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(ABSTRACT)

The effect of a 53% ocat bran diet and a 30% pinto bean
diet on hamster plasma total cholesterol (TC) and
triglycerides (TG) was investigated. Hamsters were made
hypercholesterolemic (average value = 206 mg/dL) and then fed
one of four experimental diets, the hypercholesterolemic
control (HC), an insoluble fiber (alphacel) control (FC), the
oat bran (OB), or the pinto bean (PB) diet for three weeks,
with the latter three containing 8.5%, 10.0%, and 7.6%, total
dietary fiber, respectively. Plasma TC and TG were measured
for each animal before and after the experimental diets. At
the end of the experimental period, plasma TC levels of
hamsters fed the OB diet (179 mg/dL) were significantly lower
than those fed either the HC (203 mg/dL, p<0.05) or FC (221
mg/dL, p<0.00l1) diets. Plasma TG levels of hamsters fed the
OB diet (200 mg/dL) were significantly lower than those fed
the FC diet (358 mg/dL, p<0.0l1). Thus, it was concluded that
oat bran significantly lowered plasma TC and TG in

hypercholesterolemic hamsters, while pinto beans did not.
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INTRODUCTION

Coronary Artery Disease (CAD) is the leading cause of death in
the United States and Western Europe. There are three universally
accepted primary modifiable risk factors for this disease: cigarette
smoking, hypertension, and hyperlipidemia (Criqui, 1986). Hyper-
cholesterolemia is the most widely acknowledged and dominant risk
factor, linked to excessive intake of saturated fats on the one hand
and CAD on the other (Stehbens, 1990). Evidence for triglycerides
(TG) as an independent risk factor for CAD is inconclusive and
somewhat controversial, however at this time, several reports
provide persuasive data to support this hypothesis (Castelli, 1988;
Gotto, 1990; Wilson, 1990).

Dietary fiber from plant material has been found to be an
important food component that is resistant to hydrolysis by
endogenous enzymes in the digestive tract of mammals (Schneeman,
1989). Plant fiber is classified as water soluble or water
insoluble. Insoluble and soluble fiber fractions are thought to act
differently in the digestive tracts of animals, and are therefore
thought to have different physiological effects. Both soluble and
insoluble fibers cause an increased bulk of softer stool due to
their increased water-retaining capabilities (Lipsky et al, 1990).
When comparing the effect of these two types of dietary fiber on
blood lipids, it appears that the insoluble dietary fiber has little

effect, if any, on serum cholesterol levels. The majority of



researchers acknowledge the hypocholesterolemic effect of soluble
fiber from various plant sources. The mechanism by which soluble
fibers lower serum cholesterol is currently unknown {Lipsky et al,
1990) .

The specific role of dietary fiber on hypertriglyceridemia has
not been determined, although fiber intake does appear beneficial.
Studies by Anderson and Tietyen-Clark (1986) indicated that high-
fiber diets had both short and long-term effects on decreasing serum
TG levels.

Oat bran and bean products have been shown to have a
hypocholesterclemic effect in humans. Studies by Anderson et al
(1984a) and Kirby et al (1981), indicated that oat bran lowers serum
low density lipoprotein cholesterol (LDL-C) without affecting serum
high density lipoprotein cholesterol (HDL-C) in humans. More recent
studies have shown similar results. Using hypercholesterolemic men,
Anderson et al (1991) found that oat bran lowered serum total
cholesterol (TC) and LDL-C with no change in HDL-C. Anderson and
Chen (1979) found that bean products and water-soluble fiber
extracts of beans had significant hypocholesterolemic effects.
Another study by Anderson et al (1984b) showed that a bean
supplemented diet selectively lowered serum LDL-C in hypercholes-
terolemic men.

In using animal models for cholesterol research, one must be
awvare that many animals react differently between and within species

to administration of cholesterol in the diet. The effect of dietary
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cholesterol and fat on plasma lipids 1s varied among different
animal models. In their review article, Beynan et al (1987) state
that humans are less sensitive to dietary cholesterol than random-
bred rabbits or monkeys. Humans may be more sensitive to dietary
cholesterol than rats since 1t 1s necessary to include extreme
amounts of cholesterol (1-2%) with cholate (0.5%) in rat diets to
enhance their cholesterolemic response (Beynan et al, 1987). It
appears that the rat has a rate of cholesterol synthesis in both
hepatic and extrahepatic tissues which is exceptionally high (Turley
and Dietschy, 1982). The rat also appears to have a highly
efficient mechanism for converting excess cholesterol into bile
acids (Wilson, 1964). Additionally, the rat biliary cholesterol
secretion and bile acid output are tightly coupled, so that many
dietary and pharmacological treatments used in humans do not have an
effect on this process in the rat (Turley and Dietschy, 1980; Turley
and Dietschy 1982). That is, the rat has a very efficient mechanism
for controlling cholesterol in it's body, so that dietary
manipulations using cholesterol may not be as applicable to humans
as with other animal models.

Hamsters, on the other hand, have been found to respond to
dietary cholesterol of a much lower content than rats. Sicart et al
(1986) found a significant increase in plasma TC with addition of
only 0.1% cholesterol in the diet of hamsters. Additionally, the
rate of hepatic cholesterol synthesis in the hamster is low compared

to the rat, and is in fact more similar to the human (Spady and



Dietschy, 1985). The fact that the hamster has a relatively hagh
level of plasma low density lipoprotein (LDL) with a 1:1 ratio of
plasma LDL:HDL (high density lipoprotein) as compared to other
rodents (Tsuda et al, 1983), coupled with the evidence that
administration of dietary cholesterol increases LDL plasma
lipoproteins (Tsuda et al, 1983; Spady and Dietschy 1983; Spady and
Dietschy, 1985) makes the hamster a good model for cholesterocl
research (Spady and Dietschy, 1988).

The present study was undertaken to determine the effect of
purified diets containing either oat bran or pinto beans to provide
8.6% total dietary fiber on plasma TC and TG in the hamster.
Hamster feed intake, weight gain, and plasma lipoprotein results
from pooled samples were also examined. If the results from this
study correlate well with similar human studies, further support
would be given to the hypothesis that the hamster 1s a good animal

model for hyperlipidemic research.
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Coronary Artery Disease

Cardiovascular diseases are responsible for nearly one out of
every two deaths in the United States (Chobanian, 1991). Coronary
Artery Disease (CAD) is the leading cause of death in the United
States and Western Europe. While CAD has a multifactorial etiology,
there are three universally accepted primary modifiable risk factors
for this disease: cigarette smoking, hypertension, and hyperlipid-
emia (Criqui, 1986). That is, the greater the level of any one of
these, the greater the likelihood of a coronary event. In addition,
if more than one of these risk factors is present, the risk for CAD
is markedly increased (Rifkind, 1990). Conversely, reducing the
number and level of these risk factors can prevent death and
disability from cardiovascular diseases (Chobanian, 1991). Hyper-
cholesterolemia is the most widely acknowledged and dominant risk
factor, linked to excessive intake of saturated fats on the one hand

and CAD on the other (Stehbens, 1990).

Blood Lipide and Coronary Artery Disease Risk
Tatal Cholesterol

Serum total cholesterol (TC), which is comprised of low
density lipoprotein (LDL), high density lipoprotein (HDL) and very
low density lipoprotein (VLDL) cholesterol, 1is an independent risk

factor for CAD (Hulley et al, 1980). The higher the serum



cholesterol level, the greater the risk for CAD (Chobanian, 1991).
The relationship between serum TC and CAD appears to be weak,
however (Oliver, 198l1), and there 1s no relationship between serunm
TC and sudden cardiac death or unrecognized infarcts (Medalie,
1976). In adults 20 years of age and older, serum TC levels are
classified as "desirable blood cholesterol” (<200 mg/dL),
“bordérline—high blood cholesterol” (200-239 mg/dL), or "high blood
cholesterol” (>240 mg/dL) (National Cholesterol Education Program

Expert Panel, 1988).

LDL-Cholesterol

Plasma LDL-cholesterol (LDL-C) comprises approximately 70% of
plasma TC and has a strong positive relationship to CAD {Gordon et
al, 1977), which may help to explain the weak association of plasma
TC with CAD. Elevations in serum LDL-C levels accelerate
atherogenesis (Chobanian,1991). Therefore, increased levels of
LDL-C in the blood are causally related to an increased risk of CAD.
LDL-C has been identified as the major target for cholesterol-
lowering therapy. That is, there is substantial evidence that
lowering LDL-C levels will reduce the incidence of CAD: Levels of
IDL-C of 160 mg/dL or greater are classified as "high-risk LDL-C"
and those of 130 to 159 mg/dL as “"borderline-high-risk LDL-C" |

(National Cholesterol Education Program Expert Panel, 1988).



HDL-Cholesterol

Various human studies over the years have pointed to a strong
inverse relationship between plasma HDL cholesterol (HDL-C) and CAD
(Rifkind, 1990). That is, the higher the plasma HDL level, the
lower the risk of CAD. Little animal research has been done on this
relationship, however, and a consensus has yet to be reached
regarding the prevention of CAD by increasing plasma HDL-C levels.
It was only recently that a report by the National Cholesterol
Education Program Expert Panel (NHLBI of the NIH) assigned a risk-
factor status to a low plasma HDL-C level (Rifkind, 1990). HDL's
usually contain 20-30% of the TC in the blood (National Cholesterol

Education Program Expert Panel, 1988).

VIDL-Cholesterol and Triglycerides

VLDL contain 10-15% of the total serum cholesterol (National
Cholesterol Education Program Expert Panel, 1988). Hypertrigly-
ceridemia is defined as triglyceride (TG) levels greater than 250
mg/dL (Dalen, 1988). Because plasma TG are transported by, and make
up 70% (by weight) of the VLDL cholesterol (VLDL-C) (Gotto, 1990},
the two are closely related.

Criqui (1986) stated that plasma VLDL-C and TG levels were
strongly correlated, but that neither had an independent cardié-
vascular disease association. Recently, opinions have changed among
researchers. Reevaluation of the results from the Framingham Study

in the early 1970's showed that plasma TG did have a positive



correlation, at least in women, where women with high levels of
plasma TG (123-611 mg/dL) were at greater risk for CAD {Gotto, 1990,
Wilson, 1990). Wilson (1990) concluded that the measurement of
plasma TG levels may prove useful over and above it's value in
calculating plasma LDL-C, at least in women. Gotto (1990) reported
that, based on his research, he thinks that hypertriglyceridemia and
CAD are definitely related. Although the evidence for TG as an
independent risk factor for CAD is inconclusive and somewhat
controversial at this time, several reports provide persuasive data
to support this hypothesis. Castelli (1988) also suggested that by
looking at data collected from the Framingham Study, there was
evidence of the relation between plasma LDL-C and plasma VLDL-C

levels and CAD.

Cholesterol Transport

The transport of plasma cholesterol and other fatty substances
throughout the body is best described by the model put forth by
Brown and Goldstein (1984). The fat-transport system can be divided
into two pathways, exogenous and endogenous. Most of the
cholesterol utilized by the body is produced by the liver and
transported via the endogenous pathway (80%). The remaining 20%
comes from the diet, and is transported via the exogenous pathiay,

The exogenous pathway begins in the intestine where
triglycerides and cholesterol are absorbed from the intestine.

Dietary fats are packaged into lipoprotein particles called



chylomicrons which transport triglycerides to adipose and muscle
tissue. What is left after removal of the triglycerides in
extrahepatic tissues by lipoprotein lipase is a chylomicron remnant,
which also contains cholesteryl esters, vitamins and apoproteins,
and is removed from circulation by specific receptors found only on
liver cells (Havel, 1986).

The endogenous fat-transport system begins at the liver upen
secretion of the large VLDL particle. The VLDL contains mostly
triglycerides synthesized in the liver, with a small amount of
cholesteryl esters, which travel to capillaries of adipose and
muscle tissue where most of the triglycerides are removed by
lipoprotein lipase. The VLDL remnant (also called intermediate
density lipoprotein, or IDL) that is left can either be removed by
the liver or converted in circulation to the LDL (Brown and
Goldstein, 1984).

LDL's are the major cholesterol-carrying lipoproteins in
plasma. These LDL particles carry the cholesterol which contribute
to atherosclerotic plaque. Theoretically and epidemiologically, the
more LDL circulating in the bloodstream, the more rapid the
development of coronary artery disease and atherosclerosis (Brown
and Goldstein, 1984).

The removal of LDL's from plasma occurs primarily at thev
liver, but also at the extrahepatic tissues. HDL's pick up
cholesterol at the extrahepatic tissues (and other sources) and

transfer it to IDL's and LDL's. Cholesterol carried by these



lipoproteins can then be removed by the liver (Grundy, 1986).

Most of the cholesterol taken up by the liver 1s converted to
bile acids which are secreted into the upper small intestine where
they emulsify dietary fats. Once this has been done, bile acids are
largely reabsorbed from the intestine, returned to the bloodstream,
taken up by the liver, and once again secreted into the upper
intestine. The recycling of bile acids in this way limits the
liver's need for cholesterol (Brown and Goldstein, 1984).

Some cholesterol is also secreted in the bile to join with
dietary cholesterol in the intestine. Once in the intestine, this
cholesterol may be eliminated by fecal excretion or partially
reabsorbed (Brown and Goldstein, 1984, Mitchell et al, 1991).

The small intestine is a major site of cholesterol
biosynthesis and lipoprotein degradation, and therefore plays an
important role in maintaining cholesterol balance within the body.
Cholesterol synthesis by the intestinal mucosa contributes directly
to the plasma pool of cholesterol. The small intestine is the only
organ that regulates the amounts of exogenous dietary and endogenous

biliary cholesterol that enters the body daily (Field et al, 1990).

LDL Receptor Regulation of Cholesterol

LDL receptors on hepatic and extrahepatic cells play an
important role in the regulation of the endogenous production and
utilization of cholesterol in the body (Brown and Goldstein, 1984).

The availability of unesterified cholesterol within the cell

10



regulates the number of LDL receptors on the cell surface. When
delivery of cholesterol by lipoproteins {or by other means) to
regulatory sites is high, the receptors on the cell surface are
down-regulated. That is, fewer receptor sites are available.
Hence, plasma LDL concentration increases. Conversely, when
cellular cholesterol is depleted, receptors on the cell are up-
regulated, so more receptors are available. Therefore, plasma LDL
concentrations will eventually decrease as LDL 1s accepted by the
cell. In general, the greater the number of LDL receptors on
hepatocytes, the more efficient the uptake of VLDL remmnants, so
fewer remnants are available in the blood to form LDL particles.
Additionally, the greater the number of hepatocytic LDL receptors,

the more efficient the removal of LDL from the blood (Havel, 1988).

1et and LDL Receptor lation o o) ol

Dietary cholesterol taken into the liver via chylomicron
remnants tends to down-regulate hepatocytic LDL receptors. The
extent of down-regulation, however, depends on the liver's ability
to excrete this cholesterol, primarily through formation of bile
acids, into the bile. Humans seem to vary in their capacity to
excrete cholesterol in this way, and therefore dietary cholesterol
has a variable and usually limited effect on their plasma |
cholesterol levels (Havel, 1988).

In humans, saturated fats increase plasma LDL levels and tend

to increase HDL levels as well. Havel (1988) feels that dietary

11



saturated fat may have effects on cholesterol or lipoprotein
metabolism that extend beyond the down-regulation of hepatocytic LDL
receptors. More research is needed in this area to determine the
mechanism behind the effect of dietary saturated fatty acids on

circulating blood lipids and lipoproteins in the human.

Hypo- and Hyperresponsiveness to Dietary Cholesterocl

In using animal models for cholesterol research, one must be
avare that many animals react differently between and within species
to administration of cholesterol in the diet. Beynan and coworkers
{1987) determined that within each species of random-bred animals
there are hypo- and hyperresponders to dietary cholesterol. That
18, upon administration of a diet containing cholesterol (and
sometimes cholate) there are individuals who show a consistently
high or low cholesterolemic response. Hypo- and hyperresponsiveness
has been confirmed in random-bred rabbits, rats, and squirrel
monkeys, and is thought to occur in guinea pigs {Beynen et al, 1987)
and hamsters (Phillips, 1990).

In addition to variability among random-bred animals, certain
strains within species are bred to respond in a certain way to
dietary cholesterol. That is, they have a genetic predisposition to
react to dietary cholesterol in a designated manner. Inbreedihg has
produced hyperresponsive strains of rabbits, rats, mice, and
pidgeons (Beynen et al, 1987) as well as in hamsters (Sicart et al,

1986) .



These phenomena may be present in humans as well, where
hypo/hyperresponsiveness to dietary cholestercl is apparent within
as well as between racial/ethnic groups. The existence of these
phenomena in humans, however, has proven very difficult to
substantiate experimentally (Beynen et al, 1987).

In their review article, Beynan et al (1987) state that humans
are less sensitive to dietary cholesterol than random-bred rabbits
or monkeys. Humans may be more sensitive to dietary cholesterol
than rats since it is necessary to include extreme amounts of
cholesterol (1-2%) with cholate (0.5%) in rat diets to enhance their
cholesterolemic response. Contrary to this response, hamsters have
been found to respond to dietary cholesterol of a much lower content
than rats. Sicart et al (1986) found a significant increase in
plasma TC with addition of only 0.1% cholesterol in the diet of
hamsters. A discussion of the effect of diet on blood lipids and

lipoproteins in various animal models will follow.

e Effect of Dietary Cholestero d Fat on Blood Lipids and
ipoproteins in Ani ode
Garg et al (1985) investigated the idea that redistribution of
cholesterol between plasma and tissue pools accounts for the
hypocholesterolemic effect of polyunsaturated fatty acids (PUFA's)
in man and animals. Control rats were fed a commercially available
reference diet. Experimental animals were fed the reference diet

supplemented with one of the following: 2% cholesterol, 15% coconut
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0oil (saturated fat enriched diet), coconut oil plus cholesterol, 15%
sunflower seed o0il (unsaturated fat enriched diet), or sunflower
seed oil plus cholesterol. Diets were fed for four weeks. Results
showed that feeding cholesterol with sunflower seed oil resulted in
the greatest accumulation of cholesterol in the liver and was
significantly more than with the saturated fat enriched diet plus
cholesterol (12.0 mg/g versus 4.5 mg/g)}. Plasma TC was increased to
the same extent in both of the high fat, high cholesterol groups
when compared to the cholesterol control group (sunflower plus
cholesterol = 94.1 mg/dL, coconut plus cholesterol = 83.5 mg/dL,
cholesterol control = 60.2 mg/dL) {(Garg et al, 1985}.

The authors concluded that the liver cholesterol, not plasma
cholesterol appears to be directly correlated with dietary
cholesterol depending on the quality and quantity of fat used in the
diet. They stated that these results suggested that whatever
cholesterol is absorbed into the blood from the gut is immediately
removed from circulation by the liver and possibly by other organs,
and that these results leave no doubt that the nature of fat in the
diet has a pronounced effect on cholesterol metabolism in the liver
(Garg et al, 1985).

The effect of cholesterol feeding on plasma lipoprotein
profiles was investigated by Tsuda et al (1983). Comparisons were
made between two types of rats, B week old Sprague-Dawley and 7 week
old ExHC (a strain established to be highly responsive to dietary

cholesterol), 6 week old mice, and 6 week old hamsters. Cholesterol
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was fed at 1% in the diet, which also included 5% olive oil and 0.2%
sodium cholate. Diets were fed for one week.

Results showed that plasma HDL's were major lipoproteins in
all animals {(exact values were not reported). Hamsters had the most
abundant plasma LDL's with the ratio of cholestercl content between
plasma HDL and LDL being about 1:1. After cholestercl feeding, the
cholesterel content of plasma LDL's incoreased in all animals. The
greatest increase was seen in ExHC rats, while the least increase 1in
plasma LDL was seen in mice. Plasma levels of cholesterol prior to
administration of the cholesterol diet were similar for both strains
of rats {approx. 65 mg/dL). Mean plasma TC levels after one week
were 162 mg/dL in Sprague-Dawley rats, 421 mg/dL in the ExHC rats.
Plasma TC for the cholesterol fed mice was 197 mg/dL as compared to
115 mg/dL in the control group. Hamster control plasma TC was 164
mg/dL and increased to 389 mg/dL after one week on the cholesterol
diet (Tsuda et al, 1983).

Sicart et al (1986) set out to determine to what extent
hamsters could maintain an unchanged distribution of plasma
cholesterol among lipoproteins upon becoming more hypercholesterol-
emic. Hamsters used were of a variety (FEC) which develop high
levels of plasma cholesterol with aging. Cholesterol content in
peripheral tissues of these hamsters does not differ from thatbin
normocholesterolemic hamsters and they do not exhibit
atherosclerotic lesions in the arterial tissue.

Six month old male FEC hamsters were fed either a standard

15



diet or one enriched with either 0.1% or 0.5% cholestercl for four
weeks. Results showed control plasma TC levels of 153 mg/dL.
Animals fed both 0.1% and 0.5% cholesterol diets had increased
(p<0.05) plasma TC levels when compared to the control (196 mg/dL
and 327 mg/dL respectively). The increase in plasma TC was
accompanied by a redistribution of the sterol among the various
lipoproteins. The control diet showed approximately 50% of the
cholesterol carried in HDL (78.0 mg/dL) and 50% in VLDL and LDL
(25.9 mg/dL and 47.5 mg/dL respectively). Administration of
cholestercol significantly increased plasma HDL-C for both doses as
compared to control, but were not significantly different between
cholesterol doses (0.1% = 93.0 mg/dL, 0.5% = 98.7 mg/dL, control =
78.0 mg/dL). Plasma LDL-C appeared to increase but was not
significant for either experimental diet (0.1% = 55.0 mg/dL, 0.5% =
54.0 mg/dL, control = 47.5 mg/dL). The proportion of cholesterol
carried by VLDL increased significantly only with the 0.5%
cholesterol diet (0.1% = 27.3 mg/dL, 0.5% = 144 mg/dL, control =
25.9 mg/dL) when compared to control levels (Sicart et al, 1986).

The authors stated that the observed increase in percentage of
cholesterol was weaker than in species such as the rabbit, where
greater changes are observed with similar levels of dietary
cholesterol (Sicart et al, 1986). It is important to note thaﬁ in
this study the increase in cholesterol from 0.1% to 0.5% affected
only the plasma VLDL-C.

Hayes and coworkers (1980) investigated the effect of dietary

16



factors on gallstone induction in hamsters. In the process, they
explored the formulation of purified diets that would meet the
nutritional requirements of hamsters. They found it necessary to
include fiber in the diets of hamsters to sustain health.
Additionally, high levels of simple sugars induced ‘wet tail’
disease - chronic diarrhea which usually results in anorexia and
death. Addition of wheat bran and cellulose to the diet and a
decrease in the simple sugar content prevented the appearance of
‘wet tail’ disease (Hayes et al, 1980). It has also been determined
that a fat mixture of 10:6:3 butter:canola oil:corm oil (2:1:3.3,
P:M:S ratio) making up 5-10% of the diet would provide essential
fatty acids and allow for elevation of plasma TC in hamsters
(Phillips, 1990).

The effect of dietary cholestercl and fat on plasma lipids is
varied among different animal models. It appears that the rat has a
rate of cholesterol synthesis in both hepatic and extrahepatic
tissues which is exceptionally high (Turley and Dietschy, 1982).

The rat also appears to have a highly efficient mechanism for
converting excess cholesterol into bile acids (Wilson, 1964).
Additionally, the rat biliary cholesterol secretion and bile acid
output are tightly coupled, so that many dietary and pharmacological
treatments used in humans do not have an effect on this proces§ in
the rat (Turley and Dietschy, 1980; Turley and Dietschy 1982). 1In
other words, the rat has a very efficient mechanism for controlling

cholestercol in it's body, so that dietary manipulations using
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cholesterol may not be as applicable to humans as with other animal
models.

Alternatively, the rate of hepatic cholesterol synthesis in
the hamster is low compared to the rat, and is in fact more similar
to the human (Spady and Dietschy, 1985). The fact that the hamster
has a relatively high level of plasma LDL with a 1:1 ratio of plasma
LDL:HDL as compared to other rodents (Tsuda et al, 1983), coupled
with the evidence that administration of dietary cholesterol
increases LDL plasma lipoproteins (Tsuda et al, 1983; Spady and
Dietschy 1983; Spady and Dietschy, 1985) makes the hamster a good

model for cholesterol research (Spady and Dietschy, 1988).

Dietary Fiber

Dietary fiber from plant material has been found to be an
important food component that is resistant to hydrolysis by
endogenous enzymes in the digestive tract of mammals (Schneeman,
1989). The majority of dietary fiber components are found in or are
associated with the cell walls of plants. Included in these are the
structural compounds such as cellulose, hemicelluloses, pectins, and
lignin. The nonstructural polysaccharides include various gums and
mucilages that are associated with the endosperm and intracellular
space (Southgate, 1976; Southgate, 1982). Chemical compositions of
the various dietary fiber components differ and are listed in
Table 1. Dietary fiber is composed of cellulose, noncellulose

polysaccharides (NCP's), and lignin (Schneeman, 1989).
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