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ABSTRACT 

Three (intact) Angus males and three females which were half

sibs and born within 21 days of each other were selected for this study. 

Each animal was bled and biopsyed periodically from suckling calves to 

mature slaughter weights, to determine the qualitative composition of 

lipoproteins and to differentiate the lactate lipogenic activity of 

subcutaneous tissue during growth and development. 

At slaughtered, a sample of intramuscular adipose tissue was taken 

to determine the lactate lipogenic activity at this location. Two days 

later, one side of each carcass was separated into wholesale cuts. 

Each wholesale cut was dissected into separable bone and soft tissue 

and sampled for protein, lipid and moisture determinations. 

The elution profiles of lipoproteins were similar for all animals. 

Major peaks observed were (1) very low density (VLDL), (2) low density 

(LDL) and (3) high density lipoproteins (HDL). Triglycerides, cholesterol 

and protein were not significant (P<.05) between males and females for 

the VLDL. At one year of age, females had 1 arge (P<. 05) amounts of 

protein for the HDL. In both groups of cattle, largest (P>.05) amounts 

of protein were greater in the HDL at 9 months of age. 

Profiles of HDL apoproteins at all ages showed that in both 

groups of cattle, a distinct band with a weight of about 28,000 was 

present representing apo-AI. Apo-protein components of pooled LDL 

fractions showed a protein which was unable to enter the acrylimide gel 

(7.5 - 20%) used. The component may represent apo-B wi th a mol ecul ar 

weight of about 250,000. 
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The lactate lipogenic activity of subcutaneous adipose tissue 

was larger in the males and only significant (P<.05) at 9 months of 

age. The 1 ipogenic activity was higher (P>.05) in the subcutaneous 

tissue when compared to the intramuscular tissue at slaughter. In both 

cases, males showed to use more (P>.05) lactate for fatty acid synthesis 

in intramuscular and subcutaneous tissue than the females. 

Magnitude of quality and yield for carcass traits were better 

for the males than females. Bone, meat and lean weights were 

significantly (P<.05) greater for the males, however, on a percentage 

basis per side weight, differences were eliminated. In addition, no 

significant (P>.05) effect was present between male and female wholes~e 

and side carcass composition. 
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CHAPTER 1 

I NTRODUCTI ON 

Early lipoprotein research in ruminant animals has been primarily 

concerned with long chain fatty acid distribution and util ization by 

various organs, as well as lipoprotein compositional changes in the serum 

in rel at i on to di etary changes. As a result questions have ari sen as 

to the lipoprotein characterization and variation. However, by usisng 

ultracentrifugation, four lipoprotein classes have been identified. 

Heterogeneity within each class has been reported and a clear resolution 

of migration bands has been determined. The rapidly migrating 

1 i poprotei ns is known as alpha representing low dens i ty 1 i poprotei n 

(LDL) while a slower migrating mixture is known as beta 1 ipoproteins 

representing high density lipoprotein (HDL). 

Recently, meaningful investigations have provided significant 

progress in increasing our knowledge of the predominant lipid carrying 

molecules in cattle. Extensive physiological studies concerning metabolic 

responses of the lipoproteins in the ruminant, show the behavior in the 

lipoproteins components to be quite distinct. The HDL fraction has 

been shown to constitute up to about 80% of the total lipoproteins at a 

density of less than 1.21 g/ml and the remaining material present at 

densities of less than 1.063 g/ml. 

Currently little information is known about changes which occur 

in lipoprotein metabolism during growth and development as well as factors 

and mechanisms which regulate this change. Meat animal research has been 
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centered primarily around studies of tissue cellularity, synthesis and 

degradation of neutral lipids. 

In this study the purpose was to asses the relationship of growing 

and developing ruminants of both sexes with compositional changes in 

lipoprotein, apo-protein and carcass characteristic. The attempt to help 

explain the process of fat mobilization in relationship to fat deposition 

in meat animals may give us some understanding as to the basic fundamental 

factors which regulate fat metabolism. 



Rumen 

CHAPTER 2 

LITERATURE REVIEW 

Microorganisms and Rumen Function 

13 

In general the rumen is the largest chamber of the four sections 

comprising the polygastric arrangement of the gut anterior to the small 

intestine. It may constitute up to 64-69% of the total weight of the 4 

compartments (Phill ipson, 1970). In the rumen the constituents of 

plant origin undergo microbial fermentation to produce both microbial 

cells which are subsequently utilized as sources of nutrients by host 

animal, and the waste products of microbial metabolism, many of which 

can also be utilized by the animal for either energy or biosynthesis. 

As a result the met abo 1 i sm of the rumi nant an i mal is different from 

that of the simple stomached animal. 

Bailey (1964) and Dawson and Heminston (1974) have demonstrated 

lipolytic activity by rumen microbes on mono- and digalactosylglycerides 

while Dawson (1959) and Hazelwood (1976) have shown the same effect on 

phospholipid in the rumen. Substrates such as sterol esters, methyl 

esters (Garton, 1965), ethyl esters (Hill, Saylor, Allen and Jacobson, 

1960) are also liable to lipolylic activity. Although the source of 

the hydrolytic enzymes which cause lipolysis is of microbial origin, it 

is not certain whether both bacteria and protozoa participate in these 

processes (Vivian, 1970). Henderson (1971) has reported that lipolytic 

activity of esterified fatty acids could take place extracellularly and 
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that the lipases present in the herbage of the diet may contribute to 

the hydrolysis which occurs in the rumen (Dawson and Hemington, 1974; 

Farugue et al., 1974). 

Hydrogenation 

The first demonstration that hydrogenation action occurred through 

the action of certain components in rumen contents was made by Reiser 

(1951). This ability has also been reported by Garton, Lough and Vioque 

(1961) and Ulyatt, Czevkawski, and Blaxter (1966) and is now a well 

recognized important feature in the digestion process of the ruminant 

animal. According to Polan, McNeill, and Tove (1964), the hydrogen 

action of C18:2 to C18 involves two separate systems: One converts 

C18:2 to C18:1 and the other converts C18:1 to C18. These researchers 

observed that high concentrations of C18:2 completely inhibit the 

conversion of C18:1 to C18 by the second system thus establishing the 

two separate biochemical sequences. In addition, it has also been 

established that the hydrolysis of the ester linkages is a prerequisite 

for hydrogenation (Patton and Kesler, 1967; Hawke and Silcock, 1969, 

1973). However, the mechanism of biohydrogenation still remains 

unresolved. It is now well documented that cell free rumen fluid is 

unabl e to bri ng about bi ohydrogenat i on and the rel at i ve contri but ions 

of the bacterial, protozoal and fine food particles have been credited 

with biohydrogenation abilities (Nobel, 1981). 

Microbial Lipid 

The rumen contents of the adult animal contains about 1011 

bacteria and 106 protozoa per milliliter (Harfoot, 1978). Lipids in 
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the rumen bacteria constitute approximately 70% as neutral lipids and 

30% as phospholipids, while protozoa phospholipids constitute about 70% 

of the total lipids present and 30% as neutral lipids (Viviani et al., 

1968). The phosphol ipids of the rumen protozoal fractions are much 

more complex than those of bacteria and display a variety of components 

not found in the bacteria (Dawson and Kemp, 1967). However, the neutral 

lipid fractions of both rumen bacteria and protozoa consists mostly of 

free fatty acids (Katz and Keeney, 1967; Viviani, 1968). 

The fatty acids of bacterial and protozoal lipids are 

characterized by high percentages of C13, C14, C15, C16 and C17 branched

chain fatty acids, along with several straight-chain fatty acids 

containing an odd number of carbon atoms, in addition to C16, C17, and 

C18 monoenoic fatty acids (Nobel, 1981). Even though these odd and 

branched-chain fatty acids are absent from the diet, the host animal 

can incorporate these into tissue lipids (Christie, 1978). 

In general, microbial lipid is a component of the integral 

cellular structure of the organism. But changes in the chemical and 

physical composition of the diet will ultimately have considerable 

i nfl uences on the metabo 1 i ca 1 scheme of the rumen and thus not on 1 y 

change the proportion of the microbial type or class, but also the 

compositional characteristics of the organisms. 

The presence of C18 polyunsaturated fatty acids is an established 

and accepted feature of rumen protozoal lipids (Katz and Keeney, 1967; 

Keeney, Katz and Allison, 1962) but their occurrence as trace constituents 

of bacterial lipids, especially within the phospholipid fraction, is 

questioned. 
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Rumen Volatile Fatty Acid Levels 

The most important end products of the microbial fermentation 

process which occurs in the rumen are the formation of short chain (C2-C5) 

volital fatty acids (VFA). The major components are acetic, propionic 

and butyric in relative proportions of between 60-70%, 15-2~1o and 10-15% 

respectively on a roughage diet (Christie, 1981). Branched chain isomers 

of C4 may also be present as well as C5 straight and branched chain 

isomers. It has been estimated that on a roughage diet between 60-80% 

of the total digestible energy can occur from VFA (Hazelwood, 1967; MacRae 

and Armstrong, 1969), and that 70% of these are is absorbed from the 

rumen (Weston and Hogan, 1971). The abil ity of the rumen to absorb 

fatty acids appear to be proportional to their chain length, butyric> 

propionic> acetic (Danielle, 1945; Gray, 1947; Sutton, McGillard and 

Jacobson, 1963). Although it has been shown that the epithelial membrane 

is permeable to both dissociated and undissociated forms of these acids, 

the tissue appears to possess a greater permeabil ity for the lIndi ssociated 

form (Stevens, 1970). Most of the short chain fatty aci ds absorbed 

from the rumen are transported via the portal vein (Annison, 1965) while 

very little transportation occurs within the lymphatic system (Kiddle, 

Marshall and Phillipson, 1951). Stevens (1970) suggests that the passage 

of the short chain fatty acids from the rumen epithelium into the blood 

can be explained by diffusion alone. 

Since the short-chain fatty acid concentration within the contents 

of the omasum is less than half of that in the rumen, the relative 

concentrations of the acids remain simi1ar to the rumen (Badauay, 

Campbell, Cutherbertson and Mackie, 1958; Johnston, Kesler and McCarty, 
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1961; Joyner, Kesler and Holter, 1963). It has been estimated that of 

the unabsorbed short-chain fatty acids leaving the rumen, 40-60% are 

absorbed within the omasum and that a similar process of absorption 

from the rumen occurs in the omasum (Gray, Pilgram and Weller, 1954). 

Furthermore, the abomasum also has the capacity to absorb short-chain 

fatty acids Ash (1961). Badaway et al., (1958) estimated that in sheep, 

74% of the short chai n fatty acids present in the abomasum contents 

were absorbed. 

Small Intestine 

In the ruminant animal, the digesta entering the abomasum is 

already in a finely divided state and is comparatively uniform in 

composition. Bath and Hill (1967) were able to show that, in spite of 

wide compositional differences in the diet and concomitant changes in 

ruminal lipid composition, the distribution of major lipid classes in 

the duodenal and rumen contents always remained constant. The digesta 

passing into the duodenum under normal dietary conditions is comprised 

mainly of unesterified fatty acids with smaller amounts of phospholipids. 

Although some triglycerides are detectable, little unchanged dietary 

glyceride ever reaches the small intestine (Nobel, 1981). In spite of 

this, however, evidence exists to show that the amount of lipid entering 

the duodenum may considerably exceed the amount ingested in the diet. 

Sutton, Storry and Nicholson (1970) has demonstrated that in sheep on 

high roughage diet, the amount of fatty acids entering the duodenum may 

exceed that ingested by 40%, while by feeding a high proportion of 

concentrates the di fference coul d ri se up to 104%. Harfoot (1978) 
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suggested that this increased amount of lipid was the result of synthesis 

of bacteri a 1 and protozoal popul at ions, but Lennox, Lough and Garton 

(1968) and Leat and Harrison (1969) suggest that bile and pancreatic 

juices may be the source of this lipid. 

Micelle Formation 

One of the major functions of pancreatic juice in the nonruminant 

is to facilitate the hydrolysis of the water insoluble triglyceride 

molecules into monoglycerides and free fatty acids (Hofmann and Borgstrom, 

1962). The flow of pancreatic secretion in the ruminant is considerably 

lower than that of bile; therefore, any function that pancreatic juice 

may have in further digestion and absorption of fat is not obvious since 

fat reaches the small intestine in the form of free fatty acids. Heath 

and Morris (1964) and Heath and Hill (1969) have stated that both biliary 

and pancreatic secretions are necessary for optimal assimilation of 

fatty acids in both ruminant and non-ruminant animals. In sheep deprived 

of bile, the absorption of fatty acids from the small intestine fell to 

about one-sixth of that of the normal animal (Heath and Hill, 1969). 

In contrast to non-ruminant animals where lipid digestion occurs 

in a biphasic medium consisting of oil and micellar phases, no bulk 

lipid phase exists in the digesta of ruminants, although a soluble 

micellar phase is accompanied by a second phase consisting of particulate 

matter to which lipid of both exogenons and endogenous origin is found 

(Nobel, 1981). The proportion of free fatty acids in the soluble phase 

increases as the digesta pass along the tract, from 5% in the upper 

duodenum to 20% in the jujinum and 50% in the ilium, thus suggesting 
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that there is a gradual transference of fatty acids from digesta particles 

to the micellar phase (Leat and Harrison, 1969; Lennox, Kough and Garton, 

1968). The detailed knowledge of the factors involved in the release of 

unesterified fatty acid from association with the particulate matter is 

lacking, however, Lough (1970), Lough and Smith (1976), have indicated 

that some kind of detergency is certainly involved. It has been proposed 

that in the ruminant, lysolecithin replaces the function of monoglyceride 

in the nonruminant in micell formation. Pancreatic lipase hydrolyses 

biliary lecithin to lysolecithin (Leat, 1965). Thus Lysolecithin is a 

powerful detergent and is very effective in solubilizing stearic acid. 

Therefore, lysolecithin could be involved with unsaturated fatty acids 

released concomitantly in optimum solubilization of digesta fatty acids 

in the lumen of the intestine (Leat and Harrison, 1973). 

Transport in the Lymph 

The proportion of each lipid class in the lymph of the thoracic 

duct and intestinal duct of sheep was observed by Felinskei et al. (1964): 

triglyceride, 79%; phospholipid, 16%; cholesterol ester, 2.3%; 

cholesterol, 0.9%; and free fatty acids, 0.9%. Almost all of the lipid 

in the lymph of the thoracic duct of these sheep originated from the 

intestinal duct. However, in sheep a significant portion of the absorbed 

fatty acids may be transported in the portal vein and in the absence of 

bile it appears that this route may be more important (Heath, 1964; Heath 

and Hill, 1969). 

Cook, McGillard, Young, Jacobson and Allen (1969) have concluded 

that the absorption of longchain fatty acids from the stomach is 
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quantitatively unimportant in the bovine. Furthermore, Leat and Hall 

(1968) have calculated that 98% of the triglycerides, 74% of the 

phospholipid, and 33% of the cholesterol esters in the thoracic lymph 

of sheep are derived from the intestine. Heath and Hill (1969) suggested 

that the highly efficient absorption was due to the slow and continuous 

release of relatively small amounts of fatty acids into the duodenum of 

the ruminant which may facilitate incorporation into micells and thus 

aids their absorption. 

Selectivity has been observed in the distribution of the absorbed 

fatty acids among the lipid fractions of the lymph. There seems to be 

a preference of the C18 polyunsaturated fatty acids to be incorporated 

into the phospholipids which are important in the transport and turnover 

of these components (Harrison and Leat, 1974; Heath, Caple and Reddins, 

1970; Leat and Hall, 1968). 

When considering fatty acids in association with phospholipids, 

some were deri ved from di etary sources but to a 1 arge extent from 

endogenous esterified lipids, through re-acylation of the products of 

the intestinal hydrolysis of the biliary phospholipids. 

The content of lymph phospholipids is higher than that recorded 

for non-ruminants, the ratio triglycerides:phospholipid being 2.7-3.3 

in ruminants compared to 8.8-14.9 in non-ruminants (Dole and Hamlin, 

1962). Since the percentage of phospholipid in a lipid particle increases 

as the size decreases, it appears that the lipid droplet in ruminant lymph 

are smaller than those found in non-ruminants (Leat and Harrison, 1967). 

It appears that there is a requi rement for a constant proportion of 

phospholipid as (l stabilizing element for the VLDL and chylomicron. 
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Particles synthesized in the intestinal mucosa and the lack of 

compositional changes in the intestinal and thoracic lymph lipids during 

conditions of increased lipid flow implies that an increase in particle 

number rather than an alteration in particle size or in the distribution 

among lipid particles (Nobel, 1981). This has also been confirmed in 

sheep where analysis of thoracic lymph showed 73% of the lipid present 

was associated with the VLDL fraction and only 27% with chylomicrons 

when considering total VLDL and chylomicron lipid (Harrison, Leat and 

Forester, 1974). 

Serum Lipids in the Ruminants 

Total Serum Lipid Levels 

At birth a total lipid fraction from 0.079 to 0.14g lipid has 

been reported in bovines (Leat, 1966; Shannon and Lacelles, 1968). The 

proportion of triglyceride consists of 6.8 mg/100 ml, 8.0 mg/100 ml 

cholesterol, 20.7 mg/100 ml free fatty acids, and 50.9 mg/100 ml 

phospholipid (Shannon and Lascellas, 1966). At 3 months, total lipid 

concentration is 401.3 mg/100 ml consisting of 22.6 mg/100 ml of 

triglyceride, 159.0 mg/100 ml of cholesteryl esters, 23.3 mg/100 ml of 

cholesterol, 6.3 mg/100 ml free fatty acids and 179.2 mg/100 ml of 

phopholipids (Shannon and Lascelles 1966). 

Plasma of mature cattle contained from 0.224 to 4.84g lipid per 

100 ml plasma consisting of 4.8% triglycerides, 57.~1o cholesteryl esters, 

9.6% cholesterol, 2.4% free fatty acids and 24.8% phospholipids (Duncan 

and Garton, 1962; Hartman, Shsorland and McDonald, 1955; Leat and Hall, 

1968; Marchello, Dryden and Hale, 1972; Nelson, 1967). 
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Even though these characteristics in cattle may be similar, 

differences in individual lipid components in plasma lipid between 

biological types of cattle have been proclaimed. A significant (P < 

.01) breed difference between Zebu and British cattle in the levels of 

cholesterol, phospholipid and total plasma lipids was reported by O'Kelly 

(1968). But other researchers (Yamdagni and Schultz, 1970) could not 

detect differences in either serum lipid, lipid fraction levels, or 

fatty acid composition differences between the Holstein, Jersey, or 

Guernsey dairy breeds. Of interest is also the fact that in ketotic 

cows the total plasma lipids are reduced to approximately two-thirds of 

normal with a decline in all lipid fractions except for a tenfold 

elevation in the free fatty acids (Yamdagni and Schultz, 1970). 

In new born calves the triglyceride portion of the lipid has 

higher proportions of palmitic acid in comparison to mature cattle, and 

greater amounts of monoenoic fatty acids (CI6:1, CI8:l) (Leat, 1966). 

The cholesteryl esters of plasma from mature cattle can be characterized 

by low levels of saturated components and high levels of linoleic and 

1 inolenic acids (Leat and Hall, 1968; Marchello et al., 1972; Noble, 

Okelly and Moore, 1973). In newborn ruminants chol esteryl esters of 

plasma passed very low amounts of polyunsaturated fatty acids, while 

saturated and monoenoic components (particularly 16:0 and 16:1) were 

predominate (Leat, 1966; Nobel et al., 1971). The fatty acids from 

the total phospholipid fraction of plasma from mature cattle tended to 

have large quantities of CI6:0, C18:0 and'CI8:l with lower quantities 

of C18:2 (Duncan and Garton, 1962; Leat and Hall, 1968; Marchello et al., 

1972). However, in new born ruminants, a low level of linoleic acid 
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was evident and elevated amounts of C20:3 were present (Holman, 1968) 

and the proportions of C16:0 and C16:1 fatty acids were higher (Leat, 

1966). 

Lipoproteins 

The major function of plasma lipoproteins is the transport of 

lipids from sites of absorption or production to sites of utilization 

by way of the circulating system. The differences in size, chemical 

composition and density enable lipoproteins to be separated using various 

methods. Methods such as ultracentri fugat ion (Cornwell and Kruger, 

1961; Dryden, Marchello, Adam and Hale, 1971), dextran sulfate 

precipitation (Sakagami and Zilversmith, 1961), electrophoresis (Brumby 

and Welch, 1970) column chromatography (Grummer, Davis and Hagarty, 

1983) and immunological procedures (Heiskell, Tachi, Aldrich and Capenter, 

1961) can be used from serum or plasma for lipoprotein isolation. 

The 1 ipoproteins that have been separated by density-gradient 

ultracentrifugation are classed according to the range density. 

Chylomicions have a density of less than 0.95 but are frequently 

collected with the very low density lipoprotein (VLDL) or pre-Beta 

lipoproteins in the density range of 0.93-1.006, while low density 

lipoproteins (LDL) or Beta-lipoproteins are found in the density region 

of 1.006-1.063 and the high density lipoproteins (HDL) or Alpha 

lipoproteins distribute themselves in the gradient between the entities 

of 1.063 and 1.21 (Etherton and Etherton, 1982). All lipoproteins have 

a surface film of protein, phospholipids and unesterified cholesterol 

and an inner core of nonpolar, neutral lipids, primarily triglycerides 
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and cholesteryl esters (Morrisett, Jackson and Gotta, 1975; Smith, Pownall 

and Gatto, 1978). 

Identification of chylomicra in ruminants is controversial. 

Griel and McCarthy (1969) have stated that chylomicrons in ruminant 

blood may not be prominent. Palmquist (1976) questions whether bovine 

animals even form chylomicra due to the fact that meat animals are 

typically fed low fat diets which limit the amount of lipid available 

for chylomicra synthesis in the intestine. However, other studies report 

metabolism of "chylomicra" in ruminants (Lascelles, Hardwick, Linzell 

and Mepham, 1964; Wendl ant and Davi s, 1973) and some call th is group 

both chylomica and VLDL as one fraction at a density of <1.007 (Dryden 

et al., 1971; Grummer et al., 1983). 

The primary purpose of the triglyceride rich lipoproteins 

(Chylomica and VLDL) is to transport fatty acids as triglycerides to 

extrahepatic tissues (Havel, Felts and Dayne, 1962; Masoro, 1977; 

Nillson-Ehle, Garfinkel and Shotz, 1980). The composition of VLDL is 

60.2% triglyceride, 25.1% phospholipid, 6% protein, 4.9% unesterified 

cholesterol and 3.7% cholesteryl esters (Dryden et al., 1971; Mills and 

Taylaur, 1971; Stead and Welch, 1975). 

The LDL fraction is genera 11 y cons i dered to be the Beta (B) 

lipoprotein. Its major function is to transport cholesterol in the 

blood (Brown and Goldstein, 1974). Its composition consists of 37% 

cholesteryl esters, 23% protein, 20% phospholipid, 10% triglyceride, 

and 8% unesterified cholesterol (Etherton and Etherton, 1982). 

The Alpha (a) lipoprotein is designated as HDL. Two major sources 

of HDL have been identified. HDL, isolated in the density range of 
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1.039-1.063 g/ml and HDL density range of 1.063 - 1.21. However, others 

have classified the HDL1 as an LDL2 with a density range of 1.040-1.063 

(Dryden et al., 1971; Raphael, Pimick and Puppione, 1973; Ferreri and 

Gl eockl er, 1979). The compos it i ona 1 components have been reported as 

55% protein, 24% phospholipid, 15% cholesteryl ester, 4% triglyceride, 

and 2% unesterified cholesterol (Etherton and Etherton, 1982). The major 

function of HDL appears to be the removal of cholesterol from extrahepatic 

cells (Levy and Rifkind, 1980; Miller, 1980). 

Apoproteins 

Human apoproteins are classified according to molecular weight. 

Apo-B has a molecular weight of 250,000 which is the heaviest, while 

Apo-CI has a weight of 6,331, the lowest. The other apoproteins A-I, 

A-II, C-II, C-III, D and E are intermediate in weight between Apo-B and 

C-I (Etherton and Etherton, 1982). Very little work has been done on 

apoprotei ns characteri zat ion in bovi ne 1 i poprotei ns. Grummer et a 1 . 

(1983) found that LDL contained a protein band using a 10% acrylamide 

gel to represent apo-B, while the HDL function contained a band to 

represent bovine apo A-I. While, Jonas (1975) and Puppione, Kunitake, 

Hamilton, Philips, Schummaker and Davis (1982) have reported a molecular 

weight of ca. 27-28,000 for bovine apo A-I in HDL. A lower molecular 

wei ght protei n was a 1 sos found in the HDL fraction with a wei ght of 

(8,000-9,600) which may represent C apoproteins but Jonas (1975) found 

bands at about 11,000 to 13,000. Grummer et a 1. (1983) also reported 

that heavier protein band with molecular weight of ca. 40,000 and 50,000 

were also present in LDL and HDL fract ions. The i dent i ty of these 
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protei ns is unknown; however, thei r presence ina 11 three fractions 

suggests that they may be an apoprotei n rather than contami nat i ng . 

proteins. 

Lipoprotein Metabolism 

The removal of triglycerides from VLDL is accomplished by 

extrahepatic tissues through the actions of lipoprotein lipase (LPL) 

(Grumdy and Mok, 1976; Masoro, 1977). The enzyme LPL is a glycoprotein 

with a carbohydrate content of 3 to 10% by weight (Nil sson-Ethl e et 

al., 1980). The action of LPL seems to be centered on the vascular 

surface of the capillary endothelial cells (Robinson, 1970; Scow, Hamosh, 

Blanchette-Makre and Evans, 1972). The action of LPL on the lipoprotein 

triglyceride makes it possible for subendothelial parenchymal cells to 

take up resultant hydrolyzed fatty acids and 2 monoglycerides 

(Nilsson-Ehle et al., 1980). The resulting 2-monoglyceride may not be 

hydrolized to any significant extent by LDL (Fielding and Fielding, 

1980a); however, they may be hydrolyzed to glycerol and fatty acids by 

monoglyceride lipase which is associated with blood platelets (Bry, 

Anderson, Kuus and Finnunen, 1979). Fielding and Havel (1977) also 

suggested that chylomicra may bind to vascular endothebal cells through 

a membrane receptor for LPL activity and as a result lipid components 

are removed; however, apoproteins are not. 

The extrahepatic catabolism of the chylomicra results in a 

chylomicron remnant (Redgrave, 1970; Higgins and Fielding, 1975) which 

is metabolized by the liver (Felts and Mayes, 1965; Noel, Dolphin and 

Rubenstein, 1975; Floren and Nilsson, 1977) by a high affinity hepatic 

receptor (Carella and Cooper, 1979). Further evidence suggests that 
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this hepatic receptor recognizes the arginine-rich apolipoprotein apo E 

(Utermann, Hees and Steinmert, 1977; Mahley, Innerarity, Weisgraber and 

Oh, 1979; Havel, Chao, Windler, Kotite and Guo, 1980). Windler, Chao 

and Havel (1980) found that after depletion of the C apolipoproteins in 

chylomicron and VLDL, there was greater hepatic uptake of the remnant 

particle. Brown, Kovanen and Goldstein (1981) have offered reasons why 

the liver does not remove other apo E containing lipoproteins: (1) The 

presence of C apolipoproteins prevents particle removal; (2) The formation 

of apo E and apo A-II disulfide linkages prevents receptor recognition 

of the apolipoproteins; 3) Differences in the form of apo E, as several 

forms have been defined (Utermann et al., 1977); and (4) Each lipoprotein 

particle may have to contain a certain number of apo E molecules in 

close proximity for binding. Pitas et al. (1980) recently demonstrated 

that four apo E mol ecul es must be present in close proximi ty in the 

lipoprotein particle for binding to occur. 

The pl asma triglyceride concentration of ruminant animal sis 

approximately 8 to 12 mg/100 mg (Rapheal et al., 1973). In nonlactating, 

nonpregnant cattle, lipid transported via VLDL comprise less than 1% of 

the total plasma lipid (Stead and Welch, 1975). However even though 

concentration is low for VLDL the research of Glascock and Welch (1974) 

indicates that approximately 50% of the fatty acids in bovine milk are 

derived from plasma lipoproteins and approximately 70% of these fatty 

acids are derived from plasma for triglyceride synthesis in the mammary 

gland are transported via VLDL and Intermediate Density Lipoprotein 

(IDL) . 
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Studies in turnover rates of VLDL are limited. Lacelles, 

Hardwick, Linzell and Mepham (1964) reported that the half life of 

chylomicrons labeled with tritiated stearic acid in lactating goats was 

7.5 to 11.5 minutes. Furthermore, in most species, turnover of VLDL is 

more rapid than turnover of LDL and HDL (Eisenberg, Bilheimer, Levy and 

Lindgren, 1973) which relates to the low concentration of VLDL in plasma. 

However, Glascock and Welch (1974) reported a turnover constant for 

VLDL pool in a lactating cow was 9.2/h (half life of 4.5 min). 

The hydrolysis and removal of most of the VLDL triglyceride by 

LPL gives rise to IDL. The site of catabolism of IDL to LDL is considered 

to be the liver (Deckelbaum, Eisenberg, Fainaru, Barenholz and Olivecrona, 

1979) . After the convers i on of VLDL to IDL and then to LDL about 74% 

of the phosphol ipid, 85% of the' unesterified cholesterol, and almost 

all of the apolipoproteins C and E have been depleted from the surface 

of VLDL (Etherton and Etherton 1982). The content of apo B, appears to 

remain constant during the conversion of VLDL to LDL (Eisenberg et al., 

1973; Phair, Hammond, Bowden, Fried, Fisher and Berman, 1976). 

The fate of human and rat LDL has been studied by Goldstein and 

Brown (1977). The LDL is the major transport vehicles for cholesterol 

in the blood and LDL bind to a specific high affinity receptor on the 

plasma membrane of target ce 11 s. The i nterna 1 i zat i on of LDL by the 

cell is accomplished by the plasma membrane in regions known as coated 

pits. 

Studies conducted with swine have shown that approximately 40% 

of LDL degradation occurs in liver, while 60% occurs extrahepatically 
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(Steinberg, 1979). However, extrahepatic sites for the degradation of 

LOL is present and includes fibroblasts, smooth muscle cells, endothelial 

cells, adipocytes and adrenal glands (Etherton and Etherton, 1982). 

Turnover rates for LOL has been estimated by Glascock and Welch (1974) 

in a lactating cow; LOLl (1.019 to 1.039) was equal to VLOL2 «1.019) 

whereas turnover of LOL2 (1.039 to 1.050) was considerably slower. 

The two major sources of HOL have been identified from tissue 

synthesis of HOL and assembly of HOL in plasma from other lipoprotein 

precursors. The main function of HOL appears to be the removal of 

cholesterol from extrahepatic cells (Levy and Rifkind, 1980; Miller, 

1980). This is accomplished by binding of HOL to plasma membrane with 

removal of unesterified cholesterol from cell membrane by HOL. Lecithin

cholesterol acyltranferase (LCAT) catalyzes the esterification of 

cholesterol to cholesteryl ester (Tall and Small, 1978) and subsequently 

the cholesteryl ester migrates to the core of HOL molety. The final fate 

of the cholesterol-enriched spherical HOL seems to be hepatic uptake 

followed by degradation in the liver (Miller, Weinstein and Stienberg, 

1977; Van Berkel, Kosler and Hulsman, 1977; Halloran, Schwartz, Valhevie, 

Hisman and Swell, 1978). However, before hepatic uptake, some HDL 

cholesteryl ester is transferred to VLOL and IOL via a cholesteryl ester 

exchange protein (Chajak and Fielding, 1978; Pattnaik, Mortes. Hughes 

and Silversmith, 1978; Fielding and Fielding, 1980). It has also been 

proposed that the surface monol ayer of chyl omi cra is converted into 

bilayered folds that break away during extrahepatic lipolysis to form 

HOL-like particles (Tall and Small, 1978). 
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Most of the dietary carbohydrate is fermented to acetic, propionic 

and butyric acids in the rumen rather than being digested to simple 

sugars. These short chain fatty acids which constitute 50-80% of the 

digestible energy of the ration must be utilized in certain ways which 

will spare glucose and other simple sugars (Sabine and Johnson, 1964). 

It has been calculated that approximately one-half the glucose requirement 

of the ruminant is synthesized from propionic acid (Leng, Steele and 

LUick, 1~67). Although some propionate is utilized in the rumen wall, 

most of that remaining proceeds via succinate to oxaloacetate in the 

liver, thus being gluconeogenic (Ballard et al., 1969). 

Triglyceride synthesis in adipocytes is dependent upon carbon 

sources of glycerol and the availability of fatty acids for esterification 

(Allen et al., 1976). One source of fatty acids for adipocyte 

triglyceride synthesis is from denovo fatty acid synthesis in the 

adipocyte. Hood et al. (1972) suggested that acetate could be the only 

substrate in vitro that was used for fatty acids synthesis in adipose 

tissue; however, Prior and Jacobson (1979) argued that lactate can also 

serve as substrate for fatty acid synthesis in adipose tissue. Smith and 

Crouse (1984) implied that acetate provided 70-80% of the acetyl units 

for in vitro lipogenesis in subcutaneous adipose tissue, but only 10-25% 

in intramuscular adipose tissue these researchers suggested that glucose 

provided 1-10% of the acetyl units for subcutaneous adipose tissue but 

50-75% in intramuscular depot. Conversely, Hood et al. (1972) mentioned 
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that glucose was the most important substrate for the synthesis of 

triglyceride-glycerol in adipose tissue and intestinal mucosa. 

Other data supports the idea that lipoproteins may also affect 

lipogenic activities. Lakshmanan, Muesing, Cook and Veech (1977) found 

that in vitro fatty acid synthesis in isolated rat hepatocytes was 

i nh i bited by the presence of ei ther VLDL or chyl omi cra. Thomopoul os, 

Berthelier, Lagrange, Chapman and Landt (1978) found that in vitro fatty 

acid synthesis in rat adipocytes was stimulated by the addition of human 

VLDL but not by LDL or HDL. It was al so demonstrated that part i ally 

delipidated VLDL (90% of triglyceride and 98% of total cholesterol were 

removed) stimulated fatty acid synthesis to the same extent as native 

VLDL. Implication being that both apolipoproteins or phospholipid could 

have the ability to stimulate fatty acid synthesis. 

In swine adipocytes, in vitro fatty acid synthesis from glucose 

decrease on a per cell basis during growth to market weight (Etherton 

and Chung, 1981). However, lipid deposition/day increases during this 

time (Etherton and Chung, 1981). Mersemann, Phinney and Brown (1976) 

found that basal rates of lipolysis were essentially unchanged between 

45 and 150 days of age in growing swine. The implication here is that 

a decrease in lipolytic rate does not account for the increased deposition 

of adipose tissue. Since neither alterations in triglyceride degradation 

nor substrate source for fatty acid synthesis seem to explain how 

triglyceride accretion continues when fatty acid synthesis is decreasing 

in swine suggest that fatty acids derived from plasma (either free or 

1 ipoprotein glyceride fatty acids) are an important substrate source 

for triglyceride synthesis in extrahepatic tissue of meat animals 
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(Etherton and Etherton, 1982). The contribution of various carbon sources 

such as acetate, 1 actate, gl ucose and pyruvate have in fatty acid 

synthesis in adipose tissue of cattle has been studied (Whitehurst, 

Beitz, Pothoven, Ellison and Cump, 1978; Prior and Jacobson, 1979; Smith 

and Crouse, 1986). But what portion each of these substrates make to 

fatty acid synthesis during growth has not been determined. 

Hormonal Influences 

Insulin increases the activity of lipoprotein lipase in adipose 

tissue to increase capacity of uptake of plasma triglyceride (Spooner, 

Chernick, Garrison and Scow, 1979; Nilsson-Ehle et al., 1980) as well 

as promoting de novo fatty acid synthesis from glucose in adipose tissue 

of nonruminants (Etherton, 1982). Furthermore, in ruminants insulin is 

considered to inhibit the mobilization of fatty acids from adipose tissue 

and to promote lipid accretion by reducing major output processes (Bauman 

and Davis, 1975; Vernon, 1981). However, Trenkle (1970a) has demonstrated 

that injections of propionate, butyrate or glucose will increase insulin 

secretions with the greatest response being observed after the injection 

of ei ther propi onate or butyrate. Feedi ng sheep grain as opposed to 

hay only produced increases in blood i nsul in of 50 to 60% and these 

increases were associ ated with correspondi ng increases in propi onate 

and butyrate levels in the rumen. Similar observations have been made 

using cattle (Trenkle, 1970b). Furthermore, Horino et al. (1968) have 

reported that several of the short-chained fatty acids produced in the 

rumen st i mul ate i nsul in secret ion in the rumi nant, but not in the 

nonruminant animals, when administered intravenously. 
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Glucagon seems to have no effect on lipolysis in ruminant adipose 

tissue (Bauman and Davis, 1975); however, catecholamines promote 

mobil ization of fatty acids from adipose tissue during periods of 

environmental stresses by increasing the activity of hormone sensitive 

lipase (Vernon, 1981). 

The major effect of growth hormone on lipid metabolism seems to 

be as a stimulant of lipolysis (Trenkle, 1980; Trenkle and Marple, 1983), 

however, others have shown that in vitro 1 ipolytic effect of growth 

hormone can be seperated by purifi cat ion (Lee, Ramachandran and L i , 

1974) or by genetic recombination (Frigeri, Rebel and Stebbing, 1982) 

from its growth promoting activity. Vernon (1981) has proposed that 

growth hormone seems antagonistic to the lipogenic effects of insulin 

on adipose tissue. Several groups of workers have shown that injections 

of growth hormone in ruminants elicit an increase in the concentration 

of plasma free fatty acids (Williams, Lee, Head and Lynch, 1963; Manns 

and Boda, 1965; Eaton, 1968). 

The major effect of glucocorticoids in meat animals seems to 

increase lipolytic response of growth hormone and antagonize the response 

of insul in (Vernon, 1981). According to Radloff and Schultz (1966), 

adrenocort i cotropi c hormone i nfus ions in goats caused a sign ifi cant 

increase in plasma-free fatty acids in females but had no effect in 

castrated males, whereas insulin and glucagon caused an initial depression 

of plasma-free fatty acids which recovered to higher than initial levels 

of both sexes. 
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Three (i ntact) suckl i ng Angus mal es and three suckl i ng Angus 

females which were half-sibs were selected for t~is experiment. The 

animals were born twenty-one days of each other (later part of October 

to middle of November). This then justified comparisons between sexes 

at comparable ages valid for the entire experiment. The animals were 

bled and biopsied periodically during the suckling, growth, developmental 

and fattening stages. The first bleeding occurred during the time the 

animals were suckling calves at two months of age. They were then bled 

and biopsied at weaning. Up to nine months of age, the animals were 

fed a diet of 40% concentrate. The diet was then switched to 65% 

concentrate. At one year of age, the third bleeding and second biopsy 

was taken. At fifteen months of age the diet was then increased to 90% 

concentration and the fourth bleeding and third biopsy were taken. 

Final biopsy and bleeding occurred at slaughter time. An intramuscular 

biopsy sample was also taken at this time to determine lipogenic activity 

at this tissue location. 

Blood Co 11 ect ion 

Blood was drawn from the jugular vein before the morning feeding. 

During the suckling period the calves had ad libitum to their mother's 

milk, thus feeding occurred at any time during the day. The total blood 

collected was 50 ml mixed with EDTA (final concentration of 2.6 mM) and 

plasma was obtained immediately by centrifugation for 30 minutes at 
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7,000 rpm (6,000xg) on a Beckman Model J2-21 Centrifuge. Ten ml of 

plasma was then removed and prepared for ultracentrifugation by raising 

the density of the plasma to 1.22S using kBr (0.3S17g kBr/ml of plasma). 

The ten ml of plasma were placed in an ultracentrifuge tube, then 

overlayered with a buffer (S ml) which possessed a density of 1.22S 

(Scanu and Granda, 1966). The samples were centrifuged in a type 30 

rotor for 24 hours at lSoC and 10S,000xg in a Beckman model L 

ultracentrifuge (Beckman Instruments, Inc., Fullerton, CA). The top 2 

ml containing the lipoprotein concentrate was the removed quantitatively. 

To avoid remixing the separated layers, the tubes were slightly tilted 

and the top lipoprotein layer removed using a slow pipetting procedure 

with a long tip Pasteur pipette. 

Plasma Lipoproteins 

Profile 

Pl asma 1 i poprotei n were separated by ul tracentri fugat i on and 

agarose-column chromatography (Rudel et al., 1974). The chromatography 

column of agarose gel of CL-48 and 68 (Pharmacia, Inc., Piscataway, NJ) 

consisted of an internal diameter of 26 cm (Gleno, Inc.) with a bed height 

of 100 cm and maintained in a cold room at 40C. A 2 ml volume was applied 

to the column and eluted with a O.ISM NaCl buffer (pH> 7.4) containing 

0.01% EDTA and 0.02 Na azide at a flow rate of 21 ml/hr. Fractions of 

the eluate were collected by an ISCO fraction collector Model 1220 (ISCO, 

Inc., Lincoln, NE) timed at 12 min per fraction. The concentrations of 

lipoproteins were detected by an ISCO optical unit (Type 6) at U.V. 

absorbance of 280 and the peaks will be detected by an ISCO (UA-S) peak 
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separator. Each separate region of lipoprotein was eluted and collected: 

Region 1 chylomicron and very low density lipoprotein (VLDL, fractions 

45-52); Region 2 low density lipoprotein (LDL, fractions 73-78); Region 

3 high"density lipoprotein (HDL, fractions 81-92). Proper identification 

of the three regions was validated by a standard of VLDL, LDL, and HDL 

that were separated from plasma by sequential ultracentrifugation as 

described by Havel et al. (1955). 

The VLDL, LDL, and HDL regions were then each concentrated to a 

volume of 2 ml using YM 30 filters in Amicon stirred-cells (Amicon Corp., 

Panvers, MD) and stored in 0.050M NaCl, 0.01% EDTA, 0.02% Na azide, pH 

7.4. One ml of 1 i poprotei n concentrate recei ved a protease i nhi bitor 

phenylmethylsulfonzl fluoride (PMSF, Calbiochm-Behring, La Jolla, CA). 

At a concentration of 100 urn and stored at -70oC until apolipoprotein 

analysis was performed. The other 1 ml portion of lipoproteins was 

then assayed for protein, cholesterol and triglycerides. 

Analytical Procedures 

The protei n concentration for each 1 i poprotei n was determi ned 

using the method of Lowry, Rosenburg, Farr and Randall (1951). 

Cholesterol and triglyceride concentrations of VLDL, LDL, and HDL were 

determined enzymatically using analytical kits purchased from Boehringer 

Mannheim (Indianapolis, IN). Apolipoproteins of each individual 

1 i poprotei n were part it i oned by mol ecul ar weight usi ng sodi urn dodecyl 

sulfate polyacrylamide gel electrophoresis (5DS-PAGE, 7.5-20% acrylamide 

gradient; Laemmli, 1970). In all instances, not enough VLDL was present 

to separate apol ipoproteins; therefore no VLDL apol ipoproteins were 



37 

presented in the data. Since not enough LDL was present to accomplish 

this task at each bleeding period, a pooling of LDL from bleeding periods 

1 and 2, and a pooling of LDL from period 3 and 4, made the 

apolipoprotein separation of LDL possible. Up to 50 ug of total protein 

was applied to each gel and a molecular weight standard (Bio-Rad Labs, 

Richmond, CA) was run simultaneously on each gel. The protein migration 

bands were stained with 0.05% Coomassie blue. The apolipoprotein (Apo 

A, B, C, E) were identified by their apparent molecular weight as compared 

to molecular weights standards. 

Fat Biopsy and 
Their Extraction 

Lipogenesis 

Fat sample biopsies were taken from the tail head region from 

animals. The area was prepared for biopsy by clipping and washing the 

area of the incision with betadine followed by an injection of 5 ml of 

2% lidocaine hydrochloride solution. 

A skin incision of approximately 8 cm long was made and a fat 

sample of approximately 2 gm was taken and put in a saline solution at 

370 C. A 200-300 mg adipose tissue sample was then put in a 25 ml 

erlenmeyer flask with 3 ml of Krebs ringer bicarbonate buffer, 1 ml of 

150 um/ml lactate, 1 ml of 15 um/ml glucose and 1 ml uniformly labelled 

C14 lactate (1 microcurie). 

The flask was then gassed with 95% 02 and 5% C02 for 1 minute 

and placed in a shaker water bath for 2 hours at 370 C. The reaction was 

then killed by transferring the adipose tissue to a chloroform-methanol 

(3:1) solution in a saponification tube. 
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Saponification Lipid Extraction 

The adi pose tissue was then washed in 3 ml of .04% CaCl and 

dried in a hood at 70oC. Ten ml of 10% KOH in ethanol (70%) was added 

and the tissue was saponified in a 850C water bath for 90 minutes. The 

tubes were then cooled and 10 ml of deionized water was added. The 

non-saponifiable fraction was removed by using petroleum ether (15 ml). 

The water soluble fraction which contained the fatty acid salts was 

acidified with concentrated HCl using Congo Red paper as an indicator. 

After acidification, petroleum ether was used to quantitatively collect 

the liberated fatty acids. The petroleum ether layer (15 ml) that 

contained all the fatty acids was transferred to disposable (20 ml) 

glass scintillation vials and the petroleum ether was evaporated to 

dryness at room temperature. The dried samples were dissolved in 10 ml 

of omniflour scintillation cocktail and counted for the amount of 

radioactivity incorporation using a beta scintillation counter (Packard, 

Tric-Carb Model 460 CD, Downers Groves, IL). 

Concentration of = (Concentration of standard N moles) x (DPM unknown) 
unknown (N moles) DPM standard 

DPM = disintegration per minute 

Adipocyte Numbers 

A 100-200 gm sample of adipose tissue was minced into small 

pieces about 10-15 mg in weight. The samples were then placed in test 

tubes to be digested by collagenase (SIGMA, Type II C-6885, St. Louis, 

Mo.). The enzyme was prepared by dissolving 4 mg/ml collagenase (100,000 

unites/gram) in Krebs ringer buffer containing calcium, this preparation 
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was specifically selected for utility in the Rodbell (1964) technique. 

The enzyme mi xture was then fi 1 tered us i ng Wh; tman fi 1 ter paper #24. 

Then 4 ml of the collagenase mixture was added to each sample and 

incubated at 370C in a shaking water bath for five hours. 

The digested mixture was filtered through one layer of cheesecloth 

(Chix Brand, Style no. 10(100), Choopee Mills, Inc., New York) and were 

washed twi ce wi th warm Krebs ri nger buffer. The cheesecloth fi ltrate 

was then centrifuged at 1,000 rpm for 10 minutes. The total supernatant 

which contained the adipocytes was pipetted in to a clean test tube and 

stained. 

Cell Staining 

A 1 ml volume of red oil stain which was dissolved in glycerol 

was added to the cell suspension. Cells were then counted using a 

hemocytometer. 

formula: 

Cells per gram were calculated using the following 

cell #/ml = number of cells/large square x 104 

# of cells/ml x total volume(ml) x 1000 
cells/gram = weight of sample 

Total volume = The original volume which contains the enzyme and number 

of ml used in the washing of samples and volume of stained used. 

Animal Composition 

Slaughter 

Before slaughter, each animal was subjected to a 12 to 15 hour 

fasting period. Shrunk 1 ive weights were taken immediately prior to 
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slaughter. At slaughter, weights in head, feet, full gut, empty gut, 

liver, spleen, heart, kidney, lungs, udder, penis, tongue, tail and 

hide were recorded. In addition, the empty gut was ground through a 

1.3 cm chopper plate, mixed thoroughly and a 0.5 kg sample taken. A 50 

gm sample of the heart, liver, lungs, tongue, kidney and spleen was 

also taken. All organs and empty gut samples were finely chopped in a 

Hobart food cutter (Model 10814) until a homogenous mixture was obtained. 

The samples were then stored in E-Z Whirl Paks (6 oz.) and frozen at-

200C until chemical analysis was conducted. 

Processing 

The carcass fore and hind quarters were separated between the 

12th and 13th ribs at the union between the 7th and 8th vertebrae counting 

down from the pelvic area. 

The separation of the chuck and shank & brisket from the wing 

(rib, plate) was accomplished by a cut between the 5th & 6th thoracic 

vertebra. The shank & brisket was then removed from the chuck by cutting 

parallel to the brisket just above the bony rise (lateral condyle of 

humerus). The separation of the rib and plate was accomplished by a 

cut 15.2 cm from the chine bone and parallel to it. 

In the breaking of hind quarter, the flank was removed by cutting 

underneath the cod fat, then following the natural curve of the round 

to a point on the 13th rib that corresponds to the point of separation 

established between the rib and the plate. 

The loin and round were broken on a line of 2.5 cm anterior of 

the pelvic bone and across the 5th sacral vertebrae. The rump was not 
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removed from the round thus all composition as well as cutout data results 

and discussion will include the rump as part of the round. 

The kidney, pelvic and heart fat was thoroughly removed and 

weighed. Each wholesale cut was then weighed and separated into bone 

and soft tissue. The weight of the bones and soft tissue were recorded, 

and the soft tissue was ground through a 1.3 cm chopper and mi xed 

thoroughly. A random 0.5 kg sample from soft tissue of each wholesale 

cut was reground in a Hobart Model 10814 food cutter until a homogeneous 

mixture was obtained. All samples were placed in 18 oz. E-Z whirl pack 

bags and stored at -20oC until chemical analyses were conducted. 

Chemical Analysis 

Chemical analyses of the soft tissue were conducted to determine 

percent lipid, protein and moisture. All analyses were performed using 

duplicate determinations and reruns were made when the values did not 

agree within a reasonable variation of duplicate determination. 

Crude protein in ground tissue samples was determined according 

to the Association of Official Agriculture Chemist (1965). Samples 

were also analyzed for total extractable lipid and total moisture content 

by using the modified chloroform:methanol procedure of Ostrander and 

Dungan (1961) as outlined by Wooten et al. (1979). This procedure 

provided a means by which the total lipid and moisture could be determined 

as separate steps of the same procedure. 

Statistical Treatment of Data 

A factorial arrangement was set up to analyze differences 

between main treatments. All data was analyzed by analysis of variance 
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according to SPSSX (1986). The Duncan's multiple range test was used 

to separate the means. Since numerous significant (P<.05) interactions 

were observed between the main effects for the lipoprotein data, a nested 

factorial design was used by comparing sex within bleeding interval and 

bleeding intervals within sex. 
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CHAPTER 4 

RESULTS 

The elution profiles of lipoproteins obtained from the plasma 

of 6 Angus cattle are shown in Figure 1. Profiles were similar for all 

animals and agree with those reported by Grummer, Davis and Hagerty 

(1983). Three major peaks were observed and correspond to (1) VLDL, 

(2) LDL, and (3) HDL. A small peak eluted after the HDL peak and has 

been suggested to be albumin (Ferri and Gleockler, 1979). The quantities 

of all lipoproteins were similar between all animals. Adequate separation 

of VLDL from LDL was obtained; however, complete separation between LDL 

and HDL peaks was not achieved. A similar situation was noted by Grummer 

et ale (1983) and was speculated to be HDLl' a class of lipoprotein 

previously isolated by ultracentrifugation and characterized by Puppione 

et ale (1982), Raphael (1973b) and Dryden et ale (1971). However, Grummer 

et ale (1983) results indicate that the HDLI is not a separate entity 

but rather a combination of LDL and HDL. 

Lipoprotein components, triglycerides, cholesterol and protein 

are presented within the classes for the various bleeding periods in 

Table 1. There was no significant (P>0.05) difference between the male 

or female triglyceride content in the very low density fraction within 

each bleeding time. However, the largest amount for males occurred at 

the 1st bleeding interval with 19.07 mg/dl and 20.53 mg/dl for the females 

at the 4th bleeding period. The smallest amount of triglyceride for 

the very low density fraction in both males and females occurred at 

bleeding time 2 with a 5.53 mg/dl and 3.17 mg/dl, respectively. 
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Table 1. Least square means for lipoprotein triglycerides, cholesterol and protein 
by sex. within bleeding time. 

Bleeding Time 
Time 1 2 3 4 5 
----------------------------------------------------------------------------------------------
Lipoprotein 
fraction 
(mg/dl) M F M F M F M F M F 

Trigyceride 
Very low density 19.07 12.27 5.53 3.17 7.90 8.77 18.30 20.53 7.90 6.13 
Low density 7.43 6.87 2.23 2.43 2.23 5.53 0.73 1.27 1.63 0.73 
High density 4.50 4.03 2.80 5.85 5.23 6.80 15.37 26.70 6.57 8.80 

Cholesterol 
Very low density 13.13 16.50 7.76 21.67 2.57 2.73 2.00 1.67 0.93 
Low density 42.87 26.63 42.10 44.27 48.20 32.60 13.07 9.83 25.0 13.63 
High density 48.46 52.97 106.83 110.0 194.67 209.27 212.53 201.83 123.43 207.06 

Protein 
Very low density 3.33 3.07 2.10 2.27 3.10 5.00 3.17 1. 73 1.57 1.53 
Low density 11.03 7.57 17 .47 14.73 7.37a 12.50b 10.50 10.20 9.47 10.0 
High density 74.63 77 .20 161. 73 158.30 66.97a 143.40b 93.53a 137.57b 107.20 118.67 

Abbreviations: M = male; F = female. 

a,b Values with different superscripts are significantly different. 

~ 
U1 
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Similar none significant (P>O.05) tendencies prevailed for the 

triglycerides at each bleeding interval between males and females in 

the low density fraction. Triglyceride values were lower in the LDL than 

the VLDL, which also was reported by Palmquist (I973a), Stead and Welch 

(I974), Dryden et al. (I97I), and Evans et al. (I96I). 

The triglyceride differences for the HDL fraction between sexes 

was not significant (P>O.05) for all bleeding times. At bleeding 4 

triglycerides in both male and female groups had larger values than for 

all other bleeding intervals. Males depicted the lowest value at bleeding 

2 while females showed the lowest value at bleeding 1. 

In comparing cholesterol levels by sex within each bleeding no 

significant (P>O.05) differences were found. The VLDL had the lowest 

overall val ues. The greatest amount of cho 1 estero 1 vari at ion exi sted 

in the HDL fraction. As suckling calves, males had 48.46 mg/dl while 

females had 52.97 mg/dl. After weaning, the amount of cholesterol 

regaradless of sex doubled as compared to suckling calf level. As the 

animals were through their growth, developmental and finishing phases 

the amounts of cholesterol again nearly doubled compared to weaning 

1 eve 1 s, except at the 5th bleed i ng peri od where cho 1 estero 1 1 eve 1 for 

the males declined. 

Some protein differences (P<O.05) between sexes for the various 

lipoproteins at various bleeding times were evident. At the 3rd bleeding 

period males had significantly (P<O.05) less protein than the females 

for the LDL and HDL fractions. Furthermore females also displayed larger 

(P<O.05) HDL protein at bleeding time 4. Thereafter significant (P<O.05) 

differences were not apparent for lipoprotein composition between sexes. 
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lipoprotein Components of Males 

Table 2 depicts least square means for lipoprotein triglyceride, 

cholesterol and protein content by bleeding time within males. In the 

VlDl fraction triglyceride levels for the 1st and 4th bleeding were 

significantly (P<0.05) higher than the 2nd period, while at other bleeding 

times differences were not sign i fi cant (P>O. 05) . The lDl fact i on had 

the greatest (P<0.05) triglyceride content in the 1st bleeding, while 

the HDl triglyceride was the highest for the 4th period but only 

significantly (P<0.05) greater than period 2. 

The chol esterol content for the VlDl was highest at the 1st 

bleeding interval and significant (P<0.05) when compared to bleeding 

times 3, 4 and 5. The lDl differences in cholesterol between bleeding 

stages were not apparent, however, in the HDl fraction the 1st bleeding 

had a significantly (P<0.05) lower value than the 3rd and 4th testing 

intervals. 

Protein differences between bleeding times for the VlDl fraction 

were not significant (P>0.05). In the lDl and HDl fractions protein 

content was significantly (P<0.05) larger during the 2nd bleeding when 

compared to the 3rd and 5th bleeding period. 

Considerable animal variation was noted in the values for the 

lipoprotein components. Triglyceride values were higher during the 1st 

and 4th bleeding for the HDl and VlDl than the other periods. Cholesterol 

and protein content were greater in the HDl but decreased in the VlDl 

fraction as animals were growing. Similar results were reported by Forte 

et al. (1981) for the cholesterol while opposite results were reported 

for the protein. The large amounts of protein in the HDl makes it 
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Table 2. Least mean squares for lipoprotein triglycerides, cholesterol 
and protein by bleeding time within male group. 

Bleeding Time 
Lipoprotein 
fraction (mg/dl) 1 2 3 4 5 

Trigl~ceride 
Very low 
density 19.07b 5.53a 7.90ab 18.3b 7.90ab 

Low density 7.43b 2.23a 2.30a O.73a 1.63a 

High density 4.50ab 2.80a 5.23ab 15.37b 6.57ab 

Cholesterol 
Very low 

13.13b 7.77ab density 2.S7a 2.00a 2.00a 

Low density 42.87 42.10 48.20 13.07 25.0 

High density 48.47a 106.83ab 194.67bc 212.53c 123.47abc 

Protein 
Very low 
density 3.33 2.10 3.10 3.17 1.57 

Low density 11.03ab 17 . 47b 7.37a 10.S0ab 9.47a 

High density 74.63a 161. 73 b 66.96a 93.53a 107.20a 

a,b,c Values with different superscripts are significantly different 
(P<.05). 
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consistent with the observed high density characteristic. The LDL had 

intermediate amounts of cholesterol and protein with smaller amounts of 

triglyceride when compared to the VLDL and HDL fractions. Similar results 

have been reported by Levy and Martin (1971), Jonas (1972) and Stead 

and Welch (1974), however, Raphael (1973) found no triglycerides in the 

HDL fraction. 

Lipoprotein Components of Females 

Table 3 lists the least square means for the lipoprotein 

components by bleeding periods for females. Bleeding time 2 had 

significantly (P<0.05) lower amounts of triglyceride (3.17 mg/dl) than 

bleeding 1 and 4 which were 12.27 and 20.53 mg/dl, respectively, in the 

VLDL fraction. The LDL had generally less triglyceride in most instances 

than the VLDL. In the LDL, 1 argest amount of triglyceride was found 

during the 1st bleeding and was significantly (P<0.05) higher than the 

4th and 5th. In the HDL fraction the only significant (P<0.05) larger 

value was found during the 4th bleeding for triglycerides. 

Cholesterol differences were significantly (P<0.05) higher in 

the VLDL and lower in the HDL fraction during the first two bleedings. 

The LDL cholesterol showed significantly (P<0.05) smaller values during 

the last couple of bleeding segments in comparison to the 1st and 2nd 

intervals. 

Protein concentrations were significantly (P<0.05) larger at 

bleeding 3 for the VLDL and smaller at bleeding time 1 for the HDL when 

comparing bleeding intervals. The largest value for protein content in 
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Table 3. Least mean squares for lipoprotein triglycerides, cholesterol 
and protein by bleeding time within female group. 

Bleeding Time 
Lipoprotein 
fraction (mg/dl) 1 2 3 4 5 

Triglyceride 
Very low 
density 12.27b 3.17a 8.77ab 20.53b 6.13a 

Low density 6.87c 2.43ab 5.53bc 1.27a O.73 a 

High density 4.03a 5.83a 6.80a 26.70b 8.80a 

Cholesterol 
Very low 

16.50b 21.67b density 2.73a 1.67a ·0.93a 

Low density 26.63b 44.27c 32.60bc 9.83a 13.63a 

High density 52.97a 110.0a 209.27b 201.83b 207.07b 

Protein 
Very low 
density 3.07a 2.27a 5.0b 1. 73a 1.53a 

Low density 7.57 14.73 12.50 10.20 10.0 

High density 77 .20a 158.3c 143.4bc 137.57bc 118. 67b 

a,b,c Values with different superscripts are significantly different 
(P<.05). 
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the HDL was at the 2nd bleed i ng time, but for the LDL fract i on no 

significant (P>0.05) differences were noted for protein. 

At the 2nd bleeding the VLDL had the smallest amount of 

triglyceride, whereas the highest amount of cholesterol and protein was 

found in the HDL. The major lipid constituent of both LDL and HDL was 

cholesterol. Similar results were reported by Dryden et ale (1971), 

Raphael (1973), and Stead and Welch (1974). 

In both groups of animals (male and female) triglycerides were 

the major component of the VLDL at most times during growth and 

development. Thus, the VLDL component is the main vehicle for 

transporting large quantities of triglycerides to peripheral tissues. 

Util ization of the fatty acids from the triglycerides of the VLDL 

lipoproteins has been demonstrated in heart, muscle, and kidney 

(Frederickson, Levey and Lees, 1967). 

Figure 2 depicts the HDL and albumin apolipoproteins for both 

groups of cattle at the first bleeding period. The apolipoprotein bands 

were identified by comparing their migration rate through the gel with 

that of purified proteins of known molecular weight (Bio-Rad Labs, 

Richmond, CA). Comparisons of profiles showed that in both male and 

female cattle a distinct apolipoprotein with a weight of about 28,000 

was present, apo-AI. A lower molecular weight apoprotein (11,000-13,000) 

was also present on the electrophoretic SDS-PAGE gel. The low molecular 

weight protein observed in the HDL may be a structural component featured 

in the bovi ne HDL 1 i poprotei n. Simil ar results have been reported by 

Jonas (1972) for mature cattle. 
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Fig. 2. SDS-PAGE photograph of HDL for bovine plasma lipoproteins for 
suckling calves. 

aMolecular weight = 28,300 daltons. 
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During the 3rd bleeding period the HDL proteins were also 

separated for each sex (Fig. 3). Again apo-AI was the major lipoprotein 

in both sexes. Furthermore, a lower molecular weight band was also 

evident for both sexes at this bleeding time. At the final bleeding 

period, the HDL fraction possessed the apo-AI component, but no lower 

molecular weight protein was present (Fig. 4). 

At bleeding times 1 and 2 the LDL fractions for each animal was 
, 

pooled for each sex (Fig. 5). The LDL apo-proteins showed a band at 

about 250,000 for a 11 an i rna 1 s. A band at about MW of 66,000 was also 

evident in both sex groups; however, greater amounts were noticed in the 

fema 1 es. Thi s band appears to be at the 1 ocat i on of the a 1 bumi n band 

for the standard. A smaller molecular component was also present below 

the 42,700 band. It could be apo-E protein and was more prominent in the 

females than the males. 

Figure 6 shows the final apo-protein separation for the pooled 

LDL for bleeding 3 and 4. The large molecular weight apo-protein was 

again present in all animals. The albumin band appeared in all animals 

and seemed to be similar in concentrations between sexes. The lower 

apoprotein band (apo-E) was not evident in most animals even though 

prior gels did show this compound (Fig. 4). 

The LDL contained the most protein which was unable to enter 

the 7.5-20% acrylamide gels used in this analysis. This protein may 

represent apo-B which in other species has a molecular weight too large 

to migrate into 10% acrylymide gets (Schaefer, 1978). Apo-B is the 

major apo protein of mammalian LDL and furthermore has been demonstrated 
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aMolecular weight = 250,000 daltons. 
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aMolecular weight = 250,000 daltons. 

bMolecular weight = 66,300 daltons. 
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in bovine serum in the ultra centrifugal subclasses of LDL (Puppione, 

1977) . 

Lipogenic Activity 

Lipogenic activity of sUbcutaneous adipose tissue by sex within 

biopsy period is presented in Table 4. The activity for the males was 

1 arger than for the females except duri ng bi opsy 4 but sign i fi cant 

(P<0.05) only at the 2nd biopsy. A three fold higher rate of lipogenesis 

per 106 cells of adipose tissue was present during growth and development 

for the males in relation to females except at the last biopsy. 

Within both sex groups activity increased at each biopsy period 

(Table 5). From the first sample until final sample time, lipogenic 

activity from lactate was always larger for the males. The female group 

showed significant (P<0.05) difference between the last and the first 

two biopsy periods; whereas male values were all similar. A three fold 

and seven fold increase for the male and female, respect i ve 1 y, in 

lipogenic activity were present from the initial to final biopsy. Even 

though males displayed greater capacity to use lactate as a fatty acid 

precursor a similar variation existed between both groups from the first 

to the final biopsy for lipogenic activity. At the cellular level, the 

increase in activity may be related either to adipocyte hyperplasia or 

hypertrophy. 

Also included at the final biopsy at slaughter time was a intra

muscular fat sample to compare lipogenic activity of intramuscular adipose 

tissue between sex (Table 6). The male group exhibited more activity 

then the females, however, the difference was not significant (P>0.05). 



Table 4. Least square means for lipogenic activity for subcutaneous 
adipose by sex within biopsy period. 
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----------------------- Biopsy -----------------------

1 2 3 4 

M F M F M F M F 

Cells/grama 3.6 5.4 4.9 5.3 4.3 3.2 1.1 3.7 

umole for 106 
cellsa 647.6 218.0 1162.1* 351.7 1968.7 946.0 1274.0 1570.0 

a subcutaneous adipose tissue cells per gram x 106. 

Abbreviations: M = male; F = female. 

* Significant (P < .05). 



Table 5. Least square means for lipogenic activity by biopsy period 
within the male and female groups. 

---------------- Biopsy Period --------------------

1 2 3 4 

Male 

Cells/gramC 3.6ab 4.0b 4.3b 1.07a 

umole for 106 
cells 647.6a 1162.7a 1274.0a 196B.7a 

female 

Cell s/gramC 5.4b 5.3b 3.2a 3.7a 

umole for 106 
946.0ab cells 21B.Oa 351. 7a 1570.3b 

ab Unlike superscripts indicate significance (P < .05). 

c Subcutaneous adipose tissue cells per gram x 106. 
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Table 6. Least square means for lipogenic activity for intramuscular 
fat by sex. 

Male Female P-valueb ---

Cells/grama 6.8 5.9 N.S. 

umole for 106 cellsa 150.3 131. 7 N.S. 

a Intramuscular adipose tissue cells per gram x 106. 

b N.S. = Not Significant. 
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Lipogenic activity was higher in the subcutaneous tissue when 

compared to the intramuscular tissue. But, in both cases the male used 

more lactate for fatty acid synthesis in intramuscular and sUbcutaneous 

tissues than the females. However in Angus steers at 16 to 18 months 

of age, intramuscular and subcutaneous tissue from the fifth to eighth 

thoracic vertebrae region of the Longissimus dorsi muscle, lactate 

contribution to lipogenesis (15-30%) was similar for both tissues (Smith 

and Crouse, 1984). Prior and Jacobson (1979) showed that lactate can 

be used for fatty acid synthesis in vitro and that lactate at physiolo

gical concentrations found in vivo can augment acetate incorporation 

into fatty acids, whereas physiological concentrations of acetate inhibit 

1 act ate incorporation into fatty acids. However, Whitehurst et al. 

(1984) stated that based on the' incorporation of lactate into fatty 

acids, and AlP-citrate lyase activity, lactate could be a major lipogenic 

precursor in intramuscular adipose tissue in vivo. 

Within the animal, it is not unusual to find a 2 to 4 fold differ

ence in the average size of adipocytes between the intramuscular, peri

renal or subcutaneous depots (Allen et al., 1976). From the data for 

intramuscular and subcutaneous enzyme activity based on cells/gram of 

tissue, indicates that fat cell number and lactate activity are inversely 

related. What this suggests is that the lipogenic activity in the adipo

cytes depends on the maturi ty of the cell s and not on the number of 

cells. Similar results were attained by Hood and Allen (1973) in that 

the mean diameter of bovine adipocytes from the intramuscular depot was 
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smaller than that of adipocytes from the subcutaneous, intermuscular 

and perirenal depots. 

In general, this study showed that intramuscular adipocytes had 

less activity than those from other depots. Consequently this could 

suggest that their total mass and enzyme activity is very important in 

determining the adipocyte development of intramuscular lipid as the 

most animal grows and develops to its maximum or mature body size. 

Carcass Composition 

Data presented in Table 7 compare the slaughter components (organs 

and other portions) by sex. As was expected a 11 slaughter components 

were heavier for male than the females. Even though most weights were 

different (P<0.05), the lung, heart, oxtail, spleen and trim weights 

were not. To further evaluate the slaughter components by sexes, all 

data were adjusted for weight. In doing this all significant (P<0.05) 

effects were eliminated in the data. 

Table 8 lists live weight as well as quality and yield grade 

data by sex. At slaughter time, male animals were significantly heavier 

(P<O.Ol) than the female animals. Similar significant (P<O.Ol) tendencies 

were found for the hot carcass weight and cold side weight; however, 

when these traits were adjusted for live weight differences, no 

significant (P>0.05) differences were found between sex. Ribeye area 

and fat thickness were significantly (P<0.05) greater for the male group 

77.8 vs 62.9cm2 and 3.0 vs I.9cm2, respectively, but marbling and 

qual ity grade were similar between sex groups. The yield grade was 

significantly (P<O.Ol) lower for the female group 3.7 vs 5.1, this is 
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Table 7. Least mean squares of weights of various body components by sex. 

kga 
Weight 

P-valueb Adjustedb,c Component, Male Female 

Hide 23.76 (0.28) 17.20 (0.62) < .01 NS 

Head 7.21 (1. 24) 4.60 (0.41) < .05 NS 

Tongue 1.41 (0.16) 1.11 (0.05) < .05 NS 

Liver 3.02 (0.17) 2.18 (0.08) < .01 NS 

Kidney 0.56 (0.05) 0.37 (0.07) < .05 NS 

Lung 3.06 (0.47) 2.5 (0.67) NS NS 

Heart 1.12 (0.11) 0.93 (0.09) NS NS 

Viscera 49.86 (3.13) 32.82 (2.92) < .01 NS 

Oxtai 1 1.33 (0.05) 1.11 (0.27) NS NS 

Spleen 0.39 (0.04) 0.28 (0.07) NS NS 

Trim 1.88 (0.64) 1.71 (0.87) NS NS 

a Values expressed as mean with ± SEM. 

b NS = Not sufficient (P > .05). 

c Adjusted by live weight. 



Table 8. Least square means of carcass data by sex. 

Item 
Weight Male Female 

Live,kga 645.9 (30.0)** 450.0 (13.8) 

Hot carcass,kg 408.3 (17.2)** 281.4 (4.7) 

Cold side, kg 193.0 (8.6)** 133.5 (1.1 ) 

Ribeye area, cm2b 77.8 (4.6)* 62.0 (6.4) 

Fat thickness,' cmb 3.0 (0.2)* 1.9 (0.4) 

Kidney fat, kg 5.2 (0.5) 4.2 (0.5) 

Marbling scorec Moderate50 (10) Moderate30 (10) 

Quality graded Choice80 (10) Choice70 (10) 

Yield gradee 5.1 (0.3)** 3.7 (0.2) 

Cutability, %f 42.1 (.08)* 48.5 (0.5) 

a Values expressed as mean with ± SEM. 

b Single measurement over Longissimus muscle at the 13th rib. 

c Ten degrees of marbling according to U.S.D.A. standards. 

d According to U.S.D.A. beef grading standards. 
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e 1 = high yield of retail cuts; 5 = low yield of retail cuts according 
to U.S.D.A. standards. 

* Significant (P < .05). 

**Significant (P < .01). 

f Based on yield grade value. 
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due to the fact that a greater fat thickness was found in the male group. 

Cutability percent based on yield grade was also significantly (P<0.01) 

larger for the females (48.5 vs 45.2%) when compared to males. 

Males yielded (P<0.05) 161.1 kg of meat and 24.4 kg bone while 

females gave (P<0.05) 110.4 kg meat and 13.5 kg bone (Table 9). 

Nevertheless when these components were analyzed as a percentage, based 

on the cold side weight neither side meat or side bone percent were 

significant (P>0.05) between sex groups. The female group exhibited a 

larger portion of the tissue as lean fat free component when compared 

to males (64.1 vs 63.5%), even though males had more lean weight (102.9 

vs 70.7 kg respectively). 

The side lean weight on a boneless fat free basis was deduced 

by using the tissue meat mixture and carcass lipid content in the 

following manner: 

Side lean weight = Side meat weight - Side total lipid weight 

The prevalent weight was for the male group which averaged 102.9 

kg of 1 ean whi 1 e the femal es averaged 70.7 kg. The difference was 

significant (P<O.OI) but on a percent basis the significant (P>0.01) 

effect was el iminated. This outcome was the result of reducing and 

lessening variation in the data for groups of cattle. 

Table 10 lists the data for wholesale cut physical composition 

along with lean weights and lean weight percentages by sex. It was 

expected that the male wholesale cuts would be heavier than the female 

and were significant (P<O.05) in all instances. Tissue and bone weights 

were also significantly (P<0.05) greater for the male except for the 



Table 9. Least square means and percentage for meat and bone by sex. 

Item Male 

Bone, kgb 24.4 (2.1)* 

Bone, %c 12.6 (0.7) 

Meat, kgb 161.9 (6.8)** 

Meat, %c 83.9 (0.3) 

Leand, kgb 102.9 (9.4)** 

Leand, %c 63.5 (4.1) 

b Values expressed as means ± SEM. 

c Based on side weight. 

d Expressed on a boneless fat free basis. 

Female 

18.01 (1. 6) 

13.5 (1.1 ) 

110.4 (1.1 ) 

82.7 (0.9) 

70.7 (2.9) 

64.1 (3.1 ) 
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Table 10. Least square means of wholesale cutout data with lean weights and lean weight 
percentages by sex. 

Tissue and Boneb Wholesalec Wholesaleb,c 
Wholesale Cut Percent Wholesale Cut Lean Cut Lean Weight 

Item Weight Cut Weight Percent 
Weight, kga Male Female Male Female Ma 1 e __ Eem_a_te __ Male Female 

Chuck 54.7 (4.5) 34.6 (1.2)** 
Chuck Bone 6.8 (0.8) 5.2 (0.8)** 13.0 15.8 
Chuck Tissue 47.5 (3.8) 29.1 (0.8) 87.0 84.2 32.3 20.1* 67.9 68.9 

Rib 12.3 (0.1) 8.5 (0.4)** 
Rib Bone 1.8 (0.2) 1.2 * 14.4 (0.1)** 14.9 
Rib Tissue 10.5 (0.1) 7.3 (0.5) 85.1 85.6 6.1 4.1** 58.5 56.1 

Shank & Brisket 15.5 (1. 5) 11.4 (0.8)* 
Shank & Brisket 

Bone 3.3 (0.3) 2.4 (0.2)* 23.3 21.4 
Shank & Brisket 

5.5* Ti ssue 11.5 (1.4) 9.0 (0.9) 76.7 78.6 7.9 68.5 61.7 

Plate 24.1 (2.7) 15.5 (1.8): 
Plate Bone 2.5 (0.3) 1.7 (0.2)** 10.8 11.9 
Plate Tissue 21.5 (2.1) 13.7 (1.8) 89.2 88.1 10.8 6.9** 50.2 50.8 

Round 36.7 (7.0) 28.8 (1.1)** 
Round Bone 6.3 (0.5) 4.6 ( 0 . 4) ** 17. 4 15.9 
Round Tissue 30.3 (1. 6) 24.2 (1.0)** 82.6 84.1 23.0 18.8 75.7 77.6 

0\ 
co 



Table 10. Least square means of wholesale cutout data with lean weights and lean weight 
percentages by sex (Con't). 

Tissue and Boneb Wholesalec Wholesaleb,c 
Wholesale Cut Percent Wholesale Cut Lean Cut Lean Weight 

Item Weight Cut Weight Percent 
Weight, kga Male Female Male Female Male Female Male Female 

Loin 
Loin Bone 
Loin Tissue 

Flank 
Flank Bone 
Fl ank Ti ssue 

28.1 
3.6 

24.4 

16.3 
0.1 

16.2 

(3.0) 19.8 
(0.8) 2.8 
(2.2) 16.9 

(1.1) 10.3 
(0.03) 0.1 
(1.1) 10.2 

~ Values expressed as means ± SEM. 

(1.1)* 
(0.2)** 13.1 
(1.1) 86.9 

(1.5)** 
(0.041* 0.6 
(1.5) 99.4 

Based on wholesale cut weight. 
; Value is on a boneless fat free basis. 
**Significant (P < .05). 

Significant (P < .01). 

14.8 
85.2 10.2* 15.1 62.1 60.3 

1.0 
99.0 5.1** 7.7 47.5 50.5 

Ol 
1.0 
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chuck bone, shank and brisket tissue, loin bone and flank bone weights. 

In looking at the cutout data on percentage basis no significant (P>0.05) 

differences were evident in all wholesale cuts in both bone and tissue 

weight data. 

As far as wholesale cut lean weight on a boneless fat free basis 

is concerned, significantly (P<0.05) heavier weights were found in all 

wholesale data for the males except for the round. When each wholesale 

lean percentage component was estimated by sex, the significant (P<0.05) 

differences in all cases were eliminated. 

A further compari son of these data the males showed 1 arger 

(P<0.05) lean boneless fat free weights for the chuck, plate, round and 

flank cuts. However, on the actual percentage values, females displayed 

more tissue mass as 1 ean. The round had the 1 argest percent of 1 ean 

tissue for the wholesale cut while the flank displayed the lowest for 

percent lean. 

Wholesale cut composition showed similar between sexes (Table 

11). Higher amounts of protein were found in the round for both groups 

while the flank exhibited opposite effects. Lipid content was greatest 

in the flank. The largest variation in lipid content was found to be 

present in chuck for the males and the rib the females. 

Chemical and physical compositional ratio data are presented in 

Table 12. No significant (P>0.05) differences were found in lipid, 

protein and moisture between sexes for each side. A greater lipid content 

was present in the male group along with a larger muscle to bone ratio. 

The greatest side lean to side bone ratio was in the males even though 

their side protein percent was similar. 
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Table 11. Least square means of wholesale cut composition by sex. 

Item Malea Femalea P-valueb 

Chuck Lipid, % 32.07 (5.12) 31.30 (3.32) NS. 
Chuck Protein, % 14.20 (1. 06) 14.07 (0.68) NS 
Chuck Moisture, % 52.00 (3.78) 53.53 (2.98) NS 

Rib Lipid, % 41.47 (3.42) 49.93 (3.73) NS 
Rib Protein, % 13.47 ( 1.00) 12.30 (0.76) NS 
Rib Moisture, % 43.87 (2.44) 42.43 (3.09) NS 

Shank & Brisket 
Lipid, % 31.50 (4.12) 38.33 (2.00) NS 
Shank & Brisket 
Protein, % 14.53 (1. 50) 13.50 (0.66) NS 
Shank & Brisket 
Moisture, % 52.47 (3.18) 47.00 (1. 50) NS 

Plate Lipid, % 49.83 (4.64) 49.17 (3.37) NS 
Plate Protein, % 11.20 (0.95) 10.97 (0.55) NS 
Plate Moisture, % 38.03 {3.54} 38.70 (2.78) NS 

Round Lipid, % 24.33 (4.38) 22.37 (2.92) NS 
Round Protein, % 16.63 (1.20) 17.13 (0.45) NS 
Round Moisture, % 57.70 (3.18) 59.50 (1.91) NS 

Loin Lipid, % 37.87 (2.B3) 39.70 (2.51) NS 
Loin Protein, % 13.83 (0.75) 13.80 (0.72) NS 
Loin Moisture, % 46.93 (2.37) 45.90 (1.91) NS 

Flank Lipid, % 52.53 (3.07) 49.53 (2.80) NS 
Flank Protein, % 10.33 (0.B7) 10.90 (0.78) NS 
Flank Moisture, % 35.70 (2.39) 3B.OO ( 1.85) NS 

a Values expressed as means ± SEM. 

b NS = Not significant (P > .05). 
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Table 12. Least square means of carcass side physical and chemical 
composition by sex. 

Item Malea 

Side Lipid, % 36.5 (4.0) 

Side Moisture, % 48.3 (3.0) 

Side Protein, % 13.8 (1.0) 

Side lean/Side bone 4.2 

Side muscle/Side bone 6.6 

a Values expressed as means ± SEM. 

b NS = Not significant. 

Femalea P-valueb 

35.9 (3.0) NS 

49.1 (2.3) NS 

13.9 (0.6) NS 

3.9 

6.1 
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Organ composition was determined in an attempt to see if variation 

between sexes was evident. A typical chemical composition assay was 

done for the various major organs and results are depicted in Table 13. 

No significant (P>O.05) difference was found for each organ between 

groups, except for the kidney fat percent protein. Males displayed a 

significantly (P<O.05) larger quantity of protein. In both groups the 

greatest amount of fat percent was as expected in the kidney fat and 

the largest content of protein in the livers in relation to other organs. 
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Table 13. Least square means of organ composition by sex. 

Item Malea Femalea P-valueb 

Kidney Lipid % 9.23 (1. 91) 8.27 (1.15) NS 
Kidney Protein, % 14.7 (0.26) 14.87 (1.16) NS 
Kidney Moisture, % 74.50 (1. 28) 75.83 (2.25) NS 

Heart Lipid, % 4.83 (0.47) 5.13 (1. 25) NS 
Heart Protein, % 19.30 (1.61) 17 .37 (2.32) NS 
Heart Moisture, % 74.23 (1.11) 76.60 (1.44) NS 

Lung Lipid, % 5.60 ( 1.39) 3.83 (1.27) NS 
Lung Protein, % 17.83 (0.67) 17 .57 (0.6S) NS 
Lung Moisture, % 74.10 (1.35) 76.30 (0.90) NS 

Viscera Lipid, % 44.77 (13.31 ) 4S.70 (9.17) NS 
Viscera Protein, % 7.93 ( 5·.IS) 7.90 (2.10) NS 
Viscera Moisture, % 44.97 (10.40) 42.27 (7.S0) NS 

Kidney Fat Lipid % 93.S7 (0.67) 94.20 (1. 25) NS 
Kidney Fat Proetin % 0.67 (0.06) 0.37 (0.15) < 0.05 
Kidney Fat Moisture % 3.S0 (0.87) 3.20 ( 1.06) NS 

Tongue Lipid, % 24.47 (0.70) 25.50 (5.0) NS 
Tongue Protein, % 14.53 (1.37) 15.23 ( 1.S6) NS 
Tongue Moisture, % 5S.00 (1.40) 5S.50 (3.4S) NS 

Liver Lipid, % 4.43 (0.45) 4.47 (0.32) NS 
Liver Protein, % 21.13 (1.21) 20.17 (0.45) NS 
Liver Moisture, % 73.43 (2.53) 73.60 (0.80) NS 

Spleen Lipid, % 8.40 (4.50) 4.30 (O.S7) NS 
Spleen Protein, % 17.77 ( 1.40) 19.30 (0.52) NS 
Spleen Moisture, % 73.53 (3.75) 76.23 (0.91) NS 

a Values expressed as means ± SEM. 

b NS = Not significant (P > .05). 
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Considerable animal variation was noted for the values in the 

lipoprotein components. The data clearly depicts that triglycerides 

for the VLDL were greater when the animals were calves. Dementation 

and augmentation were evident during growth and declined again at the 

finishing feedlot phase. This implies then that as calves during the 

suckling phase the rich milk diet provided a more affluent triglyceride 

complex. As the change in diet was assessed, lower fat content (roughage), 

the proportion of triglycerides was reduced in the VLDL. The reduction 

in the VLDL plasma triglycerides may be the result of increased peripheral 

uptake of triglycerides via enhanced lipoprotein lipase (LP) activity. 

Cho 1 estero 1 and prote in content were enri ched in the HDL and 

decreased in the VLDL as animals were growing. Similar results were 

reported by Forte, Bell-Quint and Chang (19B1) for the cholesterol while 

oppos He results were reported for the protei n. The 1 arge amounts of 

protein and cholesterol in the HDL make it consistent with the observed 

high density characteristic as well as a vehicle for transporting 

cholesterol. The increased HDL-cholesterol level at this time may be 

attributed to the transfer of cholesterol from other lipoproteins and 

tissues as a result of an increase in lecithin cholesterol-acytransferase 

(LCAT) activity. 

The LDL had intermedi ate amounts of chol esterol and protei n 

with smaller amounts of triglyceride when compared to the VLDL and HDL. 
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Similar results have been reported by Jonas (1972) and Stead and Welch 

(1974), however Raphael (1973) found no triglyceride in the HDL fraction. 

During bleeding 4 a number of interesting results were apparent. 

The triglyceride content for the VLDL and HDL were higher while the LDL 

content was lower when compared to the other bl eeding phases. The 

cholesterol level for the LDL also showed lower values with regards to 

other bleeding times. This may indicate that prior to the fattening 

phase a possible change in hormone levels could cause an alteration in 

fat metabolism and a reduction in lipoprotein lipase activity for uptake 

of triglycerides from lipoproteins or that lipolytic activity may be 

needed at this time to relocate adipose tissue lipids for use elsewhere 

in the body. Vernon (1981) has reported that the higher basal rates of 

glycerol release in cattle were found in 500-550 kg than in 113 kg steers, 

but the differences become less apparent in the presence of catacholamines 

indicating that in 500-550 kg steers, a greater proportion of the lipase 

was in the active state than in young steers. Consequently the 

responsiveness of ruminant adipose tissue to hormones appears to be a 

general characteristic of fat metabolism. 

Even though hormones influence the development of specific adipose 

stores it seems that an adaptive mechanism to utilize the circulating 

blood lipid moieties may exit in order to maintain various tissues. 

The concentration of HDL is higher in premenopausal females than in 

males of the same age, with the major difference resulting in more HDL 

in females. In support of the idea that factors other than sex hormones 

are involved, studies of male marathon runners indicate that not only 

do approximately 50% of them have hyperalphalipoproteinemia but also the 
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increase is associated with elevations in the HDL2 subclass (Puppione, 

1978). 

The turnover of the different lipoproteins class depends on and 

is a refl ect i on of the met abo 1 i c state of the an i mal. I n human s 

chylomicrons which are taken up by the liver have a half-life in the 

bloodstream of 11 to 24 minutes while LDL and HDL have a half-life of 

3.25 and 4.5 days, respectively (Griel and McCarthy 1969). In cattle 

chyc 1 omi cra and VLDL have a half 1 i fe of 1. 3 and 2.5 mi nutes and no 

kinetic data can be found for LDL and HDL (Palmquist and Mattos, 1978). 

The extent to which HDL is involved in triglyceride metabolism is unknown. 

Tall and Small (1978) reported that the surface monolayer of chylomicra 

is converted into bilayered folds that break away during extra hepatic 

lipolysis to form HDL-like particles. The effect of lipolytic degradation 

and production of a HDL particle by this action suggest that the 

triglyceride is more a structural component of the HDL moiety and not a 

triglyceride carrier. It appears that in the present study during the 

suckling stage and at first bleeding in all lipoproteins, triglyceride 

and cholesterol composition is higher while the protein seems to be 

lower in relation to the stage of development. In the HDL, the greater 

amounts of cholesterol and protein were apparent during the growing and 

developmental stages than in suckling calves. Forte et al (1979) found 

that HDL of fetal, newborn and mature animals show decreasing protein 

content with increasing age, an opposite effect in comparison to this 

study even though cholesterol results were similar. 

In general, our knowledge of the roles that plasma lipoproteins 

play in animals during growth and developmental has not been investigated 
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thoroughly. But some research of sex attri butes has been stud; ed ; n 

relation to changes by hormonal influences but mostly on monogastrics 

and only conjecture can apply it to the ruminant situation. However, the 

primary effects of the sex hormones seem to be on the high density 

lipoprotein, with estrogenic hormones causing a rise and androgenic 

hormones causing a decline in blood levels. Changes in the low density 

lipoproteins do not usually occur, but if they do, the change in the 

direction opposite to that of the lipoprotein change (Griel and McCarthy, 

1969). 

In both groups of test animals, in general, the males exhibited 

lower HDL cholesterol and protein than females of the same age. These 

alterations may appear to be true sexual differences since they were 

apparent regardless of bleeding interval. 

Our data indicated that in the plasma no significant (P<0.05) 

di fference in triglycerides or chol esterol was present between mal es 

and females and only a few significant (P<0.05) differences were present 

in the protein component during growth and development. 

According to the gel filtration and SDS-PAGE results presented 

previously the apo HDL contains at least a two protein component. The 

main protein component seems to have a molecular weight of about 28,000. 

in addition a lower molecular weight protein was also found to be around 

11,000 to 13,000. The higher molecular weight protein can be identified 

as apo-AI in relation to the standard, however the smaller weight protein 

is questionable as to apo-C. The lower molecular weight was present 

during the third bleeding period but not evident at the fourth bleeding 

period. At this time (bleeding phase 4) it was also concurrent that 
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the triglyceride for the VLOL and HOL were higher while the LOL content 

was lower when compared to the other bleeding phases. It may be possible 

that during the fattening phase the small molecular weight protein may 

not be necessary in order to facilitate the activation of lipoprotein 

lipase or that a structural component my not be necessary in order to 

stabilize the HOL molecule, however this is only speculation. Because 

high density lipoproteins comprise a very high percentage of the total 

lipoproteins in cattle, and since the bovine HOL seems to be a homogeneous 

element, the apo-proteins visualized reveal slightly different profiles 

during the growth and developmental stage and the finishing stage of 

production. The apol ipoprotein profiles of the eluted HOL function 

showed a lower molecular weight component during the growing phase of 

the two sexes; however, during the finishing stage of growth the lower 

molecular weight particle was absent. 

Even though the apo-protein of bovine HOL is less complex than 

that of its human counterpart, bovine apo-AI seems to display micro 

homogeneity. In addition, the bovine apo HOL lower molecular weight 

component on the electrophoretic gel could bear a relationship to apo

All in humans, since bovine apo-AI appears to resemble its human 

counterpart. However, based on the molecular weight contrast to apo

All at 17,000 in relation to the bovine lower molecular component of 

11,000 - 13,000 the analogy seems questionable. It would seem more 

reasonable to assume that this lower molecular weight component may 

represent apo protein C (8,200-9,600). 

In the LOl, the pooling of individual animals samples at different 

bleeding times was necessary in order to provide ample amounts of LOL 
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protein for SOS-PAGE. The LDL contained the most protein which was unable 

to enter the acrylamide gel gradient. The gel separation shows that a 

apo-B component was part of the LDL mOiety with a weight of about 250,000. 

A lower molecular weight protein was also found during the pooling at 

the 1st and 2nd bleeding. A band located at about 31,000-34,000 was 

located in relation to the high molecular weight standard used in this 

gel. This may symbolize the apo-E apoprotein in the LDL; however, during 

the following pooling of samples (bleeding phase 3 & 4) the apo-E band 

was not present in the SOS-PAGE gel. As a result, the changes in the 

lipid components at this time for the individual lipoprotein fractions 

may be dependent on the kind of apo-protein in the molecule. Since the 

elution profiles between LDL and HDL were within proximity of each other, 

a clear distinct separation between LDL and HDL was not possible in 

this study. The apo-E presence in the LDL could be from a mixing of 

HDL and LDL. In humans LOL is not known to have apo-E, whereas HDL does. 

The role of apo-E (LDL) receptor binding may be very important 

for mediating the interaction between certain 1 ipoproteins. It has 

been shown that the apo-B, E receptor interacts not only with LDL 

containing apo-B, but also with HDL containing apo-E (Lippel, 1983). 

Furthermore, it has been shown that LDL and HDL- with apo-E containing 

lipoproteins have similar roles in regulating intracellular cholesterol 

metabolism in humans. 

The work conducted by an in vitro technique in which the adipose 

tissue from animals was removed periodically during growth and 

deve 1 opmenta 1 stages and incubated with saturat ion concentrat ions of 

substrates, provided a good measure of mediating lactate as a fatty 
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ac i d precursor. I n general, 1 i pogen i c act i vi ty for subcutaneous and 

intramuscular adipose tissue was dominated by the males. Even though 

research has shown that acetate is the principle substrate for lipogenesis 

in the ruminant, lactate is also a physiologically important precursor. 

Further evaluation also included the fact that the incorporation 

of lactate for fatty acid, synthesis in subcutaneous tissue increased 

during all stages of growth and development. Similar results were 

reported (Whitehurst, Beitz, Cianzio and Topel, 1981); however, the 

animals were initially younger than those utilized in the present study. 

In addition to sex and age dependencies, lipogenesis is adaptable with 

anatomical location. Rates of lipogenesis in subcutaneous adipose tissue 

of beef is about 2.5 more active than that of perirenal tissue (Allen 

et al., 1976). Intramuscular adipose tissue possessed lower lipogenic 

capacity than subcutaneous tissue. Although many body organs and tissues 

possess the ability to synthesize fatty acids in the ruminant, adipose 

tissue is the principal synthesis site (Allen et al., 1976). The research 

effort in determining the relative contribution of lactate to adipose 

tissue mass may seem questionable. However, Smith and Crouse (1983) 

proclaimed that when acetate and glucose are present in the incubation 

media with lactate, the proportions of acetyl units to lipogenesis in 

intramuscular and subcutaneous adipose tissue by lactate is from 15-30%. 

In our data the concentration of lactate (150uM) the only labeled 

single exogenous substrate rather than combinations of labeled substrates 

(glucose, acetate, pyruvate) preclude some limits to the physiological 

significance of the data. The glucose at physiological concentrations 

could demonstrate that under these conditions lactate and glucose may 
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provi de substant i a 1 acetyl uni ts for i ntramuscul ar and sUbcutaneous 

adipose tissue development and the remainder coming from acetate. The 

potential of meat animals to gain weight by adding adipose tissue rather 

than muscle is very evident. Water (1909) reported that cattle fed for 

Stock Shows increased their adipocyte number and size. During the growth 

of meat animals, the protein accretion will eventually plateau and fat 

deposition will exceed lean tissue deposition (Bergen, 1974). 

The increase in adipose tissue was achieved by either adipocyte 

hyperplasia or hypertrophy. At what time a primitive adipose cell 

(preadipocyte) loses its capacity to divide and begins to accumulate 

lipid droplets is not understood. Based on adipocyte diameter, 

intermuscular fat develops earlier than either intramuscular or 

subcutaneous fat cells. However, once a muscle begins to accumulate 

fat, both size and number of fat cells may increase. 

Hood and Allen (1976) found no evidence of adipocyte hyperplasia 

in the bovi ne sUbcutaneous depot after ei ght months of age. In the 

intramuscular fat depot, hyperplasia continued much longer; many small 

adipocytes were found in animals 14 months of age. Moody and Cassens 

(1968) studied the relationship between fat cell size and found fat 

cell size increased as marbling score and number of fat cells per fat 

cell ass increased. In this concept, the relationship of how adipocyte 

number and size reflect an increase in adipose tissue mass, is highly 

dependent on the enzyme activity. 

In considering muscling differences between the sex groups the 

rna 1 e group tended to refl ect the greatest vari at ion in muscul arity. 

This reflection represents only the tissue mass and considers fat in 
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the tissue as part of the component. Thus, when cattle of diverse mature 

size (large vs small) are compared at similar slaughter weights, larger 

genotype tend to be younger because of their slower maturing rates and 

leaner because of their tendency to fatten at relatively heavy weights 

(Koch, Dikeman, Allen, May, Crouse and Campion, 1976; Koch, Dikeman and 

Crouse, 1952; Koch, Dikeman and Crouse, 1982). Conversely, when other 

comparisons are made at comparable levels of fatness the differences in 

carcass composition are reduced. The larger cattle tend to be older 

since they have slower maturing rates and are heavier due to their older 

ages (Stonaker et al., 1952; Koch et al., 1976, 1979, 1982; Butts et 

al., 1980). 

The compositional differences which are linked to genetic 

variation in carcass growth were limited in this study. Half sib 

relatives were used which reduced the genetic variance. Both sex groups 

produced more lean tissue weight in the chuck and larger bone weight in 

the shank and brisket than the other wholesale cuts. However, the 

compositional protein value were larger in the round. Sex influence on 

carcass fatness yielded important differences in yield of muscle which 

are attributable to inherent variation in sex. In this study, the male 

group had more soft tissue and lean mass than the female group but when 

calculated as a percent of cold side weight the females showed less 

vari at i on and possessed a greater percentage. Regardl ess of sex the 

round displayed a greater percent of lean tissue. In order to 

realistically compare muscle mass on a weight basis for growth and genetic 

differences, this should be done in a boneless, fat free basis. 
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In general, gel filtration provides a good and reliable method 

for the separation and identification of bovine lipoproteins. Within 

each lipoprotein fraction no real difference in the triglyceride or 

cholesterol level between groups was present at any bleeding interval 

and only a few important differences in protein content existed. Females 

displayed greater amounts of plasma HDL at most instances. At young 

ages both groups tended to have a smaller molecular weight component in 

the HDL and LDL but non existent at later times. The presence of this 

resul t can make us specul ate that thi s component may be a necessary 

molecule in the lipoproteins which makes it interact with fat metabolical 

enzymes during earlier stages of development. 

The lactate activity in the sUbcutaneous and intramuscular adipose 

tissue gave a worthwhile portrayal of the lipogenesis occurring at these 

tissues. The lactate activity was greater in the males in both 

sUbcutaneous and intramuscular fat tissues. Furthermore, the relative 

contribution of fat deposition for both sexes was always augmenting 

during all phases of growth and development. The data seem to suggest 

that in relationship of adipose tissue growth, the enzyme activity was 

more dependent on the maturity of the adipose cells and not the number. 

The compositional carcass data of males had greater lean muscle 

on a weight basis in relation to females. The variation in frame size 

depicted the difference but females contrasted the total difference by 

dimensional partitioning of carcass weight. 
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In the end, however, further work needs to be considered in 

order to observe different compositional affects on lipoprotein 

metabolism. Intracellular pathways of lipid metabolism still need to 

be examined more intensely in meat animals in order to further grasp 

those regulating factors in control of lipid hypertrophy and hyperplasia. 
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