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ABSTRACT Purified diets and others composed of foods commonly
eaten by humans either low or 0.3%% in cholesterol and low in fiber or con-
taining plant or animal acid polysaccharides and 0.5 cholesterol were fed
to adult female Sprague-Dawley rats for 10 weeks. All eight diets con-
tained 28% beef fat and were comparable with respect to total calories as
weil as the relative amounts of fat, carbohydrate, and protein. The average
serum cholesterol level of the rats which consumed the high cholesterol diet
without added acid polysaccharides was 187 mg/dl. Without added cho-
lesterol it was significantly lower (95 mg dl). Average serum cholesterol
levels of rats fed high cholestercl purified diets with pectin (a plant acid
polysaccharide} or with chondreitin sulfate isomers (an animal acid poly-
saccharide) were similar and intermediate {118 mg/dl and 126 mg/dl
respectively ), but were not significantly different (P > 0.05) from serum
cholesterol levels of rats fed the low cholesterol purified diet or the human-
type diets. There was no difference in average serum cholesterol levels
among the four groups of rats ingesting the human-type dicts, they being
equal to that of rats fed the low cholesterol, low fiber purified diet. The
homeostatic effect of the human-type diets could not be explained on the
basis of enhanced fecal excretion of neutral sterols or bile acids nor in-
creased activity of cholesterol Ta-hydroxvlase. The specific activity of
hepatic 3-hydroxy-3-methylghutaryl coenzyme-A reductase tended to be
lower in rats fed the human-tvpe diets. 1 Nutr. 109: 98-104, 1979
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The response of serum lipids, especialiy
cholesterol, to dietary fat and cholesterol
has been the subject of intense investiga-
tion, and controversy, for more than two
decades. Earlier studies showed that hu-
man serum cholesterol was virtually inde-
pendent of diet fat and cholestercl {1, 2.
However, coincidental with the use of puri-
fied diets in metabolic studies (3}, signifi-
cant responses of human serum cholestero!
to saturated fat with and without added
cholesterol in the diet were reported (4-8).

Although the purified diets used to study
human serum cholesteral responses to diet

o8

were adequate with respect to all known
nutrients, we now recognize the nutrifional
importance of the nondigestible compo-
nents of the diet, which are defined here as
substances resistant to enzymes secreted by
marmnmals. Some of these nondigestible diet
constitients are hyvpocholesterclemic, such
as pectin (9, 10) and plant sterols (11}
The objective of the present study was to
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compare the effects on serum cholesterol of
purified and human-type diets high in ani-
matl fat and cholesterol. These two tyvpes of
diets were essentially isoenergetic and ener-
getically equivalent in fat, carbohydrate
and protein. In particular, this investigation
was concerned with the eflect on serum
cholesterol of typical dietary nondigestible
acid polysaccharides from plant and animal
tissue, These will be referred to subse-
quently as “fiber” for convenience with the
reatization that this may not be the most
definitive term. Pectin was selected as an
appropriate plant fiber since purified pectin
has been shown to be hypocholesterolemic
when consumed as part of a cholesterol-
supplemented purified diet {9}, Green
beans provided the source of pectin for the
corresponding human-type diet. Purified
chondroitin sulfate isomers were used as
the animal-derived nondigestible compo-
nent in the purified diet and beef shank in
the human-tvpe diet.

MATERIALS AND METHODS

Animals, Female Sprague-Dawley rats®
which were 9 months old at the beginning
of the feeding periods were used in these
experiments. The rats were housed in wire
bottom, stainless steel cages, three rats per
cage, and fresh food and water were of-
fered daily ad libitum. The rats were kept
in an environmentally controlled room on
a 12-hour light-dark cvcle which was dark
from 0300 to 1500 hours.

Diets. The compositions of the basal
purified and human-type diets are pre-
sented in table 1. These diets were de-
signed to be isoenergetic with equivalent
calories of fat, carbohydrate, and protein.
The experimental diets are shown in table
2 as modifications of the basal purified and
human-type diets. The experimental diets
were the hasal diets {LoChol-l.oFiber),
the basal diets with 0.53% cholesterol (Hi-
Chol-LoFiher}, the basal diets with 0.5%
cholesterol and pectin (HiChol-Plant Fiber)
and, finally, the basal diets with 0.5%
chelesterol and  glycosaminoglveans (Hi-
Chol-Animal Fiber).

The meat in the human-tvpe diets was
cooked at 95° for 3 hours in steam-jacketed
151.4-liter containers* with sufficient dis-
tilled water to slurry. The remaining in-

TABLE 1

Composition of basal purified and
human-iype diets

Purifiad Human-type
Compo- Compo-
Ingredient gition Ingredient sition
e - G
Casein? 205 Beef tenderioin® 248
Cornstarch® 44.3 White bread? 21.0
Beef tallow? 28.0 Refined rice? 262
Mineral mix? 4.0 Milks 6.0
Vitamin mix? 1.0 Beef tallow? 16.0
Alethionines 0.2 Mineral mixt 4.0
Vitamin mix? 1.0
! National Casein  Company, Tyler, Texas.

® United States Biochemical Corporation, Cleveland,
Chio,  * Courtesy of Mr., Harold Peeler, Jacob
Stern & Sons, Ine., Houston, Texas., * Amounts
in mg/100 g diet: caleium carbonate, 1,526 ; cobalt
chloride, 0.920; copper sulfate, 1.90; ferrcus zulfate,
108; managanese sulfate, 17.6; magnesium sulfate,
220 potassium iodide, 3.16; potassium phosphate,
1,356 sodium echloride, 537; zinc chioride, 1.04.
Fluoride in water supply, 1 ppm.  * Vitamin forti-
fication mix purchased from Tekland Mills, Madison,
Wisconsin, which provided the following amounts
per 100 g diet: choline dihydrogen citrate, 370 mg;
inositel, 11 mg; p-amincbenzoic acid, 11 meg;
a-tocophery} scetate, 48 mg; niacin, 9.9 mg; calcium
pantothenate, 616 tg; thiamin hydroehloride, 2.2
mg; folie acid, 0.20 mg; bictin, 4.044 mg; pyridoxine
hydrochloride, 2.2 mg; menadione, 5.0 mg: ribo-
fJavin, 2.2 mg; B-12, 3 ug; retiny} palmitate, 19,841
IU; ergocaleiferol, 22,205 {U.  ¢Sigma Chemical
Company, St. Louais, Missouri, 7 Courtesy of De-
partment of Animal Science, Texas A&M Univer-
sity, ¥ Courtesv of Food Services, Texas A&M
University.

gredients were added after the meat had
cooked for 2 hours. The human-type diets
were then freeze-dried and sealed in cans
in I-kg portions unti! fed to the rats.
Experimental design. The experimental
diets were fed to groups of 12 rats for 10
weeks. The rats were weighed biweekly,
At termination there were 6 to 10 healthy
rats in each diet group. Some of the rats
showed symptoms of chronic respiratory
infection and others developed tumors.
Tissues from rats maintaining stable bodv
weights and free from tumors were ana-
lyzed. Three-day fecal samples were col-
lected for neutral sterol and bhile acid
analysis during the final week of the feed-

* ARS8/ Bpragae-Dawley, Madisen, Wiseonsin.
fCorrtesy of  Ollwesd  Produets  Division,
A&M University. College Station, Texas.
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TABLE 2

Erperimental diels as modificativns of basal diels

LoChol-Fiber HiChol-LoFiber

HiChol-Plant Fiber

HiChol-Animal Fiber

Purified!

0.3%; Cholesterol®

None 0.5%, Cholesterol’

5% Peetin?

0.57; Cholesteral?

5% Chondreitin Suifate®

Human-type?

4% Brains {bovine)?

Nane 4% Brains {bovine)?

30.58; Green Beans®

497 Brains {(bovine)s

24 Beef Shanks®

1 Additions were made at the expense of cornstarch,
in the basal ingredients to maintain an isoealoric distribution of protein, carbohydrate, and fat.

Amerchol Park, Idison, New Jersey.
5 Sigma Chemical Company, St. Louis, Missouri.

ment, Texas A&M University.

ing period. Serum and liver cholesterol and
liver neutral glycerides, hepatic 3-hydroxy-
3-methylglutary! coenzyme-A (HMG CoA)
reductase [mevalonate: NADP oxidoreduc-
tase (acylating CoA) EC 1.1.134], and
cholesterol Ta-hydroxylase [cholesterol, re-
duced NADP: oxygen oxidoreductase {7a-
hydroxylating) EC 1.14] were assayed at
termination. '

Methods. In order to eliminate the effects
of diurnal variations on enzyme activities,
the rats were killed by decapitation within
15 minutes of 0900 hours. The rats were
killed during the dark period because the
activiies of HMG CoA reductase and
cholesterol 7e-hydroxylase are higher then
than during the light peried (12, 13). The
livers were quickly excised, weighed and
placed in ice cold beakers. Isolation of liver
microsomes has been previously described
(11). Portions of the liver homogenates
were retained for the analvses of choles-
terol and neutral glycerides. Hepatic HMG
CoA reductase was assayed according to
the method of Dugan et al. {14) as modi-
fied by Reiser et al. (15). Cholesterol
7a-hydroxylase was assaved as described
by Mitropoulous and Balasubramaniam
(18). Microsomal protein was determined
by the method by Lowry et al. (17). Mi-
crosomal cholesterol was determined spec-
trophotometrically according to Searcy and
Bergquist {18) following alkaline hydroly-
sis of the tissue sample (19). Cholesterol
concentrations in liver homogenates and in

* Modifieations were made by appropriate changes
¢ Amerchol,

+ United States Biochemieal Corporation, Cleveland, Ohio.
. % Readfields Meat Company, Bryan, Texas, g
green beans courtesy of Food Services, Texas A&M University.

7 Canned
! A o
8 Courtesy of Animal Science Depart-

serum were analyzed by the same methods
used for microsomal cholesterol analysis.
Liver neuvtral glvcerides were determined
using the method of Foster and Dunn {20)
and calculated as tviglycerides using a stan-
dard triolein solution.”

Fecal samples from each treatinent
group were pooled. Duplicate 1-g samples
of dried and ground feces were saponified
and extracted as described by Miettinen
et al. (21;. Trimethylsilyl derivatives ® of
the fecal neutral sterols, cholesterol and
coprostanol, were separated by gas-liquid
chromatography (GLC) wusing a 914 om
glass column {2 mm id) packed with 100
to 120 mesh Gas Chrom Q coated with 3%
OV-101" at 250°, a flow rate 70 ml He
minute and were quastitated with 5e-
cholestane as intemal standard. The bile
acid content of the residue, after extraction
of the neufral sterols, was further saponi-
fled under pressure as described by Grundy
et al. {22). The bile acids were purified by
thin-layer chromatography (TLC} and
quantitated by GLC according to the
method of Bartov et al. (23).

The pectin contents of the human-type
diets as well as of fresh and ecanned green
beans were determined according to the
procedure of Lin et al. (24). The ground
tenderloin and ground beef shank used in

5 Qigma Chemienl Company. St Taonis, Missonel

8Tri 8il. Pierce Chemieal Company, Rockford,
[1linois.

T Applied Selense Laboratoeries, [ne. State College,
Pennsyivania,
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the human-type diets were analyzed for
glveosaminoglycans by hvdrolyzing  the
dried, defatted meat in 4 ~ HCI for 17
hours at 100° with galactosamine as inter-
nal standard (23) and quantitated spec-
trophotometrically as described by Ludo-
wieg and Benmaman (26).

Statistical analysis. The significance of
differences between means was evaluated
by Scheffé’s multiple comparison method
following analvsis of variance (27).

RESULTS AND DISCUSSION

The contrasting effects on serum choles-
terol of diet cholesterol ingested as part of
a purified diet or as part of a diet of mixed
ingredients is clearly demonstrated in table
3. Although pectin and chondroitin sulfate
isomers in the cholesterol-supplemented
purilied diet do attenuate the cholesterol-
emic effect of diet cholesterol, neither fiber
is as effective as the diets of common food-
stuffs. The lack of any difference in re-
sponse of serum cholesterol to diet choles-
terol between any of the human-type diet
groups was striking. One cannot reasenably
attribute the observed serum cholesterol
homeostasis in rats fed the human-type
diet to the fiber contents of the diets. There
is little natural fiber in the basal low fber
diet. The diet designated as “high choles-
terol-plant fiber” was found to contain less
than 1% pectin, and the diet designated
“high cholesterol-animal fiber” contained
approximately 0.047% glycosaminoglyeans as
caleulated from analysis of the beef shank.

Although the pwified and human-tvpe
diets were energetically equivalent in fat.
carbohyvdrate, and protein, the sources of
these nutrients were quite different in the
two types of diets. Hamilton and Carroll
(28) demonstrated the influence of differ-
ent sources of dietary protein, carbohy-
drate, and fiber on serum cholesterol of
rabbits consuming low fat, low cholesterol
diets during a 4-week feeding period. In
general, animal protein in the diet {ex-
tracted whole esg, nonfat milk, lactalbu-
min, beef protein concentrate, pork pro-
tein concentrate, or raw egg white) in-
creased  serum  cholesterol  significantly
more than plant protein ( wheat gluten,
peanut protein concentrate. peanut meal,
sovbean protein concentrate, or sovbean

3
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protein isolate}, animal protein 105 to 235
mg/dl and plant proteins 15 to 80 mg, dl
Among the animal protein sources investi-
gated, nonfat milk had a significantly
greater effect than beef protein on average
serum cholesterol, 230 and 160 mg. dl re-
spectively. Among the sources of carbohy-
drate that were fed to the rabbits { sucrose,
ghucose, lactose, wheat starch, corn starch,
rice starch, and potato starch) in casein-
containing diets, corn starch was less cho-
lesterolemic than wheat starch, 185 versus
260 mg, dl. and more cholesterolemic than
rice starch, 185 versus 140 mg/dl. Potato
starch-fed rabbits had the lowest average
serum cholesterol among the test groups,
95 mg.dl. However, if the differences in
serum cholesterod that were observed in the
present study were due simply to differ-
ences in protein and carhohvdrate sources,
one would have expected a difference in
the average serum cholesterol level be-
tween rats that were fed the low choles-
terol purified diet and the low cholesterol
human-type diet. There was no difference.
If plant protein were more hypocholes-
terolemic than animal protein, one might
expect the human-type diet containing
green Dbeans to elicit the lowest average
serum cholesterol, but that was not ob-
served. However, Hamilton and Carroll
(28} found that a 3:1 mixture of zein
{corn protein] and lactalbumin fed to rab-
bits resulted in an average serum choles-
terol level which was in the range of rab-
bits fed animal protein, 170 mg-dlL

No doubt the mineral and vitamin con-
tents of the purified and human-tvpe diets
used in this study were different. Both the
purified and human-tvpe diets were sup-
plemented with minerals and vitamins {see
tootnotes, table 1. However, one would
expect that the human-type diets would
contain more minerals and vitamins and
possibly some minerals which were not
present in the purified diets, i.e., chromium,
selenium, molybdenum. Selenium and chro-
mium are now recommended in rat diets
(29).

There was no effect of diet cholesterol on
liver cholesterol of rats which ate the cho-
lesterol containing human-type diets al-
though there was a pronounced effect when
cholesterol was consumed as part of a puri-

fled diet (table 3). Although pectin ap-
peared to somewhat mitigate the accumu-
lation of cholesterol in the liver, chon-
dreitin sulfate isomers did not. There was
no difference in the liver neutral glyeer-
ides {table 3) among anv groups of rats.

The regulatory hepatic enzymes of cho-
lesterol svnthesis, HMG CoA reductase,
and of cholesterol degradation, cholesterol
Ta-hydroxylase, were assayed in an at-
tempt to elucidate the homeostatic effect
of the human-type diets. These data are
shown in table 3. Rats fed the same type
of diet, purified or human-type, had ‘the
same average activities of HMG CoA re-
ductase. However, there is a suggestion
that rats fed the purified diets have higher
activities of this enzyme than those fed the
human-type diets. Tt is possible that a
higher level of hepatic HMG CoA reduc-
tase activity in rats ingesting the purified
diets compared to rats fed the human-type
diets accounts for the higher serum cho-
lesterol level in rats fed cholesterol-supple-
mented purified diets. However, if endoge-
nous cholesterol were the source of serum
cholesterol, one would expect that rats fed
the low cholesterol, purified diet to have
equally high serum cholesterol since the
enzyme activity was equally high, This was
not observed.

In comparing the response of cholesterol
Ta-hydroxylase to the high cholesterol, low
fiber purified and human-type diets, rats
fed the purified diet had significantly
higher activity of this liver enzyme than
rats fed the corresponding human-type
diet. One might infer from this comparison
that more cholesterol is absorbed for en-
zyme substrate when cholesterol is con-
sumed in the purified diet. However, the
excretion of total neutral sterols {table 3}
does not support that inference. Likewise,
differences in total bile acid excretions
{table 3) could not account for the serum
cholesterol homeostasis observed when rats
were fed cholesterol supplemented human-
type diets. The results of this study do not
eliminate the possibility that cholesterol in
the human-type diet was more poorly ab-
sorbed since no attempt was made to iso-
late cholesterol degradation products other
than coprostanol. Cholesterol absorption in
rats fed the two types of diets, purified and
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human-type, should be compared using the
dual isotope method of Zilversmit (30).

In vitro determinations of enzyme activi-
ties are not reliable measures of in vivo
syntheses or degradations since in vitro
activities are maximized by optimum co-
factor and substrate availabilities. In order
to evaluate the effects on cholesterol syn-
thesis and degradation of the two types of
diets used in these experiments, in vivo in-
corporation of a labeled cholesterol pre-
cursor, such as [“Clglucose, should be de-
termined in rats fed comparable purified
and human-type diets {31),

The results of this study demonstrate the
importance of the nonlipid constituents of
the diet in the control of cholestercl metab-
olism, not just fat and cholesterol. The
original hypothesis that the nondigestible
components of a high cholesterol, high fat
diet of common foodstufls were responsibie
for the stabilization of serum cholesterol
was not supported. None of the human-
type diets used in this study contained
more than 1% pectin or glycosamino-
glycans. Experiments are presently under-
way to test the effects on serum and lver
lipids of the individual components of the
high cholesterol, low Bber human-type diet
used in this study by sequentially substi-
tuting the ingredients of the high choles-
terol, low fiber purified diet with the prac-
tical sources of carbohydrate and protein
used in the human-type diet.
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The present investigation was designed to elucidate the results of a
previous study supported by the National Live Stock and Meatr Beard and by
the Texas Cattle Feeders Association, This earlier experiment demonstrated
in rats the contrasting effects on cholesterolemia of isoenergetic purified
and human-type diets which contained 28% beef fat and (.37 added cholesterol
and were low in nondigestible constituents. The average serum cholesterocl
concentration of rats consuming the purified diet was 187 mg/dl while rats
ingesting the human-type diet had an average serum cholestercl concentra-
tion of 92 mg/dl, equivalent to the mean serum cholesterol level of rats
fed isoenergetic purified and human-type diets containing no added choles-
terol, 95 mg/dl and 93 mg/dl respectively. These results were reported at
the meeting cf the Federation of American Societies of Experimental Biclogy
in April, 197¢ and have been published {(1). The objective of the present
studv was to determine the ingredient(s) in the human-type diet which was
(were) responsible for its hypocholesterolemic effect.

In addition to beef fat and cholesterol, the purified diet contained
casein, corn starch, vitamins, and minerals while the energetically equiv-
alent human-type diet contained beef tonderloin, white bread, pelished rice,
whole milk, vitamins, and minerals. In the earlier experiment only the
human-type diet was cooked and freeze~dried. Although the objective of the
carlier study was to assess the cholesterclemic effect of nondigestible
constituents in purified and human~type dbPets, the rosules of the investi-
gation clearly showed that the hypocholesterolemic effect of the human-
type diet used in that study was not due to nondigestible components.

The hypercholesterolemic purified diet was used as the basis for com-
parison. The carbohydrate sou;ce, corn, starch, was substituted with rice,
bread, or rice and bread in the proportions used in the human-type diet

while the protein source, casein, was altered only to the extent necessary
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to maintain equivalent protein content in the diets. The casein was then
substituted with beef tenderloin or tenderloin and whole milk while the
maior carbohydrate source was corn starch. Then, diets containing tender-
loin were varied with respect to carbohydrate: rice, bread, or rice and
bread. In another diet nonﬁigestible constituents, plant sterols, pectin,
and chondroitin sulfate, were added to the human-type diet. All of these
diets were virtually energetically equivalent and contained 28% beef fat
and 0.5% added cholesterol {(dissolved in the fat). The control diets used
in this experiment were a stock rat diet, the purified diet without added
cholesterol, the human-type diet without added cholesterol, and the tender-
loin and corn starch diet without added cholesterol. The compositions of
the 13 prepared diets used in this study are given in table 1. Excepting
for the stock rat diet, all the diets were supplemented with vitamins and
minerals, cooked at 95° for 1 hour with sufficient water to slurry, freeze-
dried and sealed in cans in l-kg portions. We are grateful to the Right
Away Foods Company, Edinburgh, Texas for freeze-drying and canning the food.

The diets were fed to female Sprague-Dawley rats (1l month old retired
breeders) for 10 weeks. Body weights were recorded biweekly. During the
8th week of the feeding period, food consumption was recorded although it
was measured approximately throughout., During the 9th week of the feeding
period, three-day fecal samples were collected. The 11 or 12 healthy rats
in each diet group were killed by decapitation. Blcood samples and livers
ware retained for cholesterol analysis. Fecal neutral sterols and bile
acids were determined. These data are shown in table 2.

The ingredient of the human-type diet which appears to bhe primarily

)

responsible for its hypocholesterolemic effect is bread. When casein is
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the ma;or protein scurce in the high cholesterol diets, the average serum
cholesterol concentration of rats ingesting bread-containing diets is sig-
nificantly lower than when corn starch or rice alone are consumed; bread
alone, 109 mg/d, and bread and rice, 121 mg/dl compared to corn starch,

170 mg/dl, and rice, 144 mg/di. All high cholesterol, casein-containing
diets elicited a higher serum .cholesterol level than that of rats fed the
stock rat diet, 86 mg/dl. However, when rats were fed the high cholesterol
diet in which tenderloin was the major protein source and bread was the
source of carbohydrate, thelr average serum cholesterol level, 92 mg/dl,
was the same as that of the stock-fed rats and the same as those of rats
fed the diets without added cholesterol. The bread used in these diets

was low in fiber content. Furthermore wheat starch has been reported by
Dr. X.X. Carroll and his coworkers (2} to be more hypercholesterclemic than
either corn starch or rice. The plant protein content of wheat and rice is
approximately equivalent at 7.5%. Since the wheat flour is probably not
the hypocholesterclemic agent in bread, it appears iikely that an ingredient

used in the preparation of the bread is responsible for its hvpocholesterol-

emic effect,

In comparing the cholesterolemic response of rats consuming these
various diets it is important to notilce that there is no hypercholesterolemic
response associated with the ingestion of beef tenderloin. However dietary
casein in high cholesterol diets clearly elicits . hypercholesterclemia in
the absence of some attenuating dietary carbohydrate. For example, rats
which consumed the high cholesterol diet containing tenderloin, milk, and
corn starch had the same high serum cholesterol level, 167 mg/dl, as that

L

of rats consuming the high cholesterol casein-corn starch diet, 170 mg/dl.
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The equivalent diet without milk produced a serum cholesterol level of 126
mg/dl.

The accumulation of cholesterel in the livers of the high cholestercl
purified diet group was significantly higher, 28.4 mg/g, than in any other’
group. Rats consuming the high cholestercl human-type diet supplemented
with plant sterols, pectin, and chondroitin sulfate had the same average
liver cholesterol concentration, 4.9 mg/g, as rats consuming the low choles-
terol prepared diets which were slightly, but significantlj;higher than
that of stock-fed rats, 3.8 mg/g. The high cholesterol tenderloin-bread
diet significantly attenuates the accumulation of cholestercl in the liver,

The fecal data do not provide zuny insight into the hypocholesterolemic

i
by

effect of brezad.
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Percent Composition of Prepared Diets

TABLE 1

piets'
High Cholesterol’ Low Cholesterol?
Ingredients Casein Beef Tenderloin
Rice Milk & Bread Nondi~ | Casein
Corn & Corn Corn & gest— Corn Human~ Tenderloin
Starch Rice Bread Bread] Starch Starch Rice Bread Rice bhles Starch Type  Corp Starch

Casein 18.4 14.5 10.72 12.8 e e - — e - 18.4 -— -
Tenderloin —— e e - 26.1 20.3 20.8 14.6 18.4 18.4 - 21.1 26.4
Whole Milk —— —— —— - - 15.7 — - 5.0 -
Corn Starch L7.4 — - —— 47 .4 40.0 - — —— - 47.9 - 457.3
Bread — - 58.6 23.2 - —— 58.5 23.0 20,73 — 17.8 -
Rice ——— 52.4 e 31.7 — 51.9 - 31.4 27.6 - 30.6 — -
Beef Tallow 28.5 27.4 25.5 26.6 21.0 18.5 21.7 21.4 21.7 21.7 28.5 20.5 21.3
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 - e o e
Vitamins® 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Minerals® 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Methionine 0.2 0.2 0.2 0.2 —— —— - e — - 0.2 - -
Soy Sterols — —_— - - e - - - -— 0.5 - - -
Chondroitin

Sulfare - - - oo e e e - - 3.0 - - -
Pectin - —— - w—— - o - - — 3.0 - - -
Cholesterol ,

Content 0.7 0.6 0.8 0.7 0.7 0.6 0.8 0.7 0.7 0.8 0.1 0.1 0.2

! Diet designations consistent with those used in Table 2

2 0.5g crystalline cholesterol dissolved in beef tallow/100g feed

3 No cholesterol added
4 yitamin Fortification Mix, Teklad Mills, Madison, Wisconsin

& Jones~Foster Mineral Mix, United States Biochemical Corp., Cleveland, Ohio



TABLE2

Soma Responses in Rats Fed Various Human-Type Diet Iny

Diets
High Cholesterol
Casein Tenderloin
Parameter Rice & Corn Milk & .
Corn Starch Rice Bread Bread Starch Corn Starch anm Bread
. |
Food Intake |8.8+1.33Y 8.5+0.83 10.4+1.1P 5.1¢1.13 110.0+1.2 112.10.9¢}10.6+2. 2% 11,042,
(g/rat/day) |
|
Initial Body | 294%308 | 2952282 [96:283  D97+282 [R97+293  1297+293  |298£28% 1299+282
Weight (g) w
Final Body 3182443b | 3271343b hogea72  nos:2ga  |3224338b 1333+30b  |336+573b |3181232
Weight (g} W il
Liver Weight | 9.0%1.2% | 8.60.63 B.6:0.65 PB.4+1.12 [8.5¢1.127 B.8+1.3% 18,8+1.1% 18.5t1.0
(g)
Serum Choles-| 170+323 | 1442387Y 109x19¢f n21+30cd 1262599 j165+467  [40+383d l92+17¢
terol (mg/dl) .
Liver Choles~: 28.4%9,88] 14.415,7b| 10.9+2.8b| 12.5%4.51 14,624.4P] 15.846.45) 12.7+5.5P 7.742.
terol(ng/g)
Fecal WeightZl 0.54 0.64 0.87 0.78 0.44 0.88 0.79 0.77
(g/rat/day)
Fecal Neutral 20.6 7.5 19.3 24,2 16.5 10.8 4.5 15.8
Sterols
namxmmnxavu
Fecal Bile 4.5 5.8 Wwo.w 4.5 3.6 13.0 10.0 12.7
Acids 3 :
(mg/rat/d) W ”

1 Mean +SD.Horizontal values not sharing a common superscript

2 Dry Weight

3 Feces from each diet group were pooled

letter are significantly dif



