.) 

and labeled 50mL ashing crucibles (Coord, Golden, CO).  Samples were dried overnight 

in 100oC drying oven, then ashed at 625oC for 18 h.  Samples were allowed to cool for 4-

24 hr then moved to the dessicator for 1 hr.   Record weight of each sample (Ashed 
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sample + Crucible wt.) and percentage of ash was calculated using the following 

equation: 

% Ash =           [(Ashed sample + Crucible wt.) - (Crucible wt.)]  X 100 
                         ------------------------------------------------------- 
    [(Wet sample + Crucible wt.) – (Crucible  wt.)]. 

To determine Warner-Bratzler shear force, cook loss measurements, and sensory 

preparation loin chops were thawed overnight in a 4ºC refrigerator.  Prior to being cooked 

all chops had an internal temperature between 2-5ºC.  Chops were weighed then cooked 

on a belt grill to an internal temperature of 68-71ºC.  Weights and temperatures were 

recorded as chops exited the belt grill.  Cook loss was calculated using weight recorded 

prior to and after cooking.  For Warner-Bratzler shear force 6 cores were taken from chop 

parallel to the muscle fibers. Each core was checked to make sure it was devoid of 

connective tissue and fat.  Each of the six cores was sheared and values were recorded.  

Six cores were averaged to for an average shear force value for the chop.  For sensory 

preparation as chops exited the belt grill all four sides of the chop were cut off to square it 

up and remove fat.  Then, the remaining chop was cut 1 cm3 pieces.  Pieces were placed 

in a pan and covered with the correct coded lid and kept warm until serving to the panel.  

A trained panel was used for determination of sensory characteristics.  Panelists scored 

two cores from each chop on a scale from 1 to 8 where 1= extreme low and 8= extreme 

high for that trait.  Traits analyzed included juiciness (initial and sustained), tenderness 

(initial and sustained), Flavor (initial), pork flavor, overall pork mouthfeel, and off flavor. 

Cholesterol analysis was performed on frozen homogenized fat and lean samples.  

First 5 g of frozen homogenized lean or 1 g of frozen homogenized fat was accurately 

weighed out in a 250 ml Erlenmeyer flask.  A magnetic stir bar, 40 ml 95% ethanol, and 
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8 ml 50% KOH solution were added to the flask.  Flask was placed on a magnetic stirrer-

hot plate, condenser was attached.  The stirrer and hot plate were turned on and solution 

was refluxed for 70 ± 10 min.  Heat was turned off and 60mL of 95% ethanol were added 

through top of condenser while stirring solution.  Flask was closed with stopper and 

allowed to cool to room temperature.  Once sample reached room temperature exactly 

100 ml toluene was added to saponified sample. Flask was closed with stopper and 

vigorously shaken for 30 sec.  Solution was poured into 500 ml separatory funnel and 

110-120 ml 1N KOH solution was added.  Funnel was vigorously shaken for 10 sec and 

layers were then allowed to separate.  Aqueous (lower) layer was removed and discarded.  

Forty ml 0.5N KOH solution was then added to the separatory funnel.  Funnel was 

inverted and contents were gently swirled for 10 sec. Layer were allowed to separate and 

aqueous (lower) layer was discarded.  Toluene layer was washed with 40-50 ml deionized 

distilled water (DDH2O) by gently rotating separatory funnel.  Layers were allowed to 

separate and aqueous (lower) layer was removed and discarded.  DDH2O wash was 

repeated a minimum of 3 times with shaking becoming more vigorous for each wash until 

toluene layer was crystal clear.  About 5-10g Na2SO4 was placed into a dry glass bottle, 

and capped immediately.  Toluene layer from top of separatory funnel was then moved 

into the glass bottle with the Na2SO4.  Bottle was closed; contents were swirled and 

allowed to stand for 15 min.  Exactly 10 ml extract were pipetted into two 50 ml glass 

test tubes with a Teflon screws and capped immediately.  One tube was moved directly to 

the freezer as a backup sample and contents of the second tube was dried on rotary 

evaporator or nitrogen stream at 40°C ± 3C.  Once dry samples were flushed with 

nitrogen and stored until all samples were ready for analysis on a gas chromatograph 
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(GC).  When samples were ready for analysis on the GC dried samples were dissolved in 

exactly 10 ml DMF.  One ml of sample in DMF and 1 ml of cholestane (internal 

standard) in Hexane, were added to a clean 15 ml glass tube.  Ten ml of DDH2O was 

added to all samples.  Samples were vortexed, and centrifuged at 1000 rpm, 2ºC, for 10 

min.  As much of the clear upper layer of hexane was transferred to GC vial, and vial was 

closed immediately.  Vial containing hexane solution was then analyzed by the GC 

system. 

Fatty acid analysis was performed using frozen homogenized lean samples.  One 

to 2 g frozen homogenized sample were placed into a glass centrifuge tube and exact 

weight was recorded. Seven ml of methanol was immediately added to sample.  Sample 

was homogenized for 30 sec. with a Polytron PT-3100 homogenizer.  Fourteen ml of 

chloroform was added and homogenization was repeated for and additional 30 sec.  

Homogenate was filtered through Whatman no. 40 filter paper into a clean 50-ml glass 

tube with a Teflon-lined screw cap.  Original tube was rinsed with an additional 8 ml 

chloroform and 4 ml methanol and homogenized for another five seconds to rinse the 

probe.  Solvent was poured back into the original funnel lined with filter paper.  Between 

samples homogenizer probe was cleaned first for several seconds with a 2:1 

chloroform/methanol solution, followed with distilled water.  Probe was wiped clean and 

dry and rinse solutions were changed after every four samples.  When filtration 

completed 8ml of 0.88% KCl was added to the glass tube, and tube was capped securely. 

Tubes were then shaken on a test tube shaker for 10 min., centrifuged at room 

temperature, 1000 rpm for 5 min.  Upper, aqueous layer was removed and discarded.  

Using the nitrogen evaporator, the lower chloroform layer was evaporated under a stream 
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of nitrogen until 3 ml remain.  At this point samples were stored in a freezer until all 

samples had been extracted.  When all samples were extracted samples were completely 

dried using the nitrogen evaporator.  For each sample, the dried lipid in was dissolved in 

1 ml of dry toluene.  Two ml of 0.5 N sodium methoxide in methanol were added and 

samples were capped tightly.  Tubes were heated for ten minutes in a 50ºC water bath.  

Next, 0.1 ml of glacial acetic acid was added followed by 5 ml of saturated NaCl solution 

to the tubes.  Three ml of hexane were added and tubes were shaken on the test tube 

shaker for ten minutes.  Tubes were centrifuged ten minutes at 1000 rpm, at room 

temperature.  While the tubes were in the centrifuge, ~1 ml deep layer of anhydrous 

sodium sulfate was placed in a labeled clean glass 15 ml test tube with a Teflon-lined 

screw cap. Upper organic layer was transferred into the test tube with the anhydrous 

sodium sulfate.  Lower aqueous layer was re-extracted from the original extraction by 

adding 3 ml of hexane, shaking and centrifuging again.  Upper hexane layer was 

transferred to the tube containing the first hexane layer.  Samples were dried using a 

nitrogen evaporator set at 40ºC.  Dried samples were then reconstituted with exactly 3 ml 

of hexane.  Samples were vortexed and centrifuged at room temperature and 1000rpm for 

5 min.  0.5 ml of sample was added to 0.5 ml of internal standard in a GC vial.  Vial was 

then analyzed by the GC system.    

 Statistical Analyses.  Data was analyzed using the GLM and PDIFF procedures in 

SAS.  For all measurements, pen was used as the experimental unit.  Regressions fitting 

the growth of pigs from different breedings were obtained using the REG procedure in 

SAS and compared using the contrast option.  Effects of sire and dam were found by 

combining four genetic groups in two groups by either sire or dam.  Effects of sire were 
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then analyzed on weights by separating treatments into groups by sire and analyzing with 

the GLM procedure in SAS.  This process was repeated by separating treatments by dam 

and analyzing with the GLM procedure of SAS. 

 

Results 

 LC sows, (LC×LC and M×LC) were lighter (P < 0.05) than M sows (M×M and 

LC×M); (Table 2.4).  During lactation ADG did not differ (P > 0.05) between treatment 

groups (Table 2.4).  

Significant differences (P < 0.05) were found for all body weights measure 

recorded except d 0, d 7 and d 21 (Tables 2.5-2.7, Figure 2.1).  At d 7 LC×LC group 

tended to have a lighter (P = 0.0663) weight (2.79 kg) than the LC×M group (3.66), and 

the M×LC (3.13) and M×M (3.02) groups were intermediate and not different from any 

other treatment group (Table 2.5).  At d 14 LC×M was found to have a heavier (P < 0.05) 

weight (5.80) then LC×LC (4.53), M×LC (4.79) and M×M (4.85) groups (Table 2.5).  At 

d 28 the LC×LC (6.87) and M×LC (7.52) groups were lighter (P < 0.05) than the LC×M 

(9.17) group, and the M×M (8.13) group was intermediate and not significantly different 

(P > 0.05) than any other treatment group (Table 2.6).  At d 35 we also found the LC×LC 

(8.55) and M×LC (9.41) groups to be lighter (P < 0.05) than the LC×M (11.57) group, 

with the M×M (10.20) group intermediate and not significantly different (P > 0.05) than 

any other treatment group (Table 2.6).  At d 42 and d 49 the LC×LC (10.10; 12.50 

respectively) group was lighter (P < 0.05) than both the LC×M (14.84; 18.34) and M×M 

(13.30; 17.51) groups, and the LC×M group was heavier (P < 0.05) than the LC×LC and 
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M×LC (11.95; 14.94) groups (Table 2.6).  At d 56 LC×LC (13.45) was found to be 

lighter (P < 0.05) than the LC×M (20.96), M×LC (17.64), and M×M (20.11) groups 

(Table 2.7).  At d 70 and d 84 LCLC (22.17; 27.92 respectively) was found to be lighter 

(P < 0.05) than the LCM (31.30; 40.37), MLC (27.73; 35.45) and MM (29.36; 35.38).  At 

d 98 LC×LC (34.71) and M×M (39.74) were lighter (P < 0.05) than LC×M (49.76) group 

and M×LC (42.12) group was intermediate and not significantly different (P > 0.05) than 

any other treatment group (Table 2.7).  At d 112 and d 126 LC×M (61.97; 74.73 

respectively) group was heavier (P < 0.05) than M×LC (51.85; 61.79), M×M (52.08; 

63.33), and LC×LC (45.41; 54.70) groups.  At d 140 LC×LC (65.76) was lighter (P < 

0.05) than all other groups; LC×M (86.76) group was heavier (P < 0.05) than all other 

groups; M×M (76.86) and M×LC (74.63) groups were significantly different (P < 0.05) 

from both the LC×LC and LC×M groups. At the final weigh period (d 154) LC×LC 

group was lighter (P < 0.05) than all other treatment groups; LC×M (98.46) was heavier 

(P < 0.05) than the LC×LC (75.46) and M×LC (86.42) groups, and the M×M (92.58) 

group was heavier (P < 0.05) than the LC×LC group, but not different from the LC×M or 

M×LC groups.   

 Growth of pigs was also expressed through linear regressions (Table 2.8).  Linear 

growth of pigs in LC×M group was 0.634 kg/d (P < 0.05) with an intercept of -7.467 (P < 

0.05); (R2=0.963).  Linear growth of M×M was 0.562 kg/d (P < 0.05) with an intercept of 

-6.739 (P < 0.05); (R2=0.941).  Linear growth of the M×LC was 0.546 kg/d with an 

intercept of –6.733 (P < 0.05); (R2=0.9220). Linear growth of the LC×LC was 0.474 kg/d 

with an intercept of –6.144 (P < 0.05); (R2=0.940).  Intercepts of the LC×M and M×M 

lines were compared and were not significantly different (P > 0.05).   Slopes of LC×M 
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(0.634) and M×M (0.562) lines were compared and the LC×M line grew faster (P < 0.05) 

than the M×M line (Figure 2.2).  Slopes and intercepts of the M×M (0.562) and M×LC 

(0.546) lines were compared and were not significantly different (P > 0.05) from each 

other establishing that the two lines grew at the same rate (Figure 2.3).  Intercepts of the 

LC×LC and M×LC lines were compared and were not significantly different (P > 0.05).  

Slopes of LC×LC (0.474) and M×LC (0.546) lines were compared and the LC×LC line 

grew slower (P < 0.05) than the M×LC line (Figure 2.4).  

ADG from d 0-d 21 (lactation) was not significantly between any treatment 

groups (P > 0.05); (Table 2.5).  When comparing ADG from d 21-d 49 LC×LC (0.18 

kg/d) group had a lower (P < 0.05) ADG than all other groups, M×M (0.39) group had a 

higher (P < 0.05) ADG than the LC×LC and M×LC (0.28) groups, and the M×LC group 

had a higher (P < 0.05) ADG then the LC×LC group and a lower (P < 0.05) ADG then 

the M×M group (Table 2.6).  The LC×M (0.36) group had a higher (P < 0.05) ADG from 

d 21-d 49 than the LC×LC group, but was not significantly different (P > 0.05) from the 

M×LC and M×M groups.  When ADG from d 49-d 112 was compared between 

treatments LC×LC (0.52) group had a lower (P < 0.05) ADG than the LC×M (0.67) and 

M×M (0.53) groups, and the M×LC (0.58) group was not significantly different (P > 

0.05) from any other group (Table 2.7).  ADG from d 112-d 154 was not significantly 

different (P < 0.05) between any treatment groups.  When the overall ADG for the length 

of the trial was compared between treatment groups LC×LC (0.46) group had a lower (P 

< 0.05) ADG than all other treatment groups and the LC×M (0.56) group had a higher (P 

< 0.05) ADG than the LC×LC and M×LC (0.50) groups. The M×LC group had a lower 

(P < 0.05) ADG than the LC×M group but higher (P < 0.05) ADG than the LC×LC 
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group and the M×M (0.51) group had a higher (P < 0.05) ADG than the LC×LC group 

but was not significantly different (P > 0.05) from any other treatment group. 

ADFI was not significantly different (P > 0.05) from d 21-d 49 (Table 2.6).  

When ADFI from d 49-d 112 was compared between treatment groups LCLC (4.05 kg/d) 

group had a lower (P < 0.05) ADFI than the LC×M (5.89), M×LC (5.46), and M×M 

(5.75) groups (Table 2.7).  From d 112-d 154 LC×LC (4.01) group had a lower (P < 0.05) 

ADFI than the LC×M (6.84) and M×LC (5.76) groups, and the LC×M group had a higher 

(P < 0.05) ADFI than the LC×LC and M×M (4.98) group.  Comparison of the overall 

ADFI found that the LC×LC (3.11) group had a lower (P < 0.05) ADFI than all other 

groups, and the LC×M (4.68) group had a higher (P < 0.05) ADFI than the LC×LC and 

M×LC (4.19) groups.  The M×LC group had a lower (P < 0.05) ADFI than the LC×M 

group, and a higher (P < 0.05) ADFI than the LC×LC group, and the M×M group (4.26) 

had a higher (P < 0.05) ADFI than the LC×LC group, but was not significantly different 

(P > 0.05) than any other group.    

When gain:feed from d 21-d 49 was compared between treatment groups the 

LC×LC (0.09 kg gain per kg feed) group had a lower (P < 0.05) gain:feed ratio than the 

LC×M (0.18), M×LC (0.15), and M×M (0.19) groups (Table 2.6).  Comparison of 

gain:feed from d 49-d 112 found the M×M (0.09) group had a lower (P < 0.05) gain:feed 

ratio than the LC×LC (0.13) and LC×M (0.12) groups, and the M×LC (0.11) group was 

not significantly different (P > 0.05) from the other treatment groups.  From d 112-d 154 

the LC×LC (0.19) group tended to have a higher (P = 0.067) gain:feed ratio than the 

LC×M (0.13) group.  For the overall gain:feed the LC×LC (0.15) tended to have a higher 

(P = 0.065) than the LC×M (0.12), M×LC (0.12), and M×M (0.12) groups. 
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Prior to harvest, live weight of LC×LC (78.30 kg) and M×LC (88.50) swine was 

lighter (P < 0.05) than live weight of LC×M (111.64) and M×M (117.56) swine (Table 

2.9).  At harvest LC×LC (55.46 kg) pigs had a lower (P < 0.05) HCW than LC×M 

(84.38) and M×M (88.14) pigs, and M×LC (70.39) pigs were not significantly different 

(P > 0.05) from any other treatment group.   

 At harvest (0 hr) LC×M (6.08) group had a higher (P < 0.05) pH than the M×LC 

(5.68) and M×M (5.66) group, and the LC×LC (5.96) group was not significantly 

different (P > 0.05) than any other group (Table 2.9)).   No significant differences (P > 

0.05) were found for pH at 12 and 48 hrs post-mortem.  At 24 hr post-mortem the 

LC×LC (5.19) group had a lower (P < 0.05) pH than the LC×M (5.66), M×LC (5.74), 

and M×M (5.76) groups. 

 At 0 and 12 hr post-mortem there were no significant differences between any of 

the treatment groups for temperature (Table 2.9).  At 24 hr post-mortem the LC×LC 

(2.68ºC) and LC×M (2.67) group were warmer (P < 0.05) than the M×LC (1.95) and 

M×M (2.18) groups.  At 48 hrs post-mortem the LC×LC (2.08) group tended to be 

warmer (P = 0.066) than the M×LC (1.56) group.  

 Carcass lengths of the LC×LC (74.80 cm) and M×LC (78.50) groups were shorter 

(P < 0.05) than LC×M (83.36) and M×M (86.12) groups (Table 2.9).  Backfat thickness 

and fat depth were not significantly different (P > 0.05) between treatment groups.  It was 

also found that marbling score was not significantly different (P > 0.05) between 

treatment groups.  The lion eye area of the LC×LC (9.59 cm2) group was smaller (P < 

0.05) than the M×LC (13.21) and M×M (16.00) groups, and the lion eye area of the 

M×M group was larger (P < 0.05) than the LC×LC and LC×M (12.00) groups.   
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 When characteristics of the lean were analyzed the LC×M (23.90 %) group was 

found to have a higher (P < 0.05) percentage of protein when compared to the LC×LC 

(22.76), M×LC (22.52), and M×M (22.69) groups (Table 2.10).  Percentage of ash, fat 

and moisture did not differ (P > 0.05) between treatment groups.  Shear force and cook 

loss were also not significantly different between treatment groups.  Minolta L* and 

Minolta a* color values were not significantly different between treatment groups, but 

Minolta b* values found that the M×M (6.00) group had a more yellow (P < 0.05) color 

of the lean than both the LC×LC (3.33) and M×LC (4.26) groups. The LC×M (4.62) 

group was not significantly different (P > 0.05) than any other treatment groups.   

 Percentage of total cholesterol in the lean showed no differences (P > 0.05) 

between the LC×LC (0.052%), LC×M (0.048), M×LC (0.052), and M×M (0.049) groups 

(Table 2.11).  Percentage of total cholesterol in the fat was also not significantly (P > 

0.05) between treatments.  Percentage of fatty acids in the lean did also not differ 

between treatments (Table 2.8).   

There were very few differences between treatments concerning sensory 

characteristics (Table 2.12).  Analysis of juiciness found that for initial juiciness the 

LC×LC (5.09) group tended to be less juicy (P = 0.079) than the M×LC (6.59) group, and 

for sustained juiciness the LC×LC (4.89) group tended to be less juicy (P = 0.075) than 

both the LC×M (6.41) and M×LC (6.11) groups.  Tenderness, both initial and sustained, 

was not significantly different (P > 0.05) between treatment groups.  The M×LC (6.36) 

group tended to have more initial flavor (P = 0.074) than the LC×LC (5.89) and LC×M 

(5.95) groups.  The M×LC (6.59) and M×M (6.47) groups had more pork flavor (P > 
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0.05) than the LC×LC (6.12) and LC×M (6.14) groups.  Off flavor was not significantly 

different (P > 0.05) between treatment groups. 

When weights that have been separated by sire were compared no significant 

differences (P > 0.05) were seen at any weigh period (Table 2.13).  The weights that were 

separated by dam were compared no differences (P > 0.05) were seen at d 0, d 7, and d 

21.  At d 14 and all subsequent weigh periods up to and including d 56 pigs from an M 

line dam were heavier (P < 0.05) than pigs from an LC line dam.  From d 0 to d 7 and 

from d 70 to d 154 there was a sire by dam interaction.   

 

Discussion 

While Young et al. (1993) found that LC swine had significantly more backfat at 

the first rib than control and HC swine and in this study we observed no difference for 

backfat between the treatments. This difference may be due to the fact that Young et al. 

(1993) maintained the LC swine lines to a higher age before slaughter in order to have 

equivalent weights at slaughter.  There was also a difference (P < 0.05) in carcass length 

of pigs from LC line (LCLC, 74.80 cm; MLC, 78.50) sows that were shorter than those of 

pigs from M line (LCM, 83.36; MM, 86.12) sows.  This is consistent with Lu et al. 

(1995) and Young et al. (1993) who found that LC swine had shorter carcasses than high 

serum cholesterol swine and an unselected control line.   

To meet our objective of forming a new line with improved growth, marbling and 

meat quality we first must look at the growth of the animals.  Results from comparisons 

of linear regressions from this study indicate that the pigs in LC×M (0.634 kg/d) grew the 

fastest (P < 0.05) and the growth of pigs in M×M (0.562) and M×LC (0.546) was the 
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same (P > 0.05). The pigs in LC×LC (0.474) grew slowest (P < 0.05).  When results of 

linear regressions are compared with differences seen in weights throughout the trial the 

same trend is seen.  LC×M group was always one of the heaviest groups, and LC×LC 

was one of the lightest groups and these groups stayed that way throughout the trial.  

Both the M×LC and M×M groups were intermediate for growth for most of the trial.   

The overall ADG show that the LCLC (0.46 kg/d) grew slower (P < 0.05) than the 

LC×M (0.56) group and both the M×LC (0.50) and M×M (0.51) groups were not 

significantly different (P > 0.05) from any other treatment group.  Both crossbreeds 

(LC×M and M×LC) preformed as well as, or better than the two straight-line crosses 

(M×M and LC×LC), so both cross breed lines show improved growth.   

Another part of our objective was to produce a product with improved marbling 

and meat quality.  While marbling and lipid profile of the lean did not differ (P > 0.05) 

between treatment groups, there were some trends and differences in sensory 

characteristics.  For initial juiciness the LC×LC (5.09) group tended to be less juicy (P = 

0.079) than the M×LC (6.59) group. For sustained juiciness the LC×LC (4.89) group 

tended to be less juicy (P = 0.075) than both the LC×M (6.41) and M×LC (6.11) groups.  

Juiciness is palatability attribute that affects consumer satisfaction of pork (Davis et al., 

1975).  The increase in juiciness found in this study, although not significant, should 

cause the product to be more acceptable to the consumer.   

LEA also differed (P < 0.05) between treatment groups.  The LEA of the LC×LC 

(9.59 cm2) group was smaller (P < 0.05) than the M×LC (13.21) and M×M (16.00) 

groups, and the LEA of the M×M group was larger (P < 0.05) than the LC×LC and 

LC×M (12.00) groups.  While the LC×M group was the fastest growing group it also had 
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the second smallest LEA.  So, the LC×M group, while fast growing, will have loin that 

might produce chops that have a very small portion size.   

A further analysis of the growth data shows that the sire had no effect on growth.  

However it was found that offspring from an M line dam had heavier (P < 0.05) weights 

after d 14 than offspring from LC sows (Table 2.10).  From the data collected in this trial 

it is difficult to determine whether this increase is related to genetics or mothering ability 

of the M line as compared to that of the LC line.  Many producers today use terminal 

sires to increase growth of there offspring.  However, from the data collected in this study 

comparing sire and dam effects on growth the dam might have more effect on growth 

than the sire.   

 

Implications 

The objective of this study was to produce a new line with improved weight gain, 

marbling and overall meat quality.  In this study marbling and meat quality were not 

affected through breeding.  However, from the growth data collected the use of crosses 

between the LC and M line did in fact produce two lines that had improved weight gain.  

While one of the lines was equivalent to the M×M purebred line the second exceeded in 

growth.  Our data indicates that the effects of the dam on growth may outweigh the 

effects of the sire on growth.  From a practical standpoint this is relevant because the use 

of terminal sires to increase growth of offspring may not fully utilize the genetic potential 

of those crossbred animals.   
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Table 2.1. Ingredient composition and chemical analysis of Gestation and Lactation diets. 

 Gestation Lactation

Ingredient % % 

Corn grain 73.70 59.20 

Soybean meal (dehulled) 11.00 30.00 

Molasses cane 5.00 3.65 

DYNA K POT CHL 0.25 0.10 

Salt 0.35 0.35 

TTU Vitamin Premix 1.50 1.50 

Fat (vegetable oil) 0.50 2.00 

Dicalcium Phosphate 2.20 2.50 

Limestone 0.50 0.70 

Alfalfa meal 5.00 - 

Chemical composition   

Dry matter (%) 89.21 89.66 

ME (Kcal/kg) 3115.05 3269.73 

Crude protein (%) 12.23 19.17 

Lysine (%) 0.56 1.06 

Cystenine + Methionine (%) 0.44 0.63 

Tryptophan (%) 0.13 0.23 

Threonine (%) 0.45 0.72 

Calcium (%) 0.94 1.05 

Available Phosphorus (%) 0.47 0.55 

Total Phosphorous (%) 0.69 0.81 
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Table 2.2. Ingredient composition and chemical analysis of Nursery diets. 
  
 Phase 1 (pellet) Phase 2 (pellet) Phase 3 

Ingredient % % % 

Corn grain 28.25 43.20 61.65 

Soybean meal 20.00 25.60 34.00 

Fish meal, Menhaden 3.30 - - 

Dried whey 35.00 20.00 - 

Salt 0.45 0.35 0.25 

TTU Vitamin Premix 2.00 1.50 1.00 

Fat (vegetable oil) 3.00 3.00 1.00 

Dicalcium phosphate 1.00 1.20 1.40 

Limestone 1.00 0.90 0.70 

Plasma protein (APC-920) 5.60 4.00 - 

Zinc oxide 0.40 0.25 - 

Chemical composition:    

Dry matter (%) 91.62 90.89 89.82 

ME (Kcal/kg) 3296.65 3360.80 3340.33 

Crude protein (%) 22.92 21.53 21.27 

Lysine (%) 1.55 1.35 1.19 

Cystenine + Methionine (%) 0.82 0.75 0.70 

Tryptophan (%) 0.31 0.28 0.26 

Threonine (%) 1.11 0.97 0.81 

Calcium (%) 1.18 0.92 0.74 

Available Phosphorus (%) 0.70 0.52 0.36 

Total Phosphorous (%) 0.85 0.72 0.64 
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Table 2.3. Ingredient composition and chemical analysis of Grower/Finisher diets. 
 
  Phase 4 Phase 5 

Ingredient  % % 

Corn grain 70.00 77.50 

Soybean meal  26.00 19.00 

Salt 0.30 0.15 

TTU Vitamin Premix 1.00 0.70 

Fat (vegetable oil) 1.00 1.00 

Dicalcium Phosphate 1.00 0.90 

Chemical composition   

Dry matter (%) 89.70 89.58 

ME (Kcal/kg) 3355.10 3374.65 

Crude protein (%) 18.16 15.46 

Lysine (%) 0.97 0.78 

Cystenine + Methionine (%) 0.62 0.55 

Tryptophan (%) 0.21 0.17 

Threonine (%) 0.68 0.58 

Calcium (%) 0.62 0.59 

Available Phosphorus (%) 0.27 0.24 

Total Phosphorous (%) 0.54 0.50 
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Table 2.4.  Sow body weights and ADG during lactation. 

 Treatment  

Characteristic LC×LC LC×M M×LC M×M SEd

Weight (kg)      
d 0 404.00a 553.40b 417.67a 563.80b 21.54 
d 7 355.00a 530.40b 361.67a 546.80b 25.19 
d 14 356.67a 516.20b 348.33a 535.00b 24.00 
d 21 338.00a 507.60b 337.00a 535.00b 26.21 

ADG (kg/d)      
d 0-d21 -3.14 -2.18 -3.84 -1.37 0.39 

a,bmeans within a row with different superscripts differ (P < 0.05). 
cPooled standard error of the mean. 
 

 

 

 

 

Table 2.5. Piglet body weights and ADG during lactation. 

 Treatment  

Characteristic LC×LC LC×M M×LC M×M SEc

Weight (kg)      
d 0 1.66 1.98 1.76 1.66 0.06 
d 7 2.79 3.66 3.13 3.02 0.13 
d 14 4.53a 5.80b 4.79a 4.85a 0.18 
d 21 6.22 7.65 6.38 6.73 0.24 

ADG (kg/d)      
d 0-d21 0.22 0.27 0.22 0.24 0.01 

a,bmeans within a row with different superscripts differ (P < 0.05). 
cPooled standard error of the mean. 
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Table 2.6. Pig body weights, ADG, ADFI, and gain:feed during the nursery phase. 

 Treatment  

Characteristic LC×LC LC×M M×LC M×M SEd

Weight (kg)      
d 21 6.22 7.65 6.38 6.73 0.24 
d 28 6.87a 9.17b 7.52a 8.13ab 0.31 
d 35 8.55a 11.57b 9.41a 10.20ab 0.38 
d 42 10.10a 14.84c 11.95ab 13.30bc 0.55 
d 49 12.50a 18.34c 14.94ab 17.51bc 0.72 

ADG (kg/d)      
d 21-d 49 0.18a 0.36bc 0.28b 0.39c 0.02 

ADFI (kg/d)      
d 21-d 49 1.99 1.94 1.86 2.06 0.04 

Gain: Feed      
d 21-d 49 0.09a 0.18b 0.15b 0.19b 0.01 

a,b,cmeans within a row with different superscripts differ (P < 0.05). 
dPooled standard error of the mean. 
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Table 2.7. Pig body weights, ADG, ADFI, and gain:feed during the growing/finishing phase and overall 
averages. 

 

 Treatment  

Characteristic LC×LC LC×M M×LC M×M SEd

Weight (kg)      
d 49 12.50a 18.34c 14.94ab 17.51bc 0.72 
d 56 13.45a 20.96b 17.64b 20.11b 0.89 
d 70 22.17a 31.30b 27.73b 29.36b 1.05 
d 84 27.92a 40.37b 35.45b 35.38b 1.45 
d 98 34.71a 49.76b 42.12ab 39.74a 1.90 
d 112 45.41a 61.97b 51.85a 52.08a 1.98 
d 126 54.70a 74.73b 61.79a 63.33a 2.34 
d 140 65.76a 86.76c 74.63b 76.86b 2.27 
d 154 75.46a 98.46c 86.42b 92.58bc 2.48 

ADG (kg/d)      
d 49-d 112 0.52a 0.67b 0.58ab 0.53b 0.02 
d 112-d 154 0.71 0.85 0.82 0.89   0.03 
Overall 0.46a 0.56b 0.50ab 0.51ab 0.01 

ADFI (kg/d)      
d 49-d 112 4.05a 5.89b 5.46b 5.75b 0.19 
d 112-d 154 4.01a 6.84c 5.76bc 4.98ab 0.37 
Overall 3.11a 4.68c 4.19b 4.26bc 0.57 

Gain: Feed      
d 49-d 112 0.13a 0.12a 0.11ab 0.09b 0.005 
d 112-d 154 0.19 0.13 0.15 0.18 0.01 
Overall 0.15 0.12 0.12 0.12 0.005 

a,b,cmeans within a row with different superscripts differ (P < 0.05). 
dPooled standard error of the mean. 
 

 

 

 

 

Table 2.8.  Linear regressions of genetic lines.  

Trt Slope P Value SE Intercept P Value SE R2

LC×M 0.634 <0. 01 0.014 -7.467 <0.01 1.111 0.963 
M×M 0.562 <0.01 0.018 -6.739 <0.01 1.429 0.941 
M×LC 0.546 <0.01 0.018 -6.733 <0.01 1.433 0.922 
LC×LC 0.474 <0.01 0.013 -6.144 <0.01 1.028 0.940 
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Table 2.9. Comparison of measurements at harvest between genetic lines. 
 

 Treatment  

Characteristics LC×LC LC×M M×LC M×M SEd

Live Weight (kg) 78.30a 111.64b 88.50a 117.56b 5.06 
HCW (kg) 55.46a 84.38b 70.39ab 88.14b 4.20 
pH      

0 hr 5.96ab 6.08b 5.68a 5.66a 0.07 
12 hr 5.65 6.41 6.36 6.69 0.16 
24 hr 5.19a 5.66b 5.74b 5.76b 0.07 
48 hr 5.26 5.52 5.56 5.49 0.05 

Temperature (ºC)      
0 hr 28.03 29.18 23.45 22.58 1.29 
12 hr 3.85 5.96 3.67 5.00 0.43 
24 hr 2.68a 2.67a 1.95b 2.18b 0.10 
48 hr 2.08 1.76 1.56 1.34 0.10 

Carcass Length (cm) 74.80a 83.36b 78.50a 86.12b 1.03 
Backfat Thicknesse (cm) 2.67 3.21 2.35 3.08 0.14 
Marbling Scoref 1.88 1.80 2.25 2.13 0.11 
Loin Eye Area (cm2) 9.59a 12.00ab 13.21bc 16.00c 0.71 
Fat Depthe (cm) 2.55 3.17 2.63 2.35 0.23 
a,b,cmeans within a row with different superscripts differ (P < 0.05). 
dPooled standard error of the mean. 
eBackfat measured at midline while fat depth measured at ¾ way around chop. 
f Marbling score graded from USDA standards for pork. 
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Table 2.10. Comparison of characteristics of lean tissue between genetic lines. 
 

 Treatment  

 Characteristics of Lean LC×LC LC×M M×LC M×M SEc

Lean Composition      
%Protein 22.76a 23.90b 22.52a 22.69a 0.19 
%Fat 4.61 2.85 3.05 3.61 0.36 
%Moisture 71.98 72.80 73.69 72.41 0.31 
%Ash 1.10 1.14 1.15 1.19 0.01 

Shear Force (kg) 2.92 2.01 2.28 2.68 0.15 
Cook Loss (%)  14.60 15.00 15.26 17.48 0.45 
Minolta L*d 55.31 53.12 53.15 52.42 0.78 
Minolta a*e 7.18 6.87 6.57 8.17 0.31 
Minolta b*f 3.33a 4.62ab 4.26a 6.00b 0.35 
a,bmeans within a row with different superscripts differ (P < 0.05). 
cPooled standard error of the mean. 
dMinolta L* values range from 1 to 100 with 1 = pure black and 100 = pure white. 
eMinolta a* values represent the amount of red to green color in the meat and a higher a* value 

indicates a redder color. 
fMinolta b* values represent the amount of yellow to blue color in the meat and a higher b* value 

indicates a more yellow color. 
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Table 2.11.  Comparison of percentage cholesterol and fatty acid profile of lean product between genetic 
lines. 

 

 Treatment  

  LC×LC LC×M M×LC M×M SEc

%Cholesterol      
Lean 0.052 0.048 0.052 0.049 0.001 
Fat 0.055 0.050 0.055 0.048 0.002 

%Fatty Acid      
C10:0 0.002 0.002 0.002 0.002 0.0002 
C12:0 0.002 0.002 0.001 0.002 0.0001 
C14:0 0.028 0.027 0.022 0.025 0.0021 
C16:0 0.538 0.458 0.430 0.486 0.0366 
C16:1 0.059 0.063 0.065 0.078 0.0040 
C18:0 0.287 0.219 0.206 0.223 0.0202 
C18:1 0.872 0.762 0.752 0.885 0.0633 
C18:2 0.175 0.156 0.172 0.167 0.0062 
C18:3 0.006 0.004 0.005 0.005 0.0003 
C20:0 0.005 0.004 0.004 0.004 0.0003 
C22:0 0.004 0.004 0.005 0.005 0.0001 

a,bmeans within a row with different superscripts differ (P < 0.05). 
cPooled standard error of the mean. 
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Table 2.12. Comparison of sensory characteristics between genetic lines.  
 

 Treatment  

Sensory Characteristicsd LC×LC LC×M M×LC M×M SEc

Juiciness       
Initial 5.09 6.17 6.59 6.07 0.21 
Sustained 4.89 6.11 6.41 5.88 0.22 

Tenderness      
Initial 5.56 5.82 6.24 5.99 0.14 
Sustained 5.12 5.47 6.04 5.80 0.15 

Initial Flavor  5.89 5.95 6.36 6.13 0.07 
Pork Flavor 6.12a 6.14a 6.59b 6.47b 0.07 
Overall Pork Mouth feel 5.31 5.48 6.10 5.79 0.13 
Off Flavor 1.21 1.12 1.04 1.07 0.03 
a,bmeans within a row with different superscripts differ (P < 0.05). 
cPooled standard error of the mean. 
dGraded on a scale of 1 to 8 where 1=extreme low for particular trait and 8=extreme high for particular 

trait. 
 
 

 

 

Table 2.13. Comparison of effects of sire and dam on growth. 

 Separation by Sire  Separation by Dam  
Growth Measurement LC sire M sire  LC dam M dam SEc

d 0* wt (kg) 1.82 1.71  1.71 1.82 0.06 
d 7* wt (kg) 3.23 3.08  2.96 3.34 0.13 
d 14 wt (kg) 5.17 4.82  4.66a 5.33b 0.18 
d 21 wt (kg) 6.94 6.55  6.30 7.19 0.24 
d 28 wt (kg) 8.02 7.82  7.20a 8.65b 0.31 
d 35 wt (kg) 10.06 9.80  8.98a 10.88b 0.38 
d 42 wt (kg) 12.47 12.62  11.03a 14.07b 0.55 
d 49 wt (kg) 15.42 16.22  13.72a 17.92b 0.72 
d 56 wt (kg) 17.21 18.87  15.54a 20.53b 0.89 
d 70* wt (kg) 26.73 28.54  24.95 30.33 1.05 
d 84* wt (kg) 34.15 35.42  31.69 38.87 1.45 
d 98* wt (kg) 42.23 40.92  38.42 44.75 1.90 
d 112* wt (kg) 53.69 51.97  48.63 57.58 1.98 
d 126* wt (kg) 64.71 62.56  58.24 69.03 2.34 
d 140* wt (kg) 76.26 75.74  70.20 81.81 2.27 
d 154* wt (kg) 86.96 89.50  80.94 95.52 2.48 

a,bWithin separation group means within a row with different superscripts differ (P < 0.05).  
cPooled standard error of the mean. 
*Interaction of the sire and dam (P < 0.05) 
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CHAPTER III 

ASCOPHYLLUM NODOSUM SUPPLEMENTATION  
STRATEGIES THAT IMPROVE OVERALL CARCASS  
MERIT OF IMPLANTED ENGLISH CROSS CATTLE. 

 
Abstract 

English cross steers (n = 32) and heifers (n = 32) were fed a  commercial corn 

based finishing diet and differentially supplemented with 2% Ascophyllum nodosum to 

determine the supplementation strategy that maximized intramuscular fat deposition as 

determined by quality grade.  Cattle were blocked by sex and divided into one control 

and three treatment groups receiving Ascophyllum nodosum. Treatment 1 (trt 1) received 

Ascophyllum nodosum from d 36-50 of the feeding period, trt 2 received Ascophyllum 

nodosum for the last 14 d of the feeding period, and trt 3 which received Ascophyllum 

nodosum for both d 36-50 and the last 14 d of the feeding period.  Cattle were weighted 

and ultrasounded at the commencement of trial and every 28 d following until they reach 

an average body weight of 544 kg.  No effect for Ascophyllum nodosum supplementation 

was found on measured performance characteristics. All treatment groups supplemented 

with Ascophyllum nodosum had higher actual marbling scores (P < 0.05) than controls.  

Trt 1 was found to have a highest marbling score of 572.5 (P < 0.05) while the control 

group having the lowest marbling score of 473.75.  Trt 1 had a higher (P < 0.05) quality 

grade (5.25) than the control (3.94) group (P < 0.05) and Trt 2 and Trt 3 were not 

different (P > 0.05) from any other treatment group.  Control group had 25% Choice, 

62.5% Select; trt 1 had 75% Choice, 18.8% Select; trt 2 had 62.5% Choice, 25% Select 

and trt 3 had 56.3% Choice and 31.2% Select.  Overall, treatment groups had a 39.58 % 
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increase in Choice quality grade and a 37.5 % decrease in Select quality grade when 

compared to the control group. 

 

Introduction 

Marbling is a contributing factor in beef palatability; a determining factor in 

identifying “desirable” steaks (Tatum et al., 1982) and one of the main factors in 

determining USDA quality grade, which make it a critical factor in beef marketing.  

Increased marbling improves overall palatability, and increases consumer satisfaction 

(Savell et al., 1987) in addition to increasing income through USDA choice and prime 

quality grade grid incentives.   

Implanting cattle improves growth rate, feed efficiency, and leanness of cattle 

(Hancock et al., 1991).  However, Platter et al. (2003) showed that repetitive implants in 

cattle results in cattle with lower marbling scores and quality grades.  Platter et al. (2003) 

also showed that implant strategies that use of 4-5 implants resulted in even lower 

marbling scores than the use of two implants.  So, any intervention that could increase 

intramuscular fat deposition in aggressively implanted cattle without effecting 

performance would potentially increase producer profits and consumer acceptance.  

Ascophyllum nodosum (Table 3.1) is a brown seaweed species harvested off the 

coast of Nova Scotia that is commercially available as a nutritional supplement and feed 

additive.  Inclusion of Ascophyllum nodosum into beef cattle diets has resulted improved 

animal health, food safety and carcass quality (Fike et al., 2001; Saker et al., 2001; and 

Montgomery et al., 2001a).  The inclusion of Ascophyllum nodosum through direct 

supplementation or by pasture application has resulted in improvements in animal health, 
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increased circulating antioxidant levels, improved heat tolerance and immune cell 

function (Fike et al., 2001; Saker et al., 2001).  In studies conducted by Montgomery et 

al. (2001a) and Allen et al. (2001) it was found that meat products from cattle 

supplemented with Ascophyllum nodosum had extended shelf life, enhanced color and 

improved marbling measurements. 

While many studies have shown that Ascophyllum nodosum supplementation will 

improve animal health and carcass performance, there has been considerable debate as to 

the optimal supplementation strategy.  Thus, the focus of this study was to determine the 

supplementation period that generated the greatest improvement in overall carcass merit. 

 

Materials and Methods 

  Finishing Trial.  English cross steers (n = 32) and heifers (n = 32) 

approximately 10 months of age arrived at the Texas Tech University Beef Research 

Center weighing between 317 and 340 kg.  These animals were vaccinated for Infectious 

Bovine Rhinotracheitis (IBR), Blackleg, bovine respiratory disease, and dewormed with 

ivermectin®.  Animals were implanted with Ralgro on d 36 and re-implanted with 

Revalor-S + Revalor-H on d 92.  After a 35-d adjustment period, cattle were assigned to 

one of 4 treatment groups, weighed and ultrasounded for initial backfat thickness.  

Animals were blocked by sex and randomly allocated to pens with four animals per pen.  

Pens were randomly assigned a treatment with an equal number of pens per treatment and 

an equal number of male and female pens to each treatment.  Ultrasound was performed 

using an external probe between the 11th and 12th ribs (Brethour, 1994).  Ultrasound and 

weights were recorded at 28-d intervals for the duration of the study.   
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 Animals were fed grower and finishing rations in incremental phases that began 

with a corn based receiving diet and moved to a corn silage based finishing diet (Table 

3.2).   Ascophyllum nodosum was supplemented at 2% of a dry rolled corn based diets 

containing 13.3% crude protein that was formulated to be isocaloric and isonitrogenous.  

Treatment 1 (trt 1) animals received the base diet plus 2% Ascophyllum nodosum 

supplementation from d 36-50 of the trial.  Trt 2 received 2% Ascophyllum nodosum 

supplementation for the final 14 d of the feedlot trial.  Trt 3 received 2% Ascophyllum 

nodosum supplementation for d 36-50 and the last 14 day of the feedlot trial.  A control 

group received only the base diet throughout the trial.   

 Cattle were blocked by sex within each of the four treatments.   Feed efficiency, 

body weight, average daily gain, ultrasound backfat measurements, and marbling were 

recorded.  Cattle were determined to be 14 d from slaughter by using pen ADG to 

calculate a final body weight of 544 kg.  Once the pens reach an average weight of 544 

kg they were shipped 25 km for harvest at a commercial processing facility.  Carcass data 

collected included hot carcass weight (HCW), ribeye area (REA), yield grade, marbling 

score, lean color, lean texture, and lean firmness.    

 Statistical Analyses.  Data was analyzed as a randomized block design, blocked 

by sex using mean separation.  For all measurements, pen was used as the experimental 

unit.   

 

Results 

 There were no significant differences for any of the growth traits including 

weight, ADG, and feed efficiency (Table 3.3).  There were no significant differences for 
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ultrasound-derived measurements for backfat thickness, or marbling score.  However at d 

92 the control group tended to have a lower ultrasound marbling score (P = .0739) than 

the other groups (Data not shown).  Carcass characteristics, including yield grade, hot 

carcass weight (HCW), lean color, ribeye area (REA), and texture, revealed no significant 

differences (Table 3.4).  Marbling and firmness scores were found to be significantly 

different between treatments (P < 0.05).  Trt 1 was also found to have 8.25% firmer lean 

muscle (P < 0.05) than all other groups (Table 3.4).  The control group was found to have 

a lower marbling score (473.75; P < 0.05) than all other treatment groups (572.50, Trt1; 

528.12, Trt 2 and Trt 3; Table 3.4).  While all treatments were higher for marbling than 

the control, trt 1 was found to have the highest marbling score overall (572.50; P < 0.05).  

Naturally, it was found that as marbling score increased there was a corresponding 

increase in USDA quality grade (Figure 3.1).  Trt 1 had a higher (P < 0.05) quality grade 

(5.25) than the control (3.94) group (P < 0.05).  Trt 2, Trt 3 and control group were not 

different (P > 0.05) from each other when comparing quality grade.  Trt 1 graded choice 

or better 81% of the time, and had 6% of the animals grade prime, Trt 2 and Trt 3 graded 

choice or better 62.5% of the time, and control group graded choice or better 25% of the 

time.  Control group had 25% Choice, 62.5% Select; trt 1 had 75% Choice, 18.8% Select; 

trt 2 had 62.5% Choice, 25% Select and trt 3 had 62.5% Choice and 37.5% Select.  

Overall, treatment groups had a 39.58 % increase in Choice quality grade and a 37.5 % 

decrease in Select quality grade when compared to the control group.  
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Discussion 

Allen et al. (2001) found no differences in any animal performance characteristics 

including weight gain, ADG, and feed efficiency between animals grazing pastures 

treated with Ascophyllum nodosum and untreated pastures.  This is consistent with our 

results that direct feeding Ascophyllum nodosum to finishing cattle had no effect on 

weight gain or feed efficiency during the finishing trial (P > 0.05).  The only difference 

we detected in this study was that cattle fed Ascophyllum nodosum from d 36-50 had a 

significant increase in lean firmness (P < 0.05), which was not reported by either Allen et 

al. (2001), or Montgomery et al. (2001a).     

Aggressive implanting of cattle usually results in improved growth rate, feed 

efficiency, and leanness of cattle (Hancock et al., 1991), as well as a reduction in 

marbling, quality grades (Duckett et al., 1996) and overall carcass value.  The main focus 

of this study was to determine which supplementation period maximized the effects of 

Ascophyllum nodosum on intramuscular fat deposition in cattle that were aggressively 

implanted.  Roeber et al. (2000) found a reduction in marbling score in implanted cattle 

when compared to non-implanted cattle.  In this study, all cattle consuming the treatment 

diet had superior quality grade as compared to controls, indicating Ascophyllum nodosum 

may be able to overcome the reduction in marbling score associated with hormonal 

implants.  This data indicates that Ascophyllum nodosum supplementation allowed 

animals to take advantage of implant benefits in performance while improving carcass 

merit.  Twenty five percent of the control group graded choice or better while the 

treatment group achieved a 69% choice or higher quality grade value.  Overall, the 

supplementation of Ascophyllum nodosum resulted in a 44% increase in quality grade.  
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However, trt 1 graded higher than all other treatments and all treatments graded higher 

than the control group.  This agrees with Allen et al. (2001) who reported an increased 

marbling score for Ascophyllum nodosum supplemented animals.  Animals supplemented 

from d 36-50 (trt 1) had growth performance similar to all other treatments; however, trt 

1 resulted in the significantly greatest improvement in carcass merit.  Other research has 

found improvements in quality grade (Allen et al., 2001; Montgomery et al., 2001a; 

Braden, 2003) but a feeding strategy was not suggested.  This study indicates that feeding 

Ascophyllum nodosum from d 36-50 results in the greatest improvement in carcass merit.  

It has been suggested that altered lipid metabolism or energy is the cause of the increase 

in carcass merit of cattle supplemented with Ascophyllum nodosum (Montgomery et al., 

2001a).  While further research is required to elucidate the mechanism, this study has 

determined the ideal strategy for Ascophyllum nodosum supplementation in aggressively 

implanted English cross steers and heifers.   

 

Implications 

Ascophyllum nodosum supplementation at 2% of a commercial grain based 

feedlot diet significantly improved overall quality grade and carcass merit.  In addition to 

this, feeding Ascophyllum nodosum on d 36-50 in the feedlot period maximized carcass 

performance of implanted feedlot cattle with no detrimental effect on performance.  

Therefore, Ascophyllum nodosum supplementation is an economically viable method for 

overcoming the negative carcass characteristics traditionally observed in implanted 

feedlot cattle.  
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Table 3.1. Approximate compositiona of Ascophyllum nodosum seaweed supplementation. 
 
Item  Value 

Crude fiber, % 6.0 

Carbohydrates,%  52.0 

Ash, %  22.0 

Moisture, %  12.0 

Crude protein, %  6.0 

Mineral  

Aluminum, ppm  20–100 

Arsenic, ppm  < 3 

Calcium, %  1.0–3.0 

Copper, ppm  4–15 

Iodine, ppm  < 1,000 

Magnesium, %  0.5–1.0 

Manganese, ppm  10–50 

Phosphorus, %  0.1–0.2 

Potassium, %  2–3 

Selenium, ppm  < 1 

Sodium, %  2.4–4.0 

Sulphur, %  2.0–2.3 

Zinc, ppm  35–100 

Amino acids,   
Alanine, %  5.3 
Arginine, %  8.0 
Aspartic acid, %  6.9 
Cystine, %  trace 
Glutamic acid  10.0 
Glycine, %  5.0 
Histidine, %  1.3 
Isoleucine, %  2.8 
Leucine, %  4.6 
Methionine, %  0.7 
Phenylalanine, %  2.3 
Lysine, %  4.9 
Proline, %  2.6 
Serine, %  3.0 
Threonine, % 2.8 
Tyrosine, %  0.9 
Valine, %  3.7 

 aAcadian Seaplants Limited, Dartmouth, Nova Scotia. 
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Table 3.2. Ingredient composition and chemical analysis of receiving and finishing dietsa. 

 Receiving Finishing

Ingredient % % 

Corn silage, 50% grain - 52.39 

Corn grain, cracked 47.37 28.03 

Corn silage, 35% grain 4.33 - 

Cottonseed meal 5.00 - 

Cottonseed hulls 6.00 - 

Molasses, Cane 4.00 - 

Sweet bran 4.00 - 

Wheat hay, sun cured 10.00 - 

Alfalfa hay, mid bloom 16.80 7.08 

TTU Vitamin Premixb 2.50 2.50 

Chemical composition   

Dry matter (%) 80.97 45.81 

Crude protein (%) 12.92 13.25 

Net energy, maintenance (Mcal/kg) 1.76 1.85 

Net Energy, gain (Mcal/kg)  1.14 1.22 

Calcium (%) 0.75 0.70 

Phosphorous (%) 0.34 0.38 

Potassium (%) 1.03 1.15 

Magnesium (%) 0.27 0.32 

Sulfur (%) 0.22 0.20 

Sodium (%) 0.18 0.15 
aDiets balanced to meet NRC requirements. 
bContains rumensin and tylan. 
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Table 3.3.  Performance characteristics of cattle supplemented with 2% Ascophyllum nodosum in a     
commercial corn based diet. 

 
 
 Treatment 

Characteristic 

Control – 
No 

Ascophyllum 
nodosum 

Ascophyllum 
nodosum on 

d 36-50 

Ascophyllum 
nodosum on 

Last 14 d 

Ascophyllum 
nodosum on d 
36-50 and Last 

14 d SEd

Weight (kg)      
d 36 381.48 384.46 388.24 385.91 4.93 
d 62 440.51 444.46 446.28 453.24 5.74 
d 92 502.05 498.15 499.55 512.30 5.28 
d 122 535.85 532.30 531.62 547.45 8.78 
d 155 553.84 552.50 544.43 567.13 8.79 

ADG (kg/d)      
d 36-d 62 2.27 2.31 2.23 2.59 0.13 
d 62-d 92 2.05 1.79 1.78 1.97 0.15 
d 92-d 122 1.13 1.14 1.07 1.17 0.17 
d 122-d 155 0.55 0.61 0.39 0.60 0.14 
Overall ADG 1.45 1.41 1.31 1.52 0.06 

Feed Efficiency      
d 36-d 62 7.11 6.62 7.46 6.30 0.45 
d 62-d 92 6.73 7.65 7.79 7.68 0.51 
d 92-d 122 11.87 11.79 11.18 11.37 1.91 
d 122-d 155 13.93e 19.77 29.46 19.14 13.53 
Overall FE 9.14 9.08 9.69 9.02 0.36 

a,b,cmeans within a row with different superscripts differ (P < 0.05). 
dPooled standard error of the mean, n = 4. 
eA pen lost weight during this time period and Feed Efficiency could not be calculated, so it is not included      

in this calculation. 
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Table 3.4. Carcass characteristics of cattle supplemented with 2% Ascophyllum nodosum in a commercial 
corn based diet. 

 

 Treatment 

Characteristics 

Control – 
No 

Ascophyllum 
nodosum 

Ascophyllum 
nodosum on 

d 36-50 

Ascophyllum 
nodosum on 

Last 14 d 

Ascophyllum 
nodosum on d 
36-50 and Last 

14 d SEd

HCW, kg 339.51 338.32 334.86 344.34 3.87 
REA, cm 35.20 35.10 32.77 34.85 0.94 
Lean Colore 6.06 6.63 6.00 6.13 0.54 
Lean Texturef 6.44 7.06 6.63 6.75 0.24 
Lean Firmnessg 6.44a 7.25b 6.63a 6.69a 0.16 
Marbling Scoreh 473.8a 572.5c 528.1b 528.1b 14.78 
Final Quality Gradei 3.94a 5.25b 4.56ab 4.75ab 0.14 
Final Yield Grade 2.57 2.54 2.73 2.71 0.12 

a,b,cmeans within a row with different superscripts differ (P < 0.05). 
dPooled standard error of the mean, n = 4     
eLean color is on a scale from 8 to 1,where 8 = extremely bright cherry red and 1= extremely dark red. 
fLean texture is on a scale from 8 to 1, where 8 = extremely fine and 1 = extremely coarse. 
gLean firmness is on a scale from 8 to 1, where 8 = extremely firm and 1= extremely soft. 
hcode: 400 = Slight, 500 = Small. 
icode: 4 = low choice, 5 = average choice. 
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Figure 3.1. Distribution of marbling scores and corresponding quality grades* of treatment groups 
*Correspondnig quality grades relate to A maturity cattle.  
a,b,cEffect of Ascophyllum nodosum different superscripts differ (P < 0.05). 
d SE = Pooled Standard error of the mean, n = 4 for each bar where pen is experimental unit.
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DETERMINATION OF PROTEIN 
 
 
 
PROCEDURE 

 
Reference: AOAC. 1995a. Crude protein in meat and meat products, combustion 
method. AOAC Official Method 992.15. Official methods of Analysis of AOAC 
International 16th edition. Vol II. Ch. 39, p. 6. 
 
 The procedures below are designed to determine the crude protein content of meat 
samples.  Warning: the sample boats are very hot, 1050°C.  Always wear gloves. 

 
A.   Leco Procedure Set-up and Blanking 

 

1. Turn Helium (He) and Oxygen (O2) tank valves all of the way on.  
Do not move regulator valves. 

2. Enter your first name on log-in menu and press ENTER. Machine 
conditions will appear. 

3. Press ESC to exit this menu and enter the MAIN MENU. 
4. Select METHOD, and choose the sample type (Meat) to run by 

highlighting your selection. 
5. Press ESC to exit this menu and enter the MAIN MENU. 
6. Select ANALYZE to begin the sampling process. 
7. Select the Log-In SAMPLE until scroll menu displays “BLANK”. 
8. Press ENTER WEIGHT 10 times, this will enter 10 different 

blanks. 
9. Load empty rack into auto sampler and select ANALYZE to run 

the 10 blanks.  Move the arrow to position 1 and select 
ANALYZE.  The machine should start running blanks (this will 
take approximately 1 hour).  Once the blanks are complete, check 
printout to determine if five blanks are consistent with one another, 
these are typically the last 5 blanks.  Acceptable blank values 
should range from –0.2 to 0.2.  If there are not at least five blanks 
that are within the acceptable range, re-run 10 more blanks.  

10. Press ESC to exit this menu and enter the MAIN MENU. 

11. Select CALIBRATE. 

12. Select BLANKS and un-highlight CARBON and select OK. 

13. Select INCLUDE RESULTS at least five times if the last five 

blanks are consistent. 
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14. Select PROCESS RESULTS and select OK to save blank.  Printer 

should print sheet with Nitrogen blank table.  You are now done 

blanking and can calibrate (standardize) with the EDTA standard. 

 
B.   Calibration and Standardization 

 

1.  Press ESC to exit this menu and enter the MAIN MENU and select 

ANALYZE. 

2. Select Log-In SAMPLE.  Scroll through menu by touching “Log-In 
Sample” until “EDTA” is showing.   

3. Tare the scale to zero. Run drift correction by weighing three (3) 
EDTA calibration standards (0.1 to 0.5 g each) and placing each into 
a covered boat.  Make sure to tare the covered (or lined) boat on the 
scale.  Add the EDTA and enter the weight.  Select PRINT on the 
scale, weight should be present on LECO screen.  Make sure the 
sample is spread evenly in the boat and load boat into rack (round 
end first).  Do this process for each of the three standards (0.1 to 0.5 
g each of EDTA in the ceramic boat, tared on the scale). 

4. Load rack into the auto sampler. 
5. Select ANALYZE, move the arrow to position 1, and select 

ANALYZE.  Samples will run for approximately 10 to 15 minutes. 
6. Pres ESC from the ANALYZE menu to go back to the MAIN 

MENU and select CALIBRATE. 
7. Select DRIFT CORRECTION, un-highlight CARBON and select 

OK, then view the recently run 3 EDTA samples, which are the last 
three on the list. 

8. If values are between 55 and 59% protein, select INCLUDE 
RESULT three times; all 3 EDTA samples should be highlighted.  If 
values are not acceptable, re-run 3 EDTA samples. 

9. Select PROCESS RESULTS and select YES to adjust factors, 
printer should print sheet with new factors. 

10. Press ESC from DRIFT CORRECTION menu. 
11. Make sure that the dump pan is free of used boats.  Select 

ANALYZE.  You are now ready to read samples. 
  

 
 
C.   Crude Protein Determinations in Meat 
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1. When weighing samples make sure samples that are out of the –
80°C freezer do not begin to thaw. 

2. Perform a scale check and tare the scale to zero unless the same scale 
that was used to weigh the EDTA samples is used. Up to 49 different 
boats can analyzed in one run. Place the boat on the scale, tare the 
scale to zero and remove the boat from the scale. Add 0.5 to 1.0 g of 
homogenized tissue and place the boat back on the scale.  Touch 
LOG-IN SAMPLE to highlight box.  Enter the sample ID# with the 
replicate designation on the LECO touch pad and press ENTER.  
Select PRINT on the scale, weight should be present on screen.  
Make sure the sample is spread evenly in the boat and load boat into 
rack (round end first).  The RACK DOES NOT HAVE TO BE 
FULL TO RUN! 

3. Each tissue sample should be run in duplicate or triplicate.  For each 
run, three validation samples (the validation samples can be EDTA 
or other samples with a known amount of crude protein or nitrogen) 
should be run at the beginning and end of the run. 

4. Once all boats are loaded, load rack into auto sampler.  Make sure 
samples are loaded into the rack according to the proper order (from 
top to bottom, left to right). 

5. Select ANALYZE (bottom right corner of screen), move arrow to 
position 1, and select ANALYZE.  Machine should start running 
(approximately 5 min/sample).  Printer should print results of each 
sample as it is run. 

6. DO NOT REMOVE BOATS FROM THE DUMP PAN for at least 
10 minutes after completion (they are over 1,000°C)! 

7. After all samples run, pres ESC to main menu and log-off. 
8. Remove print-out from the printer 
9. Turn off He and O2 bottles.  The AIR SUPPLY MUST BE LEFT 

ON AT ALL TIMES. 
 

D.  Protein Data Entry and Calculations 
 

1. Once raw data for crude protein determination is collected, verify the 
three validation samples are within ±2.5% of there respective 
nominal values.  If one or more of the validation samples are found 
to be unacceptable (greater than ±2.5% of the approximate known 
value) all samples will have to be reanalyzed.   

2. If all of the validations samples are acceptable, enter the data, 
including sample identification, into an Excel spreadsheet. 

3. In Excel, determine the coefficient of variation (CV) for each set of 
quadruplicate samples: 

 CV = [(standard deviation) / mean] X 100 
If the coefficient of variation is less than 10.00%, the samples are 
acceptable and no repeats are necessary. 
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4.      Once analyses are complete and the CV has been found to be 
acceptable for each sample, the duplicates (or triplicates) shall be 
averaged to form an average percent moisture for each individual 
carcass. 

 
E.  Routine Maintenance 

 

Maintenance will be conducted according to the Periodic Maintenance 
Schedule.  In addition, it is suggested to run leak checks (helium, 
combustion chamber and ballast) at least once a month and following 
recommended maintenance. 
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DETERMINATION OF MOISTURE 

 
 
 

PROCEDURE 
 

Reference: AOAC. 1995d. Removal of moisture, AOAC Official Method 8.2.1.1. 
Official methods of Analysis of AOAC International 16th edition. Vol I. Ch. 8, p. 
122. 
 

The procedures below are designed to determine the percent moisture of 
meat. ALWAYS WEAR GLOVES WHEN HANDLING SAMPLES. Oils 
and moisture on your hands can affect the weights of the pans and 
samples. 

 

A.      Freezing and Grinding samples 
 

1.   Cut the whole ribeye steak into small chunks (1/2”) including no 
external fat or grind the whole rib (fat and lean) and form into ball 
for packaging. 

2.   Freeze meat chunk samples in liquid nitrogen using a strainer until 
frozen..   (approx. two minutes – remove when the liquid nitrogen 
stops bubbling) (Whole rib balls do not need to be frozen in liquid 
nitrogen.  Rather, label a tag with the sample number and project 
name and vacuum package with the ball). 

3.   Blend frozen meat sample in a blender jar until sample becomes a 
fine powder.  Do not over blend, as it will cause the sample to 
thaw.   

4.   Label a whirlpac bag with the project name and sample number 
and add powdered sample to the bag.    

5.   To separate out any remaining tissue chunks, sift filter the frozen 
ground tissue through a coarse wire strainer that has been dunked 
into liquid nitrogen (this prevents sticking of the sample to the 
strainer).   

6. Samples should be stored in the ultracold freezer until future use.  
Put samples in a labeled vacuum packaged bag.  Do not leave 
samples on counter, put into freezer as soon as possible.   

 
 
 
 
 
 
 

 75



B.     Moisture Determinations 
 

1. Mark the sample and replicate number on the bottom of three 
different aluminum pans with a pencil (do not use a pen) to ensure 
the identification number is indented into the pan (e.g., 101a, 101b, 
101c). 

2. Tare the scale to zero. Weigh each aluminum pan. Record the pan 
weight on the appropriate data sheet with the sample identification 
number. 

3. Place a 4 to 5 g aliquot of a frozen, powdered tissue sample into 
each of the numbered pans, spread evenly, weigh and record the 
weight (Wet sample wt + pan wt). 

4. Place all pans in a drying oven at 100° C to 105° C for at least 16 
hours. Record the starting temperature and time on the data 
collection form. 

5. With gloved hands, remove the pans from the drying oven and 
place in the desiccator to cool (approximately 1 hour).  This 
assures that the pans are at room temperature and prevents 
moisture from being reconstituted back into the sample. Record the 
oven ending temperature and time on the data collection form. 

6. Tare the scale to zero. Remove pans from the desiccator one at a 
time and weigh. Record the total weight (Dry sample wt + pan wt). 

7. Save the dried samples to use for ether extract analysis (fat 
analysis).  Samples may be stored in a desiccator (up to 3 days) 
until fat analysis is performed.  Only the replicates of a sample that 
are acceptable in moisture determination should be used for ether 
extract. 

 
C.    Moisture Procedure Validation 

 

1. For each day (run) of moisture analysis, a set of validation samples 
must also be run.   

2. Add a known amount of water (distilled, deionized or extra pure 
water) to at least six validation samples and determine moisture with 
the actual samples.  This process may be completed by adding three 
different amounts of water to fresh meat samples with a known 
(approximate) amount of moisture (add 0, 0, 0, 0.5, 1.0, 2.0 ml of 
water to the six validation samples). Record the samples as 
"validation" along with the amount of added water. Dry and weigh 
the validation samples following the procedures described above. 

3. If the validation samples are found to be out of range, all test 
samples from the run will be retested for percent moisture 
determination. 
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D. Percent Moisture Data Entry and Calculations.    

 
1. Using the sample identification from the data collection forms, enter 

the moisture raw data into an Excel spreadsheet to calculate percent 
moisture. 

2. Use the following formula to calculate the percent moisture of 
validation samples: 

% moisture = [(wet sample w. + pan wt.) – (dry sample wt. + pan 
wt.)] / [(wet sample wt. + pan wt.) – (pan wt.)] X 100  

3. The validation samples are acceptable if the moisture content of each 
of the three "non-zero" validation samples (with water added) is ± 2.5 
% of the mean of the three "zero" validation samples. 

4. If the validation samples are acceptable, determine the moisture 
content of the triplicate study samples (use the above formula), then 
determine the coefficient of variation for each set of samples.  CV = 
[(standard deviation)/mean] X 100.  If the coefficient of variation is 
less than 10.00 %, the samples are acceptable and no repeats are 
necessary. 

5. Once analyses are complete and the CV has been found to be 
acceptable for each sample, the triplicates shall be averaged to form an 
average percent moisture for each individual carcass. 
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DETERMINATION OF FAT 

 

PROCEDURE 
 
Reference:  AOAC. 1995c. Fat (crude) in meat and meat products, solvent extraction 
(submersion) method. AOAC Official Method 991.36. Official methods of Analysis 
of AOAC International 16th edition. Vol II. Ch. 39, p. 3. 
 

The procedures below are designed to determine the percent ether extractable fat 
of meat.  ALWAYS WEAR GLOVES WHEN HANDLING SAMPLES. Oils and 
moisture on your hands can affect the weights of the pans and samples. 

 
A.    Fat Determinations 
 

As with the moisture samples, fat analysis is to be done in triplicate. 
 

1. After the Dry Sample Wt + Pan Wt has been recorded, place non-
absorbent cotton in the pan over the dried sample to cover the 
sample.  The cotton allows the ether to run through the pan without 
losing the sample. 

2. Fold the pan edges over the cotton to prevent loss of sample during 
extraction. 

3. Place the samples back into the dessicator for at least 30 minutes to 
remove any additional moisture. 

4. Tare the scale to zero. Remove the samples from the desiccator. 
Weigh and record the total sample weight (Dry sample + cotton + 
pan). 

5. Turn on the hood to exhaust the ether fumes. Fill the boiling flask to 
approximately 2/3 full with petroleum ether (to the bottom of the 
neck) and place 3-5 boiling chips or glass beads in the flask to 
prevent bumping while boiling. 

6. Place 6 to 10 sample pans in the Soxhlet apparatus.  Be sure the 
samples are below the top elbow siphon.  Anything over the elbow 
will not have ether run through it and will produce inaccurate 
readings. 

7. Grease the inner lip of the Soxhlet and the inner lip of the boiling 
flask with petroleum jelly and attach the Soxhlet to the boiling flask. 

8. Open the tap water valve to allow cool water to circulate through the 
condenser units.  If water is not turned on, the unit will get extremely 
hot and could possibly EXPLODE! 

9. Connect the Soxhlet and boiling flask to the condensers via tubing 
and set the flask on the hot plate. 

 78



10. Turn on the hot plate by turning the knob under each boiling flask to 
the designated mark which is approximately between “4” and “5”. 
Record the starting time of the extraction. 

11. Check for liquid ether or water leaks.  The apparatus should dump 
approximately every 20 to 30 minutes.  If fresh ether is needed in a 
boiling flask, turn off the hot plate and cover with a piece of asbestos 
before adding ether to prevent dripping of ether on to the hot plate. 

12. Extract samples for at least 16 hours or overnight. 
13. Record the ending time of the extraction. Turn off the heater and 

water.  Remove the samples with tongs or gloved hands and place on 
a paper towel under the hood to allow ether to evaporate 
(approximately 30 minutes). 

14. Dry samples at 100° C to 105° C for at least 1 hour in a drying oven.  
Place samples in a desiccator to cool for a minimum of 1 hour.  

15. Tare the scale to zero. Weigh and record the weight by taking one 
sample out of the desiccator at a time (Extracted sample + pan + 
cotton). 

 
B. Clean-Up 

 
1. Ether is extremely volatile.  NEVER POUR DOWN THE SINK 

AND USE ONLY UNDER THE HOOD.  DISPOSE OF ETHER IN 
A PROPERLY LABELED WASTE BOTTLE/CAN.  WHEN 
BOTTLE/CAN IS FULL CALL ENVIRONMENTAL HEALTH 
AND SAFETY FOR REMOVAL. 

2. Clean the ether extract boiling flasks, condensers, and Soxhlet 
apparatuses with soap and warm water.  Rinse and air-dry the 
cleaned equipment. 

 

C. Fat Procedure Validation 
 

1. With each set (run) of fat samples, a set of validation samples must 
also be run.   

2. Prepare at least six validation samples and determine the % fat 
with the actual samples.  Record the weight of the dried sample 
plus pan weight plus cotton weight prior to adding the fat/oil.  This 
process may be completed by adding three different amounts of 
fat/oil (0, 0, 0, 0.5, 1.0, and 1.5 mL of vegetable oil) to dried meat 
samples (dried at 100°C for moisture determination) with a known 
(approximate) amount of fat.  Record the six samples as 
"validation" along with the amount of added oil. Process and 
weigh the samples as described above. 

3. If the validation samples are not acceptable, all test samples from 
the run must be retested. 
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D.  Percent Fat Data Entry and Calculations 
 

1. Using the sample identification from the data collection forms, enter 
the fat raw data into an Excel spreadsheet to calculate percent fat. 

2. Use the following formula to calculate the percent fat of validation 
samples: 
% crude fat = [(Dry sample + pan + cotton wt.) – Extracted sample + 
pan + cotton wt.)] / [Wet sample + pan wt.) – (pan wt.)] X 100. 

3. The fat validation samples are acceptable if the moisture content of 
each of the three “non-zero” validation samples (with fat added) is ± 
2.5% of the mean of the three “zero” validation samples. 

4. If the fat validation samples are acceptable, determine the fat content 
of the triplicate study samples (use the above formula), then 
determine the coefficient of variation for each set of samples.  CV – 
[(standard deviation)/mean] X 100.  If the coefficient of variation is 
less than 10.00%, the samples are acceptable and no repeats are 
necessary. 

5. If the CV of the three results is > 10%, repeat the moisture analysis 
procedure for this sample. 

6.     Once analyses are complete and the CV has been found to be 
acceptable for each sample, the triplicates shall be averaged to form 
an average percent moisture for each individual carcass. 
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DETERMINATION OF ASH 

 

PROCEDURE 
 

1. Weigh out 5 g of meat and place in 50mL ashing (Coord, Golden, CO) 
crucible and record actual weight. 

2. Repeat step one for triplicate samples. 
3. Dry samples overnight in 100oC drying oven.  
4. Ash samples at 625oC for 18 h. 
5. Let crucibles cool 4-24 h. 
6. Move crucibles to dessicator for 1 hr. 
7. Record weight of each crucible and calculate percentage of ash. 
8. Use the following formula to calculate the percent ash of samples: 
 

% ash = [(Dry sample + crucible) – (Ashed sample + crucible)] / [Wet sample 
+ crucible) – (Crucible wt.)] X 100. 
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DETERMINATION OF CHOLESTEROL 

PROCEDURE 
 

* Modification of AOAC Official Method 994.10 Cholesterol in Foods. The 
original protocol included. 

 
A. Saponification 
 

1. Accurately weigh test sample (usually 2-3 g) to nearest 0.001 g into 
250 mL Erlenmeyer flask. 
i. Accuracy of the sample weight is essential for correct outcome 
ii. Amount of samples should contain 1 g of fat or 5 g H2O. For meat 

sample, which contains about 30-70 mg/100g of cholesterol, 
sample weight should be about 5g. Generally, sample weight has to 
result in enough amount of cholesterol in sample, which can be 
estimated at 20-100 unit of peak area.  The amount of cholesterol 
will affect the precision and reproducibility. 

2. Place magnetic stir bar into flask 
3. Add 40 mL 95% ethanol and 8 mL 50% KOH solution to the flask. 

Volumetric cylinder can be used. 
i. Portion of ethanol may be retained and used as rinse after KOH 

addition which will help prevent ground-glass joints of flask and 
condenser from freezing together. 

ii. Note: Clean the connection of the flask and the condenser before 
each use and use a very small amount of lubricant to prevent joints 
from sticking together. 

4. Place flask on magnetic stirrer-hot plate, attach condenser, turn on 
stirrer (set at 8), then turn on the hot plate (set at 8) 
i. Reflux for 70 ± 10 min. 
ii. To ensure complete saponification, occasionally check sample and 

disperse any clumps with glass rod or by adding KOH solution to 
sample while stirring. 

5. Turn off heat 
6. Add 60 mL 95% ethanol through top of condenser while stirring 

solution. 
(Caution: Add carefully to avoid spurting of alcohol from top of 

condenser.) 
i. Note: When using a 125 mL flask, save 20 mL of 95% ethanol to 

rinse flask when transferring saponified sample to the separatory 
funnel. 

7. After 15 min stirring, remove flask from condenser 
8. Close with stopper. 
9. Cool solution to room temperature using cold water 
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10. Sample is stable for 24 h; however, if extraction will not occur right 
away, it is best to place the sample in the regular freezer. Allow 
sample to return to room temperature before starting extraction. 

B. Extraction 
 

When using a 125 mL flask the saponified sample will need to be transferred 
to the separatory funnel before the toluene is added because there will not be 
enough space in the flask. When transferring the sample to the separatory 
funnel use saved 95% Ethanol to rinse content of the flask into the funnel, and 
then proceed with the following. When using a 250 mL flask simply follow 
the procedure below. 

1. Accurately add 100 mL toluene (V1) to saponified sample. (Note: this 
is a critical step and the volume of toluene added must be very 
accurate.) 
i. Stopper flask and shake very vigorously for 30 seconds. 
ii. Pour solution into 500 mL separatory funnel. No rinsing action 

needed. (Note: be careful when pouring to prevent the stir bar 
from falling into the funnel) 

iii. Add 110-120 mL 1N KOH solution. If sample content much fat or 
it is fat sample, use 120 mL 1N KOH (Note: It is okay to use a 
graduated cylinder) 
1. Shake funnel vigorously in 10 seconds 
2. Let layers separate and discard aqueous (lower) layer (will be 

turbid). 
iv. Add 40 mL 0.5N KOH solution to separatory funnel (Note: It is 

okay to use a graduated cylinder) 
1. Invert funnel and gently swirl contents 10 seconds 
2. Discard aqueous (lower) layer 

2. Wash toluene layer with about 40 mL H2O by gently rotating 
separatory funnel (Note: The volume of H2O does not have to be exact 
as it will not change the concentration because it is washing away 
anything that it not cholesterol. Amount of water can be estimated 
rather than measured. The toluene and cholesterol may be emulsified 
at this time) 
i. Allow layers to separate and discard aqueous phase 
ii. Repeat H2O wash at least 4 times, shake more vigorously each 

time. 
iii. If emulsification occurs, add small amount (3-5 drops) 95% 

ethanol, swirl contents of funnel, let layers separate, and continue 
with H2O washes. If doing so, toluene can stick a little bit to 
funnel wall. It is okay. 

iv. After final wash, toluene layer should be crystal clear. (Note: the 
solution can never be “crystal clear”, but it will be clear and 
obvious. Try as best as possible) 

3. Weight about 5-10g Na2SO4 into a dry glass bottle, cap immediately. 
(Note: It is essential to minimize the time that the Na2SO4 is exposed 
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to air to prevent it from taking up moisture. It purpose is to take 
moisture out of the sample, and if it has been exposed to the air it will 
take up moisture and will not be effective in removing the moisture 
from the sample). 

4. Pour toluene layer from top of separatory funnel into the container 
with the Na2SO4 
i. Stopper bottle 
ii. Swirl contents 
iii. Let mixture stand 15 minutes 
iv. Check if mixture is very clear before drying or storing 

5. Sample extracts may be held 24 h if tightly sealed and frozen; 
however, it is most desirable to evaporate samples before freezing. 

6. Accurately pipet 10 mL extract (V2) into a glass test tube with a 
Teflon screw stopper (right now, with 10 mL of extract in test tube, it 
can be tightly sealed to prevent moisture and hold in regular freezer for 
more than 24h if necessary to do so. If doing so, the test tube need to 
be warmed up to room temperature and cleaned out side before 
evaporated. Be careful not let the extract reach to stopper to prevent 
loss of sample) 

7. Evaporate contents to dryness on rotary evaporator or nitrogen stream 
at 40°C ± 3C. The dried residue can be hold in regular freezer for more 
than a week, but should be processed after dissolved in DMF in next 
step. 

8. Dissolve residue in 10 mL DMF (V3). If doing so, sample should be 
processed next step as soon as possible. 

9. Final concentration of cholesterol in DMF should be within range of 
working standard solutions 

 
C. GC Analysis 

 
1. In the sam 15 mL test tube accurately pipette 1.0 mL of cholesterol in 

DMF (sample or standard), 1mL of cholestane (internal standard) in 
Hexane, using micropipette (using the same micropipette tip for 
internal standard). 

2. Stop right away using Teflon stopper 
3. Respectively pipette 10 mL H2O into every test tube. Stop test tube 

using Teflon stopper. 
4. Vortex test tube until good emulsion is formed in upper layer. 
5. Centrifuge test tube at 1,000 – 1,500 rpm; 0 – 2°C; 5 – 10 min, so that 

the emulsion is totally separated. 
6. Carefully pipette the clear upper layer of hexane, transfer to GC vial, 

close right away. Try to take as much hexane as possible. 
7. Vial containing hexane solution is ready to be injected to GC system. 
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DETERMINATION OF FATTY ACID COMPOSITION 

 

PROCEDURE 

* Modification of Li and Watkins.  2001.  Current Protocols in Food Analytical 
Chemsitry.  D 1.2.1 – D 1.2.15.  Basic Protocol 2 and Support Protocol 

 
 * Special note:  only glass can be used for this protocol.  Using plastic will   
    result in plasticizers, which will alter the results of the test. 
 

1. Weigh 1 to 2 gram of fresh or frozen sample into a glass centrifuge tube.  
Immediately add 7 mls of methanol. 

2. Homogenize the sample for 30 seconds with a Polytron PT-3100 
homogenizer.   

3. Add 14 ml of chloroform and repeat homogenization as described in step 2 for 
30 seconds. 

4. Filter the homogenate through Whatman no. 40 filter paper into a clean 50-ml 
glass tube with a Teflon-lined screw cap.   

5. Rinse the original tube with an additional 8 ml chloroform and 4 ml methanol 
and homogenize for another five seconds to rinse the probe.  Pour the solvent 
back into the original funnel lined with filter paper as described in step four.  

 
Clean the homogenizer probe between samples.  Run homogenizer for 
several seconds in 2:1 chloroform/methanol, followed with distilled water 
to clean.  Wipe probe clean and dry.  Change rinse solutions after every 
four samples or as needed. 

 
6. When filtration is complete, add 8ml of 0.88% KCl to the glass tube and cap 

securely. 
7. Shake the tube on a test tube shaker for ten minutes. 
8. Centrifuge the tube for five minutes at 1000xg, room temperature, in the 

centrifuge. 
9. Remove the upper, aqueous layer and discard.  You will need to label a 

hazardous waste jar.  All waste will need to be picked up from EH&S. 
10. Using the nitrogen evaporator, evaporate the chloroform layer under a stream 

of nitrogen until 3 ml remain.  For the evaporator, temperature should be set at 
2 and the LPM at ~5. 

 
This is a stopping point.  If you need to store your samples overnight, flush 
each tube with nitrogen gas and tightly close the cap and leave the sample is 
the -20C for the next step.  

 
11. Using the nitrogen evaporator, dry the samples completely down under a 

stream of nitrogen at 40C in the glass tubes. 
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12. For each sample, dissolve the dried lipid in 1 ml of dry toluene.  Add 2 ml of 
0.5 N sodium methoxide in methanol and cap tightly. 

13. Heat the tubes for ten minutes in a 50C water bath. 
14. Add 0.1 ml of glacial acetic acid followed by 5 ml of saturated NaCl solution 

to the tubes. 
15. Add 3 ml of hexane.  Shake the tubes on the test tube shaker for ten minutes.   
16. Centrifuge the tubes for ten minutes at 1000xg, room temperature, in the 

centrifuge. 
17. While the tubes are in the centrifuge, label and add ~1ml deep layer of 

anhydrous sodium sulfate in a clean glass 15 ml test tube with a Teflon-lined 
screw cap. 

18. Transfer the upper organic layer into the test tube with the anhydrous sodium 
sulfate.  Extract the lower aqueous layer from the original extraction again as 
described in step 15 to remove residual FAME.  

19. Transfer the upper hexane layer to the tube containing the first hexane layer. 
20. Remove the hexane from the methylated fatty acids by placing the tubes into 

the nitrogen evaporator set at 40C.  Dry lipid may still appear wet even when 
the hexane is removed.  Overdrying can result in loss and degradation of the 
sample. (Sample will appear to have 1-2 ml of liquid in bottom of tube.  If 
sample is completely dry, then reconstitute with appropriate amount of hexane 
to make ~1-2 ml of liquid in sample.) 

21. Using a glass pipetor, pipet the liquid phase, leaving the solid.  Put one ml the 
liquid into a GC sample vial.   
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DETERMINATION OF COOK LOSS AND SHEAR FORCE 

 

PROCEDURE 

A.   Cooking Steaks 
1. Thaw steaks in sausage room at 2-5°C. Steaks must be set out the day before 

as thawing takes 18 to 24hr. Thawing more rapidly at room temperature 
results in increased purge. 

2. Take the internal temperature of each steak in geometric center of steak and 
record. Temps should be around 2-5°C. Don’t allow steaks to set out and get 
warmer than 5°C as this will result in a higher degree of doneness. 

3. Set a clean plate on the scale and zero the scale in grams. 
4. Weigh each steak with its identification tag in grams and record. 
5. Place each steak on the belt grill with its tag near it to maintain identification. 
6. Using a new plate, again zero the scale in grams. 
7. When steaks are finished cooking, weigh the steak and its tag and record. 
8. Take the internal temperature of each steak in the geometric center and record. 

Temps should be 68-71°C. 
9. Place all cooked steaks on a white tray and cover with saran.  Store trays in 

cooler at 2-5oC for 24 hours until time to shear. 
 

B.   Shearing Steaks 
1. Set up Warner Bratzler Shear machine or the United Testing Machine; obtain 

cores from kitchen and data sheets in filing cabinet. 
2. Take 6 cores from each animal number parallel to the muscle fibers. Check 

each core to make sure they are devoid of connective tissue or fat.  
3. Record degree of doneness.  Use the NBCA color chart. 
4. Shear each of the six cores and record values.  Be sure to re-set shear machine 

to zero before each core is sheared. Clean shear knife between each sample. 
5. Dispose of all meat once all shear values have been recorded in double bagged 

trash bags. 
6. Clean shear machine by dis-assembling, washing, and re-assembling. 
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