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ABSTRACT 

Effects of dairy fat composition on LDL metabolism were measured in male 

guinea pigs fed 15% (w/w) fat diets, either butterfat (BF) or a synthetic butter-like fat 

mix (SBF). Dietary groups were: whole milk powder (WM), skim milk powder-SBF 

(SM/S), casein-SBF (CIS), and skim milk powder-BF (SM/B). A hypocholesterolemic 

effect was observed in guinea pigs fed the WM (plasma cholesterol, 1.5 mmollL) diet 

compared to all other diet groups (3.1 mmoIlL). Hepatic LDL receptor Bmax and Kd 

values were not different between WM and SM/B diet groups. Animals fed the WM or 

SM/B diets had higher HMG-CoA reductase activities than animals fed the SM/S or CIS 

diets. The results demonstrate that butterfat intake results in a hypercholesterolemic 

response of plasma and liver; however, the predicted hypercholesterolemic effect of 

milkfat was not observed with the WM diet compared to the SBF and BF fats. These 

data suggest that some factor(s) in milk, other than the milkfat itself, negates the 

hypercholesterolemic effect of dairy fat. Additional experiments evaluated the effects of 

diet supplemented with whole milk and partially reconstituted milk fractions in guinea 

pigs fed diets containing 15 % (w/w) butter-palm oil (1: 1) fat, with or without liquid milk 

products. Dietary groups were: water (WE), non-processed whole milk (NPWM)' re

constituted whole milk (RCWM), buttermilk-enriched skim milk (BMSM), butter serum

enriched skim milk (BSSM), and butteroil-skim milk (BOSM). Plasma total cholesterol 

(3.0 ± 1.4 versus 2.6 ± 0.1 mmol/L) and hepatic cholesterol (8.1 ± 0.6 versus 9.0 ± 

1.2 /Lmollg) were not different between WE and milk product treated diets. LDL peak 
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densities and calculated diameters, and hepatic LDL receptor Brnax and Kd were not 

different among diets. In summary, potential plasma cholesterol lowering factor(s) 

associated with whole milk may exist in buttermilk or butter serum but cannot be 

identified; however, a diet supplemented with liquid milk products providing up to 46% 

of the daily energy intake, with higher total fat (l.4-fold) and dietary cholesterol (2.3-

fold) did not increase plasma cholesterol and triacylglycerol levels or alter LDL 

metabolism in the guinea pig. 
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CHAPTER 1 

INTRODUCTION 

Study Background 

Coronary heart disease (CHD) is the leading cause of death in the United States 

and western industrialized countries (Kannel et al. 1986). The major cause of CHD is 

atherosclerosis, the accumulation of fatty deposits in artery walls. These growing 

atherosclerotic plaques eventually trigger the formation of clots that block the blood flow 

in the coronary arteries resulting in a myocardial infarction or heart attack. 

The causes of atherosclerosis and CHD are not fully identified. Some of the risk 

factors associated with the development of premature CHD are gender, genetic 

predisposition, old age, high blood pressure, obesity, diabetes, smoking, high levels of 

low density lipoprotein (LDL) cholesterol, and low levels of high density lipoprotein 

(HDL) cholesterol (Kannel et al. 1986). 

Many studies have demonstrated that diets rich in cholesterol and saturated fats 

contribute to an elevation of lipid levels in the blood and to the progression of 

atherosclerosis. It is well recognized that an elevated serum total cholesterol is a risk 

factor for CHD incidence (Stamler et al. 1986). Also, many clinical trials have 

demonstrated that as the percentage of saturated fatty acids (SPA) increases in dietary fat, 

serum cholesterol levels increase accordingly. Saturated fat in the diet is considered to 

be one nutritional factor involved in increasing serum total cholesterol levels and the 

incidence of hypercholesterolemia in the population (Grundy and Denke 1990). Both fat 
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type and amount are known to be major determinants of plasma lipid levels (Grundy and 

Denke 1990, McNamara 1992). Equations have been developed by Keys et al. (1965) 

and Hegsted et al. (1965) to predict the average effect of dietary changes in the type and 

amount of fat and cholesterol on serum total cholesterol levels. Both equations predict 

that the major determinants of serum cholesterol levels are the percent of calories from 

saturated fat, followed by percent of calories from polyunsaturated fat, with a small but 

significant contribution from dietary cholesterol. Monounsaturated fats were considered 

to have a neutral effect on plasma cholesterol levels. 

Dairy products are often considered a high fat product due to the presence of 

butterfat (BF) which is considered to be a "saturated" fat since it contains about 69% 

SFA of which 11 % is myristic acid (C14:0) and 27% is palmitic acid (C16:0) (Iverson 

and Sheppard 1986). Previous studies have shown that C14:0 and C16:0 are dietary SFA 

which significantly increase plasma cholesterol concentrations. Hegsted et al. (1965) 

proposed multiple regression equations, involving only dietary C14:0, C16:0, 

polyunsaturated fatty acids (PUFA), and dietary cholesterol, which could explain 91 % 

of the total variance in serum cholesterol levels in response to changes in dietary fat and 

cholesterol. These authors concluded that dietary intake of C14:0, and to a lesser extent 

C16:0 and dietary cholesterol, had the most significant blood cholesterol-raising effects 

while dietary intake of PUF A had the opposite effect. Whether or not a specific dietary 

fat has plasma total cholesterol-raising potential was thought to be predicted based on its 

fatty acid composition. Therefore, the high content of SFA in milkfat, especially C14:0 

and C16:0, milkfat would be expected to be hypercholesterolemic. However, some 
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studies of dairy products suggest that dairy fat, while contributing saturated fat in the 

diet, either decreased or had no effect on serum lipid levels in humans and animals 

(Antila et al. 1980, Howard and Marks 1977, Kritchevsky et al. 1979, Marlett et al. 

1981, McNamara et al. 1989, Rossouw et al. 1981, Thakur and Jha 1981). While many 

animal experiments were performed to study the hypocholesterolemic effect of milk 

products, the presence of a "hypocholesterolemic factor " in milk which negates the 

predicted raise in plasma total cholesterol has not been adequately investigated. In some 

studies related to dairy products, lipid levels were directly compared to a base diet and 

a test diet in which dairy products were added back to the base diet. For example, 

supplementation of whole milk or skim milk as part of the test diet often failed to account 

for corresponding changes in the caloric density and additional source of dietary fat 

intake. The variations in lipid levels could have resulted from changes in the type and 

amount of dietary fat, protein, carbohydrate and fiber intake. 

To date the hypocholesterolemic factors of milk have not been identified and the 

apparently unique effects of milkfat obtained from whole milk versus the effects of butter 

have also not been well defined (reviewed by Berner 1993). The question of whether 

dairy fat can in fact be hypocholesterolemic, or simply does not have the predicted 

hypercholesterolemic effect based on its fatty acid composition, remains uncertain. 

In order to test the hypothesis of whether whole milk dairy fat (mainly butterfat) 

is hypercholesterolemic, as would be predicted from its fatty acid composition, versus 

not having the predicted hypercholesterolemic effect due to the presence of plasma 

cholesterol lowering factor(s) in milk, two sets of experiments were performed. The 
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effects of milkfat fatty acid composition, and whole milk or partially reconstituted milk 

supplementation, on plasma and hepatic sterol and lipoprotein metabolism in guinea pigs 

were studied. Experiments were designed to test whether dairy fat is as 

hypercholesterolemic as would be predicted from its fatty acid composition, and to 

further investigate and locate the possible plasma cholesterol lowering factor(s) which 

negate the predicted hypercholesterolemic effect of butterfat in the milk. 

The results from these two experiments demonstrate that butteroil has a 

hypercholesterolemic effect in the guinea pig, as predicted from its high content of SFA. 

Data suggest that it is likely that factors associated with a whole milk powder-based diet 

block the predicted plasma cholesterol raising effect of butteroil; however, the existence 

of such factors could not be identified in the milk supplementation study in guinea pigs. 

Nevertheless, the data suggest that supplementation of diet with milk products neither 

increases nor decreases the plasma cholesterol profile, and that milk supplementation 

does not alter LDL composition, density and metabolism in the guinea pig. 

Specific Aims 

Specific Aim #1 

The primary purpose of the first experiment was to examine the influence of 

milkfat fatty acids on plasma lipoprotein levels and hepatic cholesterol metabolism. In 

this study, guinea pigs were fed diets containing 15% dairy fat, a butterfat (BF), or a 

synthetic butterfat-like (SBF) mix, added to a skim milk powder-based or casein-based 

semi-purified diet. 
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Experiments were perfonned to test the hypothesis that intake of a whole milk 

powder-based diet compared to intake of a skim milk powder-based diet with either BF 

or SBF would have the same cholesterolemic effect on plasma and hepatic cholesterol 

levels. 

The specific aims were to: 

a) test whether a fat mixture with a fatty acid composition 

similar to BF had the same cholesterolemic effect as BF in 

guinea pigs; 

b) detennine whether LDL composition and hepatic LDL

receptor parameters were altered differently by milkfat, BF 

or SBF; 

c) examine whether intake of dairy products has specific 

cholesterolemic effects due to unique responses of hepatic 

lipoprotein receptors and sterol metabolism; 

d) detennine whether dairy products contains factors which 

negate the predicted hypercholesterolemic effect of milkfat. 

Specific Aim #2 

The primary purpose of the second set of experiments was to examine the 

influence of a diet supplemented with liquid whole milk and its partially reconstituted 

milk fractions on plasma LDL composition and hepatic cholesterol metabolism in the 
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guinea pig. In this study, guinea pigs were fed a basal diet containing 15% fat, 

butteroil:palm oil (1: lIw:w), with or without various liquid milk products. 

Based on the results of experiment I, it was concluded that diets containing 15 % 

BF or SBF were hypercholesterolemic as predicted from the fatty acid composition; 

however, the plasma cholesterol lowering effect of a whole milk powder-based diet 

remained unexplained. Based on these observations, a second hypothesis was developed 

that there is some factor associated with whole milk milkfat which negates the 

hypercholesterolemic effect of the milkfat as predicted from its fatty acid composition. 

Therefore, by feeding guinea pigs skim milk supplemented with different fractions of 

milkcream, the second hypothesis was tested. In addition, the data were analyzed to 

locate possible plasma cholesterol lowering factors in milk and to test for possible plasma 

cholesterol lowering mechanisms. 

The specific aims were to: 

a) test whether a diet supplemented with whole milk or its 

partially re-constituted products had a hypercholesterolemic 

effect on plasma and LDL cholesterol levels in guinea pigs; 

b) determine whether the plasma lipid profile, LDL 

composition, and hepatic LDL receptor-mediated binding 

were altered differently by various liquid milk product 

supplementation; 

c) examine if a plasma cholesterol lowering effect is existed, 

to further study the cholesterol lowering mechanism, and 



to locate the possible factor(s) in subfractions of milk 

responsible for offsetting the hypercholesterolemic effect of 

BF in the milk. 

Guinea Pigs as an Animal Model 

24 

Using human subjects to study plasma cholesterol lowering factors in milk is a 

difficult challenge for researchers due to the limited ability to manipulate and manage 

subjects as compared to laboratory animals. In order to better control the experimental 

design, laboratory animals provide an alternative approach for researchers. There are 

numerous factors affecting lipoprotein metabolism and atherogenesis, and selection of the 

best animal model to mimic features in humans for the study of dietary regulation of 

plasma lipoproteins or atherosclerosis is difficult. Species such as rabbits, hamsters, 

mice, rats, guinea pigs and non-human primates have been used as models for the study 

of the regulation of plasma lipoproteins and atherosclerosis. There is no single species 

which can be considered the best model for all aspects of lipid metabolism and thus 

selection depends on the specific objective to be achieved in any study. 

The guinea pig, Cavia pocellus, is a mammal belonging to a family of burrowing 

rodents native to the western hemisphere. They were originally found to be very useful 

in immunology and genetic research (Weir 1974). The blood and plasma volumes of 

guinea pigs average 6.96 and 3.88 ml per 100 g of body weight respectively (Sisk 1976). 

Guinea pigs on a commercial low cholesterol diet have LDL-cholesterol levels about 30 

to 80 mg/dL (0.8 to 2.1 mmollL) , with little HDL, about 5 - 10 mg/dL (0.1 - 0.3 
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mmoIlL). When guinea pigs are fed cholesterol, LDL is the major lipoprotein (70 -

80%) which responds to the dietary cholesterol challenge. It has been reported that 

extremely high non-physiological levels of dietary cholesterol induce hemolytic anemia 

in guinea pigs which lead to death before atherogenic plaques form (Yamanaka and 

Ostwald 1968) making them not a suitable model for studies of atherosclerotic plaque 

formation induced by dietary cholesterol. 

In the present studies, the guinea pig was used as the experimental animal model 

for the following reasons; (1) the plasma lipoprotein profile (LDL is the major plasma 

lipoprotein), (2) the rate of sterol synthesis in the liver, (3) the hepatic cholesterol pool 

distribution (free/esterified cholesterol ratio is greater than 1.0), (4) the plasma 

cholesteryl ester transfer protein activity, and (5) the response pattern of lipoprotein 

metabolism to dietary fat treatment are similar to those of humans (McNamara 1992, Lin 

et al. 1994). These similarities to human lipid and lipoprotein metabolism make the 

guinea pig an especially interesting animal model for studies of milk and milkfat effects 

on LDL metabolism. Also, based on preliminary data (not shown), it was found that 

guinea pigs treated with liquid whole milk instead of water for up to three weeks had a 

normal body weight gain and remained healthy. It is particularly important that in guinea 

pigs the majority of plasma cholesterol is carried as LDL, since this study was designed 

to study the effects of dairy fat and milk product supplementation on plasma LDL and 

hepatic sterol metabolism. 
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CHAPTER 2 

LITERATURE REVIEW 

The literature review presented in this chapter consists of three parts. Part 1 

provides brief background infonnation on cholesterol, lipoprotein subclasses, 

apolipoprotein functions and relationships with coronary heart disease (CHD) risk; Part 

2 discusses the relationship of plasma and lipoprotein cholesterol levels with dietary 

cholesterol, dietary fats and some individual fatty acids; and Part 3 reviews the effects 

of dairy products and milkfat, its fatty acid composition, on CHD risk, and the possible 

cholesterol lowering factors in the milk. 

Part 1: 

Cholesterol 

Cholesterol, Lipoproteins, Apolipoproteins, and Coronary Heart 
Disease (CHD). 

Cholesterol (C27H4SOH) is a water insoluble lipid consisting of a steroid-ring 

nucleus. The cholesterol molecule has a polar head group due to the hydroxyl group at 

position 3; and the rest of the molecule is hydrophobic. Because the four rings are rigid, 

the presence of cholesterol reduces the fluidity of membranes (Grundy 1990). 

Cholesterol and its esters with long chain fatty acids have several vital functions in the 

body. Cholesterol is an important component of cell membranes and is the precursor of 

bile acids which are synthesized in the liver and required for the absorption of fat and 

fat soluble nutrients from the intestine. In addition, cholesterol is the precursor of the 

adrenal steroids (hydrocortisone and aldosterone) and the sex hormones (estrogens and 
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androgens). Thus, cholesterol is an essential material for a variety of biological 

processes and synthesis of important compounds. 

Cholesterol enters the intestine as either endogenous biliary cholesterol or 

exogenous dietary cholesterol. Because plants do not produce cholesterol, dietary 

cholesterol can only come from animal sources. Although cholesterol is produced in the 

liver and extra-hepatic tissues, it can only be degraded and excreted by the liver. In the 

liver, cholesterol is catabolized into primary bile acids, cholic acid and chenodeoxycholic 

acid, and then secreted into the intestine (Grundy 1990). For extra-hepatic tissues 

cholesterol must be deliver via the bloodstream to the liver as reverse transport (Glomset 

1968). 

Lipoproteins 

Lipids such as triacylglycerols (TAG) and cholesterol are water insoluble 

materials which must be packaged in lipoproteins to be transported in plasma. In 

addition to lipoproteins, small amounts of mono- and di-acylglycerols, bile acids, and 

other sterols are also present in the plasma. Lipoproteins are complex macromolecules 

composed primarily of lipids and proteins which direct lipid transport and metabolism. 

The general structure of lipoproteins consists of a spherical arrangement of a hydrophobic 

lipid core composed of non-polar TAG and esterified cholesterol, and a hydrophilic 

surface formed by more polar phospholipids, free cholesterol, and one or more proteins, 

referred to as apolipoproteins (reviewed by Mabley et al. 1984, McNamara 1992). The 

exception to this general structure is nascent HDL, which initially lacks the central lipid 
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core and appears to exist as a disc-like bilayer consisting mainly of phospholipids and 

apolipoproteins. The apolipoproteins on the surface of lipoprotein particles function as 

ligands for cell receptors and cofactors for enzymes involved in lipoprotein metabolism. 

Plasma lipoprotein and apolipoprotein functions have been reviewed by Mahley et al. 

(1984), Atkinson and Small (1986), and Grundy (1990). 

The plasma lipoproteins can be classified according to their physical and chemical 

properties such as electrophoretic mobility or hydrated density. Since lipids are less 

dense than water, the ratio of lipid to protein determines the hydrated density of the 

lipoprotein particles. The density of lipoproteins decreases as the protein content 

decreases, the lipid content increases and the particles become larger. There are five 

major classes of lipoproteins named according to their hydrated densities: chylomicrons 

(CM, d < 0.95 kg/L); very low density lipoproteins (VLDL, d = 0.95 to 1.006 kg/L); 

intermediate density lipoproteins (IDL, d = 1.006 to 1.019 kg/L); low density 

lipoproteins (LDL, d = 1.019 to 1.063 kg/L); and high density lipoproteins (HDL, d = 

1.63 to 1.21 kg/L). HDL can be further divided to two subclasses: HD~ (d = 1.63-

1.125 kg/L) and HD~ (d = 1.125-1.210 kg/L). In guinea pigs, LDL particles distribute 

at a density range of 1.019-1.090. In humans, another type of LDL-like lipoprotein 

called lipoprotein(a) [Lp(a)] has been characterized (Scanu et al. 1991). The individual 

lipoprotein classes may be distinguished based on their electrophoretic mobility: the 

TAG-rich CM remain at the origin; VLDL migrate into the pre-beta zone; IDL migrate 

into the slow pre-beta zone; LDL, cholesterol rich particles, migrate into the beta zone; 
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and HDL with the greatest mobility migrate into the alpha zone (Havel et al. 1980, 

Mahley and Innerarity 1983). 

Apolipoproteins 

Apolipoproteins (apo) are the protein moiety of the lipoprotein particle. 

Apolipoproteins function as 1) regulators of the transport and redistribution of lipids 

among various cells and tissues, 2) cofactors for enzymes involved in lipoprotein 

metabolism, and 3) structural components of the lipoproteins which maintain the 

solubility of lipoprotein lipids in the aqueous environment of the plasma. Analysis of the 

secondary structure of apolipoproteins indicates that they contain extensive regions of 

amphipathic helices containing non-polar and polar surfaces. The non-polar surface of 

the helix is presumed to interact with non-polar lipid materials such as esterified 

cholesterol and TAG; and the polar surfaces interact with the polar head of phospholipids 

or free cholesterol. There are four major groups of apolipoproteins; apoA (A-I, A-II and 

A-III), apoB (B-48 and B-lOO), apoC (C-I, C-II and C-III) and apoE (isoforms E-2, E-3 

and E-4). The apoA's are synthesized by the liver and intestine and are found on CM 

and HDL. ApoA-I is the most abundant protein of HDL. ApoB-48, produced by the 

intestine, is present on CM and CM remnants, whereas apoB-100, synthesized by the 

liver, is present on VLDL, IDL, LDL and Lp(a). The apoC's are synthesized in most 

tissues and the liver, and carried on CM, VLDL, IDL and HDL. The apoE's have three 

genetically determined isoforms (E-2, E-3 and E-4); and are present on CM, VLDL, IDL 

and HDL. These isoforms of apoE depend on the expression of alleles of the apoE gene 
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locus. Excellent reviews for detailed discussions of the synthesis and functions of 

apolipoprotein and lipoproteins have been written by Grundy (1990), Kreuzer and Von 

Hodenberg (1994) and Mahley et al. (1984). 

Chylomicrons 

Chylomicrons, the largest lipoprotein (> 100 nm diameter), are formed by 

intestinal mucosal cells following ingestion of TAG of long chain fatty acids. They are 

normally present in plasma after a meal and absent in the fasting state. The major CM 

function is to transport exogenous fatty acids and cholesterol from the absorption site in 

the intestinal epithelium to peripheral tissues and the liver. CM contain mainly 

exogenous TAG with small amounts of phospholipids, esterified cholesterol, free 

cholesterol, and various apolipoproteins. Due to the high content of TAG (up to 90% 

wt), CM are less dense than plasma. Nascent CM produced by the small intestine 

contain apoB-48 of intestinal origin and apoA's (apoA-I, apoA-II and apoA-IV). 

Following transport from the lymphatics into the circulation, CM acquire apoC's and 

apoE from HDL. The TAG of the CM are hydrolyzed and removed from the plasma by 

the action of lipoprotein lipase (LPL). 

LPL is a glycoprotein synthesized in most extrahepatic tissues and bound to 

heparin sulfate on the capillary endothelial cell surface (Saxena et al. 1990). The mature 

protein exists both as a 48,300 dalton monomer and a 96,600 dalton noncovalently 

associated homodimer (Osborne et al. 1985). LPL is a member of a family of 

structurally and functionally related enzymes that include pancreatic lipase and hepatic 
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lipase. The lipolytic action of LPL is activated by its cofactor apoC-II on the CM. 

Hydrolysis of the TAG core releases free fatty acids to extrahepatic tissue for use as an 

energy source or to store in the form of TAG. Due to the loss of TAG from the CM, 

smaller particles termed as CM remnants (40-100 nm diameter) are formed. During the 

process, some CM constituents (apoA-I, apoA-II, and apoC's, and phospholipids) are 

transferred to the HDL particles (HD~ and HD~), while some HDL constituents (apoE 

and esterified cholesterol) are transferred to CM. The CM remnants, much richer in 

cholesterol and containing apoB-48 and apoE are rapidly removed from the circulation 

via receptor mediated uptake by the LDL receptor-related protein of the liver (Beisiegel 

et al. 1991). Lipoprotein receptor-related protein is a large cell-surface glycoprotein 

(Herz et al. 1988) that is identical to the alpha2-macroglobulin receptor (Strickland et al. 

1990). This receptor binds a number of structurally unrelated ligands, including 

activated alpha2-macroglobulin (Moestrup and Gliemann 1989), apoE (Beisiegel et al. 

1989), apoE-enriched beta-VLDL (Kowal et al. 1989) and tissue-type plasminogen 

activator (Bu et al. 1992). 

Very Low Density Lipoproteins 

VLDL are 30-90 nm diameter particles produced mainly in the liver and 

distinguished from the CM by the molecular weight of the apoB they contain. The 

endogenous TAG-rich VLDL contain apoC's (C-I, C-II, and C-III), apoE, and apoB-100 

(which has approximately double the molecular weight of the apoB-48 of CM produced 

in the intestine). VLDL are transporters of endogenous TAG produced from 
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carbohydrate and of hepatic cholesterol for redistribution to various tissues. In the 

plasma nascent VLDL can receive additional esterified cholesterol from HDL by the 

action of plasma cholesteryl ester transfer protein (CETP, reviewed by Tall 1993), which 

also transfers esterified cholesterol to LDL. VLDL, like CM, are removed from plasma 

by way of tissue LPL hydrolysis. After removal of TAG, the apoC's and apoE 

molecules are transferred from the VLDL surface to HD~, generating a series of 

smaller, cholesterol-enriched lipoproteins. The VLDL-derived cholesterol-enriched 

particles generated are either IDL or LDL depending on the degree of TAG hydrolysis. 

The IDL particles can be recognized and cleared from the plasma by the liver, possibly 

through apoE exposed on the particle surface following the removal of TAG. Further 

lipolysis and remodeling result in a smaller remnant particle containing the remaining 

cholesteryl ester and some phospholipid, very little TAG, and one apoB-100, the LDL 

particle. Normally 30 to 40% of all VLDL are converted to LDL. 

The activity of LPL plays an important role in the metabolism of VLDL and its 

derived lipoprotein (IDL and LDL) particles. It has been suggested that LPL, in addition 

to its function to hydrolyze TAG, enhances the binding of apoE-rich lipoproteins to LDL 

receptor-related proteins (Beisiegel et al. 1991). Other reports suggested that LPL 

promotes binding of apoB-lOO-rich lipoproteins, including LDL and lipoprotein(a), to cell 

surface proteoglycans, thereby increasing cellular degradation of those lipoproteins 

through an LDL receptor-independent pathway (Williams et al. 1992, Rumsey et al. 

1992). 
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Low Density Lipoproteins 

LDL (20 - 27 nm diameter), as the end product of VLDL catabolism, contain 

about 50% (free and esterified) cholesterol. In human, the average levels of plasma 

cholesterol range between 170 and 230 mg/dl (4.40 and 5.95 mmollL) and about 2/3 of 

the total plasma cholesterol is transported as LDL. Because LDL particles are the major 

plasma cholesterol carriers, they are believed to promote atherosclerotic lesion formation 

in humans. In the lipolytic processing of VLDL via LPL, some of the protein 

constituents (apoE and apoC's) are transferred to HDL, while apoB-lOO remains with the 

particle. The LDL particles are taken up by peripheral tissues and the liver by a specific 

cell surface lipoprotein receptor termed the apoB/E receptor. Approximately 75% of 

plasma LDL is cleared by the liver, with the remaining 25 % by extrahepatic tissues 

(Bilheimer et al. 1984). Uptake of LDL by the liver or extrahepatic tissues can occur 

by both receptor and non-receptor-mediated pathways. Apparently, two-thirds to three

fourths of the circulating LDL is cleared through receptor-mediated pathways (Grundy 

1990). 

High Density Lipoproteins 

High density lipoproteins are a heterogeneous class composed of small (8-12 nm 

diameter) and dense (d > 1.063 kg/L) lipoproteins with various protein and cholesterol 

contents. Both liver and small intestine synthesize nascent HDL, which are disc-shaped 

lipid bilayer particles. The major proteins of HDL are apoA-I, apoA-II, apoC's and 

apoE. Nascent HDL may also be generated from surface constituents of TAG-rich 
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lipoproteins during lipolysis (Tall and Small 1978). The HDL particles are about half 

protein and half lipid with phospholipids as the predominant lipid component. In many 

animal species, such as the rat, HDL is the major lipoprotein transporting cholesterol in 

plasma. HDL consists of subfractions (HD~ and HDL:J) among which the protein and 

cholesterol content can vary. The major function of HDL is believed to be "reverse 

cholesterol transport", a postulated pathway whereby HDL acquires excess cholesterol 

from peripheral tissues and transports it directly or indirectly to the liver for further 

metabolism (Mabley 1982). Free cholesterol, the major form of cholesterol removed 

from the cell, is transferred and esterified by the enzyme lecithin-cholesterol

acyltransferase (LCAT) (Fielding et al. 1972). LCAT catalyzes the transfer of a fatty 

acid from the beta-position of lecithin to the 3-beta-hydroxy position of free cholesterol 

taken up from peripheral cell membranes or apoB containing lipoproteins. The 

hydrophobic esterified cholesterol formed by this reaction is then transferred into the 

HDL lipid core. This reaction converts discoidal HDL particles into small HDL:J 

particles and further to HD~. Some of the HD~ may acquire apoE from tissues which 

synthesize apoE, and become an HD~-apoE particle. Such a particle may increase in 

size through further action of LCAT to produce a large HDL particle called HDLe or 

HDLI . HDLe particles approach the size of LDL and are found mainly with cholesterol 

feeding of experimental animals (Mabley and Innerarity 1983) or CETP deficiency 

subjects (Kobayashi et aI, 1988). The HD~ subfraction has been suggested to be the 

most important fraction related to the CHD risk (Kris-Etherton et al. 1988). In normal 

plasma the ratio ofHD~ to HDL:J is 1:2 to 1:3 (Grundy 1990). In humans the majority 
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of esterified cholesterol in HDL is transferred by CETP to apoB-containing lipoprotein 

in exchange for phospholipids and TAG from apoB-containing lipoproteins. As a 

consequence the HD~ core becomes enriched in TAG and partiaIIy depleted of 

cholesterol ester. The cholesterol ester transferred from HDL to VLDL and LDL returns 

to the liver by the uptake of the apoB containing lipoproteins. ApoE-containing HDL 

particles are rapidly taken up by the liver, through either the apoB/E receptor or the LDL 

receptor-related protein of the liver. Also, HDL serves as an apolipoprotein reservoir 

which picks up apolipoproteins from other lipoproteins during lipolytic processing. 

Lipoprotein(a) 

Lipoprotein(a) [Lp(a)] was discovered in the early 1960's. Because of its 

atherogenicity there is currently great interest in Lp(a) research (Scanu and Pless 1990, 

Utermann 1989). Lp(a) consists of LDL-like particles including apoB-100, and an 

additional apolipoprotein, apo(a), which is covalently linked to apoB-lOO by a disulfide 

bond. Unlike LDL, Lp(a) is not a metabolic product of TAG-enriched precursors. The 

plasma Lp(a) concentration is not determined by its rate of clearance, but by its rate of 

synthesis (Krempler et al. 1980). The liver seems to be the predominant site of Lp(a) 

synthesis (Kraft et al. 1989). Apo(a) is a glycoprotein with approximately 28% of its 

molecular weight contributed by 0- and N-linked sugars rich in sialic acid. The 

molecular weight of apo(a) varies from 350 to 900 kd due to the presence of isoforms 

(Gaubatz et al. 1990). Apo(a) also exists in several isoforms which are determined by 

at least 24 aIIeles (Kamboh et al. 1991). Cloning of the apo(a) cDNA revealed striking 
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homology of its structure with plasminogen. In addition to the kringle-5 and the protease 

domains of plasminogen, from 17 to 34 kringle 4 domains are also present in apo(a) 

(McLean et al. 1987). The physiological function of apo(a) and Lp(a), and how they 

contribute to heart disease, is not fully known. It is known that Lp(a), when present in 

high concentrations in the plasma, raises the risk of CHD. It has been suggested that its 

relation with atherosclerosis and heart attacks may be the side effects of the particle's 

involvement in the repair of damaged blood vessels (Scanu et al. 1991). 

Plasma Lipoproteins and Coronary Heart Diseases 

A high plasma cholesterol level promotes the development of coronary 

atherosclerosis, and is considered a major risk factor for CHD. It is widely accepted that 

plasma total-cholesterol, LDL-cholesterol, and apoB levels are positively correlated with 

CHD risk (McNamara 1992). Recently it has been documented that lowering elevated 

plasma and LDL cholesterol levels to a desired range can actually delay or prevent 

atherosclerotic plaque formation, and possibly regress existing atherosclerosis (Yamamoto 

1991). The National Cholesterol Education Program (The Expert Panel 1988) defines 

the risk for CHD as low if plasma total- and LDL-cholesterollevels are less than 200 and 

130 mgl dL (5.16 and 3.36 mmollL), respectively; as borderline-high risk if between 200-

239 and 130-159 mg/dL (5.17-6.18 and 3.36-4.11 mmollL) , respectively; and as high 

risk if greater than 240 and 160 mg/dL (6.20 and 4.13 mmoI/L), respectively. 

LDL, the major cholesterol carrier, is considered to be the most atherogenic of 

all lipoproteins. A recent report has shown that men with premature CHD have smaller 
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LDL particles than a control group (Campos et al. 1992). It was reported that in 

combined hyperlipidemia patients, the LDL profile was skewed towards the dense 

subspecies, representing 47% of total LDL mass compared to 30% LDL mass in 

normolipidemic. In addition, plasma LDL mass concentrations were twofold higher in 

combined hyperlipidemia patients as compared to normolipidemic subjects (Dejager et 

al. 1991). These authors found that dense LDL tend to have decreased resistance to 

copper-induced oxidative modification. Theoretically the small dense LDL particles can 

readily filter into the arterial wall and are more easily oxidized. Because these smaller 

particles circulate longer in the plasma, they may be more atherogenic than normal size 

LDL. Currently it is not clear whether small dense LDL is an independent risk factor 

for CHD or a result of the abnormality of atherogenic lipoprotein metabolism (Campos 

et al. 1992). 

Epidemiological data indicate that HDL-cholesterollevels are inversely related to 

CHD risk (Gordon et al. 1977, Miller and Miller 1975). If the major function of HDL 

is, as is currently believed, to function in reverse cholesterol transport, high HDL level 

could accelerate removal of cholesterol from peripheral tissues and help prevent 

atherosclerotic plaque formation. However, it is not known whether reductions of HDL 

actually enhance development of atherosclerosis. It has been reported that in populations 

with high concentrations of both LDL and HDL, individuals with a low HDL 

concentration have a greater risk for CHD (Kukita et al. 1982). Currently, the optimal 

HDL concentration in the population is not established, it averages about 45 mg/dL in 
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man and 54 to 62 mg/dL in women. An HDL-cholesterollevelless than 35 mg/dL (0.91 

mmollL) has been defined as risk factor for CHD (Carleton et al. 1991). 

Results of the Framingham Heart Study indicate that VLDL-cholesterol is 

significantly correlated with risk of CHD in men and women; however, this relationship 

appears to be stronger in women than in men (Grundy 1990). Because of its relatively 

low levels in men, VLDL-cholesterol is not as good a predictor of CHD as total- or 

LDL-cholesterollevels (Grundy 1990). Other lipoproteins, such as CM remnants and 

Lp (a) , have been suggested to be atherogenic (Carleton et al. 1991). 

Since the different cholesterol fractions are significantly correlated to CHD risk, 

the ratio of LDL-cholesterol and HDL-cholesterol has been emphasized as the critical 

determinant of atherosclerotic risk (Abbott et al. 1988). Individuals with a lower ratio 

of LDL to HDL should theoretically have a lower risk for CHD. The ratio of the total-

to HDL-cholesterol is used in the public health arena as a predictor of CHD risk status. 

Part 2: The Effects of Dietary Factors on Plasma and 
Lipoprotein Cholesterol Levels: Dietary Cholesterol, 
Dietary Fats, and Specific Fatty Acids 

Dietary Cholesterol 

High intakes of dietary cholesterol lead to the development of 

hypercholesterolemi~ and atherosclerosis in many animal species; however, the extent of 

hypercholesterolemia induced by dietary cholesterol is variable depending on the animal 

species. In non-human primates, a moderately high intake of dietary cholesterol is 

required to raise plasma cholesterol levels and lead to the development of atherosclerosis 
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(Strong 1976). Rabbits are much more sensitive to dietary cholesterol and develop 

hypercholesterolemia and atherosclerosis, while rats and dogs show a markedly reduced 

sensitivity to dietary cholesterol (Grundy 1990). In species such as the rabbit, guinea 

pig, hamster, Cynomolgus monkey, and man, the liver accounts for 5-20% of whole 

body cholesterol synthesis· (Spady et al. 1993). When challenged with a high dose of 

dietary cholesterol, cholesterol synthesis in the liver is suppressed so that most of the 

endogenous cholesterol synthesis takes place in extrahepatic tissues. Since the rat has 

a higher cholesterol synthesis rate in the liver (50% of whole body synthesis), by 

suppressing hepatic synthesis it can more readily adapt to a higher intake of dietary 

cholesterol than can occur in the guinea pig and human. 

The major effect of dietary cholesterol in most animals is to raise LDL-cholesterol 

levels by increasing the size and cholesterol ester of LDL particles, and by increasing the 

number of LDL particles circulating in the plasma (Rudel et al. 1985). It has been 

reported that cholesterol-fed animals secrete cholesteryl ester enriched lipoproteins (Noel 

et al. 1979). Based on cell culture studies (Brown and Goldstein 1975) and animal 

experiments (Kovanen et al 1981), the mechanism for the dietary cholesterol-mediated 

increase in LDL-cholesterol levels is the suppressive effect of increased intracellular 

cholesterol on LDL receptor number; thus, the rate of uptake LDL by tissues is reduced 

and the mass of LDL circulating in the plasma is increased. Packard et al. (1983) 

suggested that cholesterol-fed animals had an increase in LDL production rates and a 

decrease in LDL fractional catabolic rates. The mechanisms for dietary cholesterol 
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induced increases in LDL levels are postulated to be similar in other animal species 

including humans. 

According to Keys et al. (1965) and Hegsted et al. (1965), changing dietary intake 

of cholesterol has little effect on plasma cholesterol concentrations compared to changing 

dietary fat saturation. The average American daily intake of cholesterol is 304 mg for 

women and 435 mg for men (Berner 1993b); however, not all dietary cholesterol enters 

the body. The absorption of cholesterol is largely dependent on the bile acid in the small 

intestine and in general, the absorption of dietary cholesterol is relatively low in most 

animal species, and the absorbed dietary cholesterol relative to endogenous cholesterol 

synthesis is small. In man the absorption of dietary cholesterol is around 60%, with a 

range from 20 to 80% in individuals, and endogenous cholesterol synthesis rates range 

between 11-13 mg/day per kg of body weight (McNamara 1987). Based on these data, 

a 70 kg male is estimated to have a total input of 1101 mg/day of cholesterol to the body, 

while a 55 kg female is estimated to have about 842 mg/day of cholesterol input, of 

which dietary cholesterol accounts for about 22 % (female) to 24% (male) of total daily 

input. Therefore dietary cholesterol, according to the current cholesterol consumption 

data, does not account for a major source for the input of whole body cholesterol. 

The relationship between blood and dietary cholesterol has been reviewed by 

McNamara (1990). Based on an analysis of 68 clinical studies comprising 1490 subjects, 

it was estimated that an increase of dietary cholesterol of 100 mg/day increases plasma 

cholesterol levels 2.3 mg/dL, independent of dietary fat quality or quantity or the 

baseline plasma cholesterol level. Thus, it is reasonable to assume that dietary 
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cholesterol, with the current average intake, plays a minor or limited role in affecting 

plasma cholesterol levels in humans. This does not imply that dietary cholesterol has no 

effect on plasma cholesterol, but that responses to other dietary factors, such as the 

amount of fat and specific fatty acids, are more important than dietary cholesterol in 

determining plasma cholesterol levels in humans. 

The effects of dietary fat and cholesterol on LDL metabolism have been studied 

in guinea pigs (Lin et al. 1992 and 1994). Animals were fed 15% (w/w) fat diets 

containing com oil, oliver oil, or lard with cholesterol levels corresponding to absorbed 

intakes of 6 (basal), 50 (0.08% cholesterol), 100 (0.17% cholesterol), or 200% (033% 

cholesterol) endogenous cholesterol synthesis (51 mg/day per kg body weight). Study 

results suggest that guinea pigs maintain stable plasma cholesterol levels until cholesterol 

intake equals or exceeds endogenous synthesis. In addition, it was found that a 

significant interaction between dietary fat type and cholesterol affects hepatic free and 

esterified cholesterol levels (Lin et al. 1994). 

Dietary Fats 

Dietary fat type and amount are assumed to be more important in determining 

CHD risk than dietary cholesterol (McNamara 1992), and numerous studies have focused 

on the mechanism by which different dietary fatty acids modify plasma LDL levels and 

metabolism. Early research demonstrates that dietary fat saturation is closely linked to 

changes in plasma cholesterol (Ahrens et al. 1957, Hegsted et al. 1965, Keys et al. 

1957). Equations (as listed below) were developed from metabolic ward studies to 
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quantify dietary fat effects on plasma cholesterol levels (Hegsted et al. 1965, Keys et al. 

1965). 

Equations for predicting effects of dietary fat and cholesterol on total serum 

cholesterol were developed by both (1) Keys et al. (1965) (equation #1) and (2) Hegsted 

et. al (1965) (equation #2). 

!J. Cholesterol (mg/d~ = 2.7!J.S-1.35!J.P+1.5AC1/2 mg/1000cal-day' .. (1) 

!J. Cholesterol (mg/d~ = 2.16!J.S-1.65!J.P+O.068!J.CmgfdBY' ......... (2) 

Where S = saturated fatty acids (SFA, % of total calories); P = polyunsaturated 

fatty acids (PUFA, % of total calories); C = dietary cholesterol. 

In both the Keys and Hegsted equations, SFA and PUFA, and to a less extent 

dietary cholesterol, were considered as major dietary factors affecting plasma cholesterol 

level. Dietary monounsaturated fatty acids (MUF A) and carbohydrates were considered 

to be 'neutral' factors. Later studies demonstrated that dietary MUFA has a 

hypocholesterolemic rather than a neutral effect on plasma cholesterol levels and that 

stearic acid (C18:0), while a SFA, does not have the same hypercholesterolemic effect 

as other SFA (Grundy and Denke 1990, Kris-Etherton et al. 1988, McNamara 1992). 

Nevertheless, recent studies of the effects of dietary fat saturation on plasma cholesterol 

levels, have not contradicted the earlier findings of Keys et al. (1965) and Hegsted et al. 

(1965). Currently it is generally accepted that diets rich in SFA, except for C18:0, 

increase plasma total- and LDL-cholesterol levels, in humans and animal models, 

compared with diets rich in MUFA and PUFA. Therefore, whether a specific dietary 
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fat will have a hypercholesterolemic effect on plasma levels can in theory be predicted 

by its fatty acid composition. In addition to the saturation of dietary fat, the total amount 

of fat in the diet also affects plasma cholesterol levels. To decrease the risk of CHD, 

the National Cholesterol Education Program (NCEP) recommend a Step 1 diet for all 

Americans to lower blood cholesterol levels in the population. NCEP recommends that 

total dietary fat be no more than 30% of the total calories, 10% each from SFA, MUFA 

and PUFA, and less than 300 mg cholesterol daily (The Expert Panel, 1988). The 

current U.S. diet has been estimated to consist of 36-37 % of fat calories with the average 

intake of SFA at 13-14% of energy, and an average daily cholesterol intake 304 mg for 

women and 435 mg for men (Berner 1993b). According to the available evidence, the 

amount of energy from total fat is 6-7% higher than the value recommended by NCEP. 

Studies in guinea pigs comparing the effects of 7.5 % versus 15 % com oil, olive 

oil and lard intake on lipoprotein metabolism demonstrated that increasing dietary fat 

quantity (15% versus 7.5%) resulted in increased plasma LDL and hepatic cholesterol 

concentrations, and increased hepatic HMG-CoA reductase activity (Fernandez and 

McNamara 1991). In addition, the LDL peak density shifts from 1.077 kg/L to 1.044 

kg/L with higher fat intake. Surprisingly the amount of fat in the diet did not effect 

apoB/E receptor expression. In the same study the effects of fat quality were also 

studied. Guinea pigs fed com oil had lower plasma LDL levels and 2-fold higher hepatic 

apoBIE receptor binding number compared to olive oil or lard fed animals (Fernandez 

and McNamara 1991). Clearly the effects of dietary fats on plasma lipoprotein 

cholesterol levels are dependent upon both the quantity and quality of dietary fat, 
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especially the degree of saturation and the specific fatty acids in the fat. An 

understanding of the effects of fat saturation and specific fatty acids on plasma 

lipoprotein cholesterol levels is needed in order to better define dietary fat effects on 

plasma lipoprotein levels and CHD risk. 

Saturated Fatty Acids 

Early studies of the plasma cholesterol response to dietary fatty acid saturation 

demonstrated that SF A exhibited a positive correlation with plasma cholesterol levels, 

while PUFA were negatively correlated. In general, diets high in SFA raise plasma total 

cholesterol levels, and LDL-cholesterol, while SF A do not reduce HDL-cholesterollevels 

(Knuiman et al. 1987). A mechanism by which dietary SFA elevate LDL in humans is 

though a reduction in LDL receptor-mediated clearance of LDL from the circulation 

(Shepherd et al. 1980). Another possible cholesterol-raising mechanism is that dietary 

SFA stimulate synthesis of apoB-containing lipoproteins. It has been reported in 

hamsters that SFA simultaneously increase LDL production rates and decrease LDL 

clearance via receptor-mediated pathways (Spady and Dietschy 1989). Consistent with 

this hypothesis, dietary fat saturation affects guinea pig plasma LDL levels by altering 

both receptor-mediated catabolism and flux rates of LDL (Fernandez et al. 1992a and 

1992b, Ibrahim and McNamara 1988). 

Monounsaturated Fatty Acids 

Intake of MUF A was considered to have no effect on plasma cholesterol levels 

based on early metabolic ward studies (Keys et at. 1957). The primary MUF A in the 
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American diet are palmitoleic acid (CI6:1, n-9) and oleic acid (cis CI8:1, n-9). In past 

studies, C18:1 was the major MUFA used to test the effects of MUFA on the plasma 

cholesterol response in animal models. By convention this fatty acid is considered to 

have a 'neutral' effect on plasma cholesterol levels, but recent studies investigating 

effects of MUF A on plasma cholesterol levels have shown that replacement of SF A with 

MUFA results in plasma cholesterol lowering with no effects on plasma HDL 

concentrations. MUFA are considered to be as effective as PUFA in lowering serum 

cholesterol and are no longer considered as 'neutral' fatty acids for humans (Grundy 

1986, Mattson and Grundy 1985). 

It should be noted, however, that the hypocholesterolemic effect of MUF A is not 

evident in the guinea pig. Fernandez and McNamara (1989) fed guinea pigs diets with 

7.5 g fat/lOO g diet containing either com oil, olive oil (79% C18: 1) or lard. Animals 

fed the com oil diet had significantly lower plasma cholesterol levels compared to the 

other diets, while animals fed olive oil or lard diets did not differ in plasma cholesterol 

levels. Similarly, studies comparing the effects of dietary MUFA to SFA demonstrated 

increased plasma and hepatic cholesterol levels in rats (Kris-Etherton et al. 1984) and in 

hamsters (Spady and Dietschy 1988). One study in rats examining the plasma and tissue 

clearance rate of 14C labeled CI6:0, C18:0 or C18: 1 incorporated-chylomicrons suggested 

that C18: 1 is taken up slowly and contributes little to hepatic lipogenesis compared to 

other fatty acids (Wang and Koo 1993). 
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Polyunsaturated Fatty Acids 

According to studies by Hegsted et al. (1965) and Keys et al. (1957), PUFA, in 

contrast to SFA in the diet, has a plasma total- and LDL-cholesterol lowering effect. 

This conclusion has been conflrmed by numerous studies (McNamara 1992). Mattson 

and Grundy (1985) found that C18: 1 and C18:2 have essentially identical effects on 

lowering LDL-cholesterol levels. Grundy et al. (1988) showed that a diet containing 

40% fat with 27% MUFA was as effective as a 20% mixed fat diet in lowering plasma 

LDL-cholesterollevels in normolipidemic man, compared to the same amount of dietary 

fat enriched in SFA. 

There are two major classes of PUFA: n-3 and n-6 fatty acids. It has been 

reported that when linoleic acid (CI8:2, n-6) replaces SFA in the diet, the major 

cholesterol lowering occurs in the LDL fraction (Vega et al. 1982, Mensink: and Katan 

1989). Spritz and Mishkel (1969) suggested a possible mechanism whereby PUFA lower 

LDL-cholesterol. PUFA cholesteryl esters occupy more space within lipoprotein 

particles than saturated fatty acids; consequently, less cholesteryl ester can be loaded into 

the LDL core. It has also been reported that the unsaturated fatty acids could altered the 

absorption and transport of dietary fats. Since lipid absorption depends on the micellar 

solubilization of intraluminal lipids (Vahouny 1982), in the presence of PUFA, the 

micellar solubility could be disrupted and altered lipid transport. A study of the 

lymphatic absorption of cholesterol and fatty acids in rats by Satchithanandam et al. 

(1993) in consistent with this theory. Lipid emulsions containing [3H]cholesterol and 

p4C]CI8:1 were given through a duodenal catheter to animals fed 12% or 24% sesame 
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oil or coconut oil or a control diet (14% com oil). Rats fed 24% sesame oil diet had 

significantly lower lymphatic cholesterol and fatty acid compared with the control group. 

Since sesame oil contained 39% C18: 1 (n-9) and 46% C18:2 (n-6), the cholesterol and 

fatty acid absorption and transport to lymph were reduced in rats fed 24% but not 12% 

sesame oil diets. These authors suggested that the significant reduction in lymph 

cholesterol and fatty acids in 24 % sesame oil fed animals may be due to disrupted 

micellar solubility in the present high amount of PUF A and MUF A or due to the 

different catabolism of chylomicrons when different dietary fats were treated. 

Jackson and Gotto (1974) proposed another possible mechanism involving altered 

membrane fluidity due to the presence of unsaturated fatty acids. In the presence of high 

amounts of unsaturated fatty acids, hepatic membranes could be responsible for facilitated 

LDL receptor recycling in coated pits, resulting in decreased plasma LDL levels due to 

increased catabolism (Sorci-Thomas et al. 1989). In guinea pigs, the fatty acid 

composition of hepatic membranes was significantly affected by the type of dietary 

saturated fat; however, changes in membrane fluidity are not a major determinant of 

effects on LDL turnover rates when animals are fed different types of saturated fats: 

palm kernel oil, palm oil and beef tallow (Fernandez et al. 1992b). PUFA inhibition of 

hepatic secretion of apoB-containing lipoproteins and an increase in LDL-receptor activity 

are other potential mechanisms suggested by Grundy and Denke (1990). The evidence 

indicates that the reduction in LDL induced by dietary PUFA in hamsters is associated 

with increased hepatic apoB/E receptor-mediated LDL clearance (Spady and Dietschy 

1988). Studies in guinea pigs have shown that intake of PUFA from com oil compared 
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to SFA from lard decreases plasma LDL-cholesterollevels, increases apoB/E receptor 

levels, increases LDL fractional catabolic rates, and decreases LDL production rates with 

no change in HDL-cholesterollevels (Fernandez and McNamara 1989, Fernandez et al. 

1992a). Nicolosi et al. (1990) reported that intake of PUFA from corn oil in Cebus 

monkeys significantly decreased plasma total-, VLDL plus LDL- and HDL-cholesterol 

levels, and reduced plasma concentrations of apoB and apoA-I. Studies in rats showed 

that the decreased plasma LDL- cholesterol level response to PUFA is not due to 

receptor-mediated catabolism of plasma LDL (Spady and Woollett 1990). 

Another major PUFA is alpha-linolenic acid (C18:3, n-3) which is found in 

soybean, rapeseed, and linseed oils. High amounts of eicosapentaenoic acid (EPA, 

C20:5, n-3) and docosahexaenoic acid (DHA, C22:6, n-3) are found in fish oil. Early 

studies reported that Greenland Eskimos had much lower plasma cholesterol and TAG 

concentrations than the Danish population (Bang et al. 1971), and that this lower plasma 

cholesterol and TAG levels may be due to the high amount of fish oil consumed by the 

Eskimos. Studies using fish oils to treat hypertriglyceridemic patients showed a 

significant lowering of plasma total-cholesterol and TAG levels, while LDL-cholesterol 

was elevated (Harris et al. 1990). However, in groups of hypercholesterolemic and 

normolipidemic patients, dietary replacement of butter by salmon oil had no effects on 

plasma total-, LDL- and HDL-cholesterol levels (Friday et al. 1991). Although n-3 

PUF A from fish and plant sources may have beneficial effects in a balanced diet, 

whether n-3 PUFA are protective against the development of CHD remains unclear 
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(McNamara 1991). A detailed review of studies on the effects of dietary fish oil 

supplementation in humans is available (Kinsella et al. 1990). 

Effects of Specific Fatty Acids on Plasma Cholesterol Levels 

Although SF A are generally considered to be a dietary contributor to CHD risk, 

metabolic studies have demonstrated that not all SF A in the diet are equivalent with 

respect to their effects on plasma cholesterol and lipoprotein levels. A brief description 

of some individual fatty acid effects on plasma cholesterol levels is given. Detailed 

reviews has been published elsewhere (Grundy and Denke 1990, McNamara 1992). 

Medium Chain Fatty Acids (C6:0 to C10:O). Medium chain fatty acids in the 

diet are not considered to have a plasma cholesterol raising effect, but rather to act 

metabolically like carbohydrates in humans (Hashim et al. 1960) and dogs (Grande 

1962). Ido et al. (1978) demonstrated that feeding medium chain TAG lowered the 

activity of rat hepatic HMG-CoA reductase, the rate-limiting enzyme in cholesterol 

synthesis; whereas feeding long chain TAG had no effect. Hamsters fed medium chain 

TAG had both lower plasma LDL-cholesterol levels and hepatic cholesterol synthesis 

rates compared to those fed hydrogenated coconut oil (Woollett et al. 1989). Because 

medium chain fatty acids are absorbed directly via the portal circulation, McNamara 

(1992) suggested that decreased chylomicron production rates may result as a dietary 

response similar to that of feeding a low fat diet. Compared to most dietary fats, 

butterfat contains relatively high concentrations of medium chain fatty acids. 
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Lauric Acid (C12:0). C12:0 is a major fatty acid in butter, palm kernel oil and 

coconut oil. Intake of C12:0 increases plasma cholesterol; however, the data are 

inconsistent (McNamara 1992). For example, dietary C12:0 was considered to have the 

same cholesterol raising effect as C16:0 by Keys et al. (1965), while Hegsted et al. 

(1965) considered the effect on cholesterol levels to be small. Denke and Grundy (1992) 

reported that when liquid formula diets containing synthetic randomized fat were given 

to volunteers, C12:0 was less cholesterolemic than palmitic acid. In guinea pigs, feeding 

15% (w/w) palm kernel oil (52% C12:0, 18% C14:0 and 9% C16:0) resulted in a 

hypercholesterolemic response compared to feeding lard (trace C12:0, 2 % C14:0 and 

43% C16:0) or beef tallow (trace C12:0, 3% C14:0 and 23% C16:0) diets (Fernandez 

et al. 1992b). Because palm kernel oil is a highly saturated fat, which contains high 

amounts of both C12:0 and C14:0, the cholesterol raising response cannot be specifically 

attributed to C12:0 or C14:0; however, C12:0 and C14:0 are more hypercholesterolemic 

than C16:0 in guinea pigs. In hamsters it has been reported that animals shifted from 

a diet containing C12:0 to C16:0, while maintaining a constant PUFA/SFA ratio, had 

lower LDL/HDL ratios indicating C12:0 is hypercholesterolemic compared to C16:0 

(Lindsey et al. 1990). 

Myristic Acid (C14:0). Myristic acid is considered to be a strongly 

hypercholesterolemic SFA (Hegsted et al. 1965, Keys et al. 1965). According to the 

study of Hegsted et al. (1965), C14:0 is the most hypercholesterolemic dietary fatty acid 

followed by C16:0. The major source of C14:0 in the human diet is from butterfat while 

coconut and palm kernel oils are also high in C14:0. 
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Palmitic Acid (C16:0). Palmitic acid is the major dietary SFA in American diet. 

In both the Keys et a1. (1965) and Hegsted et a1. (1965) studies, C16:0 increased plasma 

LDL cholesterol levels when C16:0 was substituted for carbohydrates or MUFA in the 

diet. Later studies by Grundy and Vega (1988) and Bonanome and Grundy (1988) 

reported similar findings in that dietary intake of C16:0 increased plasma total and LDL 

cholesterol levels. The rate of plasma clearance and hepatic metabolism of C16:0 

incorporated-chylomicrons was compared with those of C18:0 and C18: 1 incorporated

chylomicrons in rats by Wang and Koo (1993). These investigators found that C16:0 in 

chylomicrons was removed by the liver at a significantly faster rate than C18:0 and 

C18: 1 and that the incorporation of C16:0 into TAG was rapid in the liver. Wang and 

Koo (1993) suggested that the more rapid incorporation of C16:0 into TAG may 

stimulate hepatic synthesis of VLDL thereby contributing to hyperlipidemia. 

Stearic Acid (C18:0). According to reviews by Kritchevsky (1988) and 

McNamara (1992), CI8:0, unlike other SFA, does not appear to raise plasma total 

cholesterol levels. A clinical study suggests that in patients fed diets rich in CI6:0, 

C18:0 or CI8:1, with 40% of energy coming from fat, the effect of C18:0 on plasma 

LDL-cholesterollevels was comparable to that of C18: 1 (Bonanome and Grundy 1988). 

The mechanism whereby C18:0 lowers plasma total-cholesterol is not understood. In rats 

fats containing C18:0 are incompletely digested and poorly absorbed (Bergstedt et a1. 

1990). Imaizumi et a1. (1993) fed hamsters purified diets containing 8% purified fats in 

which saturated fatty acids, CI2:0, CI4:0, C16:0 and C18:0 were the sole variable with 

or without 2 g cholesterol/kg. Consistent with the results reported for rats, their data 
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suggested that CI8:0, compared to the fats containing other fatty acids, resulted in 

greater fecal excretion of neutral steroids, and lower apparent absorption of dietary fats 

in hamsters fed diets with or without cholesterol. Also, an increase of the fractional 

catabolic rate of LDL was observed on animals fed fat containing C18:0 in the presence 

of cholesterol, but no differences among the different SFA groups if the diets contained 

no cholesterol. 

It should be noted that studies involving human subjects indicate that the relative 

absorption of C18:0 is no different than C16:0 or C18: 1 (Bor.arrome and Grundy 1988 

and 1989). Thus, inefficient absorption of C18:0 by the small intestine probably does 

not explain the cholesterol-lowering effect of dietary CI8:0. A possible mechanism 

explaining the lack of a CI8:0-mediated increase in plasma cholesterol is that C18:0 is 

rapidly converted to C18: 1 and, therefore has a similar effect as C18: 1 (Bonanome and 

Grundy 1989, McNamara 1990). According to Wang and Koo (1993), however, the rate 

of plasma clearance and hepatic metabolism of [l4C]-CI8:0, incorporated in chylomicron 

lipids in rats, was slower than that of CI6:0; and the conversion of C18:0 to C18: 1 was 

minimal in the liver and intestine. Wang and Koo (1993) suggested that C18:0 is 

released slowly from chylomicrons and preferentially utilized for phospholipid synthesis 

in the liver. 

Trans-Fatty Acids. Nearly all naturally occurring unsaturated fatty acids have 

a cis configuration. Dietary unsaturated fatty acids most commonly contain 1 to 3 double 

bonds in cis 6, 9, or 12 positions. Products of partially hydrogenated oils, such as 

margarines and shortenings have high trans fatty acid content, especially elaidic acid 
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(C 18: 1, n-9) , due to the conversion of cis fatty acids to trans fatty acids during the 

hydrogenation process which used to convert liquid vegetable oils to solid fats (Hunter 

and Applewhite 1991). Although trans dienes may be found, trans monoenes make up 

most of the trans fatty acids in hydrogenated vegetable oils. 

In an early review Kritchevsky (1982) concluded that trans fatty acids were 

slightly hypercholesterolemic compared to cis fatty acids. More recently, it has been 

reported that a diet contained high elaidic acid (trans-CI8:1) raised plasma TAG, LDL

cholesterol, and decreased HDL-cholesterol and apoA-I levels compared to a diets 

contained high cis-CI8: 1 or saturated fatty acids (high C12:0 and CI6:0) in human 

subjects (Mensink and Katan 1990). As a result the ratio of LDL to HDL cholesterol 

was significantly higher on the trans-CI8: 1 diet than on the cis-CI8: 1 or saturated fatty 

acid diet. The author then concluded that the effect of trans fatty acids on the serum 

cholesterol lipoprotein is at least as unfavorable as that of saturated fatty acids and that 

patients at high risk of atherosclerosis shall avoid a high intake of trans fatty acids. 

Wood et al. (1993) reported that dietary trans fatty acid have an elevating effect on 

serum cholesterol in human subjects, and suggested that due to metabolically 

unequivalent effects of trans fatty acid to natural cis isomers on plasma lipid responses, 

natural cis unsaturated fatty acids should be used to replace hydrogenated fats for 

individuals who wish to modify their plasma lipid profile. Epidemiological studies have 

also shown positive relation between trans fatty acid intake and coronary heart decrease 

risk in both men (Troisi et al. 1992) and women (Willett et al. 1993). Since the partial 

hydrogenated oils are often consumed with the expectation of reducing the risk of CHD, 
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these results raise the question of whether individuals can improve their cholesterol 

profiles by replacing butter or other saturated fats in their diets with margarine and 

spreads. 

One possible mechanism whereby the trans isomer of oleic acid (elaidic acid, 

trans-CI8: 1) increases LDL cholesterol and decreases HDL cholesterol has been reported 

due to the elevation of the plasma CETP activity in the human subjects fed a enriched 

trans-CI8:1 (6% of 35% total energy as fat) diet compared to a enriched oleic acid (cis-

CI8:0) or palmitic acid (CI6:0) diet (Abbey and Nestel 1994). In this study, it was 

found that increased plasma CETP activity is positively correlated to the increase in 

plasma trans fatty acids resulting in a less favorable atherogenic lipoprotein profile. 

Another undesired effect of trans-fatty acids is that serum levels of Lp(a) was 

significantly higher in subjects had a diet high in trans-fatty acid (median value 85 mg/L) 

compared to other had diets high in C18:0 (69 mg/L) and C18:2 (69 mg/L) (Mensink et 

al. 1992). As mentioned above, high Lp(a) concentrations in the plasma raises the risk 

ofCHD. 

Part 3: Milkfat: Its Compositions and the Speculated 
Cholesterol Lowering Factor in Milk 

Milkfat 

Milkfat and Milk Lipids. The terms milkfat and butteroil are commonly used 

as interchangeable descriptions which can become confusing. In this dissertation 

'milkfat' is used as a general term and refers to the fat present in milk and its products, 

while the term 'butteroil' or 'butterfat' designates only the fat in the milk per se and the 
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lipid material recovered from milk products. Also the term 'buttermilk' is not the 

general brand term used as commercial dairy products of buttermilk; here 'buttermilk' 

refers to the remained liquid subfraction of milk cream after the butter is removed by 

churning. 

Bovine milk has an average composition of 3.2 % protein, 2.6% casein, 3.9% fat, 

4.6% lactose, and 12.7% total solid with a caloric density of 660 kcal/L (Jenness 1978). 

The composition of individual ingredients may differ due to a number of factors, such 

as breed, lactation stage, feed, etc. Typically, bovine milk contains about 3.5 to 5.0% 

total lipids which are found in different phases of milk; namely, the fat globules, the 

membrane and the milkserum. The fat globule core contributes a greater proportion of 

the lipid in dairy products than does the membrane and the milkserum. The lipid 

distribution in the different phases can be altered during processing of milk, resulting in 

a slightly different lipid composition for various milk products. 

During milk production, the globules are formed throughout the mammary 

epithelial cell, gradually increase in size as they move toward the apical cell membrane, 

and are extruded into the alveolar lumen (Mulder and Walstra 1974). During the 

extrusion process, the globule is enveloped by portions of the cell membrane which later 

becomes the milkfat globule membrane. The major form of milk lipids (up to 96% of 

the total) is TAG which is found in the globule. The remaining lipids are phospholipids 

(1-2%) and sterols «0.5%) which are primarily located in the globule membrane. The 

sterols are mostly cholesterol with about 15 % in the ester form. The average content of 

cholesterol in bovine whole milk ranges from 100 to 200 mg/L while skim milk averages 
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20 mg/L (Jensen et al. 1991). The TAG structure is unique, with the medium chain fatty 

acids (C4:0 to C10:0) at the sn-3 position. The chain length of the three acyl moieties 

esterified to glycerol ranges from 2 to 26 carbon atoms (Maniongui et al. 1991). 

Milkfat Consumption. In the current U.S. diet, the average intake of energy 

from total fat is 36-37% of which 13-14% is SFA. Based on food c.onsumption data, it 

is estimated that milkfat (combined from dairy products and butter sources) accounts for 

6-7% of total dietary energy, and contributes an average of 35.5% of the total SFA in 

the diet. As for the intake of dietary cholesterol, dairy products contribute about 19% 

of the total daily cholesterol intake. These values data may vary widely due to the 

database used (Berner 1993a) which differ in estimation of milkfat contribution to the 

total daily energy intake. The figure of 6-7% energy from milkfat may be a substantial 

under- or overestimation for many individuals. 

Milkfat Fatty Acid Composition. The composition of milkfat is highly complex, 

with some 400 different fatty acids identified (Jensen et al. 1991). The fatty acids 

composition of milkfat can be altered by multiple factors such as milk source, milk 

processing and analytical methods; however, the fatty acids of milkfat present a 

distinctive pattern of composition that is well recognizable in any milk sample. Iverson 

and Sheppard (1986) determined the fatty acid composition of milkfat as butyl esters by 

GC, and compared it with data gathered from several studies in which milkfat fatty acid 

composition was determined as methyl esters by GC. This comparison found that short 

and medium chain fatty acid levels in milkfat were underestimated when analyzed as fatty 

acid methyl esters. According to Iverson and Sheppard (1986), milkfat contains about 
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10% SFA of short or medium chain lengths (from 4-10 carbons); 52% SFA with 12-18 

carbons of which 3% is C12:0, 11 % as C14:0, and 27% as C16:0; 25% MUFA, and 

less than 4% PUFA. Also, there is about 2% trans oleic acid (C18:1) present in milkfat 

(Jensen et al. 1991). At the present time the atherogenic significance of the trans fatty 

. acids in milkfat has not been evaluated; and whether the trans fatty acids in milkfat have 

different effects than the trans fatty acids in partially hydrogenated oils remains unclear. 

Milkfat Triacylglycerol Structure. Because of the large number (up to 400) of 

different fatty acids present in milkfat, the actual number of stereospecific TAG of 

milkfat has not been identified. The theoretical number of TAG that could be present 

in a sample having n different fatty acids is n3 species which include positional and 

optical isomers (Farines et al. 1988). In the case of milkfat, the theoretical number of 

TAG would be 4003
• For this reason it is almost impossible to identify each 

stereospecific TAG in milkfat; however, only about 10 major fatty acids are present in 

milkfat and certain fatty acids are known to be present in specific positions of the TAG 

molecule. Even for the number of 1000 possible species of TAG, the major 

stereospecific TAG of milk have not been completely analyzed (Myher et al 1988). 

Analysis of the fatty acid composition of TAG structure in milkfat showed that fatty acids 

on the TAG molecule are not randomly distributed (Jensen et al. 1991). Certain fatty 

acids predominate at specific positions in the triacyl-sn-glycerols on milkfat TAG 

molecules. In fact, it was found that all of the butyric acid (C4:0), 93% of the caproic 

acid (C6:0) and 63 % of the caprylic acid (C8:0) are located at the sn-3 position of the 



58 

TAG, and that C14:0 is predominantly in the sn-2 position, C16:0 and C18:0 are evenly 

distributed between the sn-l and sn-2 positions, and C18:1 is mainly in the sn-l position. 

Undoubtedly the nature of fatty acids of milkfat, and the way in which these fatty 

acids are esterified with glycerol to form the TAG, influence the physical characteristics, 

such as melting point, crystallization, lipolysis and absorption behavior (Small 1991). 

The positional difference of specific fatty acids on the TAG molecule actually determine 

whether specific fatty acids are predominantly delivered to the liver or to the extrahepatic 

tissues. Dietary fats (TAG's) are digested by lipases in the intestinal lumen to form free 

fatty acids and 2-monoacylglycerols. After absorbed by the intestinal mucosal cells, free 

fatty acids and 2-monoacylglycerols are re-synthesized into TAG, which are packaged 

into chylomicrons and secreted into the lymph. Mattson and Volpenhein (1964) reported 

that during TAG digestion all fatty acids present at the sn-l and sn-3 are hydrolyzed; 

however, only about 22% of fatty acids at the sn-2 are hydrolyzed. During the 

resynthesis of TAG from absorbed free fatty acids and 2-monoacylglycerols, the fatty 

acids on the 1 and 3 positions are esterified in a random selection of activated fatty acids 

in the intestinal mucosa (Small 1991). The medium chain fatty acids are readily 

absorbed across the gastrointestinal tract in the free form into the portal vein, and are not 

incorporated into the chylomicron particle. If the fatty acid in the sn-2 position was 

originally a short or medium chain fatty acid, the re-synthesized TAG could partially 

contain some medium chain fatty acids, and later loaded in chylomicrons and secreted 

into the lymph (Bezard and Bugaut 1986). Since milkfat uniquely contains about 10% 

medium chain fatty acids, the effects of short or medium chain fatty acids absorbed via 



59 

this pathway have not been evaluated, and should be. A review of the effects of 

glyceride structure on absorption and metabolism that provided detailed descriptions is 

presented by Small (1991). 

To date the nutritional significance of the positional distribution of major milkfat 

fatty acids remains unclear, and the extent to which absorption and metabolism of milkfat 

are affected by the positional distribution of various fatty acids is not known (Berner, 

1993b). 

Hypothetical Cholesterol-Lowering Factor in Milk 

Dairy products are often considered a high fat food product, and the butterfat 

present in milk is considered to be a "saturated fat" due to its content of up to 62% SFA. 

Because of the high content of C12:0, C14:0 and C16:0 in milkfat, it would be 

reasonable to expect that milkfat is hypercholesterolemic according to current concepts 

regarding the cholesterol raising effects of SF A (as discussed in previous section). To 

date it is still not clear how dairy products affect plasma lipid and cholesterol 

metabolism; however, there is evidence in animals and humans that whole milk and its 

fermented product may not affect plasma as would be expected from its fat content. 

The concept of a hypocholesterolemic factor exists in milk arose originally from 

the report by Mann and Spoerry (1974). They reported that human subjects consumed 

a large volume of whole milk yogurt (4-5 liters/day) had reduced plasma cholesterol 

levels compared to non-yogurt consumed. Later reports also showed that human subjects 

who consumed 2 liters of yOgult per day had significantly reduced serum cholesterol 
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levels (Mann 1977). The existence of a plasma cholesterol lowering factor in fermented 

dairy products has been proposed based on these studies. Several possible candidates 

have been suggested as the plasma cholesterol lowering factors including calcium 

(Howard, 1977), lactose (Helms 1977), and a factor associated with milkfat globule 

membrane (Howard and Marks 1979). Calcium and lactose were subsequently ruled out 

by Marks and Howard (1977). Howard and Marks (1979) reported that among human 

subjects who consumed 4 pints of either skim or whole milk per day for 2 weeks, serum 

cholesterol levels fell in both groups. These authors found no evidence that any dairy 

product other than butter is hypercholesterolemic and concluded that the cholesterol

lowering factor in milk may be in the fat globule membrane. The idea of a plasma 

cholesterol lowering factors present in milk was also supported by the finding that serum 

cholesterol levels and HMG-CoA reductase activity were significantly lower in rats fed 

either whole or skim milk (Kritchevsky et al. 1979). Furthermore, it has been suggested 

that supplementation of fluid skim milk to a high cholesterol diet has a preventive effect 

on the development of atherosclerosis in rabbits (Kiyosawa et al. 1984). 

In contrast, a number of studies have suggested that there is no plasma cholesterol 

lowering factor in milk. Hussi et al. (1981) studied the effect of various dairy products 

on male prisoners under a controlled environment, and reported no plasma cholesterol 

lowering effect in subjects treated with 2.7 liters of skim milk or 2 liters of buttermilk. 

Rossouw et al. (1981) reported that consumption of 2 liters of either skim milk, yogurt 

or full cream milk per day had no effect on serum cholesterol in adolescent schoolboys, 

except for skim milk intake. They concluded that the changes observed in plasma 
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cholesterol levels could be accounted for by the cholesterol and fat content of milk 

products, and that no convincing evidence for a hypocholesterolemic milk factor could 

be found; however, skim milk appeared to have a cholesterol-lowering effect partly due 

to its low lipid content. In the study of Rossouw et al. (1981), plasma HDL 

concentrations decreased for subjects consuming skim milk, and plasma TAG levels 

decreased in all groups. Thompson et al. (1982) studied effects on plasma cholesterol 

of 2 % milk, whole milk, skim milk, yogurt, buttermilk and "sweet acidophilus" milk in 

healthy volunteers with an intake of 1 liter of milk products per day for up to six weeks. 

No significant increases were found in total-, LDL- and HDL-cholesterollevels and they 

concluded that regular consumption of dairy products does not induce short term changes 

in plasma lipid profiles, and that there was no evidence for the existence of a plasma 

cholesterol lowering factor in milk. Howard and Marks (1982), after reviewing data 

from other researchers and their own findings, concluded that free-living subjects given 

2 liters of fermented or unfermented whole milk, several times more than normally 

consumed, do not alter their plasma cholesterol levels by more than 10%; and that no 

evidence for the existence of a hypocholesterolemic factor in milk could be found. A 

conclusion contrary to their previous support of the presence of a plasma cholesterol 

lowering factor in milk (Howard and Marks 1977). In a more recent study conducted 

by McNamara et al. (1989) with college students consuming 16 oz of low fat (2%) 

yogurt per day, compared to a non-fermented milk concentrate, there was no effect on 

plasma cholesterol levels of normolipidemic males. 
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Overall, the net effect of dairy products on plasma cholesterol in humans and 

animals remains controversial. A number of study variables and design differences may 

be responsible for the disagreement among researcher; factors such as the animal model 

tested, amounts of dairy product consumed, duration of experiment, total energy intake, 

and different processing and treatment of milk products, etc. In fact, many studies 

testing the effects of dairy products on plasma cholesterol levels by supplementation of 

diets with milk products were direct comparisons between a baseline diet and a test diet 

in which dairy products were added to the base-line diet without adjusting the energy 

from different nutrient category. The variations in lipid levels could result from changes 

in both the type and amount of dietary ingredients. Another variable associated with 

these studies is the inherent difficulties associated with human studies, such as limited 

manipulation and management of subjects. 

To date there is evidence that whole milk or milk products may not affect plasma 

lipids as would be predicted from its fat content and fat composition; however, the 

existence of a hypocholesterolemic milk factor that negates the predicted plasma 

cholesterol raising response to dairy fat is inconclusive and has not been proven. And 

the question remains why whole milk and other dairy products do not have the plasma 

cholesterol raising effect as expected from its fatty acid composition. It is possible that 

the form of the milkfat present in milk, or materials associated with the milkfat, have 

unique effects on plasma cholesterol levels and therefore it becomes necessary to study 

whether intake of butter fact has the same plasma cholesterol response as intake of the 

milkfat present in whole milk. Undoubtedly more precise experimental designs are 
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required for controlling the changes in the caloric source and density of the diets in order 

to approach these problems. There is no evidence for or against a plasma cholesterol 

lowering factor in milk and therefore The Lipid/Coronary Heart Disease Expert Panel 

suggest that controlled metabolic ward studies in humans or animals are needed to clarify 

the effect of butter and milkfat from different sources on plasma cholesterol and 

lipoprotein metabolism (Berner 1993a). Previous data from human subjects related to 

dairy product experiments are valuable in understanding these effects; however, human 

subjects in general cannot be manipulated or managed as well as laboratory animals can 

under defined conditions, and experiments which involve human subjects are costly. The 

use of laboratory animals, in order to maintain a better control of the experimental 

conditions than can be achieved in human subject, is a reasonable approach to investigate 

whether butterfat and milkfat obtained from whole milk have the same plasma cholesterol 

response, and whether there is a plasma cholesterol lowering factor associated with milk 

product. 
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CHAPTER 3 

MATERIAL AND METHODS 

Materials 

All reagents were of the highest purity commercially available. DL-hydroxy

[glutaryl-3-14C]methylglutaryl coenzyme A (2.1 GBq/mmol) and DL-[S-3H]mevalonic 

acid (1.8 GBq/mmol) were purchased from New England Nuclear (Boston, MA); 1251 as 

sodium iodine from Amersham (Arlington Heights,IL); Aluminum kieselgel 60 plates 

from Alltech Associates Inc. (Darmstadt, Germany); Sephadex G-2S columns from 

IsoLab Inc. (Akron, OH); enzymatic cholesterol assay kits, cholesterol standards, 

horseradish peroxidase, cholesterol oxidase and cholesterol esterase from Boehringer 

Mannheim (Indianapolis, IN); Phospholipids B Kit from Wako Pure Chemical Industries 

(Osaka, Japan); Triacylglycerol [lNT] kits, DL-3-hydroxyl-3-methylglutaryl coenzyme 

A, mevalonate, glucose-6-phosphate (G-6-P), G-6-P dehydrogenase, l3-nicotinamide 

adenine dinucleotide phosphate (NADP) , dl-dithiotheritol (DTT) , and bovine serum 

albumin (BSA) from Sigma Chemical Co. (St. Louis, MO); dextran sulphate (SO,OOO 

mw) from Sochibo (Boulogne, France); Aquasol from NEN Research products (Boston, 

MA); halothane from Halocarbon Lab, Inc. (Hackensack, NJ); Quickseal centrifugation 

tubes from Beckman Instruments (Palo Alto, CA); boron trifluoride/methanol (14%, w/v) 

from Alltech Associates, Inc. (Deerfield, IL); gas chromatography (GC) column: 30 m 

X 0.S3 mm ID fused silica capillary column coated with SP-2380 from SUPELCO Inc. 

(Bellefonte, PA); fatty acid methyl ester standards for GC from Nu Check Prep, Inc. 
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(Elysian, MN); Carnation #100, emulsifier, a gift from Carnation Dairy Co. (Phoenix, 

AZ) and fresh raw milk from The University of Arizona Dairy Farm (Tucson, AZ). 

Experimental Animals 

Male Hartley guinea pigs from Sasco Sprague-Dawley (Omaha, NE) weighing 

between 250-300 g, were randomly assigned to experimental diet groups as specified by 

the experimental design. Animals were housed 2-3 per cage in a controlled light-cycle 

(light 7 a.m. to 7 p.m.) and constant humidity (55-70%) and temperature (22-24°C) 

room. Water and feed were provided ad libitum unless otherwise specified. At the 

beginning of each experiment, guinea pigs were adapted during the first week to the test 

diets by gradually increasing the percentage of the test diet in a mixture with a non

purified commercial guinea pig diet (Wayne Research Diets, Chicago, IL) as previously 

described (Ibrahim and McNamara 1988). After the adaptation period, guinea pigs were 

fed the test diets for 4 weeks to establish a steady state plasma cholesterol level 

(Fernandez and McNamara 1991). At the end of the treatment period, non-fasting 

animals were anesthetized with halothane vapor and exsanguinated by cardiac puncture. 

Plasma was separated from blood by centrifugation for analyses of plasma 

triacylglycerol, total cholesterol, HDL-cholesterol and for the isolation of lipoproteins. 

The livers were removed for analysis of lipid contents (phospholipid, free and esterified 

cholesterol) and for preparation of hepatic membranes and microsomes. Epididymal 

adipose tissue was collected for determination of fatty acid composition by GC. The 

animals were cared for in an American Association for the Accreditation of Laboratory 
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Animal Care (AAALAC) certified animal care facility at The University of Arizona, and 

all animal experiments were performed in accordance with U.S. Public Health 

Service/U.S. Department of Agriculture guidelines. Experimental protocols were subject 

to prior approval by the University of Arizona Institutional Animal Care and Use 

Committee. 

Experimental Design 

Experiment I: Milkfat Fatty Acid Study 

The purpose of this study was to test the effect of milkfat fatty acids on plasma 

lipoprotein and hepatic cholesterol metabolism in guinea pigs. Forty male guinea pigs 

were randomly assigned to one of four dairy treatment groups and treated with the 

following solid diets: whole milk (WM), skim milk-butterfat (SM/B), skim milk

synthetic butterfat (SM/S), and casein-synthetic butterfat (C/S) diets. In the diets, 15 

g/100 g of either milkfat, butterfat, or synthetic butter-like fat was used as the dietary 

fat source. 

Experiment II: Milk Supplementation Study 

To study the effect of supplementation with liquid whole milk and its subfractions 

on plasma LDL metabolism in guinea pigs, 36 male guinea pigs were randomly assigned 

to one of six liquid milk product supplementation groups, and all six groups were fed 

with a 15 g/lOO g fat-containing semi-purified basal (solid) diet. In addition, water or 

the indicated milk products were supplied as liquid diets. The six experimental groups 

were: water (WE), non-processed whole milk (NPWM), reconstituted whole milk 
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(RCWM) , buttermilk-enriched skim milk (BMSM), butter serum~enriched skim milk 

(BSSM), and butteroil skim milk (BOSM) diets. The WE diet was used as a non-milk 

treatment control. The NPWM diet was used as a non-processed milk control. Other 

diets (RCWM, BMSM, BSSM, and BOSM) contained equal amounts of milkfat and skim 

milk with or without a specific portion of milk cream subfraction. Therefore, dietary 

energy intake was not altered, and the effects of each specific milk cream subfraction was 

studied. 

Experimental Diets 

Solid Diets Used in Experiment I 

The experimental guinea pig diets were prepared and pelleted by Research Diets, 

Inc. (New Brunswick, NJ). Four diets were prepared and the diet compositions are 

shown in Table 3.1. These semi-purified diets had an isocaloric composition per 100 g 

of 23 g protein, 41 g carbohydrates, 14 g fiber, 5 g minerals, 1 g/lOO g vitamin mix and 

15 g (35% of calories) fat, either 13 g synthetic butter-like fat mix (SBF) or 13 g 

butterfat (BF) plus 2 g com oil. The SBF mix was prepared by mixing 27% palm oil, 

25% beef tallow, 18% cocoa butter, 10% lard, 8% myristic acid (CI4:0), 8% palm 

kernel oil, and 4% medium chain triglyceride. This formula was designed to match the 

fatty acid composition of BF. The fatty acid compositions of the oils and fats used to 

prepare SBF were measured by GC prior to the diet preparation (Appendix A). 

Ingredients in each diet were constituted such that the caloric densities were equal. The 
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Table 3.1 

Composition of semi-purified diets containing whole milk (WM), skim milk-synthetic 
butterfat (SM/S), skim milk-butterfat (SM/B) and casein-synthetic butterfat (C/S)1 

WM SMlS SMlB ClS 
Ingredients (all 00 a diet) 

Skim Milk Powder 57.20 57.20 

Whole Milk Powder 47.77 

Casein 8.86 22.95 

L-Arginine 0.54 0.54 0.54 0.53 

L-Methionine 0.54 0.54 0.54 0.53 

Lactose 11.35 29.14 

Com Starch 9.84 9.92 9.92 9.71 

Cellulose 10.81 10.90 10.90 10.67 

Guar Gum 2.70 2.72 2.72 2.67 

Synthetic Butterfat 12.75 12.81 

Butteroil 12.75 

Com Oil 1.84 1.85 1.85 L81 

Salt Mix S200012 0.81 0.82 0.82 0.80 

CaC03 1.28 1.08 1.08 1.60 

CaP04 0.81 0.07 0.07 1.76 

K-Citrate 1.23 0.24 0.24 2.93 

NaCI 0.32 0.07 0.07 0.80 

Vitamin Mix S2OO012 1.08 1.09 1.09 1.08 

Cholin~ Bitartrate 0,22 0.22 0.22 0.21 

I Each diet had a caloric density of 3.8 kcal/g (assuming physiologic caloric equivalent 
values of protein, lactose, com starch, fat and fiber are 4,4, 4, 9 and 0 kcal/g, respectively). 

2 Due to higher concentration of minerals present in skim milk powder, less mineral mix 
was added in SM/S and SM/B diets (Appendix B), Salt Mix S20001 and Vitamin Mix V20001 
(Appendix C and D) were added to meet NRC-specific requirements for the guinea pig. Each 
100 g diet contains about 11.9, 5.9, 10.8 and 3.2 g of Ca, P, K and Na, respectively. 



69 

WM diet was prepared using whole milk powder as the diet base, and the SM/B diet was 

prepared using skim milk powder as the diet base plus BF as the fat source. The SM/S 

and CIS diets were made using skim milk powder or casein and supplied with SBF as the 

fat source. In diets with SBF, 0.219 mg cholesterol was added per 100 g mixture to 

correct for the difference between BF, which contained 0.256 mg cholesterol, and the 

SBF fat mixture with 0.037 mg cholesterol per 100 g. After the diets were prepared, the 

fatty acid compositions were measured by GC and compared to predicted values (Table 

3.2). The values of each fatty acid were identical to the values calculated from the SBF 

formula. The diets were stored at 4°C in a dark room. Fresh diet was given every two 

days, and body weights were measured three times per week. 

Solid Diets Used in Experiment II 

In Experiment II, a basal semi-purified diet prepared by Research Diets, Inc. 

(New Brunswick, NJ) was used for all six liquid milk supplementation groups. The 

composition of the basal diet is shown in Table 3.3. This semi-purified diet per 100 g 

consisted of 22 g protein, 40 g carbohydrates, 14 g fiber, 8 g minerals, 1 g vitamin mix 

and 15 g dietary fat (w/w, 35% of total calories), containing a butteroil and palm oil 

mixture (1:1, w/w); with a calculated physiological energy value of 3.85 kcal/g. The 

diets were stored at 4°C in a dark room. Fresh diet was given every day. 



Table 3.2 

Fatty acid compositions of semi-purified diets containing whole milk (WM), 
skim milk-synthetic butterfat (SM/S), skim milk-butterfat (SM/B) 

and casein-synthetic butterfat (CIS) diets' 

Test Diet 

WM SM/S SM/B CIS 

Fatty Acids2 g/100 g fatty acids 

8:0 0.8 2.2 1.1 2.1 

10:0 2.2 1.3 2.7 1.2 

12:0 2.8 4.0 3.2 3.7 

14:0 9.9 9.3 10.4 8.6 

16:0 29.1 23.7 28.4 23.9 

17:0 0.6 0.4 0.5 0.4 

18:0 12.1 12.9 10.8 13.2 

SFA 57.5 53.8 57.1 53.1 

14:1 1.2 1.3 

16:1 1.5 0.9 1.6 0.9 

18:1 24.9 31.0 25.5 31.6 

MUFA 27.6 31.9 28.4 32.5 

18:2 9.8 12.5 10.3 12.6 

18:3 0.8 0.3 0.7 0.3 

PUFA 10.6 12.8 11.0 12.9 

Other 4.3 1.5 3.8 1.4 

PIS 0.18 0.24 0.19 0.24 

70 

I Each diet contained 15 g/100 g fat of which 2 g/100 g was com oil and 13 g/100 g 
either butterfat or synthetic butterfat. 

2Abbreviations: SFA, saturated fatty acids; MUFA, mon-unsaturated fatty acids; PUFA, 
poly-unsaturated fatty acids; PIS, Polyunsaturated to saturated fat ratio. 
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Table 3.3 

Ingredients of the basal (solid) diets used for liquid milk supplementation study 

Ingredients Diet Energyl Energy 
(g/lOO g) (kcal/lOO g) (%) 

Soy Protein 8.68 34.7 9.0 

Casein 13.03 52.1 13.5 

L-Methionine 0.54 0.0 0.0 

Maltodextrin 10 2.71 10.8 2.8 

Com Starch 13.57 54.3 14.1 

Sucrose 23.23 92.9 24.1 

Cellulose 10.85 0.0 0.0 

Guar Gum 2.71 0.0 0.0 

Butteroil 7.54 67.9 17.6 

Palm Oil 7.54 67.9 17.6 

Salt Mix2 S20001 8.14 0.0 0.0 

Vitamin Mix2 V20001 1.09 4.4 1.1 

Choline Bitartrate 0.22 0.0 0.0 

Cholesterol 0.03 0.0 0.0 

Sitosterol 0.10 0.0 0.0 

FD&C Yellow #5 0.01 0.0 0.0 

Total 100.00 385.0 100.0 

I Assuming physiologic caloric equivalent values of protein, carbohydrate, and fat are 4, 
4, and 9 kcal/g. 

2 Salt Mix S20001 and Vitamin Mix V20001 were formulated to meet NRC-specific 
requirements (Appendix C and D) for the guinea pig. 
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Liquid Diets Used in Experiment II 

In Experiment II, all six diet groups were supplemented with water or liquid milk 

diets in addition to the solid basal diet. The liquid milk product formulas used for this 

study are shown in Figure 3.1. The fresh raw milk used to prepare the various milk 

products was purchased from The University of Arizona Dairy Farm. The fresh raw 

milk was collected andcooled to 1O-15°C at the farm, and then transported to the 

laboratory. Isolation of milk components commenced within 3 h of milking. A fresh 

portion of the collection was pasteurized, homogenized and packaged as the NPWM 

liquid diet. The remainder of the raw milk was warmed to room temperature and 

separated by aNew World's Standard Series #619 separator (DE LEV AL Separator Co. , 

Chicago, IL) to isolate milk cream (MC) and skim milk (SM). Separated MC was 

churned at room temperature to separate butter (BT) and buttermilk (BM) using a 

household food mixer. BM was saved for later use. Isolated BT was washed with a 

small amount of distilled water to remove any entrapped material and the wash liquid was 

discarded. The drained BT was heated to 60°C in a water bath and subjected to 

centrifugation (Beckman, TJ-6R) at 800 g at room temperature for 5 min to separate 

butteroil (BO) from butter serum (BS). Following centrifugation, the clear fat (top) part 

was carefully removed without disturbing the aqueous (lower) layer. The remaining 

contents of the tubes were mixed (at 60°C) and centrifuged as before. Again the clear 

fat was collected and combined with previously isolated BO. The aqueous part (lower 

phase) of the separation step was then collected as BS. Each of the four re-constituted 

liquid milk diets: RCWM, BMSM, BSSM and BOSM contained the separated SM and 
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Non-processed Whole Milk 

Liquid Diets Proportions in Diets 

SM BM BS BO 

WE 0 0 0 0 

NPWM 1 1 1 1 

RCWM 1 1 1 1 

BMSM 1 3 0 1 

BSSM 1 0 3 1 

BOSM 1 0 0 1 

Figure 3.1: Milk fractions and liquid milk diet formula for milk 
supplementation study. The liquid diets: water (WE), non-processed whole milk 
(NPWM), re-constituted whole milk (RCWM), buttermilk-enriched skim milk (BMSM), 
butter serum-enriched skim milk (BSSM), and butteroil skim milk (BOSM). Allliquid 
diets contained 0.2% (w/v) emulsifier. The NPWM and RCWM diets have identical 
compositions with the RCWM diet milk components were first separated and then 
remixed. 
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BO mixed in a one to one ratio. In addition the RCWM diet contained one part BM and 

one part BS; the BMSM diet contained 3 parts BM; the BSSM diet contained 3 parts BS; 

and the BOSM diet contained no further additions. 

In order to stabilize these re-constituted milk diets, a 0.2% (w/v) emulsifier, 

Carnation #100 (a gift from Carnation Dairy Co., Phoenix, AZ), was added to each milk 

product preparation. As a control, the same amount of emulsifier was also present in the 

water of the control diet group hereafter referred to as the water emulsifier (WE) diet. 

The milk used for the experimental diet had an average of 3.43 % fat content (reported 

by The University Farm). The energy values for NPWM or RCWM were assumed to 

be 0.636 kcal per ml whole milk. Due to the addition of 0.2% emulsifier to the liquid 

diets, an estimated energy value of 1.8 kcal per 100 ml liquid was included for the 

energy consumption calculation. Table 3.4 shows the fatty acid compositions of 

Carnation #100, the basal diet, and butteroil isolated from the raw milk. The body 

weight of each guinea pig was recorded daily, and fresh solid and liquid diets were 

monitored and changed daily. 

Analytic Methods 

Cholesterol Assay 

Plasma total cholesterol was measured by enzymatic analysis (Allain et al. 1974) 

using a cholesterollHP assay reagent and Preciset cholesterol standards from Boehringer 

Mannheim Diagnostics (Indianapolis, IN). Plasma HDL-cholesterol was determined in 

the apolipoprotein B free supernatant, according to the dextran-sulphate:MgCI2 



Table 3.4 

Fatty acid composition of the emulsifierl (Carnation #100), butteroil2
, 

and basal (solid) dief 

percent Fatty Acid (%) 

Fatty Acids4 Carnation #100 Butteroil Basal Diet 

4:0 0.0 4.2 0.0 

6:0 0.0 3.2 1.4 

8:0 0.0 1.8 1.0 

10:0 0.0 3.7 2.2 

12:0 0.0 3.5 2.5 

14:0 0.0 10.6 7.2 

16:0 12.0 29.0 36.7 

17:0 0.2 0.5 0.3 

18:0 81.2 11.6 7.2 

SFA 93.4 68.1 58.5 

14:1 0.0 1.2 0.8 

16:1 0.0 1.7 1.0 

18:1 6.5 22.4 30.8 

MUFA 6.5 25.3 32.6 

18:2 0.0 2.8 6.7 

18:3 0.0 0.3 0.3 

PUFA 0.0 3.1 7.0 

Others 10.1 3.5 1.9 
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I Carnation #100 was a gift from Carnation Dairy Co. (Phoenix, AZ) and used as an 
emulsifier in each liquid diet at 0.2 % (w/v) to stabilize re-mixed milk components. 

2 Butteroil refers to the butter serum-free butteroil isolated from fresh raw milk obtained 
from The University of Arizona Dairy Farm. 

3 The basal diet contained butteroil and palm oil in a 1:1 (w/w) mix. 

4 Abbreviations: SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, 
polyunsaturated fatty acids. 
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precipitation method of Warnick et al. (1982). To measure cholesterol content in the 

liver, one gram of wet liver tissue was extracted with 12 ml of a chloroform and 

methanol (2: 1, v/v) solution (Folch et al. 1957) and an aliquot of each extract pipetted 

into a test tube and dried under nitrogen. Twenty p.l of ethanol were added to resuspend 

the solvent-free pellet and hepatic concentrations of total and free cholesterol were 

measured in the lipid extracts solubilized in ethanol as described by Sale et al. (1984). 

The hepatic esterified cholesterol concentrations were indirectly determined by 

subtracting free from total cholesterol. 

Triacylglycerol (TAG) Assay 

Plasma, LDL and hepatic TAG levels were determined using a Sigma 

Triacylglyceride [INT] kit (St. Louis, MO) according to a modified enzymatic method 

described by Bucolo and David (1973). Because glycerol is the substrate quantified in 

the TAG assay, the presence of free glycerol in the liver extract was a potential source 

of error. Before hepatic TAG assay was performed, liver lipid extracts (as described in 

cholesterol assay section) were subjected to an acid solution wash as described by Carr 

et al. (1993) with a minor modification for guinea pig liver extract. Briefly, 2 ml of 

liver extract were pipetted into a conical test tube and 0.4 ml of 0.05% H2S04 added. 

The solution was mixed and centrifuged for 5 min at 800 g in a Beckman TJ-6R 

centrifuge. Chloroform was added to make up the lower phase volume to 2 mI, the tubes 

were re-centrifuged, and the lower phase was carefully collected. To prepare solubilized 

lipid extract sample, 200 JLI of the acid washed sample extract was dried under nitrogen; 
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200 JLI of 0.6% Triton X-100 in chloroform added to the test tube, and the sample dried 

under a stream of nitrogen. Finally, 1 ml of 0.05% Triton X-lOO in water was added 

to the test tube and warmed to 37°C in a water bath to solubilize the samples. In the 

TAG assay, 20 JLI of sample solution and a calibrator (Sigma) solution of 250 mg/dl 

trioleate was used to determine the sample TAG concentrations. 

Phospholipid (PL) Assay 

In Experiment I, the PL content of LDL was determined by a colorimetric method 

(Bartlett 1959), which measured the inorganic phosphorus content released by sulfuric 

acid digestion. In Experiment II, the PL content of LDL and liver was measured by 

enzymatic analysis (Takayama et al. 1977). Free choline released after phospholipase 

D hydrolysis of LDL-PL was measured using a phospholipid B assay kit from Wako 

Pure Chemical Industries, Ltd. (Osaka, Japan). For hepatic PL assay, aliquots of 

solubilized liver lipid extract sample (as described above for hepatic TAG assay) and a 

series of calibrator (Wako) solutions of 300 mg/dl choline were used to determine sample 

PL concentrations. 

Protein Assay 

Protein concentrations of LDL, hepatic microsomes, and tissue membranes were 

determined by a modified Lowry method (Markwell et al. 1978) using BSA as a 

standard. 
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Plasma Lipoprotein Isolation and Cholesterol Content 

Plasma Lipoprotein Isolation 

Blood was obtained by cardiac puncture and mixed with Na2EDTA (1 mg/ml) as 

an anticoagulant. Plasma was separated from the cellular components by centrifugation 

(500 gat lOoC for 15 min in a Beckman TJ-6R centrifuge) and aliquots were collected 

for plasma cholesterol and TAG assays. Guinea pig plasma lipoproteins were 

fractionated by density gradient ultracentrifugation in a fixed angle (Beckman Ti 50) rotor 

(Havel et al. 1977). Solution density was adjusted to 1.019 or 1.090 kg/L with a heavy 

density (stock) solution containing NaCI and KBr. The amount of stock solution added 

was calculated using the following equation: 

where: VI = initial volume of solution, V2 = volume of stock solution 

to be added, d = required density, d l = original density, d2 = density of 

stock solution. 

To minimize sample dilution, solid KBr was used to adjust the density from 1.063 (or 

1.090) to 1.21 (or 1.30) kg/L using the equations of Radding and Steinberg (1960): 

KBr (g) = Vi (d,- dJ 
1 - Vp d, 

where: KBr (g) = the weight of solid KBr to be added for density 

adjustment, Vj = the initial volume of solution to be adjusted, dr = the 

final density desired in kg/L, d j = the initial density in kg/L, and V p = 



the partial specific volume of KBr at the final density (at 15°C with 

desired d = 1.21 kg/L; Vp = 0.3028). 
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Lipoprotein classes were isolated using the following density intervals based on density 

gradient analysis of guinea pig lipoproteins (Redgrave et al. 1975): VLDL, density (d) 

< 1.006 kg/L ; LDL, 1.019 < d < 1.090 kg/L; and HDL, 1.090 < d < 1.21 kg/L. 

Isolated lipoprotein fractions were dialyzed against 150 mmollL NaCI and 0.3 mmollL 

Na2EDTA (hereafter referred to as dialysis buffer), pH 7.4, for 24 h at 4°C. Human 

LDL, isolated from normolipidemic volunteers by ultracentrifugation between density 

1.019-1.063 kg/L, was used in hepatic membrane binding studies as unlabeled competitor 

for labeled guinea pig LDL. Previous studies have shown that human LDL is an 

effective competitor for guinea pig 12SI-LDL binding to guinea pig hepatic membrane 

apoB/E receptors (Fernandez et al. 1990). The lipoprotein concentration in each fraction 

was expressed in terms of its protein content. 

Plasma Lipoprotein Cholesterol Content 

In Experiment I, total cholesterol was measured directly in isolated plasma, and 

HDL-cholesterol was measured using dextran sulfate/Mg+2 precipitated plasma (Warnick 

et al. 1982). Briefly, stock solutions of2% dextran sulfate (MW = 50,000) and 1 mollL 

MgCl2 were prepared separately. Before the experiment, a working solution of dextran 

sulfate and MgCl2 was prepared by mixing stock solutions in a 1: 1 ratio. Twenty ILl of 

the freshly prepared working solution were added to 200 ILl plasma and incubated at 

room temperature for 10 min. Samples were centrifuged at 1,000 g at 15°C for 20 min 
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(Beckman, model TJ-6R). Aliquots of the supernatant fraction were measured for HDL-

cholesterol. A factor of 1.1 was applied to the assay data to correct for dilution of the 

samples by the addition of dextran suifate/MgCl2 solution. 

In Experiment II, plasma total cholesterol was calculated by summing the 

cholesterol content in the individual classes of plasma lipoprotein. Plasma lipoprotein

cholesterol was measured by the beta-quant method (Lipid Research Program 1982). To 

separate VLDL from other lipoprotein classes, 2.5 ml plasma from each guinea pig was 

overlaid with a 150 mmollL sodium chloride solution (d = 1.006 kg/L) to a total volume 

of 5.8 ml in a Quickseal tube (Beckman, Palo Alto, CA). Sarr.ples were centrifuged for 

18 hr at 100,000 g at 15°C in a Beckman L8M ultracentrifuge (Ti 50.3 rotor). After 

centrifugation, the supernatant (about 2.5 ml) containing the VLDL was removed by tube 

slicing. The infranatant was also collected. The volume of both collected solutions was 

adjusted to a final volume of 5 ml with 150 mmollL NaCI. The cholesterol content was 

measured in the upper fraction as VLDL-cholesterol and in the lower fraction solution 

as both LDL-cholesterol and HDL-cholesterol. An aliquot of the lower fraction was 

treated with dextran suifate/MgCl2 as described above to measure HDL-cholesterol. The 

sum of VLDL-cholesterol, LDL-cholesterol and HDL-cholesterol represents the plasma 

total cholesterol. 



Hepatic Membrane LDL Binding Assay 

Hepatic Membrane Isolation 
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Hepatic membranes were isolated for LDL binding measurements as previously 

described (Fernandez et al. 1990). Liver tissue (2 g wet tissue) was homogenized with 

two 10 sec pulses in a Polytron (Brinkmann, Littau-Switzerland) at 15,000 rpm in 10 ml 

of ice-cold membrane isolation buffer (150 mmollL NaCI, 1 mmollL CaCI2, 10 mmollL 

Tris-HCI and 1 mmollL phenylmethylsulfonyl fluoride, pH 7.5). Homogenates were 

then centrifuged at 500 g for 5 min using a JA-20 rotor in a J2-21 centrifuge. 

Supernatants were re-centrifuged at 8,000 g for 15 min using the J2-21 centrifuge and 

the membrane-enriched supernatants were collected and subjected to ultracentrifugation 

in a Ti 50 rotor (Beckman) at 100,000 g for 1 h at 4°C using a Beckman L8M 

ultracentrifuge. The isolated membranes were resuspended in 8 ml of membrane 

isolation buffer, flushed 10 times through a 22-gauge needle and recentrifuged at 100,000 

g for 1 h. The pellets were stored in liquid nitrogen (Kovanen et al. 1979). For the 

LDL binding assay, frozen membranes were thawed and resuspended in binding buffer 

(100 mmol/L NaCI, 0.5 mmollL CaCI2, 50 mmollL Tris-HCI, pH 7.5) by flushing 10 

times through a 22-gauge needle. An aliquot of each membrane suspension was used to 

measure protein concentration. Each membrane sample was then diluted to a specific 

protein concentration with binding buffer containing 2 % BSA for LDL binding studies. 
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Radioactive Iodination of LDL 

Pooled samples of guinea pig LDL isolated from the same dietary treatment 

groups (unless otherwise specified) were iodinated by the iodine monochloride method 

according to McFarlane (1958) as modified by Goldstein et al. (1983). The 

unincorporated 1251 was removed by gel filtration on a Sephadex G-25 column previously 

equilibrated with dialysis buffer. The protein fractions were collected and dialyzed 

against buffer at 4°C for 24 hours. The final specific activities of the 125I-LDL varied 

between 150 and 600 cpm/ng of protein. In all preparations more than 98 % of the 

radioactivity was precipitable with 10% trichloroacetic acid in the presence of bovine 

albumin as a carrier. This indicates that the 1251 was associated with LDL protein and 

free iodine was effectively dialyzed out of the solution. When labeled LDL solutions 

were extracted with chloroform and methanol (2:1, v/v) , the radioactivity in the 

chloroform extractable fraction was found to be less than 2 % of the total radioactivity 

indicating that 1251 was associated with the apolipoprotein moiety of the LDL. Following 

determination of LDL protein concentration and specific activity, 3 % BSA was added to 

the 125I-LDL preparations to minimize damage due to radiolysis (Khouw et al. 1993). 

All LDL preparations were used within two weeks for membrane binding assays. 

In Vitro LDL Binding Studies 

In Experiment I, guinea pig hepatic membranes isolated from animals fed WM, 

SM/S, CIS, and SM/B diets were incubated with homologous 125I-LDL (pooled LDL 

from the same dietary treatment group) to determine membrane apoB/E receptor number 
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(Bmax) and ligand affinity (Kd)' In Experiment II, LDL was labeled from either the water 

control group (WE) or the milk treatment groups, which inc1ud.ed LDL isolated from the 

NPWM, RCWM, BMSM, BSSM, and BOSM groups. 125I-LDL from the WE group was 

used for hepatic membranes isolated from the WE group, whereas 125I-LDL from the 

milk treatment groups were used as tracers for the hepatic membranes isolated from the 

NPWM, RCWM, BMSM, BSSM, and BOSM groups. 

In a typical binding assay, 200 p.g hepatic membrane protein was incubated with 

125I-LDL (between 5 and 60 p.g/ml) at 37°C for 2 h with or without addition of 1 mg/ml 

excess unlabeled human LDL in a final volume of 200 p.l to determine non-receptor

mediated and total binding respectively. At the end of the incubation, a 75 p.l aliquot of 

the 200 p.l incubated solution was overlaid on 100 p.l of ice-cold binding buffer 

(membrane isolation buffer) containing 3 % BSA in a Beckman cellulose propionate tube 

and centrifuged in a Ti 42.2 rotor (Beckman) at 150,000 g for 1 h at 4°C (Kovanen et 

at. 1979). After the supernatant was aspirated, the membrane pellet was washed with 

100 p.l ice-cold 3% BSA binding buffer and centrifuged as before for 30 min. Next, the 

supernatant was removed and the radioactivity contained in the pellets was determined 

by clipping off the bottom of the tubes and counting in a LKB 1272-001 gamma counter 

(LKB-Wallac CliniGamma, Finland). 

The radioactivity associated with membranes incubated with labeled LDL 

represents total binding, and the radioactivity associated with membranes incubated with 

labeled LDL in the presence of excess unlabeled human LDL represents non-specific 

binding. The amount of specific LDL binding was calculated by subtracting the amount 
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of non-specific binding from the total binding. The hepatic membrane affinity for LDL 

~. f,Lg LDLlml) and apoB/E receptor number (Bmax• ng LDL bound/mg membrane) 

were estimated by regression analysis of Woolf plots (Keightley et al. 1983) of receptor 

mediated binding of 125I-LDL to a hepatic membranes. The equation reported by Woolf 

[with F (free) plotted on the x-axis and F/B (free/bound) plotted on the y-axis] to 

mathematically estimate binding parameters is: 

F 1 Kd 
(-) = (-)F + (-) 

B Bmax Bmax 

where B = ligand (LDL) bound to membrane; F = free (non-bound) ligand (LDL); Kd 

= receptor-ligand dissociation constant; Bmax = maximum binding of ligand (LDL). 

A typical saturation curve for the binding of homologous LDL to guinea pig 

hepatic membranes at 37°C is shown in Figure 3.2. Data are extracted from the 

Experiment II: WE hepatic membrane (n=6) treated with homologous 125I-LDL. The 

specific binding (not shown) was obtained after subtracting total binding (solid diamond) 

from non-specific binding (open diamond). Non-specific binding was linear over a range 

of 5 to 60 f,Lg/ml and receptor-mediated specific binding exhibited saturation at a 

concentration of around 40 f,Lg/ml. The Woolf plot is shown in the inset. The 

dissociation constant (Kd) and maximum LDL binding (Bmax) were determined to be 14.7 

f,Lg/ml and 1.66 f,Lg/mg membrane respectively. 
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Figure 3.2: Representative LDL kinetics for guinea pig hepatic membrane. 
Data are extracted from Experiment II: WE hepatic membrane (n =6) tested with 
homologous 125J-LDL. 



Hepatic Microsomal HMG-CoA Reductase Activity Assay 

Hepatic Microsome Isolation 
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Liver tissue (6 g wet tissue) was passed through a tissue grinder into 10 ml 

homogenization buffer, pH 7.2, containing 50 mmollL KH2P04, 100 mmol/L sucrose, 

50 mmollL KCI, 30 mmol/L EDTA and 2 mmollL DTT. The ground tissue was further 

processed with a Potter-Elvehjem homogenizer and subjected to two 15 min 

centrifugations at 10°C at 10,000 g using a 12-21 centrifuge (Beckman). Supernatants 

were collected and ultracentrifugated for 1 h at 100,000 g in a Ti-50 rotor at 4°C. 

Pelleted microsomes were resuspended in 10 ml ice-cold buffer, homogenized again with 

a Potter-Elvehjem homogenizer and washed by ultracentrifugation as previously 

described. After centrifugation, pellets were collected and resuspended in 2 ml isolation 

buffer and stored under liquid nitrogen (Nordstrom et al. 1977). 

HMG-CoA Reductase Activity Assay 

Microsomal HMG-CoA reductase (EC 1.1.1.34) activity was measured by the 

radioisotopic method of Shapiro et al. (1974). Briefly, 200-400 p.g of microsomal 

protein were incubated for 15 min at 37°C with 7.5 nmollL of [3-14C] HMG-CoA (with 

specific activity = 18 to 21 dpm/nmol) and 50 p.l of incubation mixture (containing 4.5 

p.mollL glucose-6-phosphate (G-6-P), 3.6 p.mol/L EDTA, 0.45 p.mol/L NADP and 0.3 

I. U. G-6-P dehydrogenasel 50 p.l) to give a 100 p.l final volume per tube. [3H] 

mevalonate (0.024 GBq per assay) was added as an internal recovery standard. The 

incubation was stopped by the addition of 25 p.l of 10 mollL HCI containing unlabeled 
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mevalonic acid. The unlabeled mevalonic acid (a carrier for TLC separation), the PH] 

labeled mevalonic acid (an internal recovery standard) and the [14C] labeled mevalonic 

acid (newly synthesized product) in the incubated solutions were then lactonized by 

incubation at 37°C for 30 min. After incubation, microsomal protein was pelleted in a 

microcentrifuge by a 2 min centrifugation. Aliquots of the supernatant were applied to 

20 x 20 cm silica gel-60 plates (All tech , Deerfield, IL) and developed in a 

benzene:acetone (1:1, v/v) solvent for 50 min. The area containing the mevalonate (Rr 

0.6-0.9) was removed and mixed with 5 ml of Aquasol (NEN, Boston, MA) and the 

radioactivity was measured in a liquid scintillation counter. Microsomal HMG-CoA 

reductase activity is expressed as picomoles of [14C]mevalonate produced/min-mg of 

microsomal protein. Recovery of [3H]mevalonate ranged from 55 to 75 % in a typical 

experiment. 

LDL Characterization 

LDL Composition and Particle Size Estimation 

To determine dietary fat mediated changes in plasma LDL properties, guinea pig 

LDL composition was determined by measuring the relative percentages of free 

cholesterol (FC), esterified cholesterol (EC), TAG, PL, and protein (PRO) in particles 

from each diet group. EC is calculated as total cholesterol minus free cholesterol times 

1.67. LDL is assumed to contain one apoB-100 (412,000 kd) per particle. LDL particle 

diameters were calculated from the ratio of core to surface volume according to Van 

Heek and Zilversmit (1991) using the formula: 
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f= [1.093(TAG} + 1.044 (£G)] 3(2.15) 
[0.968(FG) +0.97(PL} + 0.705 (PRO)] 

d = 2 f + 2 (2.15) 

in which r (run) = the core radius and d (run) = the particle diameter. The thickness 

of the surface lipid bi-Iayers of the lipoprotein is assumed to be 2.15 run; the values of 

1.093, 1.044, 0.968, 0.970, and 0.705 g/ml are the corresponding partial specific 

volumes of TAG, EC, FC, PL, and PRO molecules. 

LDL Peak Density Estimation 

To determine the effect of dietary fat on LDL peak density distribution, the 

density of pooled guinea pig LDL fractions from each dietary group was adjusted to 1. 30 

kg/L with solid KBr. A 1.2 ml volume of this density-adjusted solution was overlaid 

with 4 ml of d= 1.006 kg/L buffer solution (NaCI) in a centrifuge tube. Centrifugation 

was performed in a VTi 65.2 vertical rotor (Beckman) at 385,000 g at 15°C for 45 min 

to generate a density gradient (Poumay and Ponveaux-Dupal 1985). After 

ultracentrifugation, the bottom of the tube was punctured with a needle and fractions was 

collected with a LKB 2112 RediRac (LKB-Producter AB, Bromma, Sweden) fraction 

collector. The total cholesterol content in each fraction (about 250 J.tl/tube) was 

measured. The refractive index of each gradient fraction was determined using a Abbe-

refractometer (Zeiss-opton, Oberkochen, Germany) (Lindgren 1975) and converted to a 

density value using an empirical formula generated from a series of standard density 
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solutions. The peak density of each LDL fraction was determined by plotting the 

corresponding gradient fraction densities and total cholesterol. 

Fatty Acid Analysis 

Preparation of Fatty Acid Methyl Esters (FAME) 

The FAME were prepared by saponification in NaOH methanol, esterification in 

BF3 methanol, acidification with HCL and extraction in hexane according to the official 

methods of analysis (AOAC method index, 972.28, 1990) with modification. For sample 

preparation, adipose tissues were removed from storage in liquid nitrogen and duplicate 

samples (0.1 g) of guinea pig epididymal tissues were homogenized with 8 ml of a 

chloroforrn:methanol (2: 1, v/v) solution (Folch et al. 1957). Following homogenization, 

the amount of sample that could be processed was as low as 10 mg; however, a sample 

weight of 100 mg fat equivalent was optimal, unless the sample was scarce. 

After standing overnight at 4°C, lipid extracts were filtered and dried under 

nitrogen. The nitrogen-dried fat residues were saponified by addition of 1 ml 0.5 mollL 

NaOH in methanol, flushed with N2, and capped tightly in screw-cap culture tubes with 

teflon liners. Samples were heated at 85°C for 5 min. To convert the fatty acids to 

methyl esters, saponified samples were incubated with 3 ml of boron trifluoride in 

methanol (14% w/v) at 100°C for 30 min (Nelson 1972) and sealed under N2 • After 

cooling, 400 ILl of 3 mollL HCI, 1 ml deionized distilled water, and 4 ml hexane were 

added. Following a nitrogen flush and 20 sec of vortexing, the samples were centrifuged 

for 10 min at 8000 g (Beckman TJ-6R centrifuge). The upper phase was collected and 
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the lower phase was re-extracted with 4 ml of hexane. Combined hexane extracts were 

used directly for gas chromatographic analysis. 

For diet fatty acid composition analysis, 0.7 g diet (15 % fat content) was ground 

and extracted with chloroform:methanol (2:1, v/v) solution overnight. For oil and fat 

samples, the lipid extraction step was not necessary. One hundred mg of oils or fats 

were directly transesterified as described above. 

Analysis of FAME by Gas Chromatography 

A Packard Model 438A GC equipped with a flame ionization detector and a 30 

m X 0.53 mm ID fused silica capillary column coated with SP-2380 (SUPELCO Inc.) 

was used for analysis of FAME. Helium was used as the carrier gas. Two different 

temperature programs were used to analyze fatty acid compositions. The first program 

was used for the majority of samples which contained no short and medium chain fatty 

acids. In this protocol the temperature was programmed to remain at 90DC for 4 min 

after sample injection, then increase lODC/min for 3 minutes, and finally increase 

SOC/min to a final temperature of 240DC. The final temperature was held for an 

additional four min to eliminate all residual contaminants in preparation for the next 

injection. The second temperature program was used specifically to separate short chain 

FAME (C4:0 to CI0:0) as well as other FAME. The initial temperature was set at 45 DC 

for 2 min after sample injection, then increased lODC/min to a final temperature of 

240DC. Injection and flame ionization detector temperatures were set at 250DC. FAME 

peaks were identified by their relative retention times compared to a commercially 
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purchased FAME standard set: 68A, 73A or 403 (NuCheck). The peak area was 

directly proportional to the amount of the FAME in each sample. Data for individual 

FAME were reported as percentage (g/lOO g) distribution by a SP 4270 chromatography 

integrator (Spectra-Physics, San Jose, CA). 

Statistical Analysis 

All data are presented as means ± SD for the indicated number of animals or as 

otherwise indicated. One way analysis of variance (ANOV A) was used for statistical 

evaluation of the differences among the treatment groups. Least significant difference 

test was used to identify significant differences among the dietary groups (Steel and 

Torrie 1960). Differences were considered significant when the P value was less than 

0.05. 
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CHAPTER 4 

EXPERIMENT I: INFLUENCE OF MILKFAT FATTY ACIDS ON 
PLASMA LIPOPROTEIN AND HEPATIC CHOLESTEROL METABOLISM IN 

THE GUINEA PIG 

Abstract 

Effects of milkfat versus milkfat fatty acids on plasma lipoprotein and hepatic 

cholesterol metabolism were measured in adult male guinea pigs. Animals were fed diets 

containing 15 g/lOO g fat; either whole milkfat, butterfat (BF), or a synthetic butter-like 

fat mix (SBF), for 4 weeks prior to analysis of lipid metabolism. Four dietary groups 

were studied: whole milk powder (WM, n=9), skim milk powder with SBF (SM/S, 

n=9), skim milk powder with BF (SM/B, n=8), and casein with SBF (CIS n= 10). All 

diets were formulated to contain equivalent amounts of major and minor dietary 

components. Plasma cholesterol concentrations were significantly lower in WM-fed 

animals (1.5 ± 0.3 mmollL) compared to the other diet groups (SM/S, 4.1 ± 1.7; 

SM/B, 2.6 ± 0.9; CIS, 2.5 ± 1.0 mmollL). Analysis of LDL composition indicated 

that the diameter of LDL from WM diet fed animals (14 nm) was significantly smaller 

than in the SM/S, CIS, or SM/B diet groups (17, 19 and 17 nm respectively). Analysis 

of hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase activity 

indicated that animals fed the WM or SM/B diets had higher activities than animals fed 

the SM/S or CIS diets. Hepatic membrane apoB/E receptor Kd values were not different 

among experimental groups; however, CIS diet fed animals had a significantly higher 

hepatic apoB/E receptor Bmax value than the other diet groups. The predicted 
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hypercholesterolemic effect of milkfat was not observed with the WM diet but was found 

with SBF and BF suggesting that a factor(s) associated with WM blocks the predicted 

plasma cholesterol increase in guinea pigs. 

Results 

Effects of Test Diets on Animal Body Weights 

The initial and final week body weights of guinea pigs fed the 4 test diets are 

presented in Table 4.1. The average body weights were not different among the dietary 

groups at the beginning of the study and at the end of adaptation period in the first week 

(data not shown). However, after 4 weeks on the diets the average body weights were 

significantly different among treatment groups. Animals fed the CIS versus WM diets 

were not different and had the highest (459 ± 39 versus 440 ± 50 g) body weights. 

Animals fed the SM/S versus SM/B diets were not different; however, animals fed the 

SM/S diet grew more slowly than the other groups, and there were no differences in 

body weight gains among other diet groups. 

Effects of Milkfat on Plasma Lipid and Lipoprotein Levels 

Plasma cholesterol and lipid levels of guinea pigs fed the various diets are shown 

in Figure 4.1. Plasma cholesterol levels were significantly lower (P < 0.001) in guinea 

pigs fed the WM diet (1.5 ± 0.4 mmollL) compared to animals fed the SM/S diet (4.1 

± 1.7 mmoIlL), CIS diet (2.5 ± 1.0 mmollL) or SM/B diet (2.6 ± 0.9 mmoIlL). 

Similarly, VLDLlLDL-cholesterollevels followed the pattern of total-cholesterol levels. 

Plasma HDL-cholesterollevels did not differ among the test groups. Although there 
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Table 4.1 

Body weights and growth rates of guinea pigs fed semi-purified diets containing whole 
milk (WM), skim milk-synthetic butterfat (SM/S), skim milk-butterfat (SM/B) 

and casein-synthetic butterfat (CIS) diets 

Body Weight (g) I Growth Rate 

Diet (n) Initial Final 
(g/day) 

WM(9) 289 ± 11 440 ± 50"b 3.8 ± 1.13 

SM/S (10) 293 ± 11 386 ± SIc 2.3 ± 1.2b 

SM/B (8) 288 ± 4 397 ± 53bc 3.9 ± 2.1" 

CIS (10) 288 ± 11 459 ± 39" 4.2 ± 0.9" 

IValues are means ± SD for (n) animals. Values in the column with different 
superscripts are significantly different as determined by ANOV A and the least significant 
difference test (P < 0.01). 
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Figure 4.1: Plasma total-, VLDLlLDL-, HDL-cholesterol, and triacylglycerol 
(TAG) levels of guinea pigs fed semi-purified diets containing whole milk (WM, 
n=9), skim milk-synthetic butterfat (SMlS, n=10), skim milk-butterfat (SMlB, 
n=8) and casein-synthetic butterfat (CIS, n=10) diets. Different superscripts indicate 
significant differences as determined by ANOVA and LSD test (p < 0.05). 
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were no significant differences in plasma TAG levels, they tended to be slightly higher 

(no significant differences) in animals fed diets containing SBF (SM/S and CIS) versus 

diets containing BF (WM and SM/B). 

Effects of Milkfat on Hepatic Cholesterol 

Hepatic total cholesterol levels were significantly lower in animals fed the WM 

diet (6.4 ± 0.6 ",mol/g) compared to guinea pigs fed the SM/S (7.9 ± 1.5 ",mol/g) or 

SM/B (8.9 ± 1.8 ",moll g) diets. No differences in hepatic cholesterol levels were found 

between the WM and CIS (7.4 ± 1.0 ",mol/g) groups (Figure 4.2). Hepatic free 

cholesterol levels in the WM group were lower compared to the other diet groups. 

Although animals fed the WM diets seemed to have the lowest hepatic esterified 

cholesterol levels (0.5 ± 0.2 ",mol/L) compared to SM/S, SM/B and CIS diets (0.7 ± 

0.5,0.9 ± 0.5 and 0.7 ± 0.4, respectively), there was no significant differences among 

the dietary groups. Therefore, the significant differences in levels of hepatic total 

cholesterol observed in WM fed animals were primarily due to differences in free hepatic 

cholesterol concentrations among the dietary groups. 

Effects of Milkfat on LDL Characteristics 

Animals fed the WM diet not only had lower plasma and hepatic cholesterol levels 

but also had an altered plasma LDL composition. The percentage distributions of lipid 

and protein of LDL isolated from the plasma of guinea pigs in each experimental diet 

group are shown in Table 4.2. LDL particles from animals fed the WM diet had a lower 
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Figure 4.2: Hepatic cholesterol levels of guinea pigs fed semi-purified diets 
containing whole milk (WM, n=9), skim milk-synthetic butterfat (SMlS, n=10), 
skim milk-butterfat (SMlB, n=8) and casein-synthetic butterfat (CIS, n=10) diets. 
Different superscripts indicate significant differences as determined by ANOV A and LSD 
test (p < 0.05). 



Table 4.2 

Composition and size parameters of LDL from guinea pigs fed semi-purified diets containing whole milk (WM), 
skim milk-synthetic butterfat (SM/S), skim milk-butterfat (SMIB) and casein-synthetic butterfat (CIS) diets 

LDL Components (g/l00 g)l 

Diet (n) Triacylglycerol Esterified Free Phospholipid Protein Diameter Peak 
Cholesterol Cholesterol (nm) Density3 

(kg/L) 

WM(9) 8.2 ± 2.2 30.0 ± 1.4c 7.5 ± 2.3 24.7 ± 5.0' 29.6 ± 0.9' 14.3 ± 1.3c 1.063 

SM/S (10) 5.7 ± 1.4 39.0 ± 2.9' 9.3 ± 2.3 19.9 ± 3.4bc 26.0 ± 1.9b 17.3 ± 1.3b 1.051 

SMIB (6) 7.4 ± 3.0 40.9 ± 2.7' 9.4 ± 1.3 18.1 ± 1.2c 24.2 ± 1.9c 19.3 ± 0.8' 1.055 

CIS (10) 7.4 ± 2.6 36.0 ± 3.0b 8.3 ± 2.3 21.9 ± 3.7'b 26.5 ± l.4b 16.6 ± LIb 1.051 

I Values are means ± SO for (n) animals. Different superscripts indicate significant differences. "b,c indicate differences due 
to diet treatment (columns) as determined by ANOVA and LSD test (P < 0.01). 

2 LDL particle diameters were calculated according to the formula described by Van Heek and Zilversmit (1991). 

3 Peak density of LDL from each dietary group was determined by duplicated analysis of pooled LDL using density gradient 
ultracentrifugation and refractometer analysis of density as described in Material and Methods. 

\0 
00 
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percentage of esterified cholesterol, a core component of LDL, and higher percentage 

of phospholipid, a LDL surface component, compared to LDL from the other diet 

groups. Estimation of LDL particle diameters from the ratio of core to surface volume 

indicated that animals fed the WM diet had a smaller LDL diameter than animals fed the 

SM/S, CIS or SM/B diets (P < 0.001). Continuous density gradient ultracentrifugation 

of pooled LDL samples was used to determine the peak densities of LDL isolated from 

WM, SM/S, CIS, and SM/B diet-fed animals. The higher peak density of LDL isolated 

from animals fed the WM diet was consistent with the presence of smaller and denser 

LDL particles. 

Fatty Acid Composition of Epididymal Fat 

The fatty acid compositions of epididymal fat tissues after 4 weeks on the test 

diets are shown in Table 4.3. When SBP was used as the major fat source, virtually 

identical fatty acid pattern was found for animals fed the SM/S and CIS diets consistent 

with the fatty acid composition of epididymal adipose tissue fat being correlated with 

dietary fatty acid composition. However, animals fed the WM and SM/B diets did not 

have the expected similar fatty acid pattern. In animals fed the WM diet, higher C14:0, 

C14:1 and C16:1 and lower C18:2 and C18:3 values were observed compared to SM/B 

which contained the same dietary fatty acid composition. 
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, Table 4.3 

Fatty acid composition of epididymal fat extracts from guinea pigs fed semi-purified diets 
containing whole milk (WM), skim milk-synthetic butterfat (SM/S), skim milk-butterfat 

. (SM/B) and casein-synthetic butterfat (CIS) diets 

Test Dietl 

WM SM/S SM/B CIS 

Fatty Acid (g/lOO g fatty acids) 

10:0 0.7 ± 0.2' 0.3 ± O.lb 0.6 ± 0.3' 0.3 ± O.Ob 

12:0 1.9 ± 0.4 2.0 ± 0.5 1.5 ± 0.4 1.8 ± 0.2 

14:0 11.5 ± 0.8' 9.2 ± LOb 8.4 ± 0.6b 8.3 ± 0.7b 

16:0 26.0 ± 1.7' 20.6 ± 2.sb 24.9 ± 1.4' 22.4 ± l.3b 

17:0 0.5 ± O.Ob 0.4 ± O.oe 0.6 ± 0.0' 0.4 ± O.oe 

18:0 4.2 ± 0.4 4.9 ± 0.7 4.7 ± 0.5 4.4 ± 0.5 

SFA 44.9 ± 2.8' 37.5 ± 3.1e 40.6 ± 2.0b 37.7 ± 1.3e 

14:1 1.4 ± 0.1' 0.3 ± o.oe 1.0 ± 0.2b 0.4 ± O.oe 

16:1 2.5 ± 0.1' 1.6 ± O.le 2.1 ± 0.2b 2.0 ± 0.2b 

18:1 30.0 ± LIb 37.4 ± 0.7" 30.5 ± 2.1b 36.2 ± 1.0' 

MUFA 33.9 ± LOb 39.3 ± 0.6" 33.6 ± 2.0b 38.6 ± 0.9' 

18:2 13.7 ± 1.6b 19.1 ± 2.2' 18.6 ± 1.2' 19.0 ± 1.3' 

18:3 1.1 ± 0.2b 0.7 ± 0.2b 2.1 ± 0.7' 1.1 ± 0.3b 

PUFA 14.8 ± 1.7b 19.8 ± 2.3" 20.6 ± 1.5" 20.1 ± 1.5' 

Other 6.4 ± 0.6 3.4 ± 0.8 5.2 ± 0.4 3.7 ± 0.3 

P/S2 0.3 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 

I Data for fatty acid composition are presented as mean ± SD for six animals in each 
dietary treatment group. Different superscripts are significantly different as determined by 
ANOV A and LSD test (P < 0.05). Abbreviations: SFA, saturated fatty acids; MUFA, mon
unsaturated fatty acids; PUFA, poly-unsaturated fatty acids. 

2 Polyunsaturated to saturated fat ratio. 
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Hepatic HMG-CoA Reductase Activity and LDL Binding 

Hepatic microsomal HMG-CoA reductase activity was significantly different 

among dietary fat groups based on the fat source (BF versus SBF, P < 0.01) but not 

different between the diets with the same fat source (Figure 4.3). Animals fed BF (WM 

and SM/B diets) had higher HMG-CoA reductase activities (6.5 ± 3.6, n=9 and 6.1 ± 

2.0, n=8 pmollmin-mg, respectively) while animals fed SBF (SM/S and CIS diets) had 

lower HMG-CoA reductase activities (3.1 ± 1.0, n=1O and 2.7 ± 1.6 n=1O pmollmin

mg, respectively). 

Hepatic membrane LDL binding studies were performed using homologous LDL 

as ligand. Analysis of the kinetics of LDL binding to guinea pig hepatic membranes 

indicated that the affinity constant ~) of the hepatic apoB/E receptor was not affected 

by diet treatment (Figure 4.4). The Kd values for SM/S, WM, CIS, and SM/B averaged 

42.8 ± 1.4 J,.tg/ml. Hepatic apoB/E receptor number (Bmax) was significantly higher in 

guinea pigs fed the CIS diet (2.0 J,.tg LDLlmg membrane); however, there was no 

difference among the other three diet groups (SM/S, 1.1; WM, 1.2; and SM/B, 1.1 J,.tg 

LDLlmg membrane). 

Discussion 

Effects of Milkfat on Plasma Cholesterol Levels and LDL Composition 

Numerous studies have been carried out in humans and animals to determine the 

effects of milk and its fat on plasma lipid levels. Many studies have involved various 
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Figure 4.3: Hepatic microsomal 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase activity of guinea pigs fed semi-purified diets containing 
whole milk (WM, n=9), skim milk-synthetic butterfat (SMlS, n=10), skim milk
butterfat (SMlB, n=8) and casein-synthetic butterfat (CIS, n=10) diets. Different 
superscripts indicate significant differences as determined by ANOV A and LSD test (P 
< 0.05). 
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Figure 4.4: Equilibrium constants for LDL binding to guinea pig hepatic 
membrane from guinea pigs fed semi-purified diets containing whole milk (WM, 
n=6), skim milk-synthetic butterfat (SMlS, n=6), skim milk-butterfat (SMlB, n=4) 
and casein-synthetic butterfat (CIS, n=6) diets. Different superscripts indicate 
significant differences as determined by ANOVA and LSD test (p < 0.05). 
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types of dairy products used for supplementation of existing diets; however, only a 

limited number have attempted to maintain total fat intake constant, and in many cases 

this has resulted in changes in the type of dietary fat. To determine whether dairy fat 

is actually hypocholesterolemic, or simply does not have the hypercholesterolemic 

response predicted from its fatty acid composition, we investigated the effect of a "dairy

like" fat (SBF), as compare to butterfat (BF), on plasma lipoprotein levels and hepatic 

cholesterol metabolism in the guinea pig. The results of this experiment demonstrate that 

a diet containing whole milk is not hyperlipidemic as would be predicted from its BF 

fatty acid composition. Using diets of a similar fat content with skim milk protein plus 

15 g BF or SBF per 100 g diets, a hypercholesterolemic response was observed with both 

diets. The plasma cholesterol of animals fed the SM/S, CIS, and SM/BF diets were 

similar to each other, but were higher (286%, 173% and 177% respectively) than the 

WM (as 100%) group. Plasma HDL-cholesterol levels remained unchanged and the 

primary dietary effect was on plasma LDL cholesterol levels. The results indicate that 

BF or SBF, as a dietary fat source, is hyperlipidemic as would be predicted from its fatty 

acid composition. Therefore, the hypocholesterolemic effect observed in WM diet fed 

animals cannot be explained by the presence of butterfat alone. 

Schneeman et al. (1989) did not observe a consistent hypocholesterolemic effect 

of whole milk in rats, but observed decreased serum TAG levels with intake of skim 

milk powder and whole milk powder based diet compared to individual control diets; 

however, the percentage of fat contained in skim milk powder (5% fat) and whole milk 
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powder (20% fat) based diets were quite different. In the present study it was found that 

while plasma TAG levels tended to be lower with the WM diet and higher in SM diet 

fed guinea pigs (with identical percentage of fat content), there was no significant 

difference among the dietary groups. This fmding is in agreement with a report by 

Kritchevsky et al. (1979) indicating that rats supplemented with a whole or skim milk 

liquid diet did not alter their plasma TAG levels. 

The hypotriglyceridemic effect of whole milk was not observed in guinea pig in 

the current study, such as reported by Schneeman et al. (1989) for rats. However, 

animals fed the SBF diets (SM/S and CIS) had higher plasma TAG levels compared to 

animals fed the BF diets (WM and SM/B). Since the amount of fat contained in all of 

the dietary groups was the same in this study (15% w/w), the difference in plasma TAG 

response might be caused by the source of fat used in the diets. SBF was formulated to 

match the fatty acid composition of the BF; however, the mixture of several fats to 

mimic the fatty acid composition of BF may have a different fatty acid stereochemical 

arrangement on TAG (Small 1991) which could alter the absorption and utilization of 

dietary fats by guinea pigs. 

Effects of Milkfat on Hepatic Cholesterol, HMG-CoA Reductase Activity 
and LDL Binding 

Hepatic total cholesterol levels were significantly decreased in animals fed the 

WM diet. This difference was due mainly to a decrease in free, but not esterified, 

hepatic cholesterol levels. This is in contrast to previous studies which found no 
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difference in hepatic cholesterol content between rats fed whole milk versus skim milk 

in dried diets (Schneeman et a11989) or in liquid diets (Kritchevsky et aI1979). Guinea 

pigs fed the WM diet had the lowest values for both plasma and hepatic total cholesterol 

concentrations and the observed lower plasma and hepatic cholesterol levels can not be 

explained by differing amounts of dietary cholesterol or differences in fat quality or 

quantity. 

Animals fed BF containing diets (WM and SM/B) had a 2-fold increase in hepatic 

microsomal HMG-CoA reductase activity (6.5 ± 3.6 and 6.1 ± 2.0 pmollmin-mg) 

compared to animals fed SBF containing diets (SM/S and CIS, 3.1 ± 1.0 and 2.7 ± 1.6 

pmollmin-mg, respectively). The difference in HMG-CoA reductase activity responses 

may be caused by the different source of dietary fats; however, the different responses 

of HMG-CoA reductase activity to the treatment diets cannot explain the lowered plasma 

and hepatic cholesterol levels observed in animals fed the WM diet. 

The hepatic membrane LDL binding study demonstrated that the affinity constant 

(Kd) of the LDL receptor was not altered by the dietary treatments. Hepatic membrane 

apoB/E receptor number (Bmax) was not different between WM and SM/B diet fed groups 

indicating that BF, as the major fat source, did not alter LDL receptor expression, 

whether present as milkfat or butteroil. While animals fed with CIS diet had a 

significantly higher receptor Bmax than the other dietary groups, the reason for this 

increase in hepatic membrane receptor number is not clear since the induce for the SM/S 

diet group was not higher. In addition, the responses of the hepatic LDL binding affinity 
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and receptor number to treatment diets can not explain the lowered plasma and hepatic 

cholesterol levels observed on animals treated with the WM diet. 

Effects of Milkfat on LDL Particle Parameters 

Animals fed with WM not only had lower plasma and liver cholesterol levels but 

also had smaller LDL particles. LDL peak densities and calculated diameters were 

altered by intake of the WM diet which were consistent with changer in the chemical 

composition of the particles. Human studies have suggested that small, dense LDL 

particles are associated with higher incidence of coronary heart disease (Austin et a1. 

1990, Crouse et a1. 1985). In the present study LDL isolated from.WM diet fed animals 

was found to be a smaller and denser particle. It is not clear at present whether a whole 

milk diet would cause a similar effect in human subjects. The exact mechanism by 

which WM diet caused significant composition changes in LDL particles is not known. 

It could be speculated that since the relative percentage of TAG is increased and 

cholesteryl ester decreased that the WM diet altered plasma CETP activity. 

Effects of Milkfat on Adipose Tissues 

Analysis of adipose tissue fatty acid composition revealed a correlation with the 

fatty acid composition of the dietary fat sources. When comparing the fatty acid 

composition based on the fat source, similar fatty acid patterns were observed in adipose 

tissue isolated from animal fed diets containing SBF. When comparing the degree of 

saturation in the adipose tissue from WM and SM/B groups, it was found that animals 
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fed the WM diet had a higher total SF A, a lower content of PUF A and the same values 

for MUF A as animals fed the SM/B diet. 

The differences of fatty acid patterns for adipose tissue isolated from animals fed 

BF and SBF were possibly due to the difference in the fatty acid stereochemical 

arrangement on TAG molecules. It has been shown that the fatty acids in milkfat are not 

distributed randomly on the TAG molecule. In milkfat, all of the C4:0, 93 % of the C6:0 

and 63% of the C8:0 are located at the sn-3 position of the TAG and that C14:0 is 

predominantly in the sn-2 position, C16:0 and C18:0 are evenly distributed in the sn-l 

and sn-2 position, and C18:1 is mainly in the sn-l position (Jensen et al. 1991). In this 

study, SBF was prepared by mixing PO, BT, CB, lard, CI4:0, PKO, and MCT with a 

particular emphasis on the percentage of individual fatty acids (CI0:0, CI2:0, CI4:0, 

CI6:0, CI8:0, and C18: 1) to match the fatty acid composition of milkfat. A similar 

fatty acid composition of SBF containing diets was expected to match the BF containing 

diets as shown in Table 4.3. However, the distribution of fatty acid positions on the 

TAG of SBF is unknown. As reviewed by Small (1991), the TAG structure has a 

significant effect on the absorption and metabolism of the dietary fats. To metabolize 

dietary fats, TAG must first be hydrolyzed to free fatty acids and 2-monoacylglycerol by 

pancreatic lipase in the intestinal lumen, absorbed into intestinal mucosal cells and re

synthesized into TAG which are packaged into chylomicrons and secreted into lymph. 

Therefore, fatty acids from different sources and their positional arrangement on TAG 

in SBF and BF may be metabolized and utilized differently by these animals. In the 
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present study, it was found that the fatty acid composition of epididymal fat closely 

related to the fatty acid composition of fat in the diets indicating the dietary fat qualities 

to some extent did influence the fatty acid compositions of body adipose tissues. 



CHAPTERS 

EXPERIMENT II: INFLUENCE OF LIQUID WHOLE MILK AND ITS 
SUBFRACTIONS SUPPLEMENTATION ON PLASMA LOW DENSITY 

LIPOPROTEIN (LDL) METABOLISM IN THE GUINEA PIG 

Abstract 
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Effects of diets supplemented with liquid whole milk or partially reconstituted 

milk fractions on plasma LDL composition and hepatic lipid metabolism were measured 

in adult male guinea pigs (n=6 per diet). Animals were fed a semi-purified basal diet 

containing 15% (w/w) fat [butteroil and palm oil (1:1; w/w)], with or without various 

liquid milk products for 4 weeks prior to analysis of plasma lipid and hepatic sterol 

metabolism. Six diet supplemented groups were studied: water (WE), non-processed 

whole milk (NPWM) , re-constituted whole milk (RCWM), buttermilk-enriched skim milk 

(BMSM), butter serum-enriched skim milk (BSSM), and butteroil skim milk (BOSM). 

Animals in all the milk product supplemented groups gained less weight than animals in 

the WE group. There was no difference in total liquid intake between the WE group and 

the milk supplement groups. Animals supplemented with milk products consumed less 

solid diet compared to animals given water; however, calculated total daily energy 

intakes were not different among groups. Plasma cholesterol and triacylglycerol 

concentrations were not significantly different among test groups. Analysis of plasma 

LDL composition indicated that LDL composition and size were not different among the 

test group. Hepatic microsomal 3-hydroxy-3-methylglutaryl coenzyme A reductase 

activity was not altered by milk product supplementation, and the affinity of hepatic 
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membrane LDL receptor Kd (18 versus 22 JLg/ml) and receptor number Bmax (1.6 versus 

1.5 JLg/mg) were not different between the WE and milk supplemented groups. In 

summary, the potential plasma lowering factor(s) associated with buttermilk and butter 

serum were not identified. However, a diet supplemented with liquid whole milk, or its 

partially reconstituted subfractions providing up to 46 % of the daily energy intake, with 

higher total fat (1.4 fold) and dietary cholesterol (2.3 fold), did not increase plasma 

cholesterol and triacylglycerol levels, alter LDL composition and density; or affect 

hepatic lipid metabolism in the guinea pig. 

Results 

Effects of Liquid Milk Products on Animal Body Weights 

The initial and final body weights of guinea pigs fed the various test diets are 

presented in Table 5.1. Average body weights were not different among the dietary 

groups at the beginning of the study nor at the end of the adaptation period during the 

first week. After 4 weeks on the supplementation diets, however, the average animal 

body weights were significantly different among the treatment groups. Animals on the 

WE diet had a higher average weight (685 ± 42 g, P < 0.001) and growth rate (10.4 

± 1.2 g/day) compared to animals supplemented with milk fractions, except for the 

RCWM group. Animals on the RCWM diet had a significantly higher final body weight 

relative to animals on the BOSM diet; Analysis of the final body weights of the milk 

fraction treatment groups (excluding the WE group) showed no significant differences 
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Table 5.1 

Body weights and growth rate of guinea pigs fed supplemented milk product diets: 
water (WE), non-processed whole milk (NPWM), re-constituted whole milk (RCWM), 

buttermilk..enriched skim milk (BMSM), butter serum-enriched skim milk (BSSM), 
and butteroil skim milk (BOSM) 

Body Weight (g)1 Growth Rate 

Diet (n=6) Initial 1st Week Final 
(g/day)2 

WE 238 ± 18 343 ± 20 685 ± 42" 10.4 ± 1.2" 

NPWM 235 ± 26 332 ± 19 574 ± 71bc 7.4 ± 1.9bc 

RCWM 240 ± 21 341 ± 23 624 ± 33"b 8.6 ± 1.7ab 

BMSM 238 ± 22 333 ± 29 562 ± 76bc 7.0 ± 2.3bc 

BSSM 238 ± 15 338 ± 14 577 ± 32bc 7.3 ± 1.1bc 

BOSM 239 ± 23 331 ± 22 530 ± 44e 6.1 ± 1.7e 

I Values are means ± SD for n=6 animals; values in the same column with different 
superscripts are significantly different as determined by ANOV A and the least significant 
difference test (P < 0.01). 

2 Average growth rate was calculated: (final body weight-1st week body 
weight)/treatment days. 
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among the groups. Animals supplied with milk products had an average body weight of 

574 ± 59 g (n=30) with a range of means from 530 to 624 g. 

Food Consumption and Energy Intake 

The average amount of solid diet consumed in the WE group was 31 ± 4 g/day 

with an average intake of 98 ± 13 ml/day water (containing 0.2 % emulsifier) (Figure 

5.1). In groups which were given the milk supplements of NPWM, RCWM, BMSM, 

BSSM, and BOSM during the experimental period, the average basal diet intake was 18 

± 3, 21 ± 3, 19 ± 3, 19 ± 3 and 20 ± 3 g/day, respectively (Figure 5.1). The 

amounts of liquid consumed in milk treatment groups NPWM, RCWM, BMSM, BSSM, 

and BOSM were 108 ± 17, 92 ± 17, 98 ± 16, 95 ± 15 and 96 ± 25 mllday 

respectively (Figure 5.1). The WE group consumed a significantly (P < 0.001) higher 

amount of the solid diet compared to the milk product supplemented groups which had 

an intake of about 37 % less solid food daily. There were no differences in the solid food 

intake among the milk product treatment groups. Total liquid consumption showed no 

significant differences among the groups. 

Daily energy intake was calculated assuming that the physiologic caloric 

equivalent values of the solid diet, whole milk (NPWM and RCWM) and the emulsifier 

(0.2% in liquid) were 3850 kcallkg, 646 kcallL and 18 kcallL, respectively. An 

estimated daily energy consumption for animals in the WE diet group was 120 kcal/day 

of which 119 kcal (98.5%) was from the solid diet (31 g/day x 3850 kcallkg) plus 2 kcal 

(1.5%) from the emulsifier (98 ml x 18 kcal/L). The average daily energy intake 
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Figure 5.1: Daily solid diet and liquid milk consumption of guinea pigs fed 
supplemented milk product diets: water (WE), non-processed whole milk (NPWM), 
re-constituted whole milk (RCWM), buttermilk-enriched skim milk (BMSM), butter 
serum-enriched skim milk (BSSM), and butteroil skim milk (BOSM). Values are 
means ± SD for 6 animals. Different superscripts indicate significant differences as 
determined by ANOVA and LSD test (p < 0.05). 
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for the NPWM and RCWM diet groups were both 142 kcallday of which the 

distributions from the solid diet were 71 (50.2%) and 82 (57.7%) kcal/day, respectively. 

The energy contributed from the liquid milk supplement was 71 (49.8%) and 60 (42.3%) 

kcal/day for animals in the NPWM and RCWM diet groups, respectively. 

Dietary Cholesterol and Fat Intake 

The daily cholesterol intake was calculated assuming that the solid diet contained 

270 mg/kg and the liquid whole milk products (NPWM and RCWM) contained 135 mg/L 

milk. The estimated daily cholesterol intake for animals in the WE and whole milk 

treated groups were 8.4 and 18.8 mg/day. Obviously animals supplemented with milk 

products consumed higher cholesterol (2.3 fold) from the diet. 

It should also be noted that animals fed the WE diet consumed an average of 4.8 

g fat/day of which 4.6 g (35% energy) was from the solid diet and 0.2 g (1 % energy) 

from the liquid diet, while animals fed whole milk diets (NPWM and RCWM) consumed 

a higher average amount of 6.6 g fat/day of which 3.0 g (19% energy) was derived from 

the solid diet and 3.6 g (23% energy) from the liquid diet. Overall, the total intake of 

fat and the energy contribution of fat to the diet, plus dietary cholesterol, were higher 

in all milk supplemented groups than the non-treated group. 

Effects of Various Liquid Milk ProduCts on Plasma Cholesterol and Triacylglycerol 
Levels 

Plasma cholesterol levels of guinea pigs fed the test diets are shown in Figure 5.2. 

Animals receiving WE and BOSM supplementation had an average of 3.0 ± 1.4 and 3.2 



116 

.. VLDL III HDL WW\.f%~d LDL 

~ 

5 ~ 
""'--0 
S 4 
S 
"-" 

~ 3 
0 
~ 
~ 2 
E-4 
rI) 

~ 
1 ~ 

0 
~ 

0 U 
WE NPWM RCWM BMSM BSSM BOSM 

TREA TMENT GROUPS 

Figure 5.2: Plasma total, VLDL-cholesterol, LDL-cholesterol,and HDL
cholesterol levels of guinea pigs fed supplemented milk product diets: water (WE), 
non-processed whole milk (NPWM), re-constituted whole milk (RCWM), buttermilk
enriched skim milk (BMSM), butter serum-enriched skim milk (BSSM) , and 
butteroll skim milk (BOSM). Values are means ± SD for 6 animals. No difference 
was found among the experimental groups. 
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± 0.8 mmollL plasma total cholesterol, respectively, which were the highest values 

among the groups. Plasma total cholesterol was decreased 17% in the NPWM group 

(2.5 ± 0.3 mmollL) , 23% in the RCWM group (2.4 ± 0.7 mmollL) , 21 % in the 

BMSM group (2.4 ± 0.6 mmoIlL), 16% in the BSSM group (2.6 ± 0.5 mmoIlL), while 

cholesterol was increased 5% in the BOSM group (3.2 ± 0.8 mmollL) compared to the 

WE groups. Analysis of cholesterol content of different lipoprotein classes indicated a 

similar pattern for LDL cholesterol but not for VLDL+ IDL or HDL cholesterol 

concentrations. Although the plasma total cholesterol levels were higher in animals on 

the WE diet versus all milk product groups (except for BOSM), there was no statistical 

difference in plasma total cholesterol between the control and milk product treatments, 

nor among the individual groups, due to the large coefficient of variation (46 %) 

associated with the WE group. In a similar manner, while plasma TAG levels were 

higher in the WE group, there were no differences among the groups due to the large 

variance associated with the WE group (Table 5.2). 

Effects of Various Liquid Milk Products on Hepatic Cholesterol and Lipids 

Hepatic free and esterified cholesterol levels of guinea pigs fed the test diets are 

shown in Figure 5.3. Animals fed the WE diet had significantly lower hepatic total 

cholesterol concentrations than animals fed the BSSM or BOSM diets, but not different 

from animals fed the NPWM, RCWM, and BMSM diets. Hepatic esterified cholesterol 

concentrations were not different among dietary groups. The difference in total 

cholesterol levels was due to differences in hepatic free cholesterol concentrations. 



118 

Table 5.2 

Plasma total cholesterol and triacylglycerol levels of guinea pigs fed supplemented milk 
product diets: water (WE), non-processed whole milk (NPWM), re-constituted whole 
milk (RCWM), buttermilk·-enriched skim milk (BMSM), butter serum-enriched skim 

milk 

Diet (n=6) 

WE 

NPWM 

RCWM 

BMSM 

BSSM 

BOSM 

(BSSM), and butteroil-skim milk (BOSM) 

Plasma Lipid Concentration (mmoIlL)l 

Total Cholesterol TriacylglyceroF 

3.04 ± 1.41 1.39 ± 0.50 

2.51 ± 0.28 1.07 ± 0.27 

2.35 ± 0.66 0.96 ± 0.14 

2.41 ± 0.59 1.08 ± 0.30 

2.56 ± 0.53 1.22 ± 0.40 

3.18 ± 0.80 1.10 ± 0.24 

1 Values are means ± SD for n=6 animals; no significant differences were found for 
plasma total or triacylglycerol levels. 

2 The average triacylglycerol value in WE diet group was calculated from n=5 guinea 
pigs due to the presence of an outlier (6.33 mmoIlL); however removal of this value did not alter 
the statistical result. 
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Figure 5.3: Hepatic cholesterol levels of guinea pigs fed supplemented milk 
product diets: water (WE), non-processed whole milk (NPWM), re-constituted 
whole milk (RCWM), buttermilk-enriched skim milk (BMSM), butter serum
enriched skim milk (BSSM), and butteroil skim milk (BOSM). Values are means ± 
SD for 6 animals. Different superscripts indicate significant differences determined by 
ANOVA and LSD test (p < 0.05). 
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However, analysis of treatment differences in hepatic total cholesterol levels between the 

WE group (control) and milk diet groups (treatment) failed to identify a treatment effect. 

Hepatic TAG and phospholipid concentrations for the treatment groups are shown 

in Figure 5.4. Hepatic TAG levels in the WE group were the lowest among the test 

groups but were only significantly different from the BMSM and BOSM groups. There 

were no significant differences in TAG levels within the milk product treatment groups; 

however, a treatment effect (P < 0.02) was observed (control versus milk treatment) 

indicating that milk supplementation increased hepatic TAG concentrations in the guinea 

pig. Hepatic phospholipid levels were not different among the treatment groups, 

although there was a trend towards lower values for the control group. 

Effects of Liquid Milk Products on LDL Composition and Density 

The percentage distribution of LDL lipid and protein components from the 

experimental diet groups are shown in Table 5.3. No significant differences were found 

for any of the components. Estimation of LDL particle diameters from the ratio of core 

to surface volume indicated that animals fed the WE diet tended to have a slightly larger 

LDL diameter than animals fed the NPWM, RCWM, BMSM, BSSM, or BOSM diets; 

however, the differences were not significant. Density gradient ultracentrifugation of 

pooled LDL fractions isolated from animals fed the various diets indicated that the LDL 

peak densities were identical. The data demonstrate that diet supplementation with whole 

milk or milk subfractions does not modify the composition of plasma LDL particles in 

the guinea pig. 
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Figure 5.4: Hepatic triacylglycerol and phospholipid levels of guinea pigs fed 
supplemented mllk product diets: water (WE), non-processed whole mllk (NPWM), 
re-constituted whole mllk (RCWM), buttermllk-enriched skim mllk (BMSM), butter 
serum-enriched skim mllk (BSSM), and butteroll skim mllk (BOSM). Values are 
means ± SD for 6 animals. Different superscripts indicate significant differences as 
determined by ANOV A and LSD test (p < 0.05). 



Table 5.3 

Composition and size parameters of LDL from guinea pigs fed supplemented milk product diets: water (WE), 
non-processed whole milk (NPWM), re-constituted whole milk (RCWM), buttermilk enriched skim milk (BMSM), 

butter serum-enriched skim milk (BSSM), and butteroil skim milk (BOSM) 

LDL Components (%) 

Diet Group Triacylglycerol Esterified Free Phospholipid Protein Diameter Peak 
Cholesterol Cholesterol (nm) Densityl 

(g/ml) 

WE 8.0 ± 1.4 44.0 ± 2.3 5.5 ± 0.8 15.9 ± 0.6 26.7 ± 1.0 22.2 ± 1.0 1.051 

NPWM 7.8 ± 0.4 44.0 ± 0.7 5.9 ± 0.6 15.6 ± 1.0 26.7 ± 1.4 22.0 ± 0.5 1.053 

RCWM 7.6 ± 1.1 42.4 ± 1.7 5.8 ± 1.2 16.0 ± 1.2 28.2 ± 1.5 20.9 ± 0.9 1.060 

BMSM 7.7 ± 1.3 43.2 ± 1.7 5.6 ± 0.9 16.2 ± 1.0 27.3 ± 1.3 21.4 ± 1.2 1.053 

BSSM 7.3 ± 1.4 43.0 ± 1.1 6.4 ± 1.4 15.9 ± 0.7 27.4 ± 1.1 21.0 ± 0.8 1.057 

BOSM 7.7 ± 1.2 43.5 ± 1.7 7.1 ± 0.7 16.5 ± 0.7 25.2 ± 1.3 21.4 ± 0.4 1.056 

I Values are means ± SD for 6 animals. Peak density of LDL from each dietary group was determined from duplicated analysis 
of pooled LDL using density gradient ultracentrifugation and refractometer analysis of density as described in Material and Methods. 

-N 
N 
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Fatty Acid Composition of Epididymal Fats 

The fatty acid compositions of epididymal fat tissues are shown in Table 5.4. The 

WE group which consumed no milk supplementation had a slightly higher PIS 

(PUFA/SFA) ratio for adipose tissue fatty acids. Similar fatty acid patterns were found 

within the whole milk and milk products groups. Fatty acid composition of epididymal 

adipose tissue fat corresponded to the dietary fatty acid source. Theoretically the fatty 

acid composition of epididymal fat can be used as verification of dairy fat intake in these 

guinea pigs. 

Hepatic HMG-CoA Reductase Activity and LDL Binding 

Results of the analysis of hepatic microsomal HMG-CoA reductase activity for 

the treatment groups are shown in Figure 5.5. Animals in the control groups (WE) 

without milk product supplementation tended to have a higher HMG-CoA reductase 

activity (8.0 ± 5.2 pmollmin-mg), while animals fed liquid milk products had an average 

29% lower HMG-CoA reductase activity. However, hepatic microsomal HMG-CoA 

reductase activity was not significantly different among dietary treatment groups. 

Hepatic membrane LDL binding studies were performed using 1251 labeled 

homologous LDL as the ligand. Analysis of the kinetics of LDL binding to guinea pig 

hepatic membranes indicated that the affinity constant (Kd) of the apoB/E receptor was 

not affected by the liquid diet treatments (Figure 5.6). The Kd values for WE and milk 

products fed animals were 14.7 ± 6.9 (n=6) and 20.0 ±6.0 (n=15) /Lg/ml respectively. 
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Table 5.4 

Fatty acid composition of epididymal fat from guinea pigs fed supplemented milk product 
diets: water (WE), non-processed whole milk (NPWM), reconstituted whole milk 

(RCWM), buttermilk enriched milk (BMSM), butter serum-enriched milk (BSSM), 
and butteroil milk (BOSM) 

Percentage Fatty Acid (%) 

Fatty Acids WE NPWM RCWM BMSM BSSM BOSM 

10:0 0.3 0.3 0.3 0.2 0.3 0.3 

12:0 1.0 1.1 1.1 0.9 0.9 1.0 

14:0 6.8 7.5 7.2 6.8 6.7 6.7 

16:0 29.8 29.1 29.6 28.4 29.6 29.0 

17:0 0.4 0.4 0.4 0.4 0.4 0.4 

18:0 4.0 4.5 4.5 4.3 4.5 4.6 

SFAs 42.3 42.8 43.1 41.2 41.7 42.1 

14:1 0.8 0.8 0.9 0.7 0.8 0.8 

16:1 2.5 2.6 2.8 2.4 2.4 2.5 

18:1 39.3 37.1 37.2 37.7 37.4 37.4 

MUFAs 42.6 40.5 40.9 40.9 40.6 40.7 

18:2 11.6 12.4 11.8 13.5 13.2 12.9 

18:3 0.9 1.3 1.3 1.5 1.5 1.4 

PUFAs 12.5 13.7 13.1 15.0 14.7 14.3 

Others 2.6 3.0 2.9 2.9 3.0 2.9 

PIS 0.30 0.32 0.31 0.37 0.35 0.34 

I Data for fatty acid composition are expressed as percent (%) distribution and presented 
as means for n=6 animals in each dietary treatment group. 
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Figure 5.5: Hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase activity of guinea pigs fed supplemented milk product diets: water (WE), 
non-processed whole milk (NPWM), re-constituted whole milk (RCWM), buttermilk 
enriched skim milk (BMSM), butter serum-enriched skim milk (BSSM) , and 
butteroil skim milk (BOSM). Values are means ± SD for 5 animals. No difference 
was found among the experimental groups. 
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Expression of hepatic apoB/E receptors (Bmax) was also not significantly different in 

guinea pigs fed WE diet (n=6; 1.7 ± 0.5 p,g/mg) versus milk products (n=15; 1.4 ± 

0.2 p.g/mg). 

Discussion 

Effects of Milk Supplementation on Guinea Pig Body Weights and Diet/Energy 
Intake 

Animals in the WE diet group had a 19% higher average final body weight (685 

± 42 g, n=6) than the milk product treated animals (573 ± 59 g, n=30). A similar 

observation that rats fed liquid whole or skim milk gained less weight than a control 

group was reported by Kritchevsky et al. (1979). When the variance of body weight 

among liquid milk product supplied groups (WE group excluded) was analyzed, there 

were no differences among supplemented groups. 

Based on the food intake data (Figure 5.1), it can be estimated that animals in the 

WE group consumed 31 g solid diet and 98 m1liquid daily; when water was replaced 

with milk products, animals consumed 37% less solid diet (31 g versus 19 g/day) but did 

not consume more total liquid when the liquid consisted of the milk product (98 versus 

98 mllday). The reduced energy intake due to reduced consumption of the solid diet was 

compensated for with milk intake, which contributed up to 46% of the daily energy 

intake. The diet and energy intake data indicate that the energy intake for WE animals 

was 120 kcallday while the energy intake for the NPWM and RCWM animals were 142 

and 142 kcallday, respectively. The estimated daily energy intake is not applicable to 
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Figure 5.6: Equilibrium constants for LDL binding to guinea pig hepatic 
membrane from guinea pigs fed supplemented milk product diets: water (WE, 
n=6), non-processed whole milk (NPWM, n=3), re-constituted whole milk (RCWM, 
0=3), buttermilk enriched skim milk (BMSM, n=3), butter serum-enriched skim 
milk (BSSM, n=3), and butteroil skim milk (BOSM, n=3). Values are means ± SD 
for n animals. No significant differences were found among the experimental groups. 



128 

the BMSM, BSSM and BOSM groups due to slightly different subcomponents from the 

milk processing used to prepare these diets (although assuming that individual liquid milk 

diets had equivalent caloric density). There was an average of 18% less daily energy 

intake for WE animals compared to whole milk (NPWM or RCWM) supplemented 

animals, but an average of 13 % higher flnal body weights for WE animals compared to 

guinea pigs supplemented with whole milk. This lower daily energy intake with higher 

body weight gain in WE animals could be attributed to nutrient absorption and energy 

availability and utilization differences due to the natures (solid versus liquid milk) of diets 

supplied. 

Effects of Milkfat on Plasma Lipid Levels 

The plasma cholesterol levels of guinea pigs fed the WE diet (100%) were similar 

to those given the BOSM diet (105%) and signiflcantly higher than that of the NPWM 

(83%), RCWM (77%), BMSM (79%), and BSSM (84%) diet groups. Overall, milk 

treatment groups, except for BOSM group had an average 15 % lower plasma cholesterol 

levels compared to $e non-treated group. As stated above, it was estimated that 

treatment with milk and its products contributed up to 46 % of the total daily energy 

intake, with the higher dietary intake of fat and cholesterol, the plasma cholesterol either 

decreased or was unaffected in guinea pigs. A similar conclusion was drawn from 

studies in human subjects supplemented with 2 liters skim milk, yogurt, or full-cream 
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milk daily which did not alter plasma cholesterol levels as reported by Rossouw et al. 

(1981). 

As for the possible plasma cholesterol lowering factor(s) in milk, animals fed 

whole milk or reconstituted milk enriched with buttermilk or butter serum diet had 

significant lower plasma cholesterol levels compared to animals fed with no milk 

supplement (WE) or reconstituted milk without buttermilk or butter serum (BOSM diet) 

suggesting that a potential plasma cholesterol lowering factor may be present in milkfat 

subfractions-buttermilk or butter serum. However, it must be pointed out that in guinea 

pigs fed the BOSM diet there was intake of 3.5% butteroil. Due to the fact that animals 

fed solid diet plus liquid milk supplement consumed more fat and cholesterol, it is not 

clear whether the higher dietary fat (1.4 fold) and cholesterol (2.3 fold) consumption 

from the milk products negated any plasma cholesterol lowering effects in guinea pigs 

or whether there is no plasma cholesterol lowering factor in the milk fractions. As 

reported by Lin et al. (1994), guinea pigs plasma total cholesterol was progressively 

increased with increasing amounts of dietary cholesterol, however, the increase in plasma 

cholesterol was not significant until absorbed cholesterol equaled or was higher than the 

mass of endogenous cholesterol synthesis. Assuming that daily endogenous cholesterol 

synthesis is 51 mg/kg-body weight and that cholesterol absorption is 60%, the net inputs 

of dietary cholesterol were 5.0 and 11.3 mg/day for animals fed the WE diet and the 

whole milk supplemented groups respectively. After adjusting for endogenous 

cholesterol synthesis rates to body weights in individual groups, the daily cholesterol 
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synthesis were 34.9 and 30.7 mg for animals fed the WE and whole milk treated groups. 

The absorbed dietary cholesterol corresponded to 14% and 37% of the daily endogenous 

cholesterol synthesis. At these levels of dietary cholesterol intakes, plasma cholesterol 

levels of the whole milk treated group was expected to be slightly higher than in the WE 

group; however, the differences in plasma cholesterol levels would be small. 

Nevertheless, results of this study did not exhibit the expected increase in plasma 

cholesterol levels in milk supplemented groups except for the BOSM group. 

Another plasma cholesterol affecting factor will be the amount of fat intake. For 

animals treated with the WE diet, dietary fat contributed 36% of the total energy. With 

the addition of liquid whole milk, dietary fat contributed up to 43 % of the total energy 

intake. Guinea pigs fed a higher percentage of dietary fat are expected to show higher 

plasma cholesterol response as reported by Fernandez and McNamara (1991). Again, 

this study did not observed the predicted higher plasma cholesterol response in animals 

supplemented with whole milk diets. 

As reported above, animals fed the BOSM diet had significantly higher plasma 

cholesterol levels compared to the other milk treatment groups. It is suggested that 

segregation of certain associated materials from milkcream could cause a 

hypercholesterolemic effect in guinea pigs. The plasma cholesterol-lowering effect in 

animal supplemented with BOSM was not observed; however, the existence of 

cholesterol lowering factors in the skim milk fraction can not be ruled out. 
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As discussed above, when milk, or its partially reconstituted fractions, were 

supplemented in the diets and the total dietary fat and cholesterol intake increased, 

plasma cholesterol levels (with the exception of the BOSM diet group) were significantly 

lower compared to the WE group. This suggests that plasma cholesterol lowering 

factor(s) may actually exist in buttermilk and butter serum fractions of milk. Although 

animals fed the BOSM diet, assumed to also have higher fat and cholesterol intakes, 

plasma cholesterol levels were not different from animals fed the WE diet. The results 

of this study also suggest that butteroil (fat in milk per se), when not associated with 

dairy products, is hypercholesterolemic. 

The animals fed the WE diet had the lowest plasma HDL levels compared to 

animals supplemented with milk products. Although the significance of the plasma HDL 

raising in milk product supplemented animals was uncertain, a 39% increase in plasma 

HDL cholesterol levels was found in animals supplemented with milk products. The 

possibility that milk may promote an increased serum HDL concentration was previous 

suggested by Rossouw et al. (1981). 

Other than plasma cholesterol, it was found that plasma TAG levels were the 

highest in WE diet fed guinea pigs. Rossouw et al. (1981) reported that serum TAG 

tended to decrease in skim milk, yoghurt and full cream milk treated human subjects. 

In rats a reduced plasma TAG levels was observed in animals treated with a whole milk 

powder based diet containing 20% fat (w/w) compared to skim milk powder based diet 

containing 5% fat or casein plus lactose or sucrose diet containing 20% fat (Schneeman 
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et al. 1989). Also, Buonopane et al. (1992) reported that in human subjects treated with 

2 % solids-non-fat fortified skim milk, the reduction of serum TAG was only found in the 

high-cholesterol but not low-cholesterol subgroups. In the present study, an average 22 % 

lower plasma TAG levels were found in animals treated with milk products; however, 

there was no significant difference among the groups. It can only be concluded that 

supplementation with liquid milk or its partially reconstituted products in diets did not 

alter plasma TAG levels in the guinea pig. This finding is in agreement with the 

previous study (see Chapter 4) in guinea pigs treated with milk powder diets, and with 

the results reported by Kritchevsky et al. (1979) that rats supplemented with a whole or 

skim milk liquid diet did not alter their plasma lipid profile except for cholesterol levels. 

Effects of Milk Supplementation on Hepatic Cholesterol and Lipids 

Hepatic total cholesterol levels were not significantly changed in animals fed 

whole milk (NPWM 'and RCWM) and BMSM diets compared to the control groups. 

However, a slightly higher plasma total cholesterol level in animals fed the BSSM and 

BOSM diets was found. The differences in hepatic total cholesterol levels among the 

dietary groups were due to the hepatic free cholesterol levels. 

There were no differences in hepatic TAG concentration among the milk groups; 

however, there was a significant (P < 0.02) treatment effect between the WE diet and 

milk groups suggesting that supplementation with liquid milk and its reconstituted 

products causes an increase in hepatic TAG levels in the guinea pig. The higher hepatic 



133 

TAG levels in the milk supplemented groups could be explained by a higher total fat 

intake from milk supplementation, but the reason for the increase of hepatic TAG, but 

not plasma TAG levels, in milk treatment animals is not clear. It is possible that the 

slight reduction in plasma TAG in milk treated guinea pigs is due to the accumulation 

of TAG in the liver. 

Hepatic phospholipid levels were found to be 13% higher, but there was no 

difference in animals in the milk supplementation groups and the WE group suggesting 

that milk supplementation did not affect hepatic phospholipid levels in the guinea pig. 

However, the possibility that milk or milk product supplementation may increase hepatic 

TAG and phospholipid levels shall be noted. 

Effects of Milkfat on Adipose Tissue 

The fatty acid compositions of adipose tissues closely corresponded to the fatty 

acid composition of the dietary fat sources. When comparing fatty acid compositions 

based on the fat intake sources, animals in the WE group consumed a butteroil-palm oil 

(1: 1, w/w) mix (n=6) as the major dietary fat sources (with only 4% fat from emulsifier) 

versus animals in the milk groups who consumed about 45 % of their fat from butteroil

palm oil mix in the solid diet plus 52 % milkfat from the milk supplementation and 3 % 

fat from emulsifier (n=30), a slightly different adipose fatty acid pattern was observed 

between fat groups. For example, a slightly lower C18:0 and higher C16:0 was found 
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in the WE group versus the milk groups. These observation can be explained due to a 

slightly different fatty acid composition with different dietary fat sources used on diets. 

Since an identical fatty acid pattern of adipose tissues was observed within milk 

product treatment. groups, the fatty acid composition of epididymal fats correlated with 

the fatty acid composition of the diets. Therefore, as suggested in the previous study 

(Chapter 4), the relationship between dietary fatty acid compositions (or different fat 

mixture and consumption ratios) and epididymal fat fatty acid compositions can be used 

as a monitor of dietary compliance for animals used in a dietary fat study. 

Effects of Milk Supplementation on Hepatic Microsomal HMG-CoA Reductase 
Activity and Membrane LDL Receptors 

In rats a decreased HMG-CoA reductase activity was reported when liquid whole 

or skim milk were supplemented in diets (Kritchevsky et al. 1979). In the present study 

hepatic HMG-CoA reductase activities were found on average to be 29% lower but there 

was no difference between animals fed the milk product diets compared to non-milk 

treated groups. In this study, milk supplementation led to higher total cholesterol and 

fat inputs in guinea pigs and the HMG-CoA reductase activity was expected to be 

feedback regulated with decreased activities in animals supplement with milk products. 

In general, the results were inconsistent with the predicted lower HMG-CoA reductase 

activity in animals supplemented with milk products; however, the results suggest that 

supplementation with liquid milk products does not affect hepatic HMG-CoA reductase 

activity levels in the guinea pig. 
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The hepatic membrane LDL binding study revealed that the LDL affinity (Kd) 

constant and apoB/E receptor number (Bmax) were not altered by dietary treatment. 

Hepatic membrane apoB/E receptor numbers were similar among animal groups 

suggesting that a diet supplemented with whole milk or its subfractions did not alter 

plasma LDL catabolism by the liver. 

Effects of Milk Supplementation on LDL Particle Parameters 

LDL peak densities estimated by density gradient ultracentrifugation and the 

calculated diameters from the particles' lipid/protein components were not significantly 

different among dietary groups indicating that LDL particle sizes and its compositions 

are not altered by supplementation of whole milk or its reconstituted products to the 

guinea pig diet. 
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CHAPTER 6 

CONCLUSIONS 

Summary of Experiment I 

To detennine whether dairy fat is in fact hypocholesterolemic, or simply does not 

have the hypercholesterolemic response predicted from its fatty acid composition, guinea 

pigs were fed WM, SM/B, SM/S, and CIS diets. Guinea pigs fed the WM diet had the 

lowest plasma and hepatic cholesterol levels compared to the other diet groups; LDL 

isolated fonn animals fed the WM diet were smaller and denser due to a decrease in the 

esterified cholesterol content. Animals fed the BF and SBF dietary fats had elevated 

plasma cholesterol concentrations except when the BF was supplied in the whole milk 

powder diet (WM). These data support the hypothesis that animals fed a diet containing 

SBF, with a fatty acid composition similar to BF, exhibit a hypercholesterolemic plasma 

and hepatic response. Based on its fatty acid composition, BF would be predict to be 

hypercholesterolemic yet had a plasma cholesterol lowering effect when present as whole 

milkfat. The mechanism by which the WM diet has a hypocholesterolemic effect cannot 

be explained by alternations in HMG-CoA reductase activity or hepatic membrane 

receptor-mediated LDL binding parameters. Since the predicted hypercholesterolemic 

effect of milkfat is not observed in animals fed the WM diet, but is found with intake of 

SBF and BF, it is suggested that some factor(s) other than the milkfat itself, associated 

within the milk, may exist and can negate the hypercholesterolemic effect of the saturated 

milkfat. 
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Summary of Experiment II 

To further investigate the possible cholesterol-lowering factors associated with the 

milk, guinea pigs were fed a hypercholesterolemic solid diet supplemented with whole 

milk or its partially re-constituted products. The results of the experiment didn't show 

the predicted hypercholesterolemic effect on guinea pigs supplemented with whole milk 

or skim milk enriched with buttermilk or butter serum. It is suggested that the plasma 

cholesterol lowering factor(s) may be present in subfractions of milk buttermilk and 

butter serum. Nevertheless, due to the presence of butterfat in all of the study groups, 

the existence of a plasma cholesterol lowering factor(s) in skim milk could not be ruled 

out. This study suggested that a diet supplemented with whole milk, or its subfractions, 

contributing up to 46 % of daily energy intake and providing higher dietary fat and 

cholesterol intakes either decreased or did not change plasma cholesterol and 

triacylglycerollevels. In addition, supplementation with the liquid milk did not modify 

LDL composition, its density, and its catabolism. Also this study suggested that the 

possible plasma cholesterol lower factors present in the milk were associated with 

buttermilk and/or butter serum thus upset the hypercholesterolemic effect of butteroil. 

Conclusion of the Studies 

The results of these two experiments clearly indicate that butteroil has a 

hypercholesterolemic effect in the guinea pig as predicted from its high content of 

saturated fatty acids. The results of Experiment I suggest that likely factors associated 

with whole milk powder-based diet blocks the predicted plasma cholesterol raising effect 
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of butteroil. Guinea pigs were supplemented with liquid milk diets to further studies on 

the milk cholesterol lowering factors. The results of Experiment II suggest that a large 

volume of milk products supplemented to a diet either decrease or do not change the 

plasma cholesterol and lipid profile, and that milk supplementation do not alter LDL 

composition, density or catabolism in the guinea pig. The possible plasma cholesterol 

lowering factors in milk were present in the buttermilk and/or butter serum which 

negated the hypercholesterolemic effect of butteroil. As for the consumption of milk for 

the general public, consumption of a reasonable amount of whole milk or skim milk as 

part of regular daily diets has not been shown to cause plasma cholesterol elevation and 

should be beneficial to the health due to high nutrimental vaiue of the milk. 

Future Research 

Data from above experiments suggest that milkfat (oil in the milk per se) as 

predicted from its fatty acid composition, has a hypercholesterolemic effect in guinea 

pigs. However, large supplementation of milk or partially reconstituted milks either 

decreased or did not alter plasma cholesterol and triacylglycerol profile in guinea pigs. 

The form of milkfat associated with possible plasma cholesterol lowering substrates 

(factors) in milkcream may play an important role in plasma cholesterol lowering or not 

increasing the hypercholesterolemic effect of milkfat on the milk. Due to the higher 

intake of total fat and cholesterol in BOSM supplemented groups, the existence of other 

plasma cholesterol lowering facts in the skim milk can not be ruled out, and the presence 

of plasma cholesterol lowering factors in buttermilk and butter serum was clear but were 
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not identified. To identify the possible plasma cholesterol lowering factors in milkcream, 

one future experiment is proposed. 

Considered that dietary supplementation of milk or its subfraction enriched milk 

either decrease or no change plasma cholesterol and triacylglycerollevels in guinea pigs, 

and if milkfat is hypercholesterolemic as predicted, this hypocholesterolemic effect is due 

to a hypothetical plasma cholesterol lowering factors in milkcream. Therefore, the 

materials associated with milkfat, or maybe the existing form of milkfat, are in part 

responsible for the lack of plasma cholesterol increase with whole milk treatment. 

Experiments can be performed using different fractions of milkcream plus its original 

butteroil or synthetic butter as used in Experiment I to prepare liquid diets. In this way 

the amount of cholesterol and fat intake can be controlled as desired. Also it is possible 

to use isolated buttermilk and butter serum as diet additives to further study the plasma 

cholesterol lowering effect on different levels of dietary fats and cholesterol on guinea 

pigs. 

Other future research, described in general terms are also suggested based on the 

current knowledge of milk and its fat (Berner 1993b) and the results of this study. 

A. More information on the dairy product and milkfat consumption patterns 

is required. Accurate data will help us know to what extent milkfat 

contributes to the daily fat, SFA, cholesterol, and energy intake in 

individuals who consume milk or milkfat regularly versus those who do 

not. Also the overall milkfat consumption data will provide better 

background information to design proper animal experiments. To collect 



better dietary consumption of dairy products and milkfat, a long term and 

large scale food survey needs to be carried out. This experiment should 

be well designed to consider factors such as sex, age groups, individual 

preference of milk products, actual food consumption versus milk product 

consumption, etc. 

B. The individual fatty acids in the milkfat should be more precisely 

determined. Better methods should be applied to the analysis of the fatty 

acid composition of milkfat with an emphasis on the correct evaluation of 

short and medium chain fatty acids, trans fatty acids and very long chain 

fatty acids (over 18 carbon). 

C. The stereospecific structure of TAG on milkfat should be analyzed 

extensively. More information could provide better understanding of the 

effects of the milkfat absorption and metabolism. Therefore, the effects 

of milkfat TAG structure on the plasma cholesterol and TAG levels 

response to the milkfat feeding could be better understood. 

D. The digestion, absorption, transport and metabolism of milkfat and its 

individual fatty acids should be studied in animals. For example, using 

an isotope tracer for individual fatty acid absorption, transport and 

utilizc.:tion on animals. Also the effects of the trans fatty acids on plasma 

cholesterol metabolism should be evaluated in animals. 

E. The milk products and milkfat used in the experiment should be defined 

by using a specific batch of milk products and report the background 
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information in detail. Therefore the source of the product, fat content, 

fatty acid composition can be consistent throughout the experiment and be 

more precise to compare with later studies. 

F. A short and long term metabolic ward study should be carried out on 

humans or animals to better understand the energy balance and the milk 

products or milkfat supplement. 

G. In vivo kinetic study of LDL should be performed on dairy product treated 

animals to better understand the metabolism characteristics of LDL, and 

the possible plasma lowering mechanism. 

H. Using milk subfraction such as buttermilk or butter serum as potential 

food additives should be further evaluated on animal experiment before 

suggesting as part of regular use of food additives. 
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APPENDIX A 

Fatty Acid Composition of Oils and Fats: Butterfat (BF), Palm Oil (PO), 
Beef Tallow (BT), Cocoa Butter (CB), Lard, Palm Kernel Oil (PKO), 

Medium Chain Triglyceride (MCT) and Corn Oil (CO) Used to 
Prepare Synthetic Butter-Like Fat (SBF) and Experimental Diets 

Oil or Fat (g/l00 g) 

Fatty BF PO BT CB Lard PKO MCT SBF CO 
Acids· 

C 8:0 1.3 3.6 65.6 2.6 

ClO:0 3.3 3.7 33.8 1.4 

C12:0 3.9 1.7 51.1 0.7 4.4 
C14:0 12.5 1.9 3.7 1.7 16.6 12.5 

C16:0 31.7 45.0 25.4 27.2 22.7 7.6 24.6 11.7 

C17:0 0.7 1.3 

C18:0 11.6 3.9 17.2 30.1 10.5 12.8 14.1 2.1 

SFA 65.0 52.5 47.6 57.3 34.9 95.4 100 59.6 13.8 

C14:1 1.6 0.9 

C16:1 1.9 2.9 2.7 1.0 0.1 

C18:1 24.4 37.7 40.0 33.2 40.8 1.1 31.7 25.3 

C20:1 0.0 0.9 0.2 

MUFA 27.9 37.7 43.8 33.2 44.4 1.1 32.7 25.6 

C18:2 2.8 9.5 3.7 4.0 13.9 5.4 58.6 

C18:3 0.7 0.8 0.2 1.3 

C20:2 0.8 

PUFA 3.5 9.5 3.7 4.0 15.5 5.6 59.9 

Others 3.7 0.3 4.9 5.5 5.2 3.5 2.1 0.7 
P/S2 0.05 0.18 0.08 0.07 0.44 0.09 4.34 

• SFA, saturated fatty acids; MUFA, mono-unsaturated fatty acids; PUFA, poly-
unsaturated fatty acids. 

2 Polyunsaturated to saturated fat ratio were calculated based on experimental data 
collected by GC. 



143 

APPENDIX B 

Composition of Skim Milk Powder, Whole Milk Powder, and Casein1 

Skim Milk Powder Whole Milk Powder Casein 
(g/IOO g) 

Protein 36.00 26.50 88.00 

Fat 1.00 27.50 1.00 

Carbohydrate 52.00 38.00 0.00 

Ash 5.00 5.00 2.00 

Water 6.00 3.00 9.00 

Ca 1.31 0.91 0.06 

P 1.02 0.71 0.80 

K 1.75 1.33 0.01 

Na 0.53 0.40 0.01 

I Data provided by Research Diets, Inc. (New Brunswick, NJ). 



APPENDIXC 

Composition of Salt Mix: S20011 

Ingredient 

Calcium Carbonate (CaC03) 

Calcium Phosphate, Dibasic (CaP04) 

Magnesium Oxide (MgO) 

Potassium Citrate, Monohydrate 

Potassium sulfate (K2S04) 

Sodium chloride (NaCl) 

Chromium Potassium Sulfate (CrK(S04M 

Cupric Carbonate (CuC03) 

Potassium Iodate (KI03) 

Ferric Citrate 

Manganous Carbonate (MnC03) 

Sodium Selenite (Na3Se03.5H20) 

Zinc Carbonate (ZnC03) 

Sucrose 

Total 

144 

g/kg 

160.000 

235.000 

45.000 

420.000 

20.000 

66.700 

0.100 

0.140 

0.020 

4.000 

1.400 

0.003 

0.750 

46.887 

1000.000 

1 Formulated by Research Diets, Inc. (New Brunswick, NJ) to meet NRC-specified 
dietary requirements of the guinea pig. 



APPENDIXD 

Composition of Vitamin Mix: V20011 

Ingredient 

Vitamin A Palmitate 500,000 mig 

Vitamin D3 400,000 mig 

Vitamin E Acetate 500 mig 

Menadione Sodium Bisulfate 

Biotin 1.0% 

Cyanocobalamin 0.1 % 

Folic Acid 

Niacin 

Calcium Pantothenate 

Pyridoxine HCI 

Riboflavin 

Thiamin HCI 

L-Ascorbic Acid 

Sucrose 

Total 

145 

glkg 

4.00 

0.25 

10.00 

0.08 

3.00 

1.00 

0.60 

3.00 

3.00 

0.60 

0.60 

0.60 

50.00 

923.27 

1000.00 

I Formulated by Research Diets, Inc. (New Brunswick, NJ) to meet NRC-specified 
dietary requirements of the guinea pig. 
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APPENDIXE 

Data Summary Sheets: Experiment I 
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Experiment I: SM/S group (1 of 8) 

ANIMAL ID GSSOI GSS02 GSS03 GSS04 

DIET (solid) SKIM MILK POWDER BASED PLUS SYNTHETIC 
BUTTER-LIKE FAT (SM/S) 

DAYS (d) 47 45 45 47 

FINAL WEIGHT (g) 425 358 396 450 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 207.4 285.6 158.3 142.8 

-Triacylglycerol 164.5 li9.5 86.8 119.5 

-VLDLlLDL-C 194.9 275.6 149.7 135.2 

-HDL-C 12.5 10.0 8.6 7.6 

LDL COMPOSITION 

-FC% 12.3 13.3 11.0 10.2 

-CE% 38.2 40.2 38.6 36.3 

-PL% 16.9 17.5 17.8 15.7 

-TAG % 5.5 4.9 6.5 8.7 

-PRO % 27.1 24.0 26.1 29.1 

-LDL Peak (g/ml) 

-LDL diameter (om) 16.8 17.3 17.5 17.7 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 9.1 23.1 21.3 9.0 

-Total-C (mg/g) 3.04 3.76 3.37 2.35 

-Free-C (mg/g) 2.94 3.50 3.27 2.14 

-Esterified-C (mg/g) 0.10 0.27 0.10 0.21 

LDL BINDING 

-Kd (I-'g/ml) 64.1 

-Bmax (I-'g/mg) 1.58 
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Experiment I: WM group (2 of 8) 

ANIMALID GSS05 GSS06 GSS07 

DIET (solid) WHOLE MILK POWDER BASED (WM) 

DAYS (d) 47 45 47 

FINAL WEIGHT (g) 474 450 508 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 76.6 34.3 47.9 

-Triacylglycerol 134.2 43.2 57.8 

-VLDLlLDL-C 66.9 20.3 40.3 

-HDL-C 9.7 14.0 7.6 

LDL COMPOSITION 

-FC% 9.6 11.4 10.1 

-CE% 32.9 29.0 29.7 

-PL% 16.4 18.0 20.7 

-TAG % 9.9 12.3 10.3 

-PRO % 31.2 29.2 29.2 

-LDL Peak (g/ml) 

-LDL diameter (run) 16.6 15.8 15.1 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 19.7 61.9 38.5 

-Total-C (mg/g) 2.28 2.33 2.08 

-Free-C (mg/g) 1.92 2.22 1.94 

-Esterified-C (mg/g) 0.36 0.11 0.14 

LDL BINDING 

-K.J (t-tg/ml) 94.5 

-Bmax (t-tg/mg) 2.00 
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Experiment I: CIS group (3 of 8) 

ANIMALID GSS08 GSS09 GSSI0 GSSII 

DIET (solid) CASEIN PLUS SYNTHETIC BUTTER-LIKE FAT (C/S) 

DAYS (d) 47 45 45 47 

FINAL WEIGHT (g) 470 420 438 554 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 93.7 94.7 154.1 80.5 

-Triacylglycerol 92.3 251.3 196.7 205.0 

-VLDL/LDL-C 71.2 82.9 138.7 50.6 

-HDL-C 22.5 11.8 15.4 29.9 

LDL COMPOSITION 

-FC% 10.8 11.3 11.6 9.8 

-CE% 31.9 33.8 36.1 34.4 

-PL% 20.5 18.3 16.9 19.0 

-TAG % 10.0 11.7 9.5 9.6 

-PRO % 26.8 24.9 25.9 27.3 

-LDL Peak (g/ml) 

-LDL diameter (nm) 15.9 17.7 17.8 17.0 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 8.5 7.0 9.5 12.6 

-Total-C (mg/g) 2.52 2.56 2.77 2.41 

-Free-C (mg/g) 2.26 2.38 2.54 2.09 

-Esterified-C (mg/g) 0.25 0.18 0.23 0.32 

LDL BINDING 

-K.J (lLg/ml) 56.2 

-Bmax (lLg/mg) 1.05 
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Experiment I: SM/S group (4 of 8) 

ANIMALID GSS12 GSS13 GSS14 GSS15 GSS16 GSS17 

DIET (solid) SKIM MILK POWDER BASED PLUS SYNTHETIC 
BUTTER-LIKE FAT (SM/S) 

DAYS (d) 37 39 37 35 39 35 

FINAL WEIGHT (g) 388 396 412 380 260 398 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 126.1 97.2 185.7 82.6 229.5 87.6 

-Triacylglycerol 87.8 140.0 201.9 84.6 96.8 67.0 

-VLDLlLDL-C 95.5 81.6 162.0 72.9 208.6 80.0 

-HDL-C 30.6 15.6 23.7 9.7 20.9 7.6 

LDL COMPOSITION 

-FC% 7.7 6.9 8.0 6.9 9.1 7.8 

-CE% 42.7 36.9 40.3 34.8 44.4 38.0 

-PL% 20.7 23.7 20.5 27.0 19.7 19.9 

-TAG % 4.8 4.9 5.2 5.3 4.1 6.8 

-PRO % 24.3 27.5 26.0 26.1 22.7 27.5 

-LDL Peak (g/ml) 1.051 (Pooled Sample) 

-LDL diameter (nm) 18.6 15.8 17.7 14.9 19.3 17.5 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 3.6 3.2 1.4 4.0 3.6 2.5 

-Total-C (mg/g) 3.09 2.25 3.52 2.40 3.72 3.00 

-Free-C (mg/g) 2.90 2.02 2.91 2.26 3.12 2.57 

-Esterified-C (mg/g) 0.19 0.23 0.61 0.14 0.60 0.43 

LDL BINDING 

-Kd (I'g/rnl) 43.5 36.2 43.9 45.2 45.5 46.4 

-Bmax (I'g/mg) 1.03 1.13 1.08 1.39 1.21 0.93 
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Experiment I: WM group (5 of 8) 

ANIMALID GSS18 GSS19 GSS20 GSS21 GSS22 GSS23 

DIET (solid) WHOLE MILK POWDER BASED (WM) 

DAYS (d) 37 39 37 35 39 35 

FINAL WEIGHT (g) 436 418 498 442 360 378 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 53.4 55.5 51.1 57.2 68.0 59.3 

-Triacylglycerol 63.5 47.0 77.4 93.2 93.5 57.8 

-VLDLlLDL-C 44.0 44.2 39.2 45.0 58.9 50.2 

-HDL-C 9.4 11.3 11.9 12.2 9.1 9.1 

LDL COMPOSITION 

-FC% 6.9 6.2 5.8 5.7 5.9 5.7 

-CE% 29.7 30.7 28.8 28.7 29.1 31.1 

-PL% 27.4 29.4 29.7 27.2 27.3 26.4 

-TAG % 6.5 4.9 7.0 7.8 7.6 7.8 

-PRO % 29.4 28.7 28.7 30.5 30.2 28.9 

-LDL Peak (g/ml) 1.063 (Pooled Sample) 

-LDL diameter (om) 13.4 13.1 13.2 13.6 13.6 14.6 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 13.2 7.8 4.9 4.3 4.6 4.2 

-Total-C (mg/g) 2.47 2.72 2.89 2.55 2.43 2.65 

-Free-C (mg/g) 2.29 2.50 2.68 2.39 2.25 2.55 

-Esterified-C (mg/g) 0.18 0.22 0.21 0.16 0.18 0.11 

LDL BINDING 

-Kd (",g/ml) 34.7 55.0 36.8 57.5 47.0 31.9 

-Bmax (",g/mg) 0.81 1.15 1.59 1.43 1.29 0.97 
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Experiment I: CIS group (6 of 8) 

ANIMALID GSS24 GSS25 GSS26 GSS27 GSS28 GSS29 

DIET (solid) CASEIN PLUS SYNTHETIC BUTTER-LIKE FAT (C/S) 

DAYS (d) 37 39 37 35 39 35 

FINAL WEIGHT (g) 460 458 452 410 478 454 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 73.6 81.2 68.3 99.9 59.0 171.1 

-Triacylglycerol 68.4 93.8 133.8 78.1 147.6 86.0 

-VLDLlLDL-C 62.3 68.0 49.5 92.3 42.7 163.5 

-HDL-C 11.3 13.2 18.8 7.6 16.3 7.6 

LDL COMPOSITION 

-FC% 6.8 6.6 5.5 6.9 5.9 8.1 

-CE% 40.1 37.0 34.6 38.0 32.8 41.0 

-PL% 22.9 22.8 26.3 21.6 29.0 21.6 

-TAG % 4.4 5.7 5.0 5.7 7.1 4.9 

-PRO % 25.6 27.9 28.6 27.8 25.2 24.5 

-LDL Peak (g/ml) 1.051 (Pooled Sample) 

-LDL diameter (run) 17.1 16.3 14.8 16.9 14.8 17.8 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 3.7 0.8 4.7 1.1 3.8 1.8 

-Total-C (mg/g) 3.18 3.34 2.90 2.85 2.38 3.55 

-Free-C (mg/g) 3.11 2.92 2.67 2.52 2.17 3.01 

-Esterified-C (mg/g) 0.06 0.42 0.24 0.33 0.20 0.54 

LDL Binding 

-K.t (/Lg/ml) 55.1 57.0 28.3 48.3 40.0 29.8 

-Bmax (/Lg/mg) 1.82 2.24 1.22 2.02 2.51 2.17 
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Experiment I: SM/B group (7 of 8) 

ANIMALID GSS30 GSS31 GSS32 GSS33 

DIET (solid) SKIM MILK POWDER BASED PLUS BUTTERFAT 
(SMIB) 

DAYS (d) 33 33 33 33 

FINAL WEIGHT (g) 380 376 346 500 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 47.1 72.1 100.1 147.3 

-Triacylglycerol 46.8 76.0 53.5 100.1 

-VLDLlLDL-C 34.6 61.4 71.0 138.8 

-HDL-C 12.5 10.7 29.1 8.5 

LDL COMPOSITION 

-FC% 7.1 9.0 9.3 

-CE% 37.1 38.6 43.9 

-PL% 17.6 20.4 17.2 

-TAG % 11.4 10.8 5.9 

-PRO % 26.7 21.2 23.7 

-LDL Peak (g/ml) LOSS (Pooled Sample #30-#37) 

-LDL diameter (nm) 19.7 19.8 20.2 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 9.5 8.5 5.2 6.4 

-Total-C (mg/g) 2.13 3.21 3.65 3.19 

-Free-C (mg/g) 1.98 2.98 3.30 2.79 

-Esterified-C (mg/g) 0.15 0.24 0.35 0.40 

LDL BINDING 

-I<.! (~g/ml) 48.0 50.9 51.0 24.1 

-Bmax (~g/mg) 0.86 0.97 1.01 1.00 
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Experiment I: SM/B group (8 of 8) 

ANIMALID GSS34 GSS35 GSS36 GSS37 

DIET (solid) SKIM MILK POWDER BASED PLUS BUTTERFAT 
(SMIB) 

DAYS (d) 31 31 31 31 

FINAL WEIGHT (g) 384 432 420 338 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 75.2 88.5 135.4 129.0 

-Triacylglycerol 46.8 76.0 53.5 100.1 

-VLDLlLDL-C 64.1 74.7 130.7 112.2 

-HDL-C 11.1 13.8 4.7 16.8 

LDL COMPOSITION 

-FC% 11.0 10.2 9.8 

-CE% 40.2 42.2 43.4 

-PL% 17.4 18.2 17.9 

-TAG % 5.7 5.8 4.4 

-PRO % 25.7 23.6 24.5 

-LDL Peak (g/mI) 1.055 (Pooled Sample #30-037) 

-LDL diameter (nm) 17.9 19.1 19.0 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 5.4 6.2 4.2 3.5 

-Total-C (mg/g) 3.70 3.41 3.52 4.60 

-Free-C (mg/g) 3.49 3.13 3.20 3.80 

-Esterified-C (mg/g) 0.21 0.28 0.31 0.79 

LDL BINDING 

-Kd (ltg/mI) 30.4 29.2 43.1 48.6 

-Bmax (ltg/mg) 1.21 1.36 1.03 1.37 
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, APPENDIXF 

Data Summary Sheets: Experiment II 
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Experiment II: WE group (1 of 6) 

ANIMAL ID GSS40 GSS41 GSS42 GSS43 GSS44 GSS45 

DIET (solid) 15% Butter/Palm oil (1:1) Basal 

DAYS (d) 33 35 35 33 33 35 

FINAL WEIGHT (g) 762 654 640 692 682 680 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 220.0 85.9 100.1 100.8 130.8 67.3 

-Triacylglycerol 560.0 83.5 70.5 144.1 179.1 136.5 

-VLDLlIDL-C 28.3 8.5 9.0 8.6 9.4 8.6 

-LDL-C 186.1 69.9 84.6 89.7 116.4 53.6 

-HDL-C 5.6 7.2 6.5 2.5 4.9 5.2 

LDL COMPOSITION . 

-FC% 4.0 5.9 6.4 5.9 5.4 5.2 

-CE% 46.3 42.7 44.8 44.0 45.8 40.1 

-PL% 16.4 15.1 15.6 16.7 15.5 16.2 

-TAG % 7.5 8.2 6.9 7.0 7.7 10.6 

-PRO % 25.8 28.1 26.4 26.5 25.5 27.9 

-LDL Peak (g/ml) 1.051 (Pooled Samples) 

-LDL diameter (nm) 23.5 21.5 21.9 21.4 23.3 21.4 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 2.34 5.66 5.71 10.29 15.78 

-Total-C (mg/g) 2.96 3.15 3.58 3.09 2.89 3.09 

-Free-C (mg/g) 2.50 2.98 3.17 2.82 2.47 2.81 

-Esterified-C (mg/g) 0.46 0.18 0.41 0.27 0.41 0.28 

-TAG (mg/g) 10.22 11.08 10.92 12.55 11.26 11.14 

-PL (mg/g) 18.48 24.06 20.59 22.62 18.00 18.90 

LDL BINDING 

-K.J (",g/ml) 16.4 11.7 27.7 8.6 13.4 10.4 

-B (ug/mg) 1.87 1.52 2.59 1.23 1.51 1.27 
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Experiment II: NPWM group (2 of 6) 

ANIMALID GSS46 GSS47 GSS48 GSS49 GSS50 GSS51 

DIET (solid) 15% Butter/Palm oil 0:1) Basal 

DAYS (d) 33 35 35 33 35 33 

FINAL WEIGHT (g) 606 570 574 692 494 510 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 100.1 87.4 83.1 113.6 100.4 97.3 

-Triacylglycerol 100.7 61.6 68.3 101.9 114.6 120.0 

-VLDL/IDL-C 10.9 9.4 9.0 6.8 8.1 9.4 

-LDL-C 81.4 66.2 61.9 101.8 87.1 81.7 

-HDL-C 7.8 11.7 12.2 4.9 5.2 6.2 

LDL COMPOSITION 

-FC% 6.1 5.7 5.3 7.1 5.9 5.5 

-CE% 43.3 44.7 42.9 44.0 44.5 44.3 

-PL% 16.9 15.3 14.3 16.0 14.8 16.6 

-TAG % 7.6 7.2 8.4 7.6 8.2 7.8 

-PRO % 26.1 27.1 29.2 25.3 26.6 25.8 

-LDL Peak (g/ml) 1.053 (Pooled Samples) 

-LDL diameter (om) 21.3 22.1 21.9 21.7 22.7 22.2 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 14.28 5.71 5.87 5.24 4.95 

-Total-C (mg/g) 2.81 3.51 3.13 3.25 3.17 2.98 

-Free-C (mg/g) 2.52 3.35 2.78 2.84 2.89 2.73 

-Esterified-C (mg/g) 0.29 0.17 0.35 0.41 0.28 0.25 

-TAG (mg/g) 11.52 21.56 12.27 12.16 16.02 11.14 

-PL (mg/g) 21.69 23.21 21.59 20.62 30.76 20.10 

LDL BINDING 

-K.J (lLg/ml) 18.9 24.4 25.3 

-B 1JLf!./ml!) 1.35 1.65 1.50 
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Experiment II: RCWM group (3 of 6) 

ANIMALID GSS52 GSS53 GSS54 GSS55 GSS56 GSS57 

DIET (solid) 15% ButterIPalm oil (1:1) Basal 

DAYS (d) 33 35 35 33 33 35 

FINAL WEIGHT (g) 660 628 600 614 662 580 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 121.8 72.7 93.0 62.0 119.7 74.8 

-Triacylglycerol 82.4 70.9 78.6 to3.3 96.3 79.4 

-VLDLlIDL-C 10.4 9.4 9.4 7.7 7.2 7.2 

-LDL-C 105.7 55.0 72.4 50.4 107.6 58.3 

-HDL-C 5.7 8.3 11.2 4.0 4.9 9.3 

LDL COMPOSITION 

-FC% 6.5 5.1 7.5 4.6 6.7 4.5 

-CE% 44.2 43.5 40.5 40.1 43.0 43.3 

-PL% 16.7 15.0 16.5 17.2 16.4 14.0 

-TAG % 6.2 7.3 7.4 9.6 7.2 7.7 

-PRO % 26.4 29.0 28.1 28.5 26.8 30.4 

-LDL Peak (g/mI) 1.060 (Pooled Samples) 

-LDL diameter (nm) 20.9 21.6 19.4 20.7 20.8 21.8 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 2.86 4.69 2.83 4.63 5.38 

-Total-C (mg/g) 3.66 3.23 3.75 3.12 3.51 3.33 

-Free-C (mg/g) 3.40 2.90 3.28 2.93 3.03 2.94 

-Esterified-C (mg/g) 0.26 0.33 0.47 0.18 0.48 0.39 

-TAG (mg/g) 27.81 14.68 13.05 15.81 13.60 to.92 

-PL (mg/g) 25.41 24.58 23.30 24.06 24.74 21.24 

LDL BINDING 

-K.J (ltg/mI) 26.8 12.4 22.4 

B (tJ.g/mg) 1.58 1.29 1.17 
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Experiment II: BMSM group (4 of 6) 

ANIMALID GSS58 GSS59 GSS60 GSS61 GSS62 GSS63 

DIET (solid) 15 % Butter/Palm oil (1: 1) Basal 

DAYS (d) 33 35 35 33 33 35 

FINAL WEIGHT (g) 614 610 446 624 590 486 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 107.7 82.6 84.5 107.9 120.2 57.2 

-Triacylglycerol 104.3 86.3 96.0 139.6 86.1 60.2 

-VLDLlIDL-C 12.3 9.9 9.4 10.3 9.0 5.5 

-LDL-C 89.1 63.6 66.2 90.4 103.3 43.6 

-HDL-C 6.2 9.1 8.8 7.1 7.9 8.1 

LDL COMPOSITION 

-FC% 5.2 4.3 5.5 5.4 6.8 6.5 

-CE% 45.4 44.5 44.0 42.3 42.3 40.8 

-PL% 16.8 14.4 15.9 17.2 16.1 16.5 

-TAG % 5.9 7.8 8.9 9.0 6.4 8.0 

-PRO % 26.7 29.1 25.8 26.1 28.3 28.1 

-LDL Peak (g/ml) 1.053 (Pooled Samples) 

-LDL diameter (nm) 21.6 22.6 22.8 21.6 20.0 20.0 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 6.60 6.14 9.33 4.74 8.52 

-Total-C (mg/g) 3.18 3.53 3.42 3.15 3.56 3.24 

-Free-C (mg/g) 2.89 3.23 3.10 2.81 3.26 2.90 

-Esterified-C (mg/g) 0.28 0.30 0.32 0.34 0.29 0.34 

-TAG (mg/g) 16.04 19.48 15.95 16.18 13.94 30.82 

-PL (mg/g) 24.30 26.00 25.18 24.06 23.30 20.64 

LDL BINDING 

-K.t (ltg/ml) 20.7 14.9 28.6 

-B (/Lg/mgl 1.43 1.33 1.47 
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Experiment II: BSSM group (5 of 6) 

ANIMALID GSS64 GSS65 GSS66 GSS67 GSS68 GSS69 

DIET (solid) 15% Butter/Palm oil (1:1) Basal 

DAYS (d) 33 35 35 33 33 35 

FINAL WEIGHT (g) 624 602 548 586 554 546 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 105.3 84.0 111.9 114.0 114.5 64.2 

-Triacylglycerol 167.5 115.7 63.6 82.6 119.6 101.3 

-VLDL/IDL-C 17.0 11.3 9.9 9.4 9.0 7.2 

-LDL-C 80.8 64.4 93.2 99.2 99.1 50.9 

-HDL-C 7.5 8.3 8.8 5.4 6.4 6.2 

LDL COMPOSITION 

-FC% 5.0 5.0 7.9 8.0 7.1 5.3 

-CE% 42.4 43.0 43.7 44.8 41.7 42.2 

-PL% 16.8 15.2 16.0 16.0 16.5 15.0 

-TAG % 7.8 8.8 5.7 5.6 7.4 8.8 

-PRO % 28.0 28.0 26.6 25.5 27.3 28.6 

-LDL Peak (g/ml) 1.057 (Pooled Samples) 

-LDL diameter (om) 20.9 22.2 20.2 20.8 20.1 21.7 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase 6.92 4.78 3.93 4.98 7.33 

-Total-C (mg/g) 2.98 3.02 4.47 4.03 3.79 3.16 

-Free-C (mg/~~ 2.75 2.77 3.77 3.38 3.39 2.92 

-Esterified-C (mg/g) 0.23 0.25 0.70 0.65 0.40 0.23 

-TAG (mg/g) 15.05 14.52 27.23 17.45 16.31 12.08 

-PL (mg/g) 25.51 22.69 21.09 23.35 23.08 19.17 

LDL BINDING 

-K.J (ltg/ml) 14.5 12.5 20.1 

-B~.~g/ml!) 1.13 1.11 1.20 
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Experiment II: BOSM group (6 of 6) 

ANIMALID GSS70 GSS71 GSSn GSS73 GSS74 GSS75 

DIET (solid) 15% Butter/Palm oil (1:1) Basal 

DAYS (d) 33 35 35 33 33 35 

FINAL WEIGHT (g) 528 498 504 602 486 560 

PLASMA LIPIDS (mg/dl) 

-Cholesterol 137.4 124.2 74.1 126.4 167.3 109.2 

-Triacylglycerol 82.4 70.3 89.5 110.6 130.4 101.7 

-VLDL/IDL-C 12.7 12.3 9.9 10.3 10.8 7.7 

-LDL-C 117.6 102.8 55.9 109.6 148.2 96.1 

-HDL-C 7.0 9.1 8.3 6.4 8.3 5.4 

LDL COMPOSITION 

-FC% 7.5 7.7 5.9 7.1 7.5 6.8 

-CE% 45.3 45.1 41.0 44.5 42.4 42.6 

-PL% 17.0 15.6 17.1 17.0 16.8 15.8 

-TAG % 6.7 6.7 9.3 6.5 8.8 8.1 

-PRO % 23.5 24.9 26.7 24.9 24.4 26.4 

-LDL Peak (g/ml) 1.056 (Pooled Samples) 

-LDL diameter (nm) 21.8 21.8 20.9 20.2 21.3 21.2 

HEPATIC ENZYME/LIPIDS 

-HMG-CoA Reductase. 1.63 5.98 5.09 3.24 5.65 

-Total-C (mg/g) 4.41 4.11 3.05 4.31 3.69 3.94 

-Free-C (mg/g) 3.73 3.68 2.93 3.77 3.25 3.32 

-Esterified-C (mg/g) 0.69 0.44 0.12 0.54 0.44 0.62 

-TAG (mg/g) 17.23 25.23 14.01 20.02 32.50 18.49 

-PL (mg/g) 23.82 24.66 19.51 22.74 18.46 23.64 

LDL BINDING 

-Kd ("g/ml) 30.0 12.5 16.8 

-B (ug/mg) 2.00 1.27 1.10 
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