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CHAPTER ]
RESEARCH PROBLEM

Introduction

Dietary fat has been implicated in the etiology‘ of chronic diseases, such as obesity (1-
3), diabetes mellitus (4,5), cardiovascular disease (6-8) and several forms of cancer (9-
11). Excess dietary fat is often assbciated with acc‘:umulation‘ of excess weight, leading to
undesirable fat deposition in the body and predisposing a ﬁsk for chronic disease
development (12-14). Weight gain is the consequence of an imbalance between energy
intake and energy expenditures. Fat is often blamed to fip this equation in favor of excess
caloric intake partly because it is presumed‘ to contribute a mefabolizable energy value of
more than twice that of either carbohydrate or protein (15). However, fat has to be
absorbed before it can -depbsit its caloric value and exert its undesirable effects in the
body. Fat absorption is influenced by several factors iﬁcluding the saturation level of fatty
acids (16), dietary fiber (17; 18), and calcium (19, 2()). Long chain saturated fatty acids
usually remain in the intestines for a longer period of time than unsaturated fatty acids
before they are absorbed (16). This provides an opportunity for the long chain fatty acids
to interact with other molecules present in the intestinal »milieu. Dietary fiber in the
intestines acts as a resin by binding to fatty acids, thereby preventing their uptake by

intestinal cells. Calcium, in the alkaline environment of the intestine, binds to fatty acids



to form calcium soaps. These calcium-long chain fatty acid sdaps are insoluble; thus the
fatty acids are unavailable for absorption causing them to bg removed from the body via
feces. Altefnatively, high amounts of calcium may result in calcium phosphate formation
in the gut. Calcium phosphate binds bile acids, and through increasin'g excretion of bile
acids in feces, may decrease emulsification of lipid in and absorption from the intestines
(21). Therefore, even when fat is consumed, if it vis fed with suffiéient amounts of either
fiber or calcium, iis'impact on energy retention, fat deposition, and ultimafely dise}ase
etiology should be decreased. Yet, most diet and feed formulations assume that fat has an
energy value on either a digestible, metabolizable, or net energy basis that is 2.25 times
that of protein or carbohydrate or the metabolic énergy equivalent of 9 kcal per gram of
fat. This value has been used ever since its determination by Atwater a century ago (15).
Atwater determined that fat was 95% digested based on the amount of fat that could be
extracted from feces by anhydrous bether. Ether extraction, however, incompletely extracts
total fecal fat because it fails to extract the fat trapped in ether insoluble compounds, e.g.,
calcium soaps; thus it results in an overestimate of fat digestibility. Therefore, in diets,
the presence of fat with factors that may alter its di gestibility or fonn, e.g., soap
format’ion, will give fat a caloric value different from that proposed by Atwater. If the
metabolizable energy value of fat is dependent on the composition éf the diet or feed,
diets or feeds presumed to be isocalorbic‘ may indeed not be isocéloric.

In contrast with tﬁe overestimate of metabolizable energy (ME) discussed above, net
energy (NE) value for absorbed fat may be more than 2.25 times that for carbbhydrate or
protein. This is because dietary fatty acids can be stored directly by animals. In contrast,

up to 40% of the ME of éarbohydrate and protein is lost during the conversion of



carbohydrate or protein into fatty acids for storage. Because this energy loss, i.e., heat
increment, is lower for fat (approximately 2%) than for carbohydrate or protein, the net
energy of absorbed fat will be more than 2.25 times the NE value of carbohydrate and
protein. Retention of energy by animals will paralle] NE more than ME; consequently,
relative ME values for fat, carbohydrate and protein will underestimate the relative
caloric retention by animals fed diets high in fat.

Extensive research has established the role of fiber in chronic disease prevention.
Fiber binds to lipid components in the gut, particularly cholesterol, preventing their
uptake and reducing their circulating levels; this is important‘ particular'iy in reducing
serum chelesterol levels and the risk for cardiovascular disease; fiber also dilutes
carcinogens in the intestines, reducing their potentially harmful effects (22). Fiber is,
therefore, currently considered an imp_ortant constituent in diets for 'chronic disease
preventioh and reciuction (14, 23). In contrast, less research has focilsed on effects of
calcium preventing or reducing chronic diseases. Studies have demonstrated beneficial
effects of calcium rich diets on reducing the risk of celorectal caricer, serum total and
LDL cholesterol levels, and hypertension. But, few studies have examined the effects of
calcium on body weight, body composition and fat deposition iii humans. |

We have previously demonstrated that fat digestibility, and consequently its
metabolizable energy value, varies with iype of fat and with calciim‘i level in male
Sprague-Dawley rats (24). Parallel studies in veal calves demonstrated that increasing

_dietary calcium from 0.52% to 1.24% of the diet decreased diet digestibility from 95 to
90% and increased fecal excretion of bile salts by 90% (25). In this study, we examined if

similar effects could be obtained in other mammals. We chose two animal models for the



digestibility study. The first animal model was a second rodent species, CD1 mice; this
time We used all female animals specifically because previous work employed male
animals and gender might alter the Iﬁetabolic resﬁénsge to diet. The second animal model
was Yorkshire pigs (males and females), chosén because of the close similarity in
gastrointestinal anatomy and physiology betwecﬁ pigs and humans (26). In addition to
studying the efféct of type of fat (comn oil or beef tallow),' calcium level, or type of fiber
on fat, diet, and energy dige’stibﬂity in animals, we also examined thé dietary infake of
young middle aged men and women to exanﬁne the relationship betWeen dietary fat,
calcium or fiber and body weight (aSsessed as body m‘ass indéx), % body fat, weight
distribution (determined by waist to hip ratio), blood pressure;b serum triglyberides, serum
total cholesterol, serum HDL cholesterol, serum LDL cholesterol, serum apolipoprotein
Al, and serum apoliﬁoprotein B levels. The animai studies were appfoved by the
Laboratory Animal Use Committee and the human study was approved by the
Instifutional Review Board at Oklahoma State University. The approved Institutional

Review Board form for the human study is presented as an Appendix to this manuscript.
Research Objectives

Our research objectives were:
1. To compare the caloric contﬁbution of two‘ sourcés of fa’p, animal (beef tallow) and
plant (corn oil), with that of cafbohydrate (sucrose) in mouse diets.
2. To compare the effects of dietary fiber suppleméntation from rice bran, cellulose,

wheat bran, or beet pulp dn the energy availability of beef tallow in mouse diets.



3. To measure the effect of calcium sﬁppiementation on fat digestibility and on energy
retention by mice fed diets supplemented with either beef tallow or corn oil.

4. To examine whether the effe'cté of th¢ twd fat sources and of calcium
supplementation on fat and énérgy digestibility are similar in another animal model, the
pig, that has a digestive tract similar to that of humans. -

5. To compare the effects of beef tallow,‘com oil, or sucrose supplementation on the
caloric value zind digestibility of diets fed to young pigs.

6. To study the effects of two levels of éalciuih on fat and energy digestibility by
young pigs fed diets supplemented with added beéf tallow or corn-oil.

7. To compare the effects of supi)lementing diets wiih either carbohydrate (sucrose),
fat (beef tallow or corn oil), or fat and calcium on plasma cholesterol levels of young
pigs.

8. To examine the dietary intake of fat, fiber, and calcium in a sample population of
young middle aged adults.

9. To measure bodyv mass indeXx, % body fat, waist to hip ratio, systolic and diastolic
blood pressure, total serum cholésterol, HDL cholesterol, triglycerides, apolipoprotein Al
and apolipoprotein B levels in that sample population of men and women for associations

with the subjects’ dietary intake of fat, fiber,_ and calcium.
Hypotheses

The following were the null hypotheses developed for this study:



H1I. Supplemental isocaloric amounts from the different energy sources sucrose, corn
oil, or beef tallow produce équal effects on fat and energy‘ digestibility in mice or pigs and
similar cholesterol values in pigs.

H2. Supplementing high beéf tallow or high com oil diets with calcium does not
affect the digestibility of either the fat or the diet in mice or pigs.

H3. Addition of fiber to a high beef fallow diét does not affect the digestibility of the
tallow or the diet of mice.

H4. The nutrient adequacy of the diets of human subjects is the same regardless of
gender or the IeVel of fat, fiber, or calcium in the diet. |

HS. Fat, fiber, or calcium intake by huﬁlan subjecfs does not affect anthropometric

measures or indices of cardiovascular disease risk factors.
Assumptions

The following conditions were assumed in the methodology of the study:

1. Animals sacrificed at the beginning of each experiment had body compositions
representative of the initial body composition of the remaining experimental animals.

2. The two pigs per treatment that were sacrificed at thé end of the experimental
period vhad body compositions representa‘ti‘ve of the body composition of other pigs in the
same treatment group. | | |

3. All the nutrient needs of mice and pigs were met by the diets provided.

4. Mouse and pig fecal excretion values obtained during the collectibn period per unit
of feed consumed were representative of values for the total feediﬁg and energy retention

study.



5. Carcass, feed, feed refusal, and fecal sa‘f‘nples obtained for analysis were
representative of the carcass, feed, feed refusals, and feces, respectively.
- 6. Dietary data obtained from the human subjects were representative ‘of the c‘iietaryv
intake of the subjects. |
1. Anthfopometric aﬁd clinical measurements performed on the human subjects were
accurate and pfecise.

8. All chemical analyses in each’ trial were accurate and precise.
Definitions

Gross energy: The heat of combustion (measured in kcal) libefated when a substance is
| completely oxidized in a bomb calorimeter.
Fecal energy: The gross energy of feces consisting of undigeé.ted fbo& and other metabolic
products.
Digestible energy: The gross energy of total food ingested minus the gross energy of total
feces excreted.
True metabolizable energy: The gross enefgy of ingested food minus fecal energy of food
origin, rnihus energy in gaseous products of digestion, minus energy in heat of
| fermentation (heat produced in the digestive tract as ’a result of microbial
fermentation),
minus urinary energy of food origin.
Fat digestibility: Fat content of ingested food minus the fat conteﬁt in excreted feces
divided by the fat content of the.ingested food and multiplied by vone hundred.

Energy retention: The percentage of the gross energy of the food ingested which led to an



increase in the body energy content, determined by measuring the caloric content of
the carcass. It is equal to gvai'n in body energy divided‘by energy intake and
multiplied by one hundred.
Body mass index (BMI): An indicator of a person’s weight in relation to height.
‘The index is determined by dividing Wei ght. (kg) by the square of the height (m).
Waist to hip ratio (WHR): An indicator of a person’s fat distribution. The ratio is
determined by dividing the waist circumference by the hip circumference.
LDL cholesterol: wa density l‘ipoprotein éontains 25% protein. LDL
cholesterol comprises 50-70% of total plasma cholesterol. It functions in delivering
cholesterol to peripheral tissues in the body. |
HDL cholesterol: High density lipoprotein contains about 50% protein. HDL
cholesterol cémprises 20-30%.of the total plasma cholesterol. It functions in the
uptake and removal of cholesterol from peripheral tissues in the body.
Apolipoprotein Al: The major protein in HDL, representing about 60% of the
protein component of that particle. |
Apolipoprotein B: The major protein in LDL, representing about 90% of the

protein component of that particle.
Format of Dissertation

Each of the experiments was organized as an individual manuscript for publication.
Chapters I, IV, V, and VI were written in journal article format using the guidelines for

Nutrition Research. The other chapters follow traditional format.



CHAPTER I
REVIEW OF THE LITERATURE

- Excessive consumption of dietary fat has been implicated in the etiology of obesity
and cardiovascular disease. In addition, obesity is an independent risk factor in the
development of cardiovascular disease (27-29) and hypertension (30). A review of the

'research investigating the role of fat in o‘bési_ty and cardiovascular disease as well as the
impact of the level of dietary fat and its px;operties, dietary .ﬁbér, and calcium on fat

absorption is summarized in this chapter.
Dietary Fat and Weight Gain

The evidence linking high fat intake and obesity is supported by both epidemiological
“and experimental studies. Fat is implicated as causing an imbalance between energy

intake and energy expenditure (31).

Epidemiological Studies

Obesity is moré prevalent in countries, such as in the United States and the United
Kingdom, that have diets with a high fat to energy ratio, and less prevalent in countries,
such as China and Japan, that have diets containing low fat to energy ratio (32).
Furthermore, immigrants from countries with low fat diets increase their body size when

exposed to westernized high fat diets (32). Cross sectional studies within countries have
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also shown that obesity and overweight are more prevalent in péople with high fat intake.
In a study examining the incidence of obesity and overweight in Scottish men and
women, Bolton-Smith and Woodward (33) found that excessive body weights were 150%
more prevalent in individuals with the highest intake of fat to sugar ratio than in
individuals with the lowest fat to sugar ratio. A positive assbciation between fat intake
and body mass index was also observed in women participants of the Nursgs’ Health
Study (34). Romieu et al. (2) found that in adult women, after adjusting for age and total
caloric intake, body mass index was associated with intake of total fat and saturated fatty
acids. Dreon et al. (35) detected a ﬁos’itive correlation between % body fat and intakes of
total fat, saturated fatty acids, and monounsaturated fatty acids in middle-aged men.
Within- population studies demonstrated that exposure to high fat diets and a sedentary
lifestyle increased »the prevalence of obesity in a population, like the Pima Indians of
Arizona, who previously consumed a traditional low fat diet and a high physical aétivity
lifestyle (36). Klesges et al. (37) found that in a group of men and women, percent energy
from fat was positively correlated with body inass index and that weight gain over a two-
yéar period was positively assogiated with increases in dietary fat consumptiém. Slattery
et al. (38) observed that wai_st to hip ratio was pqsitively‘correlated with % of calories
from fat in the diet of white men and women and black men participants of the Cbronary
Artery Risk Development in Youhg Adults study. A smail cross-sectidnal étudy by Astrup
et al. (39) provided further evidence relating dietary fat to obesity, in which, a 10 kg

change in body fat was associated with an increase in dietary fat intake of 1.6% or more.
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Experimental Studies

Controlled experi_meﬁtal research in humans has provided further evidence linking
fat intake to weight gain. In the Women’s Health Tﬁal Feasibility Study (40), women
with ad libitum access to a diet with 20% of energy from fat lost weight while women
with similar access to a diet with unrestricted fat level did not. Hortoﬁ etal. (41) fed an
extra 50% of energy requirements from either fat or carbohydrates to male subjects and
observed that fat overfeedir_ig led to a 90-95% étorage of the excess calories while
carbohydrate overfeeding led to a lower, 75480%, storage of the excess energy. Sims et al.
(42) supplemented the diet of normal weight men with fat added to frozen meals for eight
months and observed that men receiving the high fat diet gained a higher proportion of
body weight relative to ingestéd energy. Mérckmanﬁ (43) observed a 0.5 kg weight gain
in individuéls who supplemented their daily vintake with 15 g of fish oil for 6 weeks and a

| 2.5 kg weight gain in individuals supplemeriting their diet with 6 g of fisﬁ oil for 10
weeks. Miller et al (44) found a significant positive association between peréent of
calories from fat in the diet and percent body fat of subjects; obese subjects consumed a
diet wi‘th 35% of calories from faf, while leah subjécts consumed diets with only 29% of
calories from fat. Therefore, diétary fat is related to weight gain and is thought to>do sé,
ma;u'nly, because it increases energy intake through its high‘ energy density, the high
palatability of high fat diets, or thé minimal effect it has on appetite suppression (31).
These studies relied on feeding equivalent metabolizable énergy amounts of fat and

carbohydrate in order to compare the net energy contributions of these two energy
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sources. Such comparisons may be erroneous because more energy is lost converting

injested carbohydrate to body fat than is lost converting injested fat to body fat.

The Caloric Value of Fat.

Estimates of the metabolizable energy of fat currently in use are based on values
derived by Atwater and Bryant (15) at the ‘tum of the century. These values attribute a
caloric value to fat 2.25 times that of carbohydrates. Therefore, a certain amount of fat
will provide 225% as much energy as ah equal Wei ght of carbohydrates. However, studies
in animals using different sources of fat have demonstrated that fat may provide an
energy value higher than 9 kcal/g. Jensen et al. (45) found that a faf with a gross energy
value of 7.71 kcal/g produced a 10.16 kcal/g value for net energy in turkeys. Later,
Donato and Hegsted (46) obtained a net energy value of 11.1 keal/g, 124% the expected 9
kcal/g, in rats when the metabolizable energy value of carbohydrates was set at 4 kcal/g. |
This extra-caloric content of fat may be due to the following: 1) the ability of fat to slow
the rate of passage of nutﬁents in the digestive tract and thus, enhance the total
digestibility and caloric value of the other nutrients prese:it in the diet;v 2) endogenous
excretions of energy may be réduced.by added lipid, and 3) fat is more efficiently stored
in adipose tissue, at a metabolic cosf of 2%, than carbohydraté, with an estimated
metabolic loss of 24% (47-49). Howé\?er, Studies have indicated that: this eXtra-calon'c
value of fat is only observéd ‘when the level of fat in diets is low. Sibbald and Kramer
(50) reported that as the level of beef tallow in the diet of adult roosters increased from 5,
10, to 15%, the metabolizable energy value of beef tallow decreased from 9.04, 8.28, to

7.82 kcal, respectively. They concluded that an interaction between fat and other non-fat
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components in the diet peaked at the low level of fat inclusion beyond which, added fat
diluted the interaction making it less apparent. Mateos and Sell (51) reported that the
apparent metabolizable energy of yellow grease was highest, at 9.37 kcal/g, when fed at
3% of the diet and lowest, at 8.65 kcal/g, when fed at a 15% level in the diet of hens.
Eusebio et al. (52) studied the performance of 10-week old pigs fed a diet with up to 38%
fat from either tallow, lard, soybean oil, or coconut oil. They observed no significant
differences in feed conversion among the treatments but regardless of the fat source, as
the level of fat in the diet increased, raté of gain decreased. Frobish et al. (53) fed 3-week
old pigs diets containing either 0, 5, or 10% added lard. Weight gain of the pigs and feed
efficiency increased when lard was increased from 0 to 5%, but decreased when fat was
increased from 5 to 10% of the diet. Therefore, even though fat has a bomb calorimeter
value 2.25 times that of carbohydrates, in viv><‘),'fat could have an net énergy value higher
or lower than expected depending on the conditions under which it is presented to the
body. Fat could contribute a higher than expected caloric value if it is present at a level
appropriate for énhancing the digestibility and caloric contribution of other constituents in
the diet. Fat could, also, impart a lower than expected caloric Value dependiﬁg on the
level at which it is fed and on other factors such as properties of the fatty acids and the -

~ type of dietary fiber and level of dietai'y calcium, as is discusséd later in this chapter.

Fat and Energy Intake.

Studies have confirmed thét high fat diets are palatable to humans and are therefore
consumed at a greater quantity than less palatable low fat diets. Lissner et al. (54) fed

females, of varying body weight, a low fat diet providing 15-20% of energy from fat, a
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moderate fat diet, with 30-35% of energy from fat, and a high fat diet, with 45-50% of
energy from fat, for two weeks each. Based on determined energy requirernénts, subjects
on the low fat diet had an 11.3% energy deficit, but those on vthe high fat diet consumed a
15.4% energy surfeit ; therefgre, the energy iﬁtake of subjects increased as the % of fat in
the diet increased. Thomas et al.(55) reportcd that participants ate more when fed a high
fat diet than when fed a high carbohydfate low fat diet. Even though the sensory qualities
of fat may promote over-consumption of hi gﬁ fat foods, an increased preference for fat
and high fat food may be apparent in overweight individuals (12). Dréwnowski et al.
(56) observed that obese and previously obese subjects preferred higher levels of fat in
mixtures of dairy products and sugar than their lean counterparts. Mela and Sacchetti (57)
saw a positive relationship between the preference for fat in foodv and % body fat in
normal-weight subjects. However, although fat enhances the palatability of food, other

factors may also influence the amount and type of food individuals consume (58).

Fat Intake and Satiety.

Fat consumption stimulates the release of cholecystokinin, a hormone that mediates
satiation and possibly early-phase satiety (59). High fat ingestion also increases
enterostatin, a peptide that decreases food intake in rats (60). Satiation is different from
satiety in that the former describes the pfocess in operétion while foodé aré being eaten
and controls meal size, while the latter describes the state engendered as a consequence of
consumption and measures the capacity of food to control subsequent hunger and eating
(61). Golay and Bobbioni (62) proposed that fat had a more marked effect on satiation

than on postingestive satiety. Green e al. (63) found that subjects consumed more energy
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when exposed to high fat foods than when exposed to lower fat foods, leading them to

- conclude that fat may have a weak effect on satiety. Thus, although fat produces
physiological signals to reduce food intake, the emuléified fat in the intestine, required to
stimulate the release of satiety signals, may be diluted by the presence of other nutrients.
Additionally, satiety signals require some time before they are operational, lagging in
time behind the potent oral stimulation of high fat foods, which leads to a quick ingestion
of high energy-high fat foods and therefore over-consumption before the satiety signals
have an opportunity to elicit their effects (61). Satiety signals produced from high fat
foods may also be weak because high fat foods usually are smaller in volume for a given
energy content; a small volume produces a relatively small stomach Aistention per unit of

energy ingested, thus not eliciting a feeling of fullness (—13).
Obesity and Cardiovascular Disease

Obesity, or excess body fat, is an important risk factor in the development of
cardiovascular disease (64). The anatomical distribution of body fat is a determinant of
disease development (65); Vague (66), in 1956, observed that patients with greater upper
(android) vs. lower (gynoid) body fat were more prone to certain disorders, that men were
more android than women, and that diabetic patients wére’niore android fhan non-
diébetics. Terry et al. (67), in a twenty- thfee yeaf longitudinal study, eXamined
measurements of waist to hip ratio and body mass index in relation to the incidence of
‘ischemic heart disease and stroke mortality in 84,910 white male US Army veterans
discharged between the years 1946 and 1947. They divided their subjects into four groups

based on age; 16-20, 21-25, 26-30, and 31-35 years of age. They found that both waist to
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hip ratio and body mass index contributed to risk of premature ischaemic heart disease
across all age groups, and that waist to hip ratio was a significant predictor of
cerebrovascular disease mortality in men under 26 years of age. In an ebidemiological
study of associations between waist to height ratio, body mass index, and waist to hip
ratio and risk factors for coronary heart disease, Hsieh and Yoshinaga (68) found that for
3,131 men between the ages of 22 and 82 years, all three indicators of obesity were
positively correlated with systolic blood pressure, diastolic blood pressure, fasting blood
triglyceride, and fasting blood cholesterol; but, théy were inversely correlated with HDL
cholesterol levels. Tian et al. (69) examined the relationship between serum lipids and
dietary and non-dietary factors in 314 Chinese men and 317 Chinese women. They
observed that when the percent caloric contributions of fat and saturated fat to the diet
were low (29% and 6.9%, respecti‘vely), dietary intake had no association with serum
lipids. Serum lipid levels in that population wefe strongly related to body mass index;
body mass index was positively related to serum total cholesterol, triglycerides, and LDL
cholesterol and inversely related to HDL cholesterol. Chumlea et al. (70) examined the
relationship between body fat distribution and blood lipids in 41 white men and 63 white
women, 67-92 years of age. They observed that a large abdominal circumference
produced negative health al-terations in blood lipid lévelé. Overall fatness and a central fat
pattern was associated with lower HDL cholesterol and higher blood triglycerides.
Galanis et al. (71) observed similar relationships between obesity and risk factors for
coronary heart disease in 178 Samoan men and 147 Samoan women. They found that in
men, body mass index and abdomen to hip circumference ratio were positively associated

with fasting serum levels of total cholesterol, total cholesterol to HDL cholesterol ratio,



17

apolipoprotein B, and the log of triglycerides and insulin concentrations, but negatively
associated with HDL cholesterol. Results in women showed that body mass index was
negatively correlated with HDL cholesterol and positively correlated with the log of

- triglyceride and insulin concentrations, only. Raitakari et al._:(72) reported that in Finnish
adolescents and young adults, body mass index was positively related to serum LDL
cholesterol, triglycerides, systolic blood pressure,vand diastolic blood pressure but
negatively related to serum HDL cholesterol. Ward ez al. (73) found that abdomen to hip
ratio, independent of body mass ihdex, waé inversely felated to serum HDL cholesterol
and positively related to serum tfiglycen'des in 878, 43-85 years of age,’male partiéipants
of the Normative Aging Study. DiPietro et al. (74) observed that overall adiposity and
chest skinfold measurements were higher in 65-74 year old participants of the Chicago
Heart Study who had higher levels of systolic blood pressure, diastolic blood bressure,
serum cholesterol, and serum triglycerides; however, these associations were secondary to
other more powerful risk factors, such as race, gender, old age, and the existence of a
disease state of hypertension or diabetes. Emst ez al. (75) examined data from the three
National Health and Nutrition Examination Surveys (NHANES) I, 11, and I of adults 20

_ years and older to study trendé in energy and fat consumption, prevalence of overweight
in the population, the association between overweight and blood pressure or blood
cholesterol, and the t)revalence of high bloéd pressufe and high blood cholesterol afnong
the overweight and the underweight. Their results suggested that, for the years covered by
the surveys, total energy intake increased, total and satufafed fat intake decreased, but still
remained above recorhmendations, and overweight increased. High diastolic and systolic

blood pressures increased with increased body mass index in both black and white men
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and women. Overweight white men and women had the highest prevalence of
hypeﬁensidn compared to normal weight counterparts; the difference in the prevalence of
high blood pressure between the two different weight groups was higher in white than in
black subjects. Serum cholesterol levels were similaﬂy elevﬁted by higher body mass
index values for all subjects. However, the difference in the prevalence of high blood
cholesterol amohg overweight versus normal Weight subjects was highest in black men
and lowest in black women. Loos and Halais (76) Obéewed that waisf to hip ratio, an
indicator of abdominal obesity, was more highly c;t)rrélated with cardiovascular disease
factors than body mass index, an indicator of ovéfall obesity, in 255 women and 184 men
between the ages of 18 and 71 years. They observed that men under 50 years of age had'
exhibited the most marked increase in waist to hip ratio with age, while women had the
most marked elevations of this ratio after age 50. In these two grbups', where abdominal
obesity predominates, waist to hip ratio énd body mass index were interrelated; however,
in women under fifty, with a characteristic gluteo-femorél'obesity, body mass index was
not associated with cardiovascular disease risk. For those women, elevations of waist to
hip ratio were highly associated with elevations of blood cholesterol. Body mass index
did not distinguish between abdominal and glutéonemoral obesity, whereas, waist to hip
ratio did. The investigators recbmmended that both i‘ndic-es could be used together in
assessing cardiovascular disease risk. Matsuzawa et al. (77) proposed the use of visceral
fat obesity, denoting the predominance of fat accumulation in the intra-abdominal cavity
as measured by computed tomography, as an additional indicator of atherosclerosis. They
found that visceral fat obesity was present in 90% of obese patients with ischaemic heart

disease but only 40% of non-obese patients with coronary artery disease. They also
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reported that among non-obese individuals, those with coronary artery disease had twice
as much visceral fat as did their healthy counterparts; differences in body mass index or
subcutaneous fat measurements were not detected betWeen the two groups. Mauriege et
al. (78) found that subcutaneous abdominal fat accumulation and larger abdominal
adipocytes were associated with higher risk of cardiovascular disease in 54 healthy young
males. Abdominal fat cell weight also was positively correlated with plasma triglycerides,
cholesterol, VLDL cholesterol, LDLbch‘olesterol, apolipoprotein B and inversely
correlated with the HDL cholesterol to LDL cholesterol ratio. These studies demonstrate
the strong relationship betweén excess body fat and its abdominal distribution and an

increased risk of cardiovascular disease.
Dietary Fat and Cardiovascular Disease -

In addition to potentially indirectly influencing the risk of cardiovascular disease by
way of increased body fat deposition, dietary fat has been directly implicated in the risk of
atherosclerosis by altering blood lipid levels. The epidemiological evidence Iinkihg
dietary lipids to cardiovascular disease is overwhelming. Kritchevsky et al. (79), in 1954,
demonstrated that saturated fatty acids were more atherogenic for rabbits than unsaturated
fatty acids. Later, Keys et al. (80) examined metabolic studies in healthy humans and
were able to derive a formula quantitating the rélatibnship betweeﬁ serum cholesterol and
the level of dietary cholesterol, saturated and polyunsaturated fat. There results were
further confirmed by Hegsted et al. (81), who also formulated an equation predicting
changes in serum cholesterol based on changes in the cholesterol intake and the percent

of calories from saturated and unsaturated fat in the diet. Both Keys and Hegsted and their



20

coworkers (81, 82) found that intakes of saturated fatty acids (with the exception of short
chain fatty acids and stearic acid) were correlated with total serum cholesterol levels
(with myristic acid being twice as potent as palmitic acid in that effect). They observed
that polyunsaturated fatty‘acids decreased blood cholesterol. They determined that
monounsaturated fatty acids as well as stearic acid had neutral effects on circulating
cholesterol levels, and that dietary cholesterol between 100-600 mg/day linearly increased
serum cholesterol, however, this effect was influenced by the level of saturéted and
polyunsaturated fatty acids in the diet. Mensink and Katan (83) also derived equations
across populations linking dietary fat to blood lipids. They found that alterations in total
serum cholesterol wef¢ mbstly the consequence of alteratibns in serum LDL cholesterol,
which increased when the level of saturated fatty acids in the diet increased. Their meta-
analysis of 27 controlled trials lead to findings that saturated fatty acids increased, not
only LDL cholesterol, but also HDL cholester§1 levels. Grﬁndy et al. (84) observed that
substituting monounsaturated fatty acids for saturated fatty acids in the diets of
hypercholesterolimic subjects reduced plasma total and LDL Qholestefol while
maintaining HDL cholesterol levels. Hegsted et al. (6) evaluated experimental data (up to
the yedr 1991) in humans and concluded that saturated fatty acids were the main
determinants of increased serum ;;holesterol, polvyunsatﬁrated‘fatty acids lowered serum
cholesterol; monounsafur’ated fatty acids >seeined to have no iﬁdependent effect on serum
total or LDL cholesterol but rather their consumption may alter the dietary content of
saturated and polyunsaturated fatty acids resulting in favorable blood lipid levels. Cox et
al. (85) fed two isocaloric diets with 38% of calories from fat, in a double crossover

design, to 67 free living adults. The diet was either high in saturated fatty acids (providing
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26% of calories) and low in polyunsaturated fatty acids (providing 2% of calories), or
high in polyunsaturated fatty acids (providing 23% of calories) and low in saturated fatty
acids (providing 9% of calories). They found that in 47 subjects, whose plasma lipid
levels responded to dietaq changes, increasing the saturated fatty acid intakg correlated
with elevations in plasma total cholesterol, tri giycerides, and apolipoprotein B. Cobb et
al. (86) observéd changes in plasma lipoprotein levels in‘response to'changes in dietary
composition in 63 males and females. Both sexeé experienced elevations in circulating
levels of total and LDL cholesterol and decréase‘s in HDL cholesterol in response to a
high saturated and low'i)olyunSaturated fatty acid containing diet. However, for
normolipidemic females the drop in the potenfially protective plasma HDL cholesterol
was larger than that observed in normolipidemic males. In females, the change in HDL
cholesterol was dependent on baseline HDL levels, changes in plasrria triglycerides, and
changes in the ratio of dietary saturated to polyunsaturated fatty acids. In males, diet was
the only predictor of changes in plasma HDL levels. However, Denke (87) suggested that
low total and saturated fat diets are beneficial to women since these diets, despite
lowering HDL cholesterol, lower total and LDL cholesterol thus, lowering overall risk of
coronary heart disease, similar to the benefits observed in men. Additionally, diets low in
total and saturated fat are often aBundant in fruifs,’ Vegetables, and grain products; these
foods provide fiber and other beneficial nutrients thét reduce the risk of coronary heart
disease.

- Population studies provided information correlating dietar’y fat to atherosclerosis and
coronary heart disease incidence. Posner et al. (7) examined the relationship between

dietary lipids and the 16-year incidence of coronary heart disease morbidity and mortality
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in middle aged (45-55 years old) male participants of the Framingham Study. They
obsberved that the percent of energy from total fat and monounsaturated fatty acids was
positively related to increased incidcnée vof -coronaryv heart disease and that the
monounsaturated fatty acids in that population came‘ from animal food sources also high
in saturated fatty acids. Satufated fatty acids in that study seemed independently related to
increased incidence of the disease even aftér adjusting for serum cholesterol levels.
Artaud-Wild et al. (88) analyzgd coronary heaft disease mortality rates in 40 countries.
They found that the incidence increased significantly with increases in dietary cholesterol
and saturated fat intakes in all the ‘studied countries. However, higﬁ_ dietary cholesterol
and saturated fatty acid intakes were also associated with low intakes of fiber, vitamin E,
and folic acid; suggesting that sub-optimal intakes of those nutﬁents as well as fat may'be .
associated with the incidénce of coronary heart disease. Raitakari et al. (72) examined
~ associations between lifestyle and cardiovascular disease risk factors in Finns between the
ages of 15 and 24 years. They observed that the preference for butter over soft vegetable
margarine was associated with higher levels of serum LDL cholesterol in both males and
females. Ascherio et al. (89) examined the association between fat intake and incidence
of coronary heart disease in 43,757 health professional men 40 to 75 years of age in the
United States. They observed significant positive associations between saturated fat
intake as well as cholesterol intake and risk of coronary disease, however the association
was weakened after adjustment for dietary fiber intake. They also reported an invefse
association between intake of linolenic acid and risk of myocardial infarction. Kromhout
-et al. (90) observed an inverse relationship between fish consumption (rich in linolenic

acid) and mortality from coronary heart disease. Bang and Dyerberg (91) observed a low
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rate of coronary heart disease in Greenland Eskimos, a population with a high intake of
linolenic acid intake from fish. Shaefer et al. (92) summarized the possible reasons for the
protective effects of n-3 polyunsaturated fatty acids. They suggested that the decrease in
LDL levels observed when substituting n-3 fatty acids for saturated fatty acids was mostly
attributable to the removal of the saturated fat and not the addition of the n-3 fatty acids;
however, n-3 fatty acids may exert protective effects by decreasing serum triglycerides -
levels, platelet aggregation, and blood pressﬁre as well as altering lipoprotein metabolism,
increasing bleeding time, and debreasing the body’s imrhune response. In contrast,
Nordoy et al. (93) fed a very small group of healthy men diéts either high ér low in total
and saturated fat content with or without added n-3 fatty acids. They found that regardlesks
of the level of saturated fatty acids in the diet, n-3 fatty acids significantly lowered plasma
total cholesterol, very low density lipoprotein (VLDL) cholesterol, HDL cholesterol, and
total triglycerides. Moreover, the low satﬁrated fatty acidvdiets produced lower total
cholesterol, LDL cholesterol, and HDL cholesterol concentrations than the hi gh saturated
fatty acid diets. Optimal plasma lipid profiles in that study were produced by feeding a
diet low in saturated fatty acids and high in n-3 fatty acids. Fraser (94) suggested that
because serum concentrations of triglycerides are inversely related to concentrations of
HDL cholesterol, then diets which reduce serum triglycérides may increase serum HDL
cholesterol levels. Norum (95), in a review of findings linking dietary fat to blood lipids,
stated that the concentration of plasma triglycerides was higher when the intake of
saturated fatty acid was high than when the intake of n-3 or n-6 polyunsaturated fatty

acids was high.
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Long term clinical intervention studies demonstrated the benefits of reducing total fat,
saturated fatty acid, and cholesterol intakes. Dayton et al. (96) divided 846 older men into
a control group with a diet providing 40% of calories from mostly animal fat, and an
experimental group with a diet supplying 40% of calories from fat but, two thirds of
which was from vegetable‘ oils. After eight years of follow-up, those in the experimental
group had 13% lower seruni cholesterol cdnccntrations and 23% lower iﬁcidence of
coronary deaths and myocardial infargtion than those in the control group. It should be
noted, however, that the expen'mental group consumed 365 mg of cholesterol/day, an
amount almost half the 653 mg »/da‘y consumed by th¢ control group; therefore, the
favorable results obtained by substituting vegetable faf for animal fat may have been
confounded by differences in dietary cholesterol. Hjermann et al. (97) observed that in
1,232 middle aged men, those who -consumed diets with 28% of Vcalories from fat, less
than 300 mg of cholesterol per day, and equal amounts of saturated and polyunsaturated
fatty acids had 13% lower serum total cholcsterol, 20% higher HDL cholesterol levels,

- and 20% lower serum triglycerides than thdsé who consumed diets with 44% of calories
from fat, 500-600 mg daily dietary'cholesterol, and 2.5 times more saturated .fatty acids
than pdlyunsaturated fatty acids. Puska’. et.al. (98) observed reductions in serum
cholesterol and in systolic and diastolic blood pressure, in men and decreases in blood
pressure in women members of a Finnish community who received a community-based
health intervention program for ten years. The incidence of mortality from coronary artery
disease in that community decreased by 24% in men and 51% in women, significantly
lower than other communities or counties in Finland during the same time period. Data

from the Multiple Risk Factor Intervention Trial (99), involving 12,866 men between the
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ages of 35 to 57 years, revealed that men who received instruction on a low saturated fat
and low cholesterol diet had lower serum cholesterol levels after 72 months of follow up
than men who did not receive the intervention. Leren (100) reported thah in the Oslo
Heart Study, survivors of myocardial infarction who were treated with a diet low in
cholesterol and saturated fatty acids had lower serum cholesterol levels and incidence of
coronary artery disease after 5 years than countemaﬁs not recei?ing the dietary treatment.
Amtzenius et al. (101) examined the effects'- of treating 39 coronal;yvatherosclerosis
patiénts with a vegetarian diet with lesbs than 100'mg of cholesterol per day and a high
polyunsaturated to saturated -fatty acid ratio of 2 to 1. Subjects had a 10% decrease in
serum total cholesterol, an 8.5% reduction in the ratio of total choleéterol to HDL
cholesterol, and lower systolic blood pressure after two years. of being on the dietary
treatment compared to levels prior to the intervention. Recently; fiﬁdings by Drs. Gould
‘and Ornish and their coworkers received news media exposure. Omish et al. (102) fed
patients with documented coronary atherosclerosis a strict vegetarian diet containing less
than 10% of calories from fat and less than 50 mg of daily cholestefol; this resulted in a
24% reduction in serum total cholesterol, 37% lower LDL. cholesterol, and 69% decrease
in the ratio of LDL to HDL cholesterol afteil~ oné year on the dietary intervention. Gould et
al. (103) reevaluated those patients after five years and found improvements in size and
severity of myocardial perfusion abnonnalities in individuals who‘received the
experimental treatment (102) and worsened outcomes in those who did nof.

Because of the findings linking fat intake to cardiovascular disease risk, dietary goals
have been established to support health in the general American population (23). These

goals recommend a total fat intake of 30% or less of calories, with saturated fatty acids
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supplying no more than 10% of calories, relatively equal amounts of saturated, -
polyunsaturated and monounsaturated fatty acids, and a daily dietary cholesterol intake of
300 mg or less. Furthermore, the United States Department of Agriculture and the United
States Department of Healt_h and Human Services have developed the Dietary Guidelines
for Americans (14) for the same purpose. Current medical nutrition therapy for the
reduction of heart disease follows the recommendations of the Adult Treatment Panel II
of the National Cholesterol Education Program (104). These recommendations include a
two step dietary approach. Individuals with elevated LDL cholesterol and fewer than two
additional risk factors follow the Step I diet, which is similar to the dietary
recommendations made for the general public. Individuals who do not respond to the Step
I diet or need further reductions in LDL cholesterol are placed on the Step II diet, which
limits saturated fatty acid intake to no more than 7% aﬁd cholestérol intake to no more
than 200 mg/day.

Diet and Fat Digestibility

The negative physiological correlates of fat intake can only be produced if fat is
digested and absorbed. Fat digestibility is influenced by the type of dietary fat, dietary

fiber, and the level of dietary calcium.

Properties of Dietary Fat and Fat Digestibility

Physical properties of dietary fat, such as its melting point, fatty acid chain length and
fatty acid saturation, as well as the amount of fat in the diet all can affect the digestibility

of fat.
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Early observations reported that the digestibility of fat was related to its melting point.
Langworthy and Holmes (105) reported a digestibility of 88% for mutton fat (melting
point = 50°C), 80.1% for oleostearin (melting point = 50°C), and 81.9% for deer fat
(melting point = 51.4°C) in humans. Cheng et al. (106) observed a coefficient of
digestibility of 92.4 for bland lard (melting point = 47.8°C), 66.2 for blended lard
(melting point = 55.2°C), 58.0 for hydrogeﬁated lard (melting point = 55.4°C), and 17.3
for a more hydrogenated lard (melfing’point =61.0°C).

Fatty Acid Chain Length. Callaway et al. (107) suggested, in 1956, that the chain

length of fatty acids was an important factor asso‘ci‘ated with fat di gestibility. Lloyd and
Crampton (108) fed dieté containing 20% of calories from fét with fatty acids of varying
chain lengths to pigs and guinea pigs. They observed that the apparent digestibility of the
fatty acids was inversely correlated with the chain length of the fatty acid and that up to
30% of the variation in fat digestibility was explained by the chain length of the fatty
acids in the tested fats and oils. Bach and Babayan (1109) reported that triglycerides with
fatty acids of chain lengths containing befween eight and fourteen carbons had higher
digestibilities than triglycerides with fatty acids of Sixteen or more carbons. Braud and
Newport (110) fed young pigs whole milk or substituted the butter fat in that milk with -
either beef tallow, coconut oil, or soybean oil. Pigs fed the bééf tallow or coconut oil diets
gained less weight than those fed the butterfat or the SoyBeari oil diets. Pigs fed the béef
tallow (high in long chain stearic acid) diet had the highest amount of fatty acids present,
in the émall intestinal content and the lowest apparent fat digestibility. Leeson and Atteh
(11 1)' fed Large White male turkey poults supplemental isoeﬁergetic amounts from either |

tallow, corn oil, soybean oil, animal-vegetable blend fat, or canola oil. Diets with added
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fat from vegetable oil sources produced greater fat retention. Diets containing tallow or a
vegetable-animal blend fat resulted in the highest fecal fat excretian. Thus, saturated fatty
acids were not well di gestéd by birds 1n that study. Cera et al. (112) fed pigs diets
containing equal amounts of either coéonut oil (comboSed of 60% medium chain fatty
acids with 14 or less carbons), corn oil (composed Qf 95% long chain fatty acids of 16 ar
more carbons), or beef talldw (composed of 95% 1Qng chain fatty acids, but more of
which were saturated when compared to the fatty acids in corn oil). They found that the
apparent digestibility of fat ether extract was lowest for beef tallow, fallowed by com oil,
and highest for coconut oil. Pravious results in our laeratories (24}’ mirrored these
findings. We fed isocalorically calculated amounts of either coconut oil, corn oil, or
tallow supplemented dieté to growing Sprague-Dawley ratsvand obser\}ed that the added
tallow was less well digested than coconut Qil, which in turn was less well digested than
corn oil. Rats fed either the tallow or the coconut containing diet had less body fat than
rats fed the high corn oil diet. These studies made apparent the fact that fatvdigestibility is
significantly altered by the chain length of the fatty acids and that the degree of saturation
pf fatty acids is an additional contributor to the efficiehcy with which fat is digested.

Fatty Acid Saturation. Fatty acids of the same chain length differ in digestibility when

they have different degrees of saturation. Carroll (113), fed diets containing either stearic
or oleic acid (both 18 carbons in length) to Sprague-Dawley rats and obtained apparent
digestibilities of 12 and 48% for stearic acid and oleic acid, respectively. Similar findings
were observed by Bayley and Lewis (114), whereby saturated fatty acids were less well
absorbed than unsaturated fatty acids when fed to pigs. Hamilton and McDonald (115)

observed that the two saturated fatty acids palmitic and stearic in feeds containing beef
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tallow or lard were poorly digested compared to unsaturated fatty acids of the same chain
length. However, they noted that more of these two fatty acids were absorbed when the
fat source was lard than when the fat source was tallow. Palmitic acid in lard is esterified
at the sn-2 position, which permits its absorption as 2-monopa1mitih. Mattson et al. (116)
showed that the position occupied by the fatty acids stéarate and oleate on the glycerol
molecule determined the digestibility of the triglyceride by rats. Small (117) stated that
the location of saturated fatty acids in the sn-1 and 3 positions, as is the case in naturally
occurring vegetable fats, renders the fats less well absorb_ed than randomized fats with

~ saturated fatty acids placed in the sn-2 position. Lien et al. (118) found that mixtures of
coconut oil and palm oiein were better absorbed when the fats were randomized to locate
more of the saturated fatty acids on the sn-2 position than when natural, non-randomized,
fats were fed to rats. Brink ez al. (119) sinﬁlarly obtained lower fat and energy absorption
when rats were fed 2-oleoyl-distearate (stearic acid on the sn-1,3 position) than whén fed
1-oleoyl-distearate (stearic acid on the sn-2 position). De Schrijver et al. (120) fed male
Wistar rats diets with 9.1% added fat from either beef tallow, native or randorrlized _ﬁsh
oil, or native or rand_om_izéd peanut oil. In tha’t study, randomization did not affect
apparent digestibility of total dietary fat, but the beef tailow diet had the lowest apparent
digestibility. Awad et al. (121) fed rats purified diets coﬁtaining 14% of added fat from
either the saturated fatty acid sources beef fat or butterfat, or from the highly
polyunsaturated safflower oil. Fecal fatty acid excretion was higher from the high
saturated fat diets than from the .high polyunsaturated fat diet; compared to the high
safflower oil diet, the high butterfat diet and the high beef fat diet resulted in twice and

four times as much fecal free fatty acid excretion, respectively. Wiseman and Salvador
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(122) reported that the apparent metabolizable energy of fat decreased as the saturated
fatty acid content in the fat increased. Toyomizu er al. (123) observed that mice fed diets
containing beef tallow or hydrogenated beef tallow had lower mature body weights and
lower % body fat than mice fed soybean oil or linseed oil containing diets. Therefore, the
more saturated the fatty écid, the lower its absorption and the more the saturated fatty acid
is positioned in the sn-1,3 position on the glycerol backbone, the lower the absorption of

the fat containing the saturated fatty acids.

Dietary Fiber and Fat Digestibility

Dietary fiber has the ébility to interfere with digestion and absorption of fat, thus
increasing its excretion in feces (124). Noblet and Perez (125) pfovided equations for
predicting the digestible and metabolizable energy values of energy »ahd nutrients in diets
for growing pigs and found that the digéstibility coefficient of energy was negatively
affected by the dietary fiber content of the diet. Digestive intgractions between fat and
fiber and fat and ash were observed that might influence the caloric contribution of diets.
Lairon (126) observed that fiber supplementation resulted in a 610% increase in the ileal
excretioﬁ of triglycérides plus diglycerides énd a 400% increase -in ileal excretion of
monoglycerides plus free fatty acids cvor>npared to low fiber diets in 6 ileostomized
subjects. Hingham and Read (127) reported an increase in stomal fat losses in
ileostomized individuals as a result of interactions between fat and fiber in the small
intestine. Patients fed guar gum had a 50% increase in the amount of lipid in the
ileostomy fluid. However, the type of fiber influences the effects on digestibility. Ikeda et

al. (17) reported that dietary fiber significantly lowered triglyceride absorption in lymph
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cannulated rats. Triglyceride absorption was low with chitosan, intermediate with guar
gum, and high with cellulose as fiber sources in intragastrically administered emulsions.
Guar gum also affected the absorption of cholesterol and triglycerides. Ebihara and
Schneeman (128) found that isotopically labeled triolein and cholesterol were higher in
the intestinal contents of rats fed glucomannan and guar gum than of rats fed cellulose.
Morgan et al. (129) observed a decrease in energy digestibility as fhe fiber content of the
diet inéreased. Energy digestibility was most suﬁpresséd by the addition of straw and
oatfeed, compared with the addition of sugar beet pulp‘ to the diéts of growing pigs. Myer
and Combs (130) reported reduced efficiency of féed conversion, dry matter digestibility,
and energy digestibility upon the addition of 40% ground oats to the feed of growing-
finishing swine. Cummings et al. (131) increased the fiber intake of human subjects from
>17 to 45 g/day by the addition of wheat fiber to their metabolically controlled diets.
Increasing dietary fiber increased fecal weight from 79 to 228 g/day, fecal fat from 1.75 to
2.75 g/day, and fecal bile acids output from 199 to 279 mg/day; however, fecal bile acids
were diluted on the high fiber diet decreasing to 6.2 from 9.5 mg/g of fecal solids on the
low fiber diet. Galloway et al. (132) reported that Albino Swiss rats fed a high (26% of
diet) fiber (cellulose) had lower weight gain and more fecal weight than animals fed a low
(2% of diet) fiber diet. Fiber in that study was tlﬁlemain deterrniriant of fecal bile acid
concentration, with fiber diluting the concentration of bile acids in the feces. Similar
findings in humans (133) demonstrated low fecal bile acid concentrations (per g of dry
stool) when subjects were fed high fiber diets, compared to low fiber diets. Bile acids are
synthesized by the liver from cholesterol and enter into the intestinal tract with bile to aid

in fat digestion. They are then reabsorbed via the enterohepatic circulation; however,
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unabsorbed bile acids are excreted in the feces and are important in the regulation of the
body’s bile acid and therefore, circulating cholesterol pool (134).

Dietary fiber has been implicated in the reduction of circulating lipid levels. Rimm et
.al. (135) examined the relationship between dietary fiber and coronary heart disease in
43,757 US male health professionals. They reported a strong inverse association between
fiber intake and risk for coronary disease. They suggested that fiber, independent of fat
intake, was important in the prevention of coronary disease. Landin et al. (136) observed
that a preprandial dose of guar gum reduced fasting levels of circulating cholesterol and
triacylglycerol in‘healthy male subjects. Frape and Jones (137) supplemented the daily |
diet of healthy middlé-aged volﬁnfeers witﬁ 6 g of fiber from sugar-beet root for three
weeks and obtained an 8.5% and 9.6% reduction in the levels of fasting total cholesterol
and LDL cholesterol, respectively. Cara et al. (138) added fiber from éither oat bran, rice
bran, wheat fiber, or wheat germ to test meals of six normolipidemic male subjects. The
addition of fiber reduced the postprandial rise in triglycerides and the overall chylomicron
cholesterol response. Postprandial cholesterol levels decreased with fiber and were lowest
with oat bran. Marckmann et al. (139) fed a high fiber (1.38 g/100 kcal) low fat (28% of
energy) diet to 21 healthy middle-aged Danes. The diet resulted in lower serum
concentratioﬁs of LDL and HDL cholesterol when compéred with feeding a low fiber
(1.09 g/100 kcal) high fat (39% of energy) diet. Arjmandi et al. (140) fed 38
hypercholesterolemic women added fiber from either sunflower seed or flaxseed. They
observed that for every one gram increase in soluble fiber, total serum cholesterol

decreased by 2.2 mg/d] and LDL cholesterol decreased by 2.7 mg/dl, and for every one
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gram increase in insoluble fiber, total serum cholesterol decreased by 1.6 mg/dl and LDL
cholesterol decreased by 1.9 mg/dl.

Schneeman (22) suggested that the fi‘ber’in the small intestine can increase the
viscosity of the intestinal contents thus slowing diffusion, reducing nﬁxing; and lowering
the rate of nutrient absorption. Fiber can élso interact with miéelle components such as

- bile acids thereby reducing plasma cholesterbi conéentrationsf Ikeda et al. (17) theorized
possible mechanisms involved in the réduction of cholesterol absorptibn observed with
dietary fiber. First, fiber reduces gastric emptying and transit times; second, fiber adsorbs
bile salts, thus, inhibiting the rrﬁce]lar solubility of cholesterol and lipid digestion
products; and third, fiber, partiéularly the viscous type, reciuces the accessibility of
micelles to the surface of intestinal absorptive cells. Suzuki et al. (141) suggested that
dietary fiber may decrease the intestinal absorption of lipid by decreasing transit time or

by inhibiting contact with intestinal absorptive cells.

Calcium and Fat Digestibility

Calcium has the ability to alter fat absérption and thus its conversion to energy and
blood lipids. Yacowitz ez al. (142) fed high calcium diets to rats and noted tﬁat fat and
calcium combined in the gut to form non-digestible calcium soaps that were excreted in
the feces. French (143) found that calcium utilization in the Albino rth decreased as fat in
the diet increased. Calcium was best absorbed when the ratio of calcium to fat in the diet
was 0.063 to 1. Holt ef al. (144) observed that feeding high fat diets resulted in the
formation of insoluble calcium fatty acid soaps, rendering calcium u\navailable for

absorption by infants and children. Bassett e? al. (145) noted that increasing calcium
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intake increased the total amount of fecal fat whereas reducing the ambunt of dietary
calcium improved the absorption of fatty acids in patients with ideopathic steatorrhea.
Cheng et al. (106) observed that supplemental calcium and magnesium in the diet

' reduced the apparent absorption of trilaurin from 97.3% to 70.5%, trimyristin from 76.6%
to 37.7%, tripalmitin from 27.9% to 12.8%, and tristearin froxﬁ 18.9% to 10.6% in rats.
Calcium and magnesium caused an increase in fecal soap excretion and depressed the
digestibility .‘more for high melting point triglycerides and hydrogenated fats than fof low
melting point fats. ‘Calcium was, Similarly, shown to depress the digestibility and
metabolizable energy of taliow in rats fed 230 mg (vs. 62 mg) of calcium from calcium
carbohate/day (24). Lapre et al. (146) reported that supplefnentihg a high milk fat or high
palm oil rat diet with éalcium phosphate (9 g/kg diet) increased' fecal output and increased
total fecal éxcretion of _fgtty acids but reduced concentrations of fatty acids in fecal water.
This suggests that calcium formed fatty acid soap complexes, which reduced fatty acid
absorption and solubility. Lupton et al. (147) reported similar increases in fecal weight
and total fecal lipid excretion with increases in the level of calcium in the diet of rats.
Brink et al. (119) showed that calcium (1 g /100 g diet), frdm calcium carbonate,
increa&ed fecal excretioh and reduced the absorption of the saturatedmfatty‘acids palmitié
and stearic acid in rats. The effect of caléiﬁm on fatty acid excretion and absorption was
further enhanced when the fatty acids were positio‘hed at the sn-1,3 positioh vs. the sn-2,3
position. Aoyama et al. (148) similarly foundv that calcium fortification of the diet of rats |
reduced the apparent absorption efﬁcienéy of fat with long chain saturated fatty acids,
especially when these fatty acids were positioned at the sn-1,3 sites on the glycerol

backbone, and the apparent absorption efficiency of saturated fatty acids in foodstuffs



35

such as chocolate (cocoa butter had palmitic and stearic acid on the sn-1,3 positions).
Rouvinen and Kiiskinen (149) fed beef tallow or rapeseed oil containing diets with
various levels of ash (4,8,and 14% dry matter) from either limestone grist or bone meal to
adult male minks. As the ash level in the diet increésed from 4 to 14%, it decreased the
digestibilify of beef tallow from 76 to 67%, and from 87 to 66% for the limestone grist
and the bone méal containing diets, respectively. The digestibility of rapeseed oil also
decreased with increases in ash conteﬁt, but thé effect was not as large as it was with beef
tallow; the digestibility of rapeseed oil changed from 94 to 85% and 96 to 94% with
limestone grit and bone meal, respectively. Conscqueﬁtly, the metabolizable energy of the
diets decreased with increasing ash level; the metabdlizable energy of the beef tallow
containing diet was reduced from 17.0 to 14.4 and from 18.6 to 14.5 MJ/kg of dry matter,
and that of the rapeseed oil containing diet was diminished from 18.5 to 15.6 and 19.4 to
16.7 MJ/kg of dry matter with the limevstone grit and bone meal inclusion, respectively.
Awad et al. (150) fed Sprague-Dawley weanling male rats a diet with 14% beef fat with
or without an added 1% of calcium from calcium carboﬂate. The excess dietary calcium
reduced the free bile acid and free fatty acid c.ontent of fecal water by 54 and 44%,
‘respectively by altering the solubility of these lipids. Lapre‘ etal. ('1‘51) obéerved that
supplemental calcium (from 9 mg calcium phosphate/ g diet) greatly increased the fecal
excretion of fatty acids by Wistar rats; the increase was more significant for diets
containing fats with saturated fatty acids than for those with polyunsaturated fatty acids.
Hambly et al. (152) reported higher weight gain in rats fed a high fat low calcium and
fiber diet than in rats fed a low fat high calcium and fiber diet. The nutrient to energy

ratio and the energy intake of both diets were the same, but the availability of en'ergy from
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fat was greater when calcium and fiber levels were lower in the diet. Suzuki er al. (141)
observed that fecal fatty acid-calcium soaps excretion increased from 3 ug/g of feces to
495 ug/g of feces when healthy male subjects switched from a low fat (14% of
energy/day) to a high fat (53% of energy/day) diet. The investigators in that study
suggested that in the presence of sufficient calcium, the long-chain fatty acids in the diet
are rendered insoluble by conversion to ca_lcium 'soaps.' Calcium can, therefore, reduce
the solubility, absorption, digestibility and metabolizable energy of fat.

Through its impact on fat digestibility and lipid solubility, calcium potentially can
alter cholesterol metabolism. Yacowitz (21) added 0.89 g of calcium from either calcium
carbonate or calcium gluconate to‘the diet of subjects with elevated serum lipid levels and
observed an increase in fe;c'al fat excretion and a decrease in serum triglyéerides and

. cholesterol levels. As mentioned above, calcium reduced the solubility of bile acids
(important in cholesterol metabolism) in the fecal water from rats (150). Van der Meer et
al. (153) supplemented the diet of 12 healthy men with 35.5 mmol of calcium/day from
calcium carbonate; this resulted in a 53% increase in the fecal excrefion of bile acids.
Denke et al. (154) fed 13 moderately hypercholesterolimic men a diet eithe;' low in
calcium (410 mg/day) br high in calcium (2200 mg/day) and‘observé’d an increase in the
daily fecal excretion of saturated fatty acids from 60 13% upon increasing dietary
calcium. Circulating lipid levels wer¢ aléo affected by calcium fortification such that
serum total cholesterol decreased by 6%, LLDL cholesterol decreased by 11%, and
apolipoprotein B decreased by 7%, without affecting HDL cholesterol levels. The
researchers in that study stated that calcium supplgmentation was effective in favorably

altering serum lipid levels and could be part of a cholesterol lowering strategy.
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CHAPTER II

ENERGY VALUE OF CARBOHYDRATE AND LIPIDS WITH ADDED CALCIUM
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Dania A. Khalil and Christa F. Hanson
Department of Nutritional Sciences Oklahoma State University, Stillwater, OK 74078
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Abstract

Female CD1 weanling mice (16 g initially) were limit fed a purified diet alone or with
added isocaloric amounts (5.4 kcal metabolizable energy per day) from either sucrose,
corn oil, or tallow. In addition, diets with supplemental fat contained either 0.60% or
1.5% calcium. Growth rates, digestibilities, and energy retentions were measured during
the 28 day study. Fegal fat and fecal soap excretion were greater (P<0.06) for animals fed
tallow fhan for thdse fed com oil. 7 Mean metabolizable encrgy. (Atwafer) values for
sucrose, tallow, and corn oil aVerag,ed 4.01,7.96, ahd 8.94 kcal, respectively. Retention
of digested energy from sucrose, tallow and com oil averaged 13%, 10% and 21%,
respectively. This means that per gram of added nutrient, retained energy from tallow
averaged 1.60 and that from corn oil averaged 4.11 times that of added sucrose. Retained

energy from added corn oil was greater (P<0.01) than from added tallow. On a retained
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energy basis, the relative value for corn oil was greater and the relative value for tallow
was less than the metabolizable energy ratio of fat to carbohydrate proposed by Atwater
of 2.25. Mice fed comn oil had a higher (P<0.01) percentage of body fat and a lower
(P<0.01) percentage of body protein. Added calcium depreSsed (P<0.01) digestibilities of
both dry matter and energy, with a greater (P<0.01) effect on‘ tallow than on comn oil. The
metabolizable energy value of fat in‘ diets for growing mice varied ff_om 75 to 108% of
Atwater values and the retention of added energy véri_ed with fat source in this study,
being 156% greater (P<0.01) for corn oil than for tallow.

Key words: Tallow, Corn oil, Mice, Energy, Calcium
Introduction

Much public concern hés been raised over fat intake and its relationship to obesity,
atherosclerosis, colon cancer, and endocrinev related cancers (1;6). However, fat
digestibility and absorption can vary with source of fat and other diet components (7).
For example, fat digestibility is depressed by adding calciufn to the diet (8-10) because
calcium binds fatty acids in the digestive tract to form insoluble, indigestiblé fatty acid
soaps '(1 1, 12). Faf digestibility also can be affected by the saturation level of the fatty -
acids (13) with saturated fats being less completely absorbed than unsaturated fats (8,13).
Previous studies in our laboratories (8) utilizing male rats have shown that digestibilities
and metabolizable energy values were lower for tallow than corn oil supplemented diets,,
especially in the presence of calcium. Donato and Hegsted (14) have found that tallow or
corn oil diets fed to male rats had a higher caloric value than expected, an average of 11.5

kcal/g, compared to sucrose at 3.9 kcal/g. Wiseman and Salvador (15) found that apparent
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metaboiizable energy was inversely proportional to fatty acid saturation for young chicks.
Noblet and Perez (16) found that fat digestibility was lower (79%) than generally
accepted (95%), possibly due to minerals included ih the diet. If the caloric value of fat is
a function of its digestibility (7), then diet eomposition will alter the caloric value of fat.
For ease of handling and body composition measurement, mice Were used in this
experiment. Females were used because most previous work has used males and gender
may alter diet effects on body composition. This study‘wae designed to: 1) compare the
caloric value of two fat sources, one animal (tallow) and one plant source (corn oil), with
that of carbohydrate (sucrose); and 2) measure the effect of calcium supplementation on

digestibility and energy retention from diets supplemented with these two sources of fat.
Materials and Methods

Forty-two female CD1 weanling mice (16 g initially) were stratified by weight and
assigned (six animals per groﬁp) to 7 groups; one group was used to determine initial
body composition and the other 6 groups were assigned to the 6 dietary treatments which
were limit fed for 4 weeks. The eompositions of tﬁe diets are shown in Table 1. Except
for the basal diet, all diets were isocaloric on a metabelizable energy basis. The basal
mixfure, which served as a base for all diets, was composed of caseiﬁ, corn oil, sucrose,
vitamin mix (AIN-76A), mineral mix (AIN-76), and choline chloride. It was formulated
to meet all nutrient needs (17). Each animal was caged individually in a wire bottom
hanging stainless steel cage and had ad libitum access to water in a climate-controlled
room with a 12-hour light:dark cycle. Animals were given their daily ration, which was

kept refrigerated until it was offered, once at 1600 and were free to consume it ad libitum
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throughout the 24 hour span. The protocol of the study was approved by the Laboratory

Animal Use Committee at Oklahoma State University.

Animals were weighed initially and weekly during the 28 day study. Feed refusals,
collected daily from each animal and frozen until the end of the experimental period,
were used to calculate dry matter, energy and nutrient intakes. Dietsy and feed refusals
were analyzed for gross energy by oxygen bomb calorimetry (Parr, 1261 Calorimeter Parr
Inst. Co. Moline, 1L, 1988),»nitrogen.by' the AOAC Kjeldahl method (18) utilizing
Tecator Kjeltech instrumentation for digestion and distillation, and lipid by ether
extraction (18). Diet samples also were analyZed for éalcium éontent utilizing an atomic

absorption spectrophotometer (Perkin Elmer Atomic Absorptioh Spectrophotometer,

model 5100, Perkin Elmer, Norwalk, CT) (19).

Initial body composition was obtained by sacrificing six mice at the start of the trial.
Final body COmposifion was obtained by sacrificing all the remaining mice at the end of
the 28-day experimental period. Body composition of all animals was determined as |
follows. The large intcétihe and cecum were removed to avoid undigested food; we chose
not fo fast the animals prior to sacrifice for fear- that that may alter body composition
analyses. The remaining empty body was autoclaved and ground with a mini-food
processor to produce a homogeneousvtisshe sample (8). ny weight was obtained by
lyophilizing each carcass individually for eight days. Body fat, nitrogen, and energy
content were determined as previously described for the diets. The difference between
initial and final body composition was used to calculate retention of specific components

and energy. During weeks 2, 3, and 4, each animal’s feces were collected, weighed and
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analyzed sepafately. Feces were dried at 100°C for 48 hours. Gross energy of feces was
determined by oxygen bomb calorimetry. Fecal fat was obtained by first extracting the
samples in petroleum ether to detefmine ether-soluble fat content and then further
extracted in a 40:10:1 isopropanol:heptane: 1N sulfuric acid sélution to release the fatty
acids bound as soap (3, 20). To calculate digestibilities of each supplement which was
added to the basal dief, the contribution of the basal diet to feed intake and fecal output
were subtracted from feed intake and fecal output of the supplemented diets for the last
21 day period of the trial. Energy retention from ¢ach supplement waé calculated in a
similar fashion based on initial and final body compositions of mice fed the basal and the

supplemented diets for the duration of the trial.

Statistical analysis of the ‘data used the General Linear Modéls procedure of SAS (21)
and absolute probabilities will be presented and discussed. Treatment means were
coﬁﬁasted using the Duncan’s Multiple Range Test. However, because specific treatment
contrasts are interpreted more readily, orthogonal contrasts will be presentéd and
discussed. Differences examined by orthogonal contrasts included 1) basal versus
energy-éupplemented diets; 2) sucrose versus fat-supplemented diets; 3) tallow versus
comn oil; 4) low veréus high calcium; and 5 interacﬁon of fat source and calcium

concentration. These factors were the primary foci for discussion.
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Results

Orthogonal contrasts representing average effects of added energy, sucrose versus
lipids, lipid source (corn oil versus tallow), calcium level, and the interaction between
lipid source and calcium level are presented in Table 2. These will be discussed

sequentially.

Energy Supplementation

Differences among diets in daily dry matter intakes were as expected, being greater
with added energy and less for diets with fat added than with sucrose added.
Supplementing the basal diet with 5.4 kcal of metabolizable energy daily, when averaged
across energy sources, increased daily gain (P<0.02), fecal output of dry matter, fat and
soap (P<0.02), digested energy content of the diét (kcal/g; P<0.01) and body energy
retention (P<0.01) (Tabie 2). Added energy increased fat but decreased (P<0.01) protein

content of the body.

Energy Source

Compared with mice fed sucfbse, those fed added fat tended to have higher (P<0.10)
gain:feed ratio, fecal dry matter and soé;p excretion (P<0.01) and digestibility of added
source (P<0.01) but lower (P<0.01) digestibilities for added dry matter and energy.
Digested energy content of the diet (kcal/g) and of supplemental dry matter was greater

(P<0.01) with fat than with sucrose added to the diet. Energy retention of the added
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energy per gram fed also tended to be greater (P<0.07) from added fat than from added

sucrose.
Fat Source

Digestibility of dry matter and energy was lower (P<0.01) for tallow than for corn oil
added to the diet althbugh an interactien with ’calciixm level was detected (P<0.01 and
P<0.08). Added calcium depressed diéestibi]ity more for tallow than for com oil. The
high calcium-tallow diet héd lower (P<0.01) energy and dry matter digestibilities than any
other diet. Retention of added‘ener‘gy per day orb per g fed was greater (P<0.01) frem
added corn oil than froni addedtallow; efﬁciency of energy ietention, calculated as
retained divided by digested energy, for corn oil averaged more than twice that for tallow
(21% versus 10%; P<0.02). In their carcasses, when averaged across calcium levels,
mice fed corn oil had more dry matter and fat (P<0.03; P<0.01) but less protein (P<0.01)

than mice fed tallow.

Added Calcium

Because calcium was added only to the fat-supplemented diets, discussion and
interpretation must be restricted to such diets. Added caleium increased fecal dry matter
output (P<0.0i) and depressed digestibility of diei dry matter‘ and ener'gy (P<0.01),
especially with the tallow diet (interaction P<0.08). However, added calcium did not

alter retention of either fed or digested energy.
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Interactions Between Calcium Addition and Fat Source

Fecal dry matter excretion was increased more (interaction P<0.04) by adding calcium
to the tallow than to the corn oil diet. Added calcium reduced digestibility of dry matter
and energy, both of the total diet and of the added materials, (interactions P<0.01; P<0.02

- and P<0.01; P<0.08, respectively) more with tallow than with corn oil in the diet.
"~ Discussion

Compared with added sucrose, supp]eﬁlentétion of a basal diet with equal kilocalories
from fat (tallow or corn oil) reduced di gestibiiitieé of dry matter‘ and energy but increased
digestibility of fat. Compared with supplemental corn oil, supplemental tallow resulted ih
lower digestibilities for both dry matter and energy. Fat content of the body was greater
with the com 6il diet than with the tallow diet. These results agree with previous results
obtained feeding high fat diets to male weanling rats (8) and other studies that have

shown that saturated fats are less completely absorbed than unsaturated fats (22-24).

Standard physiological fuel (Atwater) values are corhpared' with the values we
measured for digested (metabolized) energy, retained energy, and heat increment
(determined by subtraction as the difference between metabolized and retained energy)

for the added nutrients shown in Figure 1.

Metabolizable energy is equal to digested energy minus urinary energy loss. Unlike
effects with added protein, added sucrose and lipid calories are not partially lost in urine.

Thus, the digestible energy values measured should equate directly with the
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metabolizable energy values proposed by Atwater. Like Atwater’s estimates,
metabolizable energy values for the added fats were much higher than for sucrose
(averaging 7.96 and 8.94 kcal/g for tallow and corn oil versus 4.01 for sucrose as shown
in Figure 1). Digested energy averaged 84% and 94% of the gross energ‘y'value (bomb
calorimetry value of 9.47 kéal/g) for tallow and corn oil, respectively. Although these
values are reasonably close to the Atwater vélues for carbohydrate (4 kcal/g) and lipid (9
kcal/g), our metabolizable energy value was‘cc‘msis‘tently lower for tallow than for corn oil
suggesting that metabolizable energy values can differ among sources 6f lipid. This is
consistent with observations in which high saturated 'fatty aci‘d contentv(»)f lipids, as'in
tallow, resulted in lower fat digestibility when compared to iipids with less saturated and

more unsaturated fatty acid content (13, 23, 25, 26).

Another method of contrasting caloric value is to compare the amounts of energy
retained by the body (net energy), not simply the amounts digested.b In this study, retained
energy from supplemented sucrose, tallow and corn oil averaged 6.53, 0.85and 2.18
kcal/g fed. Such a comparison yields a markedly différent ratio for fat to carbohydrate
than either metabolizable energy or Atwater values do, as hés béen noted pfeviously (14).
Thus, if we set the caloric value for retained or net énergy froﬁ sucrose at 4.00 kcal/g (to
parallel the Atwater value for carbOhydrate), then ther amounts of energy retained (net
energy) calculate to be 6.4 kcal/g of tallow and 16.4 kcal/g of corn oil in this study. That
the proportion of dietary energy retained is greater for some lipids than for others has |
been observed previously (8, 14, 27-29) and may be due to several factors. Explanations

as compiled by Reid (30) and Dale and Fuller (31) include: 1) fat in a diet enhances total
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digestibility and caloric value of other diet components including proteins and
carbohydrates; 2) endogenous excretions of energy .may be reduced by added lipid, and 3)
heat loss is lower for synthesis of stored lipid frokrh dietary fat than from dietary
carbohydrate. In this study, efficiency of retention of digested energy averaged more than

twice as high for corn oil than tallow (21 versus 10%).

The difference between métabolizable energy (Atwater values) and retained (net)
energy equals the amount of energy lost as heét, often called the heat increment. The heat
increment expressed as a percentage of metabolizable energy was similar for
supplemental tallow and sucrose (83% and 87%) but slightly lower with supplemental

corn oil (72%) calculated from values in Figure 1 (see footnote).

Supplementing high fat diets with calcium reduced energy digestibility and increased
fat excretion; this agrees with results by others (8, 10, 12, 32). Fecal soap levels tended to
be increased by calcium addition. Presumably, this is due to the formation of insoluble
soaps that render the fatty acids unavailable for absorption (11, 12, 33, 34). Added
calcium depressed the digestibility more for tallow than for corn oil supplemented diets.
Calcium salts of more saturated fatty acids, as from tallow, should be less easily ionized
and solubiliz¢d than salts of less saturéted fatty.acids (26). At 1.5 versus 0.6% of dry
weight of a diet containing tallow, calcium reducéd the digestibility of energy of tallow
by 26% (6.79 versus 9.12 kcal/g as shown in Figure 1), and retcntioh of energy by 17%
(0.77 versus 0.93 kcal/g tallow). In contrast, added calcium reduced energy digestibility
of corn oil by only 16% (8.14 vs. 9.74 kcal/day) and added calcium tended to increase

(11%) retention of dietary energy from corn oil (2.29 vs. 2.07 kcal/g corn oil tallow).
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In conclusion, calculating the caloric content of mixed diets from analysis of nutrients
(protein, fat and carbohydrate) may not accurately predict either digested or retained
energy. The source of fat can alter both digestiﬁiiity' and retention of digested energy.
Supplemental calcium can depress digestibility, especially with tallow. Consequently,
source of fat and the calcium content of a diet must be evaluated because these

components can influence availability of energy from the diet.
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Table 1. Composition of Experimental Diets, Percentage By Weight.
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Diet Basal Sucrose Tallow Corn Oil Tallow Corn oil

Calcium Low Low Low Low 1.5% 1.5%
Tallow 0 0 1427 0 13.94 0

Corn Oil 6.87 5.00 5.89 20.16 5.76 19.66
CaCO3 0 0 0 0 2.31 231

Sucrose 51.89 65.00 44.4v8 4448 43.46 42.48

Casein 27.49 20.00 23.57 23.57 23.02 23.02
Cellufil 6.87 5.00 5.89 5.89 5.76 5.76
Minerals. 4.81 3.50 412 4.12 4.03 4.03
Vitamins. 1.37 1.00 1.i8‘ 1.18 1.15 1.15
Methionine 041 0.30 0.35 0.35 ’Q.35 0.35
Choline Cl 0.27 0.20 ‘ 0.24 024 - 0.23 0.23
Amount fed, g/day 3.64 5.00 4.24 4.24 4.34 4.34

Kcal/ration/day | 19.31 19.29 19.29 19.29 19.11

13.87

Ca %, by analysis 0.70 0.51 0.60 1.50 1.50

0.60



Table 2. Results of Energy Supplementation
DIET

MAIN EFFECTS AND INTERACTIONS (P <)

Diet Basal Sucrose Tallow Com 0il Tallow Corn Oil Standard Added Fat vs. Tallow vs. | Added Ca | Caby fat source.
Calcium, % 0.70% 0.51% 0.60% 0.60% 1.50% 1.50% error Energy CHO Corn Oil interaction
Feed intake, g/day 3.48 448 3.88 3.96 3.80 3.97 0.05 0.01 0.01 0.03 0.54 0.39
Gain, g/day 0.34 0.44 0.45 0.56 0.41 0.50 0.05 0.02 0.49 0.06 0.35 0.82
Gain/Feed 0.096 0.098 0.114 0.140 0.107 0.125 0.02 0.15 0.10 0.09 0.39 0.75
| Fecal o 8 das
Dry matter 10.9° 9.9° 10.8° 10.7 15.3° 13.4° 0.41 0.02 0.01 0.02 0.01 0.04
Fat 0.46 0.63 0.93 0.63 0.86 0.73 0.10 0.01 0.18 0.06 0.94 047
Soap 0.09° 0.11° 0.37° 0.19° 0.45° 0.21° 0.02 0.01 0.01 08.01 0.06 0.26
Diet digestibility, %: .
Dry Matter 88.9° 92.1° 90.1° 90.4° 85.6° 83.0° 0.32 0.31 0.01 0.01 0.01 0.01
Energy 91.6 93.6 90.9 93.2 884 $2.5 0.37 0.74 0.01 0.01 0.01 0.02
Fat 95.2 93.3 96.2 97.2 96.4 97.0 0.83 0.37 0.01 0.36 0.97 0.82
Digestibility of test
material
Dry Matter - 101.0° 97.4* 99.5° 68.9° 33.4° 1.95 - 0.01 0.01 0.01 0.01
Energy - 99.5° 79.3° 95.5° 66.4° 91.9* 2.52 - 0.01 0.01 0.01 0.08
Digested energy, keal/g:
Diet 4.13° 4.10% 4.84* 4.93* 4.56° 4.78° 0.02 0.01 0.01 0.01 0.01 0.01
Added Source - 4.01° 9.12" 9:74* 6.79° 8.14° 0.13 - 0.01 0.01 0.01 0.02
Final body compesition ) .
Dry Matter, % 39.2 41.8 39.9 42.8 39.6 44.4 1.65 0.17 0.95 0.03 0.69 0.56
Protein, % of dry matter | 47.0 41.9 44.2 37.7 44.0 36.8 1.70 0.01 0.53 .01 0.73 0.84
Fat, % of dry matter 38.6 453 44.0 49.7 42.8 516 2.18 0.01 0.47 0.01 .87 0.26
Retuined dietary energy :
Keal/day 115 1.69 1.61 2.15 1.47 2.20 0.18 0.01 0.42 0.01 0.80 0.61
Of keal fed, % 7.31 8.58 1.73 10.21 7.44 10.73 0.86 0.10 0.64 0.01 0.90 0.64
Of keal digested, % 7.98 9.17 8.52 10.96 8.43 11.60 0.94 0.10 0.51 0.01 0.78 0.70
Retention of added
Energy :
keal/day 0.53 0.46 1.00 0.32 1.05 - 0.20 - 0.45 0.01 0.82 0.63
kcal/added g fed 0.53 0.93 2.07 0.77 2.29 0.46 - 0.07 0.01 0.95 0.68
keal/keal digested - 0.13 0.10 0.19 0.10 0.23 0.04 - 0.65 0.02 0.61 0.63

Means within a row with different superscripts differ (P<0.05)

s
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Figure Legend:

Figure 1. Atwater (physiological fuel) values, measured metabolized (digested) energy,
retained energy, and heat lost (difference between digested and retained energy) in kilo
calories per gram of added sucrose, tallow, and corn oil, with or without added calcium.

Heat loss (by calculation) as a percentage of digested energy for each of the five diets was
87%, 90%, 79%, 89%, and 72%, respectively. ‘
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CHAPTER IV

EFFECTS OF LEVEL OF CALCIUM OR FIBER TYPE ON DIGESTIBILITY OF A

TALLOW-SUPPLEMENTED DIET BY MICE

Dania Khalil, MS and Christa Hanson'" 2, Ph.D.

Department of Nutritional Sciences, Oklahor‘na’State University, Stilleiter, OK 74078 USA
Abstract

Female CD1 weanling mice (16 g) were used to study effecbts of calcium and fiber
level on growth and digestibility. Mice were limit fed a basal AIN purified diet with 14%
tallow added (4.4 kcal/day) with calcium at either 0.6, 1.0, 1.5, 2.0, or 2.5% of diet dry
matter. In addition, 10% (0.22 g/day) total dietary fiber was added to the 0.6% calcium
diet from either cellufil, rice bran, wheatv bran, or beet pulp. Growth rates, di géstibilities,
energy retention, and body composition were measured during the 28 day trial. Added
calcium linearly (P<0.01) depressed digestibility of dry matter (83 versﬁs 90%),
digestibility of energy (87 versus 91%), and calculated Atwater values, while it increased
fecal excretion of soap (P<0.01)énd fat (P<0.10). For every 1% increase in dietary
calcium, metabolizable energy decreased by 2%. Added fiber also increased (P<0.06)

fecal fat and soap excretion and depressed dry matter and energy digestibility (P<0.01).

!Contact author. ?This study is published in Nutrition Research, Vol. 15, No. 12, pp. 1793-1801, 1995.



56

Of the 4 tested fibers, mice fed the rice bran diet had the lowest (P<.05) digestibilities of
dry matter, energy and fat. By depressing tallow digestibility and increasing fecal fat

excretion, caloric value can be altered markedly by adding either calcium or fiber to a diet

rich in fat. KEY WORDS: Calcium, Tallow, Fiber, Mice
. Introduction

Dietary fat, particularly saturated fat, haS been linked to increased body fat and obesity
and the incidence of degenerative diseases (1-3). A fundamental conéern of dietary fat is
its high caloric value; however, other dietary components may have important effects on_
the availability of dietary fat. Digestibility and ehergy vélue of fat is not constant, but is
reduced when fiber is included in the diet, possibly due to altered gastric emptying and
intestinal transit time or adsorption to bile salts (4-6). Fat digestibility also is reduced
when calcium coﬁtent of the diet is increased (7-9). Reacting with fatty acids to form
insoluble calcium-fatty acid soaps, calcium renders fatty acids unavailable for absorption
(10, 11). If the caloric value of fat is a function of its digestibility (12), then the presence
qf interfeﬁng agents like fiber or ca]cium in the diet should alter the caloric value of fat.
This study was designed to study the 1) effects of calcium supplementation on fat and
energy digestibility; and 2) effects of diétary fiberus.upplement‘ation (rice bran, cellulose, -

wheat bran, or beet pulp) on energy availability of beef tallow. |
Materials and Methods

Sixty-six female CD1 weanling mice (16g) were assigned to treatments to produce

equal weight groups (six animals each). One group of six mice was used for analysis of
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initial body composition. The remaining 60 mice were assigned to 10 dietary treatments
described in Table 1. Values given are based on measured intakes, not the amounts
effered. Diet compositions are shown in Table 2. The basal mixture, which was included
in each diet, was formulated from casein, cem oil, sucrose, vitarnin mix (AIN-76A),
mineral Ian (AIN-76), and choline chloride, to meet all nutrient needs (13). Except for
the basal diet, diets all had tallow added and were provided isocalorically (metabolizable
energy basis) by feeding specifically wei ghed amounts daily. When fiber sources were
added, the portion of fiber source that was not dietary ﬁber replaced sucrose in the diet.
Each animal was caged individually ina wire-bottom hanging stainless steel cage and
given ad libitum access to water in a climate controlled room with a 12 hour dark: light
cycle. Animals were fed once daily at 1600. The protocol and methodology of the study
was approved by the Laboratory Animal Use Committee at Oklahdrna State University.

Animals were Weighed initially and weekly thereafter during the 28 day trial. Feed
refusals, collected daily from each animal, were frozen until the end of the experimental
period and analyzed to determine intake of nutrients and energy. Diets, feed refused, and
feces were analyzed for gress energy by oxygen bomb calorimetry (Parr, 1261
Calorimeter Parr Inst. Co. Moline, IL), nitrogen by the AOAC Kjeldahl method (14)
utilizing Tecator Kjeltech instruments for digestion and distillation, and lipid by ether
extraction (14). Diet samples also were analyzed for calcium content utilizing an atomic
absorption spectrophotometer (Perkin Elmer Atomic Absorption Spectrophotometer,
model 5100, Perkin Elmer, Norwalk, CT) (15).

Initial body composition was obtained by sacrificing six mice at the start of the trial.

Final body composition was obtained by sacrificing all mice after the 28 day experiment.
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Each whole carcasé, minus the large intestine and cecum which were removed to exclude
undigested food, was autoclaved to ease grinding and obtain homogeneous tissue samples
(7). Dry weight was obtained by lyophilizing each individually ground carcasses for eight
days. Body fat, nitrogen, and energy content were detemﬁned as described breviously for
the diets.

During weeks 2, 3, and 4 all feces were collected, weighed and analyzed separately
for each animal. Feces were not collected dﬁring week 1 to avoid excreta from the pre-
test diet. Digestibilities during week 1 were assumed to equal the méan of the subsequent
three weeks. Feces were dried in a 1000C oven for 48 hours. Gross energy was
determined by oxygen borhb calorimetry. Fecal fat was obtaihed by extracting each
sample first with petroleum ether to determine ether soluble fat content and second with a
40:10:1 isopropanol: heptane: 1N sulfuric acid sOlutioh to release 'soép-bound fat (7, 16).

Statistical analysis of the data used the General Linear Models procedur¢ of SAS (17).
When interactions were detected (P< 0.05), means were compared by the Duncan’s

Multiple Range Test.
Results

Calcium Supplementation

Dry matter intake was limited and intentionally was greater for animals fed higher
amounts of calcium so that intake of other nutrients would remain unchanged (Table 3).
" Daily gain and feed efficiency were not significantly altered by added calcium.

Compared with mice fed the basal diet, mice fed tallow-supplemented diets at all levels
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of calcium had more fat and less protein (P<0.02) in the empty body at the end of the
study. Calcium supplementation linearly increased fecal excretion of fat (P<0.10) and
soap (P<0.01). |

Digestibilities of added dry matter, energy, and fat were calculated assuming that
digestibility of components of the basal diet were not influenced by added tallow or
calcium. Digestibilities of added dry matter and energy from tallow plus calcium were
linearly (P<0.01) r¢duced by addition of calcium to the diet with a tendency for less effect
at higher calcium concentrations (quadratic effects of P<0.01 and P<0.15). Digestibility
of fat was not depressed by added‘calcium . What nutrient is responsible for the
depression in digestibility is not élear. Overall, the digestible energy (DE) content of the

diet and DE of the added fat were linearly reduced by added calcium (P<.01).

Tallow Supplementation

Feed intakes were increased when tallow and fiber were added intentionally to test the
effects of added tallow on digestibility (Table 4). Adding tallow ﬁlus fiber to the diet
jncreased (P<0.01) fecal output of dry matter, fat and soap and decreased (P<0.01)
digestibility of dietary dry matter and energy. However, because fat was added,
digestible energy content of the i)asal diet was increased whéﬁ _tailow or tallow plus fiber

was added.
Fiber Sources

Among the fiber sources, consumption of the rice bran diet was lowest due to partial

rejection of this diet by mice (Table 4). Fiber source did not affect (P>0.05) average daily
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gain, efficiency of feed htilization, or body composition. Among the fiber sources, wheat
bran tended to result in the highest body fat and least body protein. Fecal dry matter
output of dry matter, fat and soap were increased (P<0.0é) by added fiber, particularly
with added rice bran. Among the fiber sources, fecal fat ei(crétion was elevated most by
added rice bran whereas fecal soap excretion was elevated by adding either cellufil or

beet pulp to the~ tallow diet.

Digestibilities of dry matter, fat and enefgy were de;:reased (P<0.01) by adding fiber
to the tallow-supplemented diet. Fiber sources differed in their effects on diet
digestibilities. Dry matter and energy digestibilities were depréssed greatly by rice bran,
more (P<0.05) than by other fiber soﬁrces tested and by cellufil and wheat bran more
(P<0.05) than by beet pulp. Fat digestibility was decreased (P<0.05) with the addition of
rice bran but not by the other fiber sources. Among the fiber sources, rice bran diet

depressed intake and digestibility the most (Table 3).

Digestibility of each fiber source tested was calculated by subtracting the amounts of
energy and nutrients digested from the tallow ‘diet from those digested-with each fiber-
supplemented diet which also contained tallow. Digestibilities do not directly match
| changcs in diet di.ge‘stibility because different amounts of thé fgllow-suppiemented diet
and sucrose were replaced by the various sources of fiber. Dry matfer digestibility of
cellufil, calculated to be negative, indicates that it may have slightly depressed digestion
of other components of the diet. Digestibility of this purified cellulose would be expected
to be low. Among the other fiber sources, beet pulp had lower (P<.05) dry matter and

energy digestibilities than rice bran or wheat bran.
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Discussion

Elevated calcium levels decreased di ges_tibi]ity Qf dry matter and energy (Figure 1)
partly but not exclusively by increasing ex_cretion of fat and soap in feces. .This matches
the general concept that supplementing diets containing moderatély high amounts of fat
with calcium will reduce energyb digestibility and iﬁcrease fat excretion (7, 9, 11, 18).
Previously, calcium levels tested have generally not exceeded 1% of the diet. In this
study fecal output of both feéai soap and total» fecal fat were increased linearly by calcium
addition. As the calcium leQel in the_ tallow diet increased, dry matter and energy
digestibilities of the diet decreased linearly. The caloric valué, as éstimated from
digestible energy of the tallow diet decreased by 1.97% for each 1% increase in the
calcium content of diet (Figure 1) although quadratic, and cubic statistical associations
also were detected (P<0.03). The decrease tended to reach a maximum with 2% calcium
in the diet (the tallow diet with an added 1.5% Ca). This decrease in metabolizable
energy was due partly to formation of insoluble soaps which rendered the fatty acids
unavailable for absorption (10, _11, 19, 20). Calcium, at 1.5 or 2% of the diet, reduced the
retained energy value of added tallow frbm 9.12 keal/g'to 6.79 and 5.87 kcal/g. Adding
1.5% Ca to the tallow diet produced the same reduction in digestibility as adding 10%

fiber to the diet.

Adding fiber to the diet decreased digestibilities of dry matter and energy reduced ME
content of the diet. The ability of fiber to reduce diet digestibility has been documented
previously (5, 18, 21) with fiber provided from a variety of different sources. However,

various sources of fiber, ‘as used in this study, differed in their effects on digestion and



62

fecal fat excretion. The greatest increase in fecal fat and the greatest decrease in energy
and dry matter digestibilities was observed for animals fed rice bran. Rice bran contained
a higher calcium level (1‘.7%) than other fiber sources. Perhaps this additional calcium or
a fiber-calcium interaction is responsible for the greater effects of this fiber source.
Greater depression in body weight and in blood triglycerides also have been observed in

rats fed rice bran (22).

Digestibilities of dry matter and energy from the fiber sources differed, with energy
digestibilities generally being lower for ﬁ‘ber sources hi gher in dietary fiber content. As
expected, contributions of these fiber sources to energy digestibility of the diet were less
than the physiological fuel value of 4 kcal/g for carbohydrates, and energy values varied

(70 to 97% of 4 kcal/g) with the source of fiber.

In conclusion, the true availability of calories from mixed diets can vary with
concentrations of certain dietary components. Hence, caloric i}alue estimated from
nutrient content alone may prove inaccurate. The amount of fiber and the calcium level
in a diet should be considered because these factors influence digestibility and,

consequently, the availability of the energy from the diet.
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Table 1
Description of Diets

DIET COMPOSITION

Basal AIN purified diet (13)
Tallow Basal diet + 4.4 kcal/day from added tallow
1% Ca Tallow Tallow diet with 0.4% Ca added from CaCO3 (39 mg CaCOg3 /day)
1.5% Ca Tallow Tallow diet with 0.9% added calcium from CaCO3 (88 mg CaCOj3 /day)

% Ca Tallow Tallow diet with 1.4% added Ca from CaCO3 (144 mg CaCO3 /day)
2.5% Ca Tallow Tallow diet with 1.9% added Ca from CaCO3 (201mg CaCOg3 /day)
Cellufil Tallow diet with 0.39 g dietary fiber/day from cellufil (0.39 g cellufil/day)
Rice bran Tallow diet with 0.34 g added dietary fiber/day from rice bran (1.30 g rice bran/day)
Wheat bran Tallow diet with 0.39 g dietary fiber/day from wheat bran (0.90 g wheat bran /day)
Beet pulp Tallow diet with 0.38¢g added dietary fiber/day from beet pulp (0.46 g beet pulp/day)

$9



Table 2
Compoaosition of Diets (%)

Basal Tallow 1% Ca 1.5%Ca 2% Ca 2.5%Ca Cellufil Rice Wheat Beet

Tallow Tallow Tallow Tallow Bran Bran Pulp
CaCOy V] 0 1.01 2.31 3.60 489 0 0 0 0
Cellufil 6.87 5.89 5.83 5.76 5.68 5.60 1530 5.63 527 525
Fiber source 0 0 0 0 0 Q 10.00 3765 2254 1206
Sucrose 5189 4448 4403 4346 4288 4231 4004 933 2784 3852
Casein 27.49 2357 2333 23.02 2272 2.4 2121 2251 21.06 2098
Tallow 0 1427 1413 13.94 13.76 13.57 1284 1363 1276 12.71
Com Oil 6.87 5.89 583 5.76 5.68 5.60 . 530 563 527 525
Mineral Mix 4381 4.12 4.08 403 3.98 3.92 37N 394 - 369 367
Vitamin Mix ~1.37 1.18 1.17 1.15 1.14 1.12 106 113 105 1.05

Methionine - 0.41 0.35 0.35 0.35 034 034 032 0.34 032 031
Choline Cl 0.27 0.24 0.23 0.23 0.23 0.22 021 0.23 021 021
Cacontent, %  0.70 0.60 1.00 1.50 2.00 2.50 054 1.70 0.54 054

99



Table 3
Calcium Supplementation Effects on Digestibility

DIET Ca Effects
Diet ’ Basal Tallow Tallow Tallow Tallow Tallow SE* Tallow Lin. Quad Cubic
Ca added 1% 15% 2%  2.5% effect P9 (P9 (P9
DM# Intake, g/day ~ 3.48¢ 3.885¢ 391b¢ 380 401280 4128 004 001 001 001 0.80
Gain, g/day 034 045 049 041 038 046 005 010 071 052 020
Gain/Feed 0.096 0.114 0124 0107 0096 0113 002 034 049 065 021
Body composition, '
%: :
Dry Matter 391 399 424 396 407 430 152 025 035 054 018
Protein, % of DM*  47.08 4423b 386b 4408 4228b 402b 184 002 047 098 006
Fat, % of DM 38.68 4408 4893 4238 4508 4898 250 002 045 051 012
Fecal output » ' oo
DM, g/28 days 109¢ 108 1324 153¢ 178> 1948 050 001 001 052 071
Fat, g/28 days 046¢ 0932 070b¢ 0878 0968® 1088 009 001 010 010 027
Soap, g/28 days 009¢ 0370 0370 0458 0433b (4828 003 001 001 096 088
Digestibility, %o: ' v
Total diet: ,
Dry Matter 38.93b 9018 879b 856¢ 8414 831d 042 001 001 006 061
Energy 9162 9098b gogb gg4cd g7s5d  g73d 048 001 001 019 056
Fat 952 962 971 964 9.1 90 064 011 051 054 046
Added: , ' :
Dry Matter - 9713 826b 689¢ 6154 5794 264 - 001 001 074
Energy - 7938 7398b ge4bc 635¢ e4a7bC 320 - 001 015 054
Fat 861 928 837 880 872 103 - 075 023 0.19
DE**, keal/g - _
Diet 413¢ 4842 459b 457 443¢ 4334 003 001 001 004 002
Added Fat - 9122 7160 6790 s587¢ 5234 017 - 001 001 003
Retained, keal/d 1.1 1618b 197> 1468 1748 1993 018 001 038 045 017

* Pooled standard error. # Dry matter. © Digestible energy. &P-¢-d Means in rows with different superscripts differ (P< 0.05)
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Table 4
Fiber Supplementation Effects on Digestibility

DIET Effects
Diet Basal Tallow  Cellufil Rice Wheat  Beet SE Tallow Fiber
Bran Bran Pulp ' (P<) P<)
Dry Matter, g/day 348° 3882 4,052 3.500 4097 4068 008 001 0.62
Average Gain, g/day 034 045 0.43 037 0.48 0.38 006 021 0.64
Gain/Feed 0.096  .114 107 104 117 093 002 052 0.59
Body composition, %: '
Dry Matter 301 399 417 39.7 23 422 223 042 0.52
Protein 470 442 414 442 383 459 . 291 021 0.59
Fat 386 440 483 28 488 423 232 013 0.72
Fecal Output -
DM, g/28 days 1094 108d 2130 25m@ 2050 18.0¢ 065 0.0t 0.01
Fecal fat, g/28 days ~ 04sc  093b L2 1642 1260 1182 010 001 0.01
Fecal soaps, g/28 days 000d 037 0588 o042b¢  o38c  os508b 004 001 0.06
Diet digestibility, % R '
Dry Matter 8892 9012 gra¢ 7364 821 842> o061 001 . 001
Energy 91.62  90.93 8516  806d  863bc 874b 056 001 0.0t
Fat 95228 9622 9512 905d o482 947 065 021 0.01
DE of Diet, keal/g 413 4842 438¢ 4284 450b  445bc 003 001 0.0t
Digestibility of added tallow : -
or tallow plus fiber* : '
Dry Matter - 913 553¢ 6640  m3sP 704 233 - 0.0
Energy . 79.22 5966 7362 7712 TR 273 - 0.0t
Fat - 86.1 86.5 858 9.2 - 86.1 223 - 0.69
Added DE, keal/g - 9.128 521 442¢ 51 sa0d 014 - 0.01
Digestibility of added fiber
sources
Dry Matter - - 145 5442 5543 179b 469 - 0.01
Energy - - 25.1¢ 7112 736 5170 468 - 0.01
Fat ; - g763d  g698b 9232 835 261 - 0.17
DE, keal/g - - 280 374 387 324 009 - 0.01

* Caloulated by subtracting contributions of the basal diet from test diets. ‘
# Caiculated by subtracting contributions of the tallow diet from test diets. 2,b,¢,d Means in rows with different superscripts differ (P< 0.05).
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Figure Legend

Figure 1. Impact of calcium concentration on dry matter and energy digestibility of the
diet.
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CHAPTER V
ADDING CALCIUM REDUCES THE CALORIC VALUE OF PIG DIETS
SUPPLEMENTED WITH CORN OIL OR TALLOW

Dania A Khalil, Christa F. Hanson, and Frederick N. Owens

~ Abstract

Isqcaloric amounts of either sucrose, corn oil or tallow were added to a basal pig feed
mixture. The high fat diets were formulated sé that diets cont-ained' Ov.92 or 1.80%
calcium. Each of the six diets was limit fed to five individually penned weanling pigs for
three weeks staﬂihg when pigs were four weeks old and weighed 7.5 kg. Chromic oxide
was included as an indigestibility marker. Compared with the sucrose diet, diets with
added fat increased the gain to feed ratio (P<0.01), gain to consumed metabolizable
energy (P<0.01), soap content of feces (P<0.04), and plasma HDL cholesterol levels
(P<0.1) without affecting total plasma cholesterol or the HDL to total cholesterol ratio.
Compared with corn oil diets, tallow diets caused an increase in fecal energy; however,
net energy of tallow was higher than that of comboil (P<0.02). Added calcium depressed
the digestibility of dry matter and energy (P<0.01). Added dry matter and energy were
leés digestible with added calcium (P<0.01). Average daily gain of pigs was increased
more by the addition of calcium with the corn oil than with the tallow (interaction,
P<0.02). Results indicate that the energy contribution of fat for young pigs varies with fat

source and dietary calcium level; these should be considered in feed formulations.
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Introduction

Most diet formulations rely on the traditional assumption that fat provides 9 kcal/g
(1). This value was obtained assuming that the digesﬁbility of fat was 95%. However, fat
digestibility and absorption is not a constant, but rather varies with intrinsic properties of
individual fats as well as with other dietary components. One such intrinsic property is
the level of saturation iﬁ the fat. Satufated fatty acids are less well absorbed than
unsaturated fatty acids (2, 3). Another dietary component that may affect fat absorption is
the calcium level of the diet. Diets high in calciﬁm bind fatty acids in the gastrointestinal
tract to form insoluble soaps, fatty a_cid}- calcium complexes, whivch render the fatty acids
unavailable for absorption (2, 4-7). This experiment was desi gned to examine the impact
of added calcium on fat digestion and absorption by weanling pigs. The objectives were
to: 1. compare the caloric value of two sources of fét, animal (tallow) and plant (corn oil),
to that of carbohydrate (sucrose); and 2. study the effecfs of two levels of calcium on fat

and energy digestibility of high fat diets for young pigs.
Methods

Animals and Diets

The study involved 32 Yorkshire weanling pigs,(weanéd at three weeks of age)
weighing 7.5 kg initially. Piglets were assigned to six treatments to produce equal weight
groups, of five animals each. Two animals were chosen for initial body composition
analyses. The six diéts were assigned randomly to the six grbups and were limit fed in’

individual pens for four weeks starting when pigs were four weeks old. The compositions
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of the six diets are shown in Table 1. For the first week all animals were fed 415g/day of
a basal diet mixture followed by either the basal mixture alone (basal treatment) or
supplemented with isocaloric (metabolizable energy basis) amounts of either sucrose (an
additional 110g/day), corn oil (an additional 50g/day), or tallow (an additional 50 g/day)
for the remaining three week trial period. The fat supplemented diets contained either
0.92% calcium or were supplemented withCaCO:; (an additiqnal 10g/day; for a 1.8%
calcium level). The basal diet contained ground corn grain, soybean meal, dehydrated
whey, dried skim milk, menhaden fish meal, dicalcium phosphate, vitamin mineral
premix, mecadox, ethoxyquin, copper sulfate, and flavor to meet nutrient needs. Chromic
oxide was included in all diets starting day 8 ‘through the end of the trial as a digestibility

marker.

All animals were individually caged in ifon steel pens with ad libitum access to water
in a climate controlled room with a 12 hour dark: light cycle. Animals were fed twice
daily at 800 and 1600. The protocol and methodology of the study was approved by the
Laboratory Animal Use Committee at Oklahoma State University. Statistical aﬁalysis of
the data used the General Linear Models procedure of SAS (8) with treatment means
contrasted using the Duncan’s Multiple Range Test. Or_thogohal contrasts were employed
to examine differences obtained when feeding 1) basal versus energy suppiémented diets;
2) sucrose versus fat suppleménted diets; 3) corn oil versus tallow supplemented diets; 4)

low versus high calcium diets; and 5) the fat level by calcium level interaction.
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Measurements

Animéls were weighed initially and weekly. Feed refusals were collected weekly for
each animal. They were weighed and sampies wére presérved until the end of the
experimental period to calculate actual feed dry matter intake. Diets were oven dried and
analyzed for gross energy by oxygen bomb caiorimetry (Parr, 1261 Calorimeter Parr Inst.
Co. Moline, IL), nitrogen by the AOAC Kjeldahl method (9) utilizing the Tecator
Kjeltech instruments for digestion and distillation, and lipid by ether extraction (9). Diet
samples also were analyzed for chromic oxide content spectrophotometrically (Gilford
Response Series, UV Visible Spectrophotbmetef, Ciba Corning Diagnostics Corp.,

Medfield, MS) (10). Laboratory analyses of the diets is presented in Table 1.

Initial body composition was obtained by sacrificing two animals at the initiation of
the trial. Final body composition was obtained by sacrificing two pigs from each of the
six treatments on day 21 of the experimental period. Each carcass was skinned and de-
boned; the head and hooves were removed. The gastrointestinal tract was removed,
washed, and placed back with the remaining soft tissues. All parts of each carcass were
weighed separately upon removal. Soft tissues, which included all organs and all
separable lean and fat tissue, were removed from bone and ground in a meat grinder to
achieve homogeneity of sampling. Soft tissue samples were utilized for estimates of
nutrient and energy retention. The skin, bones, head, and hooves were not included in any
laboratory analysis. Dry weight of soft tissues was obtained by lyophilizing subsamples of

the individually ground carcasses for eight days. Tissue fat, nitrogen, and energy content
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were determined as previously described for the diets. Soft tissue samples also were

ashed in an ashing oven at 600°C for eight hours.

Feces were collected throughout the final nine days of the trial during three periods of
three days each. Subsamples of the feces were dried in a 100°C oven for 48 hours. Gross
energy of feces was determined by oxygen bomb calorimetry. Fecal fat was obtained by
first extracting the samples in petroleum ether to determine ether soluble fat content and
then further extracted in a 40:10:1 isOproﬁanol: heptane: 1IN sulfuric acid. solution to
release soap bound fat (2, 11). Chromic éxide con&ent bf the feces was determined as with

the diets as described above.

Blood samples from each pig were obtained on the last day of the trial. Plasma total
and HDL cholesterol were manually determined using Sigma Diagnostics R enzymatic

procedures (12).
Results

Treatment means and effects are presented in Table2.

Energy Supplémentation

Pigs fed the energy-supplemented diets consuméd rﬁore feed than those fed the basal
diet, with those fed the sucrose diet consuming the most feed per day (P<0.01). These
differences reflect the design of the experiment with diets being limit fed. Average daily
gain also was lowest in the basal diet treatment (P<0.05). However, gain per unit of feed

was similar between the basal diet and other diets. Animals fed the sucrose diet consumed
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the most feed per day, but gained the least weight per unit of consumed feed (0.71 vs.
0.74 and 0.90 for corn oil and tallow, respectively) (P<0.01) and per unit of metabolizable
energy consumed relative to all fat supplemented diets (P<0.01). Supplementing the basal
diet with either sucrose, corn oil, or tallow resulte_d in an increase in soft tissue retention
of energy, protein, fat, and ash (P<0.02). The talloW-fed animals retained more ash in
their soft tissuee than did the cormn oil fed groups (86 vs. 73g) (P<0.05). Animals fed the
diets supplemented with energy also had higher weights (P<0.02) of total tissues, soft
tissues, and skin with no treatment effects on weighte of total bones or the head and
hooves. The skin of the pigs fed the high fat diet weighed more than tn_e skin of pigs fed
the high sucrose diet (P<0.05); however, no analyses were done on the skin to determine
if the diets resulted in differences in skin composition or thickness. Soft tissue analysis
revealed that energy supplemented diets resulted in an increase (P<O.t)3) in tissue energy,
and percent dry matter, but a decrease (P<0.01) in percent ash. The sucrose supplemented
diet resulted in a lower (P<0.02) dry matter content of the soft tissues than did the fat
supplemented diet (24.3 vs. 27.2% for the mean of the low calcium fat supplemented
treatments). This can be ascribed to greater fat in dry matter of energy-supplemented pigs.
The high sucrose diet, however, provided a greater (P<0.03) percent ash in soft_tissues
than did the fat supplemented diets. The ash centent of soft tissues also was different
(P<0.02) among the different fets, lower forcern oil than for tallow added diets (3.68 vs.
4.06%). Fat or protein content of soft tissues was similar for all treatments. The tissue
analyses were performed on two animals/treatment only; therefore, further research
involving a larger number of animals is needed to investigate to obtain more powerful

statistical comparisons between treatments.
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Supplementing the basal diet with energy resulted in more (P<0.01) energy being
excreted in feces, with the high tallow diet resulting in more (P<0.01) excrction of energy
than the high comn oil diet (4.82 vs. 4.55 kcal/g). Fecai.soap content was higher (P<0.04)
with the fat supplemented diets thén for the sucrose supplemented diet although, ether
extracfable fat and total fecal fat were similar for all treatments. The basal and the sucrose
diets had much loWer (P<0.01) fat digestibilities than did the high fat diets. This can be
attributed to secretion of metaboli; fecal fat. Plasma HDL cholesterol was lowest in
animals fed the basal diet (P<0.01). Animals fed the fat supplemented diets had higher
HDL cholesterol levels than those fed the sucrose supplemented diét (P<0.08); but neither
total plasma cholesterol nor the ratio of HDL cholésterol to total ‘cholesterol were
significantly different between _tréatments. Dry matter and energy digestibilities were

similar for the basal and the energy supplemented diets.

The digestible energy of the‘added_nutrients was 3.3, 10.4, and 12.6 kcal/g, for the
added sucrose, added corn oil, and added tailow, respectively. By comparison, the gross
energy of the added nutrients was 4.2, 9.4, and 9.4 kcal/g; this means that apparent energy
digestibilities were 79, 111, and 134% for sucrose, corn oil, and tallow, respectively.
Differences from the expected digestibilities of 96% can be attributed to associative
effects of these nutrients with other cor’nponents‘of the diet. The net energy value of the
added sources, based oﬁ added energy retention were 1.51, 4.12, and 5.59 kcal/g, for the
added sucrose, added corn oil and added tallow respectively (Figure 1). The net energy

contribution of the added corn oil was lower (P<0.02) than that of the added tallow.
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Calcium Supplementation

Supplementing the high fat diets with calcium had different effects depending on the
source of fat added to the diet. Supplemental calcium increased the gain per feed ratio fcr
animals fed the comn oil diet from 0.74 to 087 But decreased it for those fed the tallow
diet from 0.90 to 0.84. Calcium also increased total wet tissue weight of animals fed com
oil from 12.2 to 14.2 kg, but did not change that for the tallow fed animals (134 vs. 13.2
kg, for the low and high calcium ,level,'respeCtivelyl. The weight of head and hooves was
increased from 1.93 to 2.18 kg in the corn oil fed pigs, but was decreased from 2.15 to

1.97 kg in the tallow fed pigs with calcium supplementation.

Calcium supplementation had affected diet and added nutrient digestibility similarly
for both corn oil and tallow supplemented treatments, based on fecal analyses. Feces
weight increased (P<0.01) with the higher level of calcium from 43.5 to 79.1 g/day, and
from 53.6 to 72.4 g/day for the high corn oil and high tallow diets, respectively. Fecal
energy concentration decreased (P<0.05) with edded calcium from 4.55 t0.4.29 kcal/g,
and from 4.82 to 4.66 kcal/ g for the corn oil and tallow containing diets, respectively.
Fecal soaps concentration was increased (P<0.02) from 1.67 to 2.51g/day for the corn oil
diets, and from 2.16 to 2.58g/day for the tallow diets, when calcium content of the diet
was increased. Diet dry matter and energy digestibilities were reduced (P<0.01) with
supplemental calcium added to the high fat diets (Figure 2), while diet fat digestibility
was not affected by calcium _level. Calcium had a similar effect on the digestibility of
added nutrients; it decreased (P<0.01) the digestibility of added dry matter (from 122.4 to

- 66.9% for corn oil, and from 103.1 to 75.1% for téllow) and added energy (from 119.7 to
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68.8% for corn oil, and from 94.6 to 67.6% for tallow); while it had no effect on
digestibility of added fat. Calcium drastically reduced (P<0.01) the metabolizable energy
value of both added fats from 10.4 and 12.6 to 5.4 and 5.5 kcal/g for corn oil and tallow,
vrespective]y (Figure 1). However, increasing the calcium in the diet increasgd the net
energy of added comn oil from 4. 12‘ to 5.02 kcal/g, and that of added tallow from 5.59 to

7.32 kcal/g; this increase was not statistically significant (P<0.06).
Discussion

Energy supplementation of a basal diet ,With suérose or fat resulted in increased feed |
intake, weight gain, tissue déposition, tissue weights, HDL choiesterol, fat digestibility,
and increased fecal energy. However, isocalori; amounts of fat and sucrose produced
different outcomes. Tﬁe fat supplementéd treatments resulted in higher gain to feed
values, gain to energy values, greater skin weight, more dry matter and ash i}n soft tissues,
higher HDL cholesterol levels, more soap in feces, and higher apparent fat digestibility
than the sucrose supplemented diet. Consequently, the digestible energy of the added fat
was 3.15 times that of sucrose for added corn oil and 3.82 times that of sucrose for added.
These di géstible energy values are higher than the traditionally accepted metabolizable
energy ratios of fat being 2.25 times that ofk sﬁcroéé (1). The fact that added energy from
fat has an effect oﬁ calories beyond that provided by fat itself has been observed by others
(2, 13-16). Reid (17) and Dale and Fuller (18) explained this phenomenon by the ability
of added fat in to slow the rate of passage of other feed éomponents thus, irriproVing their

digestibility (19). The increase in plasma HDL cholesterol levels observed with energy
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supplementation particularly from fat agrees with observations in humans in which

subjects consuming low fat diets had low plasma HDL cholesterol levels (20,21).

Supplementing high fat diets with calcium produced results in concert with others (2,
5,7, 22). Doubling the calciufn-level in the‘diet increased daily fécal excretion, the
amount of soaps excrefed per day, and reduced dry matter and energy digestibilities of the
diet as well as the added fat from both corn oil and tallow. Calcium binds to the fatty
acids in the small intestine forming insoluble soaps rendering the fatty acids unavailable
for absorption and utilization (6-7, 23,24). The metabolizable energy of the fats were
reduced by almost half by the added calcium, from 10.4 to 5.4 kcal/g for corn oil and
from 12.6 to 5.5 kcal/g for tallow. The two fat sources also differed in the amount of
energy excreted in feces. Regardless of the calcium level, the diets containing tallow
resulted in more energy e);cretion than did the corﬁ oil treatments, also in agreement with
| results of others (2, 25, 26). Ockner et al. (27) and Denke (7) have reported that saturated
fatty acids, such as the palmitate and stearate that are predominant in tallow, are less well
absorbed than unsaturated fatty acids because they reside for a longer time in the gut aﬁd
are thus more vulnerable to disruptions, such as those brought upon by :the presence of
divalent cations like calcium.

The retained or net energy of added sucrose wbas‘ eqpal to approximately 38% bf gross
energy whereas net energy from added corn oil and added tallow were 54 and 68%,
respectively, averaged across the two levels of calcium. That these vary can be attributed
to differences in both digestibility and utilization of absorbed energy. Fat has a lower heat

increment than carbohydrate, and the processes of fat absorptibn, transport, and
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deposition are more energetically favorable from fat than from carbohydrate for fat
synthesis (17, 18). The fact that net energy as a fraction of digestible energy was greater
for fat than for sucrose can be attributed to differences in heat increment; these values
were 41% of DE for sucrose, 52% of DE for corn oil, and 93% of DE for tallow, averaged
across both levels of calcium inclusion.

In conclusion, evaluating the caloric content of mixed diets based only on macro
nutrient content may not provide accurate energy values for growing animals. The level
and source of fat, and the calcium level of the diet must also be evaluated, .as these factors

influence digestibility and consequently the availability of the energy in the diet.
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Table 1. Percentage Composition of Experimental Diets.

DIET
Basal | Sucrose | Corn Oil |Tallow Corn Oil Tallow
lLowCa| LowCa | lowCa | HighCa | HighCa
%
Ground Corn Grain 31.70 | 25.04 28.29 28.29 27.67 21.67
Soybean meal, 44% CP | 25.00 | 19.75 22.31 22.31 21.82 21.82
Dehydrated Whey 20.00 | 15.80 17.85 17.85 17.46 17.46
Dried Skim Milk 15.00 | 11.85 13.39 13.39 13.09 13.09
Mernhaden Fish Meal 6.00 4.74 5.35 5.35 5.24 5.24
- Dicalcium Phosphate 1.10 0.87 0.98 0.98 0.96 0.96
Vitamin-Mineral 0.74 0.58 0.66 0.66 0.64 0.64
Premix.
Mecadox 0.25 0.19 022 0.22 0.22 0.22
Ethoxyquin 0.25 0.19 0.22 0.22 0.22 0.22
Copper Sulfate 0.10 0.08 0.09 . 0.09 0.09 0.09
Flavor ' 0.10 0.08 0.09 0.09 0.09 0.09
Sucrose - 20.90 o= - - S
Corn Oil - - 10.75 - 10.53 -
Tallow - - - '10.75 - 10.53
CaCO3 - - - - 2.10 2.10
Analyses of Dry Diets
Dry matter, % 93.23 | 93.82 93.77 93.22 93.14 93.86
Protein, % 2342 | 2153 21.06 22.72 22.70 22.35
Energy, kcal/g 4.14 4.05 4.67 4.63 4.58 4.55.
Ash 7.94 6.42 7.46 7.46 9.64 9.90
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Table 2. Effect of Energy or Calcium Supplementation on Gain and Body

Composition of Pigs
I DIEY CONTRASTS (P< )
[Basal Fucrose orn Oil [Corn Oil [Tallow E sllow [Basal FncroseCom Ca t.Fat By
) low Ca HighCa [LowC Ca fvs. ALL jvs.Fat Oftvs [Level [Ca
Tallow ILevel

Live Measurements :

Initial Weight, kg 7.38  [7.84 7.42 [7.98 722 [7.18 0.76 . 042 .28 B.57 0.51

Intake g DM/day ¥o3 498 458 U6l 434 451 0.01 0.01 10.12 035 .50

Intake kecal GE/day 1668 12017 2139 2111 2009 2052

Daily Gain, g 319 355 338 400 392 377 0.04 040 050 18.29 [0.10

Gain: Feed 0.79  10.71 0.74 0.87 0.90  {0.84 0.66 0.01 012 046 10.02

Gain: Energy In 0.77  0.65 0.68 0.85 10.83  {0.81 0.82 0.01 029 1013 006

oft Tissue Retention '

Energy, Mkceal 8.7 12.1 12.6 14.6 13.6 - 13.8 0.01 011 10.87 1024 032

Protein, g 966 11189 11124 1296 1195 1333 0.02 0.54 1049 10.09 9.8

Fal, g 364 605 1594 (731 673 584 0.02 62 061 071 0.15

Ash, g 63.3  1BLO 173.0 173.1 5.6, 186.1 0.01 0.68 10.03. 0,94 .96
(Wet Tissue Welghts, kg )

Total 112 13.0 122 [14.2 134 [13.2 0.01 0.53  1©0.79 0.04 0.02

Soft Tissues 6.38  17.92 7.20 .21 i7.82  17.80 0.01 060 1071  0.14 013

Bone 144 1148 1.55 191 1.62  {1.52 0.13 013 015 023 006

Skin 1.40  }1.50 1.46 1.90 1.77  |1.85 0.02 0.05 1922 004 .12

Head/ Hooves 192 [2.10 1.93 2.18 2.15 1.97 0.12 0.68 10.91 067 .04

oft Tissue Composition '

Energy, keal/g 6.09 6.29 6.37 6.41 645  16.37 0.03 034 083 085 P0.57

Dry Matter, % 22.5 1243 27.5 27.7 7.0 R7.8 0.01 0.02 080 061 B.75

Protein, % DM 67.1 1619 56.7 56.9 56.7 615 0.06 032 054 050 0.53

Fat, % DM 254 291 30.0 32.1 31.8 (294 0.19 0.70 090 10.97 .53

Ash, % DM 440 421 3.68 3.26 406 [3.98 0.02 0.03- 10.02 017 .33
Feces . )

Feces DM, g/day 564 I58.0 3.5 9.1 53.6 {724 0.56 0.63 -10.83 0.01 0.29

Energy, keal/g 4.05 - 4.38 .58 1.29 .82 U.66 0.01 008 .01 005 10.62

Soap, g/day 1.59  11.57 1.67 2.51 .16 12.58 0.06 0.04 025 002 0.37

Ether Exiract, g/day 2.90 B.25 4.25 9.30 6.56 i5.11 0.23 0.25 0.65 1040 ©0.13

Total Fat, g/day 4.50 482 5.92 11.80 .73 [7.68 0.18 0.13  10.76 .28 10.13
Diet Digestibility, % ) ! :

Dry Matter 1880 902 919 - B5.6 899 B6.6 .55 025 .71 001 .27

Energy 832 896 P21 1863 89.5 1862 .72 033 .37 001 P42

Fat 68.4 644 B15 1837 85.7 88, 0.01 001 8 048 .18
iAdded Seurce '

estibility .

Dry Matter, % 97.3 1224 669 103.1 - {75.1 068 .64 001 026

Energy, % 92.3 119.7 8.8 94.6 ¥67.6 075 032 001 1037

Fat, % 43.4 717 177.2 2169 12125 0.01 078 .16 0.20

ergy of Added Source

ME/ DM, keal/g 3.3 10.4 5.4 126 5.5 0.03 10.56 0.01 0.60

NE/ DM, keal/g 1.51 412 5.02 1559 .7.32 - 0.01 002 006 045
iPlasma Cholesterol ‘

Total Cholesterol, mg/dl 83.4 7.8 83.3 117.3 1154 11126  10.21 0.20 035 1029 0.22

HDL Cholesterol, mg/dl 28.85 37.70 4571  42.16 B5.47 49.22 - 0.01 008 048 098 1045

HDL / Total Cholesterol 0.37 .46 0.56 .41 046 1049 0.19 .74 0.85 043  0.23
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Legends for Figures

Figure 1. Metabolizable energy (solid bars) and net energy (diagonally hatched bars) of
added energy source in the energy supplemented diets.

Figure 2. Percent dry matter digestibility (solid bars) and energy digestibility (diagonally
hatched bars) of the six diets.
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CHAPTER VI

ASSOCIATION BETWEEN CARDIOVASCULAR RISK FACTORS AND DIETARY
FAT, FIBER AND CALCIUM AMONG MEN AND WOMEN
- Dania Agha Khalil, Christa F. Hanson; Andrea B Arquitt, and Janice Herman

Department of Nutritional Sciences, Oklahoma State University, Stillwater, OK 74078
- Abstract

Four day food records, one week food frequency questionnaires, and physical meaéures
of health of young middle-aged men (n=26) aﬂd women (n=23) were analyzed to
investigate the potential relationships between cardiovascular risk factors and dietary fat,
fiber, and calcium. Combined across men and women, subjects conéuming diets with
more than 30% of calories from fat had lower (P<0.05) fiber intakes but higher (P<0.05)
% body fat, serum tétal cholesterol, triglycerides, apolipoprotein Al, and apolipoprotein
B than subjécts consuming less fat. Subjects consurn'ihg»l or more g ﬁber/ 100 kcal were
more (P<0.05) were mqré likely to have low fat diets and at leaét 67% of the RDA for
vitamin E than subjects consuming _19wer fiber diets. Subjects consuming at least 800 mg
of calcium daily had loWér (P<0.05) systolic blood pfeésure than those with lower
calcium intake. Regression analyses revealed that subjects with greater dietary intake of
fat, saturated fatty acids, and cholesterol had less desirable values for health status
parameters, whereas those with a greater intake of calcium had more desirable indices of

cardiovascular disease risk factors.
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Introduction

Current dietary recommendations emphasize reducing dietary fat, particularly
saturated fat, in order to reduce disease risk (1,2). Fat intake has_been linked to coronary
heart disease, the leading cause of morbidity and mortality in American men and women
(3,4). Fat promotes eei/eral cardiovascular risk factors such as elevating serum
concentrations of total cholesterol, low density lipoprotein (LDL) cholesterol, and
triglycerides (5,6). Excess dietary‘fat is also associated with indices of obesity such as
excees body fat (7) and high body mass index (8,9). Obesity and abdomirial fat deposition
such as that precipitatirig high waist to hip ratio are con'sideredbculprits in increased risk
for hypertension and cardiovascular disease (10-12). Dietary components, such as dietary
fiber, aimed at reducing the detrimental effects of dietary lipids c-ii-health have been
studied extensively '(13,14). A daily consumption of 20-25 g of dietary fiber is
recommended to produce protective health effects (15). Fiber produces some of its
beneficial effects by bindingb to dietary cholesterol, fatty acids, and bile acids preventing
their absorption and utilization by the body (16). However, another dietai'y component
which may prodlice s_imilar effects on absorption is calcium. Calcium binds long chain
fatty aeids and bile acids in the intestine to produce calcium soaps which, if insoluble,
will render the fatty acids and bile acide unavailable for abserption\(17-l9). If saturated
fatty acids are not absorbed, then the body will probably be spared the health risks
associated with their consumption. The aim of this study was to examine the diets and
parameters of cardiovascular ciisease risk in middle aged men and women. Increases in

cardiovascular risk factors and accumulation of excess weight are observed with advances
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in age (4). Our objectives were to investigate: 1) the nutrient adéquacy of diets containing
the recommended amounts of either fat, fiber, or calcium versus the nutrient adequacy of
diets either too high in fat, too low in fiber, or too low ih calcium, respectively; 2) the
impact of diets containing the recommended amounts of either fat, fiber, or calcium
versus diets containing inferior intakes of fhese nutrients bn factors implicated in heart
disease risk; 3) the correlation between cardiovascular disease risk factors and dietary fat,

fiber, and calcium in men and in women.

Methods

Subijects

Subjects included 23 women and 26 men between 32 and 54 yéars of age recruited
from the Stillwater cainpus of Oklahoma State University through éampus mail.
Participating subjects were members of the faculty and staff as well as spouses of faculty
and staff at the university. In order to qualify, subjects had to be healthy and not on a
restricted or special diet or taking any medication for a chronic disorder, such as diabetes
mellitus, heart disease, gout, high blood cholesterol, high blood triglycerides, or high
blood pressure. Subjects werer visited twice. The first visit was to obtain the subjects’
consent, to collect anthropometric measurements, and to Be ihstfucted on dietary four day
record keeping and filling out a one week food ffequéncy questionnairé. The food
frequency questionnaire used in this study was adapted and modified from Willett’s 1-
year food frequency questionnaire (20,21). Subjects also reported frequency and duration
of physical activity performed in a typical week period. The second visit, which was at

least one week after the initial visit, was to obtain an overnight-fasting blood sample,
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measure blood pressure, and collect the completed four day food records and one week
food frequency questionnaires from each subject. The study was approved by the

Institutional Review Board at Oklahoma State University.

Dietary Analysis

Four day food records and one week food frequency questionnaires from each subject
were analyzed using ESHA’s Food Processor® for windows™ software (22), averaged
and then divided by four or seven, respectively. Subjecté were then sorted by level of
dietary fat, fiber, or calcium intake. Subjects wére classified intp intake groups with each
subject belonging to three of these groups dep’ehding on vhis or her intake of fat, fiber, and
calcium. The-silx groups, of both men and women, were as follows: “High Fat”, if the
caloric contribution from fat exceeded 30% of total daily calories; “Low Fat”, if the
caloﬁc contribution from fat equaled or wés beldw 36% of total daily calories; “High
Fiber”, if daily dietary fiber equaled or exceeded 1g/100 kcal; “Low Fiber”, if daily
dietary fiber was below 1 g/100 keal; * High C.alcium”, if daily dietary calcium equaled or
exceeded the 1989 RDA (15) value for adults over 25 years of age set at 800 mg; or “Low
Calcium”, if daily dietary célciufn was below 800 mg. Adequ‘acy‘of nutrieﬁt intake by
subjects was determined by comparing e'acﬁ subject’s a\}erage.daily dietary intake, from
either the four day record or from the food frequ_ency questionnaire data, to recommended
intakes. Protein, vitaxhin and mineral intake, except for that of calcium, was considered
acceptable if average daily intake equaled or exceeded 67% of the 1989 RDA or ESADDI
(15). Calcium intake was considered adequate if average daily intake equaled or exceeded

100% of the 1989 RDA (15). Fat intake was considered adequate if the average daily
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caloric contribution from fat did not exceed 30% of total calories (15). Fiber intake was

considered adequate if average daily intake was 1 g or more of dietary fiber/100 kcal.
Measurements

Anthropometric measurements obtained from the subjects included heiéht, weight,
waist circumference measured at the narrowest ar_ea'below the rib cage and above the
umbelicus (23), hip circumference measured at the point of greatest circurhference around
the hips or buttocks with the subject standing (23), and Bioelectfical impedance for body
composition and % body fat determination using the Biodynamics Model 310 Body
Composition Analyzer (24). Body mass index (BMI) was then calculated from height and
weight data, and waist to hip ratio (WHR) was calculated from the waist and hip
circumference data. The meaﬁs of these data for our subjects are presented in Tablel.

Clinical measurements included syételic and diastolic blood pressure and serum
analyses. Serum samples were analysed using Sigma DiagnosticsR reagents and
procedures (25) for automated determination employing the Roche R Cobas Fara
autofnatic analyzer. Serum was analyzed for: total cholesterol, triglycerides, HDL
cholesterol, LDL cholesterol (by difference), apolipoprotein A1 (Apo A1), and
apolipoprotein B (Apo B). The means of the clinie_al Iﬁeaéurements of the subjects are

presented in Table 1.

Statistical Analysis

Anthropometric, dietary, clinical and biochemical data were analyzed using the

General Linear Models procedure of the 4™ edition of SAS (26). Interactions between
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gender and fat, fiber, or calcium level of intake as well as interactions betweeh level of fat
and level of calcium intake were examined using the Least Squares Means procedure of
SAS for the anthropometric, clinical and biochemical data. Stepwise regression analysis
was performed on the dependent variablgs Apo.Al, Apo B, total serum cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides, ciiastolic blood pressure, systolic blood
pressure, BMI, WHR, and % body fat by gender, fat level, fiber level, and calcium level
against nutrient intake as determined by the four day food record method or by thekfood

frequency questionnaire method.
Results

The two different tools, the four day food records and the one week food freQuency »
questionnaire, that were used to assess dietary intake produced dissir_nilar results when
‘examining nutrient intake or correlation betwéen diet and health indices. However, it was
not our aim in this study to compare the two data collection methods or to chose one over
the other; others have compared different methods of dietary data co'llectibn and their

reproducibility (27, 28). Dietary supplements were not included in nutrient analysis.

Nutrient Adequacy

Results of the four day food records analysis for adequacy of nutrient intake, as based
on the consumption of at least 67% of the current recommended intakes, are presented in
Table 2. Each subjecf in the study had adequate (acceptable) intakes of protein, vitamin

A, vitamin D, vitamin By, folic acid, niacin, riboflavin, thiamin, and phosphorous. Most
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subjects (over 88% of individual sets) were adequate in vitamin C, vitamin Bg, iron,
magnesium, and selenium.

The only significant difference between men ahd women was that more women, than
men, had acceptable vitamin E intakes. (91 vs. 65%; P<0.05). A higher proportion of
subjects consuming low fat diets had acceptable fiber (> 1 g/100 kcal) intakes (62 vs.
26%). Half the subjects ate adequate amounts of fiber, although, all subjects in the high
fiber group had adequate intakes of iron compared to only 73% of subjects consuming
less fiber (P<0.055. Similarly, those consuming highér fiber diets had more diets with
acceptable levels of vitami»n E (91vs. 67% being édequate) and fat (73 vs. 37%
consuming < 30% of calories ffom fat). Individuals consurning more calcium had more
diets with acceptable améunts of vitamin C (100 vs. 83% ), vitamin B¢ (97 vs. 78%),
pantothenate (45 vs. only 6%), magnesium (90 vs. 67%), and iodine (45 vs. 0%)
(P<0..05). However, numbers reflecting the intake of pantothenic acid could be
misleading since the tool used to analyze the diets lacked the pantothenic acid content of
many foods; also, the intake of iodized salt was not quantified in this study.

Results of the one w}eek food frequency questionnaire analysis for accepted nutrient
intake are pfesented iﬁ Table ‘3. Generally, intakes judged by the one week food frequency
questionnaire were similar to those judged from the four day food records even though
fewer significant differences among groups were detected. The major exceptions were
that based on the ‘one week questionnaire, those consuming higher fiber diets more, rather
than less, than 30% of calories from fat; they also tended to have iron intakes as adequate
as those consuming low fiber diets. No specific reasons for these discrepancies are

obvious.
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Anthropometric, Clinical and Biochemical Assessment

Table 1 lists means for the obtained anthropometric, clinical, and biochemical
measurements for ali subjects and for subjects stratified by gender. Women were shorter,
weighed less, had a smaller waist to hip ratio, had more body fat, lower diastolic blood
pressure, higher HDL cholesterol, lower serum tri'glyéerides, mére apolipoprotein Al, and
less apolipoprotein B than men (P<0.05). Eight men and ten women had serum total and
LDL cholesterol above the currently désirable values of 200 and 130 mg/dl, respectively.
Nonétheless, none of' the lisfed means for either men 6r women were outside acceptable
values for these health indices.

Tables 4 and 5 list the means of these health indices for subjects as stratified by fat,
fiber, or calcium intake based én four day food records énd one week food frequency
questionnaires, respectively. Based on four‘day food records (Table 4) subj‘ects who ate
hi gher fat diets had more body fat, hi gher total serum cholesterol, apolipoprotein Al, and
apolipoprotein B levels than those consuming diets with fat supplying 30% or less of
daily calories (29.0 vs. 27.2%, 222 vs. 191 mg/dl,b 154.3 vs. 138.7 mg/dl, and 75.0 vs.
64.2 mg/dl, respectively) (P<0.05). However, differences between gender and fat level
were detected for apolipoprotein A, apolipoprotein B, systolic pressure, diastolic
pressure, HDL cholesterol, and LDL cholesterol (Table 6). This difference reflected the
fact that females consuming high fat diets had higher a[;olipoprotein Al (P<0.02),
systolic blood pressure (P<0.01), diastdlic blood pressure (P<0.1), and HDL cholesterol
'(P<0.1) than females consuming low fat diets (172.6 vs.144.2 mg/dl, 139 vs.118 mm Hg,

81 vs.73 mm Hg, and 61 vs. 48 mg/dl, respectively); while for men, higher fat diets did
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not significantly impact these four risk factors. However, men consuming high fat diets
had higher apolipoprotein B (P<0.05) and higher LDL cholesterol levels (P<0.1) than
men consuming low fat diets (93.6 vs.72.2 mg/d] and 171 vs.135 mg/dl, respectively)
while higher fat intakes by women did not significantly alter these two factors.

Based on the food frequency questionnaires (Table 5), trends were similar to those of
food records. Subjects in the high fat group had more body fat and higher serum
triglycerides and apolipoprotein B levels than subjects in the low fat‘ group (31.8 vs.
27.3%, 127 vs. 91 and 85.1 vs. 67.9 mg/dl, respectively) (P<0.05) (Table 5). In this case,
however, serum triglycerides were signifiCantly hikg'her for individuals consuming the
higher fat diets. Interactions by gender were detected for the variables % body fat andv
serum apolipoprotein B (Table 7). In this case, only meh but not Wofnen with higher faf
intakes had more body fat (P<O.1) and higher serum triglycerides (P&0.0S) than their

| coﬁnterparts with low fat diets (29.7 vs. 24.7% and 96.0 vs. 70.8 mg/dl, respectively).
Subjects with different intakes of dietary fiber did not differ significantly in any of
these measured variables nor were fiber intake by gender intgractions detected.

Averaged across gender, subjects consuming 800 mg or more of calcium daily had
lower (P<0.05) systolic blood pressure than subjects convsumizng Iesé daily calcium (122
vs. 131 mm Hg, respectively) (Tabie 5). However, again an interaction by gender was
detected suggesting that calcium level had an effect only on male subjects. Males with a
high level of calcium intake had lower systolic blood press;lre than males consuming less
than the 1989 RDA for calcium (124 vs. 135 mm Hg) (P<0.05). A calcium level by
gender interaction also was detected for diastolic pressure (P<0.1), only the male subjects

. consuming adequate calcium had lower levels (83 vs. 90 mm Hg).
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Two and three way interactions were examined and were detected between calcium
and fat for the variables apolipopretein B (P<0.01), total serum cholesterol (P<0.1),
serum triglycericies (P<0.05), systolic blood pressure (P<0.05), % body fat (P<0.1), and
BMI (P<0.05). Subjects with high caleium and low fat diets had lower apolipoprotein B,
total serum cholesterol, triglycerides, % body fat, and BMI levels than their high fat
consuming counterparts (66.8 vs.93.0 mg/dl, 193 vs. 228 mg/dl, 88 vs. 141 mg/dl, 27.4
vs. 32.4%, and 24.4 vs. 28.8, respectively). Effects of fét level on these measurements
were detected among the subjects consuming low calcium diets‘. Furthermore, among the
subjects consuming a high fat diet, those that censumed_ high calcium diets had lower
systolic blood pressure than those consuming low calcium diets (122 vs. 132 mm Hg)
(P<0.05); ‘cvalcium level did not have an effect on systolic blood pressure among subjects

consuming low fat diets.

Regression Analysis

Results of stepwise regression analysis of health indices against dietary intake are
presented in tables 8, 9, and 10; only regressions with a significance level below P<b.05
are presented. Because ef a hi gh incidence of gender by diet interactions, correlations
were conducted within rather than across gender. Marked differences between men and
women and between the four day records and the food frequency questionnaire in
correlatiens between dietary factors and risk factors were detected.

Among these relationships, the only effects similar for men and women is the
response to higher carbohydrate intake with decreased serum cholesterol and LDL

concentrations as based on the four day food record (Table 8). Of the individual lipid
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components, increase in apolipoprotein Al and HDL cholesterol for women appears to be
associated most closely with intake of polyunsaturated fatty acids whereas the increases
in systolic and diastolic blood préssure appear to be related most closely to intake of
cholesterol. For men, the association of an increased apolipoprotein B could be attributed
to intake of saturated fatty acids whereas the elevéted LDL cholesterol seems to match
with elevated intakes of monounsaturated fatty acids;’Th'e relationship of higher fat intake
with greater body fat and higher blood tri gl?cerides based on the food frequency
questionnaire among men might bé attributed to gréater intakes of lauric and myristic
acids, respectively. Effects of eXercise onﬁsk faétors was évident only for men, in which
case increased physical activity was associated with greater HDL cholesterol
concentrations. Greater alcohol and higher carbohydrat_e diets appeared related to body -
composition in women, alcohol to blood pressure only for men, arid primaryéffects of
" fiber only for men. Higher sodium intakes-wefe negatively associated with waist to hip
ratio for men, and higher calcium intakes were associated with a lower BMI and lower

systolic and diastolic blood pressures for men (Table 8).

Dietary Lipids. To examine relationships within grouPs of men and women with low
or high fat intake, according to four day food records, regressions of intake of various
nutrients and exercise on measurements of health status were calculated. Signiﬁcént
regressions are noted in Tabl;e 9. Responses were quité divérse. HOweQer, for women,
regardless of fat intake, increased intakes of polyunsaturated fatty acids Wefe aséociated. '
with increased apolipoprotein Al concentrations in blood. With either men or women

consuming high fat diets, increased calcium intakes were associated with lower diastolic
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blood pressures. Higher calcium intakes were associated with Jower BMI and WHR in
women_and men, respectively, consuming high fat diets. Other than these ‘relationships,
responses for men and women differed. This may be due to the low number of subjects
within the groups, to metabolic differences due to gender or level of fat intake, or to
haphazard relationships among these diverse groups.b

First, for women with low fat diets, increases in fat intake were associated with lower
diastolic blood pressure (Table 9). Elevations in dietary cholesterol, for these women was
accompanied by elevations in total serum cholesterol and diastolic blood pressure (Table
9). For women with higher fat intakés, higher cholest¢r01 intakes were associated with
higher Valﬁes for apolipoprotein B, total serum. choleéte?ol,- and systolic blood pressure
(Table 9). Among the factors recommen_déd to improve health status, increased physical
activity appeared to increase apolipoprotein Al among men consuming low fat diets.
Increasing the caloric contribution of alcohol to the diet decreased LDL among women
with low fat diets and increased apolipopr’otéih B among men consuming high fat diets.
Saturated fat intake was negatively related to apolipoprotein A1l among men consuming
low fat diets. Intakes of mono and polyunsatﬁrated fatty acids were negatively related to
éerum total Cholvesterol among men consuming high fat diets though they differed in their
relationship to body fat, with monounsaturated fatty acids increasing body fat and
polyunsaturated fatty acids décrgasi-ng body fat. In contrast, higher intakes bf
polyunsaturated fatty acids were associated with increased body fat of women consuming
high fat diets. |

Among the individual nutrients, consistently desirable effects in cases where more

than one response was noted, were observed for elevated intakes of alcohol, omega 3 fatty
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acids, lauric acid, and calcium. Polyunsaturated fatty acid intake was desirable for most
measurements. Consistently undesirable effects on health status indices were noted with

increased intakes of erucic acid and cholesterol.
Discussion

Subjects consuming more than 30% of their calories from fat generally were fatter
and had higher levels of circulating total cholesterol, tri g.lyceiide.s, apoblipoprotein Al,and
apolipoprotein B than subjects consuming diets in aécordance with recommended
national guidelines (1,2). Men consuming high fat diets had elevations in body mass
index and % body fat coinciding best with elevations in the caloric cnntribution from total
fat (Table 9), and reductions in HDL cholesterol with elevations intiie caloric
contribution from satuiated fatty acids (Table 10). Women with high fat diets had
elevations in total serum ‘cholesterol (Table 10), apolipdprotein B, and systoiic blood
pressure (Table 9) accompanying elevations in dietary cholesterbl. These observations are
in accord with previous findings implicating fat, saturated bfat, and cholesterol with an
increased chronic disease risk (5,6,10-12). Among the saturated fatty acids, the fatt).l acids
lauric, myristic, and palrnitic are the most atherogenic (10, 29). These fatty acids were
negatively associated with innreaSes in the measured cardiovascular disease risk factors
for women with high fat diets and men with low fat intakes for which increased palmitate
was related to decreased HDL concentrations. We propose that the oyerall nutrient intake
of these two groups, such as the higher vitamin E intake of most our female subjects and
the low fat diet of this group of male subjects, could impart some protective effects

despite elevated intakes of these proposed atherogenic fatty acids.
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Our results suggest that overall nutrient intake, instead of fat intake alone, may
provide a better understanding of the relatiohship linking diet to disease risk. For
example, we observed that subjects with high fat diets had diets thét were less adequate in
fiber intake. Fiber is proposed to have hypocho]esterolemic and hypotriglyceridemic
properties (13,14); although, facfors other than dietary fiber tended to be more closely
related to serum cholesterol in our study (Tables 9 and 10). Ascherio et al. _(30) suggested
that fiber intake is a sfronger predictor of cOronafy disease risk than fat, saturated fat, or
cholesterol intake sihce many studieé irhpliéating saturated fat or cholesterol intake with
increased cardiovascular disease risk often have been cénfounded by fiber intake (31, 32).
We observed a very strong correlation (r = - 1;0) (Table 9) betweén serum tﬁglycerides
and insoluble fiber among male subjects with high fat diets; insoluble ﬁbef intake waé
inversely correlated with body ;nass index in male Subjects (Tablc 10) A negative
correlation also was detécted between fiber intake and blood pressure in women with high
fat diets. However, fiber intake did not seem beneficial fof all the ¢xamined risk factors.
Increases in fiber intake were correlated with increases in diastolic blood pressure in men;
systolic blood pressure, diastolic’blood .pressure,' and body mass index in men with high
fat diets; diaétolic blood pres.sﬁ'réin women with ﬁigh fat diets; and bod.ybmasvs index in
women with low fat diets. We spéculate that many high ﬁbef foods consumed by our
subjects were also high in fat, s'l_xch as whole grain muffins or cookies, and that an
increase in fiber intake in some cases was accompanied by an increase in fat intake,
particularly for subjects with high fat diets. An analysis of the types of ingested foods was

not included in this paper, but such an analysis may be warranted.
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Dietary calcium consistently had protective effects against cardiovascular disease risk.
Subjects consuming at least 800 mg of calcium had lower systolic blood pressure levels
than subjects with a lower calcium intake (Table 5). Men with adequate calcium diets
also had lower diastolic pressure than fnen consuming less calcium. Furthermore,
interactions were detected with fat level and calcium level in the diet. Only when subjects
had diets with adequate amounts of calcium, did consuming‘a low fat diet, in accord with
current recommendations for fat intake (15), present bétter apolipoprotein B, total serum
cholesterol, serum triglycerides, %body fat, and bod‘ykma'ss index values than consuming
ahi gh fat diet. Increases in calcium intake were observed alongside reductions in diastolic.
blood pressure, systolic bl>ood pressure, and body mass index in women (Table 8);
diastolic blood pressure and waist to hip ratio in men with high fat diets§ and diastolic
blood pressure, body mass index, and triglycerides in women with high fat diets (Tables
9, 10). Calcium was, therefore, associated with reductions in cértain diseasc: risk factors
especially in subjects consuming diets which do not agree with current dietary
recommendations, i.e. high in fat, implying a calcium role in reducing the disease risk
associated with such diets. The prqtective effect of calciuﬁl on blood pressure observed in
bur study is in'égreement ‘w‘ith- .previous observations (33). Oﬁr fihdingé are also in
concert with findings by Denke ei al. (34) who ob‘served that high calcium diets were
effective in reducing total and LDL cholesterol in a small sample of men with moderate
hypercholesterolemia. However, that study founid no effect of calcium on HDL
cholesterol. In contrast, our study showed a weak but negative correlation between
calcium intake and HDL cholesterol in men with high fat diets; and a positive correlation

between increases in dietary calcium and elevations in HDL cholesterol in women with
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high fat diets. This discrepancy may be explained by the foilowing differences in the
design of the two vstudies: 1) the diet consumed by subjects in that study was compliant
with dietary guidelines for fat intake (15), whereas, we observed calcium veffects on HDL
cholesterol among subjects whose diets were high in fat; 2) unlike our subjects, subjects
in that study were all males (others (35,36) have reported gender difference‘s in the
lipoprotein response to diet); and 3) subjects in that study were all hypercholesterolimic
while the majority of our subjects were not.

We conclude that calcium may be beneficial in reducin'g cardiovascular disease risk.
We support recommendations for a high level of calciﬁm intake along with other dietary
recommendations for the reduction of cardiovascular diséase risk factors (2) as was
suggested by Denke et al. (34). Further studies examining the overall nutrient
contribution of foods associated with the most reductions in disease risk are needed to
elucidate the effects of calcium on disease preveﬁtion or reductioh. Artaud-Wild et al.
(37) found that even after adjusting for cholesterol and saturated fat intake, calcium
intake was still related to increased coronary heart disease rates in countries with diets
rich in daify products and low in plant foods; this further emphasizes the value of

examining food intake and the overall diet rather than individual nutrients alone.
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Table 1. Anthropometric and Biochemical Means of Participating Subjects.

All Subjects Female Subjects | Male Subjects
N 49 23 26
Age (years) 42.2+5.8 429 +5.2 41.6+6.3
Height (inches) 67.9 + 3‘.3 65.6"°+2.6 70.0° +2.3
Weight (pounds) 164.1 i‘-_32.7 © | 144.4°+30.0 181.4° +24 .4
BMI (kg/m®) | 249+40 | 23.6+44 26.0 +3.2.
Waist: Hip Ratio 0.81 i-FO_.OS 0.74* i‘0.05 0.87° +0.04
%Body Fat 280+ 57 31.0°1 6.0 254°+3.9
Systolic Blood Pressure 124+ 11 120 + 12 126 + 9
(mmHg)
Diastolic Blood Pressure 80 + 9 74+ 8 85°+7
(mmHg) '
Total Serum Cholesterol 195+ 37 189 + 32 201 +40
| (mg/d) |
HDL Cholesterol (mg/dl) 45+ 12 50* + 12 40° + 10
LDL Cholesterol (mg/dl) 131 +35 122 + 31 139 + 37
Serum Triglycerides (mg/dl) 96 + 44 83% +28 108° + 52
.Apolipoprotein Al (mg/dl) | 140.6 + 19.3 147.9* + 16.1 1v34.2b +19.9
Apolipoprotein B (mg/dl 69.3 + 17.4 163.1°+124 74.7° +19.5

Means of female and male Subjects with different supérscripts are different at P<0.05
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Table 2. Percent of Subjects With Acceptable Nutrient Intakes Using Data from Four Day
Food Records.

Males Females High Fat [Low FatHigh [Low [High Low

' ’ - . [Fiber [Fiber {Calcium [Calcium

N 26 23 23 6 27 P2 |18 31
% .

Adequacy -
Protein 100 100 100! 1000 100/ 100 100 100
Fat 50 57 0 1000 734 37 48 61
Fiber 46 43 26’ 629 1000 O 48 39
Vitamin A 100 100 100 1000 1000 100 100, 100
Vitamin C 92 96 96 - 92 1000 88 100 83"
Vitamin D 100 100 100 1000 100/ 100 100, 100
Vitamin E 65" 918 83 730 91y 677 77 78
Vitamin K 35 52 43 42 64 26 48 33
Vitamin By, . 88 100 96 92 . 1000 88 93 94
Folic acid 96 100 99 1000 95 100 97 100
Vitamin B 92 87 91 88 95 85 974 78"
Niacin 100 100 100 1000 100/ 100 100! 100
Riboflavin 96 100 100 96 1000 96 100, 94
Thiamin 96 1000 -~ 100 96 100 96 100 94
Pantothenate 38 22 26 .35 32 30 459 67
Zinc 50 65 65 50 59 56 64 44
Iron 85 86 83 88 1004 730 90 78
Magnesium 73 91 83 g1 91 74 9079 67"
{Phosphorous 100 1008 100 1000 1000 100 100 100
Calcium 69 56 70, 58 68 59 100| 0
Manganese 31 35 30 35 41 26 32 33
Todine 23 35 26 31 27 30 459 0"
Selenium | 77 91 83 84 91 77 83 83

Means with different superscripts are different at P< 0.05.

High Fat defines subjects with more than 30% of caloric intake from fat.

Low Fat defines subjects with 30% or less of caloric intake from fat.

High Fiber defines subjects with adequate fiber intake (>1g fiber / 100 kcal).

Low Fiber defines subjects with less than adequate fiber intake (<1g fiber / 100 kcal).
High Calcium defines subjects with daily calcium intake of 800 mg (1989 RDA) or more.
Low Calcium defines subjects with daily calcium intake less than the 1989 RDA of
800mg.

Adequacy of vitamins and minerals (except for calcium) is set at intake > 67% RDA or
ESADDI (1989). Adequacy of calcium is set at > 100% RDA (1989). Adequacy of fiber
is set at intake >1g fiber/100kcal/day. Adequacy of fat is set at < 30% of kcal from fat.
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Table 3. Percent of Subjects With Acceptable Nutrient Intakes Using Data from One
Week Food Frequency Questionnaires.

Males [Females |HighLow High Low High |[Low
Fat [Fat [Fiber Fiber [(Calcium|Calcium
N 26 23 13 - 35 15 33 23 25
Adequacy ; '
Protein 92 1000 1000 94 94! 100 100! 92
Fat 73 73 0 1000 647 93 78 68
Fiber 35 27, 8 407 1000 O 39 24
Vitamin A 73 86, 77, 80 76 87 87 72
Vitamin C 96 95/ 920 97 94 100 100! 92
Vitamin D 100 1000 1000 1000 100 100k 100 100i
Vitamin K 65 91 77 T 73 87 91 64
\Vitamin By, 96 100 1000 97, 97 100 100 - 96
IFolic acid 96 1000 1000 - 97) 97| 100 100 96
Vitamin B¢ 85 95 92 89 85 100 - 96 84
Niacin 9% 95 100 94 94, 100 96 96
Riboflavin 88 1000 920 94 91} 100 100, 88
Thiamin 92 1000 92 97, 94 100 100 92
Pantothenate 62 54 54 600 48 - 80 874 329
Zinc 50 86, 69 60 61 67 74 52
Iron - 96 86, 100 89 91 93 96 88
Magnesium . 88 95 92 91 88 100 100 84
tl’hosphorous - 100 100 100 1000 1000 100 100 100
Calcium 46 500 38 51 42 60 1000 O
Manganese 62 59 54 63 54 73 74 48
Todine 35 32 31 34 33 33 707 0"
Selenium . 100 . 100;- 1000 100, 100, 100 100 . 100

Means with different superscripts are different at P< 0.05.

High Fat defines subjects with more than 30% of caloric intake from fat.
Low Fat defines subjects with 30% or less of caloric intake from fat.

High Fiber defines subjects with adequate fiber intake (>1g fiber / 100 kcal).
Low Fiber defines subjects with less than adequate fiber intake (<1g fiber / 100 kcal).
High Calcium defines subjects with da11y calcium intake of 800 mg (1989 RDA) or more.
Low Calcium defines subjects with daily calcium intake less than the 1989 RDA of
800mg.

Adequacy of vitamins and minerals (except for calcium) is set at intake > 67% RDA or
ESADDI (1989). Adequacy of calcium is set at > 100% RDA (1989). Adequacy of fiber
is set at intake >1g fiber/100kcal/day. Adequacy of fat is set at < 30% of kcal from fat.
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Table 4. Means of Anthropometric and Biochemical Data of Subjects Classified Into Six

Groups Based on Acceptable Intakes

of Either Fat, Fiber, or Calcium from Four Day

Food Records.
High Fat |[Low Fat [High Low High Low
_ g g

_ iber  [Fiber  [Calcium {Calcium
BMI (kg/m>) D5.6+4.8 PR42+3.0 P47+42 P5.0+3.8 R44+3.1 P57+5.1
WHR 0.82 + 0.09 0.80 +0.07 |0.82 +0.090.81 + 0.08 [0.81 + 0.08 10.83 + 0.09
Body Fat (%) 29.0°+ 64 P27.2°+49 P75+5.1 85+6.1 283+56 [6.1+58
Systolic Pressure :
(mmHg) 126413 - [12148 (12249  [125%12 [123+11 [126+11

iastolic Pressure ‘
(mmHg) jB1e11 7848 78+9  [81+9  19+9 18249
Total Cholesterol : v -
(mg/dl) 222" 436 [191°+31 (193436 (197438 (195434 (197439
HDL. Chelesterol
(mg/dl) 47+14  [2+10  W2+12 . WT+11 @5+12 W44 13
LDL Cholesterol
(mg/dl) 144 + 35 119 + 31 133+38 |[130+33 [131+30 {131+40
Triglycerides .
(mg/dl) ’ 102 + 52 01 + 35 90 + 39 102+48 P95+48 106 + 36
Apolipoprotein Al
(mg/dl) 1543+ |1387°+ [1366+ [1440+ [1412+ (13601
19.8 17.6 49.1 21.0 20.7 16.5

Apolipoprotein B . | : @ o
(mg/dl) 75.0° + 205 (64.2° + 125 [68.3 + 15.6 [70.0+ 19.0 69.2 + 182 [70.3 + 15.8

Means with different superscripts are different at P<0.05
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Table 5. Means of vA-nthropvometric and Biochemical Data of Subjects Classified Into Six

Groups Based on Acceptable Intakes of Either Fat, Fiber, or Calcium from One Week

Food Frequency Questionnaires.

High Fat [Low Fat High Low High Low

- . [Fiber tF iber Calcium [Calcium
BMI (kg/mz) 26.6+4.6 243+3.6 P242+33 PR52+43 P48+33 P50+
'WHR 0.83 + 0.08 10.80 + 0.08 10.82 +0.08 10.81 +0.09 [0.81 + 0.08 |0.82 + 0.09
Body Fat (%) 31.8°+7.0 P7.3° 450 268+60 P85+59 P8.1+50 R7.1%60
Systolic Pressure
(mmHg) 127+ 13 123+ 10 122 +9 125+ 12 122"+ 8 1317+ 12
Diastolic Pressure o :
(mmHg) 82+7  [19£10 Bl+8  79+10 [78+9 - [81+10
Total Cholesterol :
(mg/dl) ’ 208 + 34 1192 + 36 194 + 39 198 + 35 192 +34 200+ 37
HDL Cholesterol : :
(mg/dl) 50411 W3+12  U6+12  W5+12  [5+11 @613
LDL Cholesterol ,
(mg/dl) 138+29 130+ 36 130+ 35 134 + 34 129+30 135+ 37
Triglycerides
(mg/dl) 127°+39 P1°+ 34 92 + 40 08 + 46 05 + 48 07 + 41
Apolipoprotein Al _
(mg/dl) ‘ 1504 + 137.6 + 19.1]136.1 + 20.6{143.3 + 18.4|140.5 + 141.6 +

16.8 189 199

Apolipoprotein B ,
(mg/dl) 85.1°+ 23.467.9° + 14.6 69.4 + 14.4 1697 +18.8 69.2+ 19.5[70.0 + 15.6

Means with different superscripts are different at P<0.05
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Table 6. Differences Between Gender and Fat Intake, Based on Four Day Food Records,
on Clinical Measurements.

Gender Women Women Men Men
Fat intake Low ‘High Low High
WHR 0.74° 0.75° 0.87 0.89*
Body Fat (%) 304* | 34.9° 25.0° - |28.8%®
Systolic Pressure | 118° 139? 127° 1216°
(mmHg)
Diastolic Pressure | 73° 81° 84 86"
(mmHg)
Total Cholesterol | 185° 213 [197® | 231
(mg/dl)
HDL Cholesterol | 48 61° 41° 33°
(mg/dl) | |
LDL Cholesterol | 121° 134*° 135% 1717
(mg/dl)
Triglycerides 82° 90?° 105* 136
(mg/dl) -

[Apolipoprotein | 144.2° 172.6° 134.0° | 136.0°
A1 (mg/d))
Apolipoprotein B | 68.6™ 62.3° 722° | 93.6°
(mg/dl) : |

Means with different superscripts are different at P<0.05
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Table 7. Differences Between Gender and Fat Intake, Based on One Week Food
Frequency Questionnaires, on Clinical Measurements.

Gender Women Women  Men Men
Fat intake Low High Low High
WHR 0.77° 0.73° 0.87 0.90°
Body Fat (%) 30.3 34.7% 24.7° 29.6*
Systolic Pressure | 120 125|126 129
(mmHg) ’ o

Diastolic Pressure | 73° : 81“1’. 84* 86"
(mmHg) : ' ‘

Total Cholesterol | 189 205 |19 227
(mg/dl)

HDL Cholesterol | 50 49 40 42
(mg/dl) '

LDL Cholesterol | 123 136 | 136 153
(mg/dl)

Triglycerides 81° 82° 99° . [161®
(mg/dl)

Apolipoprotein 150° 141% 132b | 146
Al (mg/dl)

Apolipop'rdtein B | 63° 71° 71° 96
(mg/dl)

Means with different superscripts are d‘ifferent‘at P<0.05



Table 8. Correlation Between Dletary Intake, From Either Four Day Records or One Week Food Frequency Questionnaires,
Clinical Measurements in Female and Male Subjects at P<0.05.

, Females ¥ Males
our Day Records : lgjood Frequency {Four Day Records [Food Frequency
Questionnaire , Questionnaire
Fatty Acids » :
Saturated ‘ » ApoB 1 =+ 0.50, Triglycerides r =+0.42
Monounsaturated WHR r-+0.34, BMI =+0.34 LDL r=+0.33, WHR r=+0.37 LDL r=+0.37
Polyunsaturated  ApoAl r=+0.50, HDL r=+0.52 '
Trans » : Systolic Pressure r=+0.48
Omega 3 Diastolic Pressure r=0.43, Systolic Pressure r=-0.27
PoBody Fat r—=-0.37, BMI r—-0.39
Omega 6 v Diastolic Pressure r=+0.53 ]
Lauric : . : IWHR r=+0.48, BMI r—=+0.50
Myristic : . : [Triglycerides —=+0.42
Oleic ' WHR r=+0.60 ' '
Erunde ' Diastolic Pressure r=+0.43,
Systolic Pressure r=+0.56
Cholesterol Diastolic. Pressure r=+0.59, _ HDL r=-0.30
Systolic Pressure r=+0.68 .
Exercise -  [WHRr=+047 HDL r=+0.48 HDL r=+0.48
iProtein _ [WHR r=+0.45, triglycerides r=+0.46
Alcohol LDL r=-0.42 ’ Diastolic Pressure 1=+0.36, Systolic  |Systolic Pressure r=+0.58
o Pressure 1=+0.63
Carbohydrate Total cholesterol =0.50, LDL Total cholesterol r=-0.54, LDL r=-0.49 |ApoAl r=0.48
‘ r=-0.50, %Body fat r=-0.56 o '
ber
Total Systolic Pressure r=+0.31
Soluble - HDL 1=-0.45
Insolible BMI r=-0.47
Sodium .. |ApoB r=-0.54 ' ' 'WHR r=-0.34
k?alclum

ST1



Table 9. Corrclation Between Dietary Intake, From Four Day Records, or Lifestyle and Clinical Measurements in Female and Male
Subjects Consuming Diets High or Low in Fat at P<0.05.

Females Males
High Fat _ Low Fat High Fat Low Fat
Fat Diastolic Pressure =-0.37 PoBody fat =0.46
Saturated ApoAl r=-0.48
Monounsaturated _ Total cholesterol r=-0.40, %Body fat ==+0.33 {WHR r=+0.47
Polyunsaturated ' |ApoAl r=+0.81; % Body fat r=+0.50 IADOAL I=+0.50 Total cholesterol r=-0.55, LDL r=-0.39,
%%Body fat r=-0.45, WHR r=-0.76
Trans \ApoB r=0.44
Omega 3 HDL r=+0.48
Linolenic IApoAl r=-0.63
Linoleic ' IWHR r=0.42
Stearic 'WHR r=+0.81 Diastolic Pressure r=-0.57,
' BMI =0.44
Palmitic . HDL r=-0.42
Lauric \ApoB =0.36, LDL r=-0.67, :
Total cholesterol r=-0.71; , BMI r=-0.54
Myristic v BMI 1=-0.77
Olelc [Total cholesterol r=+0.47 )
Erudc Total cholesterol r=+0.56, LDL 1=+0.39 L
Cholesterol IApoB =+0.50, Systolic Pressure r=+0.79 {Total cholesterol —=+0.62, Diastolic Pressure r=+0.62,
' Diastolic Pressure r=+049 BMI r=+0.37
xercise LDL r=+0.54 IApoAl =+0.65
iProteln LDL r=+0.32 Systolic Pressure r=+0.60  [Total cholesterol r=-0.33 * Triglycerides r=+0.53
Alcohol : LDL r=-0.66 Systolic Pressure r=+0.37 [Triglycerides r=+0.37
Carbohydrate L r=+0.35 ' _ Systolic Pressure r=+0.81
Sugars : Systolic Pressure 1=+0.42 IApoAl r=1+0.49, HDL r=+0.45
Total Fiber Systolic Pressure r=-0.33 BMI r=+0.53
Soluble Fiber Diastolic Pressure r=+0.35
IInscluble Fiber Disstolic Pressure r=+0.44 BMI r=+0.39 Triglycerides r=-1.0
Sodlum N Triglycerides 1=0.43 b4Body fat I=+0.59
Calctum Diastolic Pressure r=-0.53 (P<0.1), ApoB r=-0.51 Diastolic Pressure r=-0.74, WHR r=-0.49 IApOAL r=10.36,
BMI r=-0.33 'HDL =0.35

911



Table 10. Correlation Between Dietary Intake, From One Week Food Frequency Questionnaires, and Clinical Measurements in
Female and Male Subjects With Either a High or Low Fat Intake at P<0.05.

Females Males _
High Fat Low Fat High Fat Low Fat
at IApoAl r=-0.52, Total cholesterol r=-0.58, 2sBody fat r=+0.94, BMI r=+0.93 |ApoB r=+0.66
LDL r=-0.50, BMI r=-0.50
Saturated HDL r=-0.75
Total cholesterol r=+0.40
iMonounsaturated ‘
Polyunsaturated |ApoB r=-0.55 %%Body fat =-0.44
Trans ApoAl r=H).44, ApoB r=-0.51 ApoB =+0.33
Omega 3 LDL r=+0.55
Omega 6 Diastolic Pressure r=+0.82, Triglycerides =-0.45
%eBody fat r=+0.90 B
Linolenic |ApoAl r=0.34
Palmitic WHR r—=0.58 -
Lauric ' Diastolic Pressure r=+).39 HDL =0.61, LDL ==+0.40, WHR r=+0.56
Myristic 'WHR r=-0.39, BMI r=-0.59
Oleic ApoAl r=0.38 PoBody fat r=-0.49
Erudc Systolic Pressure r=+0).93 Systolic Pressure r=+0.53
Cholesterol Total cholesterol =+0.83 .
ercise BMI r=+0.35
Protein 2oBody fat I=-0.37
Alcohol ApoB r=+0.43, WHR =049  |ApoAl r=+0.64, Systolic Pressure r=+0.66,
Triglycerides r=+0.51
Carbohydrate Systolic Pressure r=0.35 IApoB r=-0.89. _ HDL 1=-0.53, %Body fat r=+0.44
Sugars LDL r=-0.81 Diastolic Pressure r=-0.77 BMI r=+0.44
Total Fiber Systolic Pressure r=+).52 '
Insoluble Fiber Triglycerides r=+0.49 ’
Calclum HDL r=+0.97,
Triglycerides r=1.0

L11
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CHAPTER VII
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary

This research evaluated the effects of fat, celciutn and fiber on fat digestibility, caloric
contribution of fat, energy retention, and physical measures of health in mice, pigs, and |
people. Diets high in isoealoric amounts of sucrose, beef tallow, or corn oil were fed to
mice and pigs. Mice were fed the high comn oil diets at two levels of calcium intake (0.6
%,‘ equivalentto_the calcium content of the suctose diet, or 1.5% of the diet), and the high
tallow diets at five levels of calcium intake (0.6, 1.0, 1.5, 2.0, or 2.5 % of the diet) or with
one of four different sonrces ef dietary fiber (cellufil, rice brén, wheat bran, and beet
pulp). Pigs were fed the liign fat diets at two levels of calcium intake, one equivalent to |
that of the high sucrose diet (0.92 % of the diet) and one hi gher (1.80 % of the diet).
Comparisons were, therefore,-performed between effects of: 1)added sucrose, added beef |
tallow, and added corn oili in mice and, similarly, in p1 gs; 2) hign and normal levels of
calcium in high corn oil er hi gh tallow tliets in rnice and, similarly, in pigs; 3) the four
levels of calcium in high tallow diets fedto mice; and 4) the four sources of dietary fiber
fed to mice. We also examined the level of dietary fat, fiber, and‘calcium and measured

body mass index, waist to hip ratio, % body fat, systolic and diastolic blood pressures,
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serum total cholesterol, serum HDL cholesterol, serum LDL cholesterol, serum
triglycerides, serum apolipoprotein A1, and serum ap‘olipoprotein B in forty nine men and
women. We divided our human subjects into groups of high and low intakes of fﬁt, fiber,
or calcium in order to examine any relationship between diet (particularly fat, fiber and
calcium) and anthropometric, clinical, or biochemical values. Chaptér I lists the
objectives and null hypothése_s develdped for thié research. Each of the hypotheses is
individually addressed below. - .

The null hypothesis H1 stated that supplemental isocaloric amounts from the different
Energy sources sucrose, corm oil, or beef tailow produce equal effects 0;1 fat and energy
di gestibility in mice or pigs and similar cholesterol values in pigs.

In mice, different results were observed when supplementihg a basal diet with
isocaloric amounts (Atwater values (15)) of carbohydrate vs. fat zind beef tallow vs. com
oil. Supplementing the basal diét with sucrose resulted in lower fecal dry matter, fecal
soaps, % fat digestibility of the diet, digestible energy of the diet, and digestible energy of
the added energy squrcé; but higher digestibilities of added dry matter and energy than
when supplementing with isocaloric Atwater equivalent ME amounts of fat (beef tallow
or corn oil). Supplementing the mouse diet with beef tallow resulted in greater fecal soap
and body protein, but lower fat energy digestibility, body dry matter content, % body fat,
daily diet energy retention, diet energy retention of digested calories, retention of added.
energy per day, retention of added energy per gram of added fat fed, and efficiency of
energy retention than feeding mice the same amount of supplementél corn oil. Based on

these resul'ts, the null hypbthesis H1 is rejected in mice.
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In pigs, supplementing the basal diet with sucrose did not -producé the same effects as
supplementing with fat, and further, suppleme'nting with beef tailow produced different
results than when supplementing with corn oil. Pigs fed the sucrose supplemented diet
gained less weight per calorie consumed; these pigs had less skin weight and dry matter
content of soft tissues, lower fat digestibility of the diet, lower HDL cholesterol levels,
and more ash in soft tissues than their fat supplemented counterparts. Supplementing with
beef tallow resulted in a higher soft tissue retention of ash and more ash in soft tissues,
and more fecal energy,gxcretion, but hi gher net energy of added fat per dry matter weight
than when supplementing with an equivalent amount of ;:ofn oil. Based on these findings,
the null hypothesis H1 is, aléo, rejected in pigs.

The null hypothesis H2 stated that supplementing hi gh beef tallow df high corn oil
diets with calcium does not affect the digestibility of éither the fat or the diet in mice or
pigs.

Increasing the calcium level in the diet affected the measured outcomes in mice. Mice
fed a high com oil diet with 1.5% calcium had higher fecal dry matter excretion and
lower % dry matter digestibilify of the aiet, dry matter digestibility of fat, digestible |
energy of the diet and digestible energy of the added corn oil than mice fed a high corn oil
diet with 0.6% calcium. Mice fed a hi.gh tallbw dfef with 1.5% éalcium had higher fecal
dry matfer and loWer % dry matter digestibility of the diet, % energy digestibility of the
diet, dry matter digestibility of fat, energy digestibility of fat, digestible energy of diet,
and digestible energy of added tallow than mice fed a high beef tallow diet with 0.6%

calcium. Furthermore, increasing the calcium content of the high beef tallow diet to 2.0
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and 2.5% produced a further linear increase in fecal dry matter output and a decrease in
digestibility of added dry matter from tallow, di gesﬁble energy of the diet, and digestible
energy of the addedvta'llow. Therefore, the nul]klhypothesis H2is ‘rejected in mice.

Supplementing the high fat diets of pigs with calcium affected the digestibility of the
fat and the diet; Feeding the high corn oil diet Qith double the amount of calcium to pigs
resulted in higher total tissue weight, higher skin weight, fecal dry matter content, and
fecal soap content, with lower fecal éngrgy, % dry matter digestibility of the diet, %
eﬁergy digestibility of the diet, % dry matter dige_stibility of the added corn oil, % energy
digestibility of the added com oil, and metaboliiablé énergy per dry‘ matter fed than vwhen
feeding the high comn oil diet without supplemental calcium. Feeding the high beef tallow
diet with supplemental calcium produced higher skin weight, fecal dry matter, and fecal
soap content with lower fecal energy, % dry matter digestibility of the diet, % energy
digestibility of the diet, % dry matter digestjbility of the added tallow, % energy
digestibility of the added tallow, and metabolizable energy per dry matter fed than when
feeding the hi gh tallow diet without supplemental calcium. Consequently, the null’
hypothesis H2 is rejected in pigs. |

The null hypothesis H3 stated that additioﬁ of fiberto a high beef tallow diet does not
affect the digestibility of the tallow or the diet of mice. | |

Supplementing the high tallow diet of mice with fiber increased fecal dry matter
output and decreased % dry matter digestibility of the diet, % energy digestibility of the
diet, % fat digestibility of the diet, digestible energy of the diet, dry matter digestibility of

| the added tallow (or tallow plus fiber source), energy digestibility of added tallow (or
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tallow plus fiber source), and added digestible energy than when feeding the high tallow
diet without added fiber. Therefore, the null hypothesis H3 is rejected. |

The null hypothesis H4 stated that the nutrient adequacy of the diets of human
subjects is the same regerdless of gender or the level of fat, fiber, or calcium in the diet.

Examining the dietary intake of our subjects, we found that more women consumed at
least 67% of the recemmend_ed intake of vitamin E than men, more subjects consuming
low fat diets were also consuming acceptable amounts of fiber than subjects with high fat
diets, more of the subjects consuming a hi ghb fiber diet were also consuming a low fat diet
and at least 67% of the recommendations for vitamin E and iron than subjects with low
fiber intake, and more of the subjectsvconsuming diets adequate in calcium consumed at
least 67% of the recommendations for vitamin C, vitamin Bg, and magnesium than
eubjects consuming diets lower in calcium. Therefore, diets with different amounts of
either fat, fiber, or ealcium differ in other nutrients as well. Hence, the null hypothesis H4
is rejected.

The null hypothesis HS stated that fat, fiber, er calcium intake by human subjects
does .not affect anthropemetric rrreasures or.indices of cardiovascular disease risk factors.

Analyzirlg the dietary intdke and physical measures of health in young middle aged
subjects revealed severat associationé between diet and the measured indices. Subjects
consuming high fat diets had higher % body fat, serum total cholesterol, triglycerides,
apolipoprotein Al, and apolipoprotein B than subjects consuming low fat diets. Subjects
consuming adequate calcium had lower systolic blood pressure than subjects with lower

daily calcium intake. Body mass index was positively correlated with % calories from fat
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in men with high fat diets. Waist to hip ratio was inversel_y correlated with % of calories
from polyunsaturated fatty acids and palcium intake in men eating high fat diets, and
positively correlated with intake of stearic acid in women with low fat diets. Percent fat in
the body was positively correlated with the % of calories from fat in men with high fat
diets. Systolic blood pressure was positively correIafed with intakebvf dietary cholesterol
in women with high fat diets. Diastolic blood pressure was inversely correlated with
calcium intake in men eating high fat diets. Serum total cholesterol was positively
correlated with dietary cholesterol in women with high fat diets. HDL cholesterol was.
inversely correlated with % calories froin saturated fatty aéids in men with high fat diets
and positively correlated with calcium intake in women with high fat diets.
Apolipoprotein Al was positively correlated with calcium in women with high fat diets.
Serum apolipoprotein B was inversely correlated with calcium in women With low fat
diets. These results indicate that fat, fiber, and calcium intake are associated with changes
in values of the obtained anthropometric as well as cardiovascular disease risk factor

measurements. Therefore, the null hypothesis H5 is rejected.
Conclusions

Conclusions that were ‘derived from feeding mice diets supplemented with isocaléric
amounts from either sucrose, beef tallow (at two levels _of calcium, 0.6 or 1.5 %), or corn
oil (at two levels of calcium, 0.6 or 1.5%) were as follows. The average metabolizable
energy values for the different energy sources were 4;01 kcal/g for sucrose, 7.96 kcal/g

for corn oil, and 8.94 kcal/g for tallow. But, the average energy retention per gram of fed
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tallow was 1.6 times that per gram of sucrose while the average energy retention per gram
of corn oil was 4.11 times that from sucrose; both values are very different from 2.25, the
ratio Qf energy from fat to that from sucrose proposed by the traditional Atwater values
(15). Calcium supplementation depressed.dry métter and energy digestibilities of both
corn oil and tallow, but the éffect was more pronounced with tallow than with corn oil.
Therefore, estimating the caloric content of diets from standard Atwater numbers for
protein, carbohydrate, and fat a]oﬁe may not be accurate. The source of fat and the level
of calcium in the diet should be considered since these factors influence the availability of
- energy from mixed diets.

The conclusions that were drawn from feeding mice a high beef tallow diet with
either one of five levels of calcium (0.6, 1.0, 1.5, 2.0, and 2.5%) or four:vfiber sources
(cellufil, rice bran, wheat bran,‘ or beet pulp) were as follows. Added calcium libnearly
increased the é);cretion of fat and the amount of soap in the fecés. Also, added calcium
linearly depressed dry matter digevstibili‘ty, energy digestibility, and calculated
metabolizable energy valuesf For every 1% increase in calcium, there was a 2% decrease
in métabolizable enefgy, but cubic and quadrétic effects were deteéted; the dec‘;rease
reached a maximum when caicium lével was at 2% of the diet. The decfease in energy |
retention was drastic; the retained energy value of added tallow decreased from 9.12
kcal/g, when calciﬁm level was at 0.6%, to 6.79 kcal/g when calcium level wasvat 1.5%, .
and further to 5.87 kcal/g wheh calcium level was at 2% of the diet. Moreover, when the
high beef tallow diet contained 2% calcium, the reductions in digestibility where

equivalent to adding 10% fiber to that diet. Fiber in the diet reduced dry matter
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digestibility, energy digestibility and metabolizable enérgy value of the diet. However, the
.Various sources of fiber used in this study produced varying results. Of the four sources
of fiber fed to the mice, mice fed the rice bran containing diet had the lowest dry matter
digestibility, energy digestibility, and fat digestiﬁility of the diet. Cellufil appeared to
slightly depress the di gebstion of the other compoﬁe;lts in the diet. Beet pulp had lower dry
matter digestibility and energy digestibility than rice bran or wheat bran. ‘Consequently,
the true availability of calories for mice fed mixed diets can vary with the level of calcium
or source of fiber in the diet.

Feeding pigs isocéloric amounts from either sucrose, beef tailow, or corn oil pfovided
the following conclusions. More soap was excreted in the feces for pigs consuming high
fat diets than when feeding high sucrose di:ts although Qverall fat excretion was similar
- for all three energy sources. Fat digestibility of the sucrose diet was lower than that of
either high fat diet. The obtained metabolizable energy >Va1ues were 3.3 kcal/g for added
sucrose, 10.4 kcal/g for added comn oil, and 12;6 kcal/g for added béef tallow. The net
energy values were 1.51 kcal/g for added sucrose, 4.12 kcal/g for added cdm oil, and 5.59
kcal/g for added tallow. HoWe?er, ihcreasing thé calcium level of the high fat diets from
0.92 to 1.80% drastically réduced the rhetabolizable energy values to 5.4 kcal/g (from
10.4 kcal/g) for corn oil ‘and' to 5.5 kcal/g (from 12.6 kcal/g) for tallow. The increase in
calcium level caused more fecal soap excretion with the high tallow diet than with the
high corn oil diet. Hence, different energy sources produce different effects on diet
digestibility _in pigs. The métabolizable energy value varies with the fat source and is

greatly affected by the level of calcium in pigs diets.
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The conclusions that were derived from studying the dietary intake and the health
measurements in human subjécts were the following. Subjects who ate high fat diets, also
ate low fiber diets. Subjects who-ate low fiber diets also ate high fat diets. Therefore, fat
level in the diet may not be the only factor explaining differences in either % body fat,
serum total cholesteroi; triglycerides, apolipoprotein A1, or apolipoprotein B. Subjects
who consumed high calcium >diets had bettet systolic blood pressure than subjects with
low calcium diets, however, more subjects eating high caIcium diets were adequate in
vitamin C, Bg, pantothenic acid, magngsium, and iodiné. Regression analyses revealed
that, overall, undesirablemeasuremeﬁts of health indices were-obtained with increased
intakes of fat, especially, steaﬁc acid, palmitic acid, and choleSterol; whereas desirable

values for the health indices were observed with increased intakes of calcium.
Recommendations

Further animal studies are needed in order to acg:urately estimate the true caloric value
of different fat sources in diets. Expen'rrients should be coﬁducted on a per species basis,
since tallow had a lower energyv value than corn oil in mice but not in pigs. Diets should
also be evaluated with various levelé of CaICium inclusion and with different fiber
sources. Sincéylineall' effects were observed upon the addition of éalcium to the high beef
tallow diet in' mice, the same treatments shquld be tested in pigs and also with high corn
oil diets . Such valuable experiments would allow for the development of regression
equations for predicting the caloric value of a diet instead of using the 4,4, and 9 kcal/g

numbers that are currently used in the estimation of energy content of diets and feeds.
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Results of the human study described in this manuscript indicated that diets differ not
only in their fat content, but also in the le\;el bf intake of other nutrients; these may have a
bearing on overall health. Studies in humans WOuld be needed to evaluate the overall diet
and its total nutrient content, especially when exarnining the impact of nutrients on the
etiology of cardiovascular disease and its risk factors. Further studies in humans are
warranted to examine the influence of calcium on the digestibility and ﬁltimately the
caloric contribuﬁon of fat in diets. Future research with human subjects should
investigate the impact of high calcium intakes, whéther from supplements or from food,

on energy contribution, weight gain, and cardiovascular disease risk factors.
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