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(ABSTRACT)

The effect of a diet including cooked pinto beans on plasma total cholesterol in hamsters
was investigated. The legume diet had 8.1% total fiber (1.0% soluble, 7.1% insoluble), all
from pinto beans. Animals initially consumed a hypercholesterolemia-inducing diet. One
control group remained on this feed for the duration of the study, and another consumed
a diet with 8.6% total fiber (cellulose).

The pinto bean diet lowered plasma cholesterol significantly (13%) only in
hypercholesterolemic hamsters (approximately 75% of the animals). When all animals were
considered, the legume diet had no effect on cholesterol. Variability among hamsters in
plasma cholesterol levels and changes was large. Results indicate the importance of
including only hypercholesterolemic animals in studies of dietary modifications to decrease
blood cholesterol and also that a large sample size may be required to detect significant
effects.

Soluble and insoluble dietary fiber in raw and cooked carrots were measured by a

typical enzymatic-gravimetric procedure. Analyses were done with and without freeze-



drying and the starch gelatinization treatment (heating 1.25 hrs at 121°C). The
gelatinization procedure caused a 3- to 5-fold increase in soluble fiber. In general, insoluble
fiber decreased in the same proportion as the soluble fraction increased, suggesting a
conversion of the former to the latter. The differences were greatest for cooked carrots and
freeze-dried raw carrots. Compositional analyses indicated that heating increased arabinose,
galactose, and uronic acids in soluble fiber fractions.

Cooked carrots had 3-9% more soluble fiber than raw carrots, with the difference being
greater when the analysis included the gelatinization procedure. However, freeze-dried raw
samples analyzed with gelatinization had the same level of soluble fiber (ca. 10%) as their
boiled counterpart, suggesting an interaction between freeze-drying and the heat treatment
in raw carrots.

Freeze-drying and heating to gelatinize starch are an integral part of many standard
dietary fiber methods. Results of the present study suggest these treatments may mask
differences between the amount of fiber in cooked and raw foods, and that dietary fiber
values may not accurately represent the level of this component in foods as they are eaten.

The results also raise the possibility of increasing soluble fiber by cooking modifications.
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OVERVIEW

Dietary fiber has been defined as the sum of plant polysaccharides and lignin which escape
breakdown by endogenous secretions of the human digestive tract (Trowell, 1976). Prior
to the mid-1970’s, however, "fiber" was generally accepted as the indigestible, non-caloric
portion of feeds, and was mainly of interest to animal nutritionists concerned with its
estimation in ruminant diets. = Trowell’s hypothesis (1976) that dietary fiber prevents
numerous diseases of man, including atherosclerosis, diabetes, obesity, colon cancer,
diverticulitis, and other gastrointestinal disorders, spurred a plethora of research on this
food component in the context of human nutrition. There have been ﬂumerous
investigations of the physiological effects of dietary fiber and also improvements in methods
for the accurate estimation of this food component. As of now, however, there exist
conflicting reports as to the effectiveness of dietary fiber in preventing disease. For
example, it is commonly believed (Anderson and Gustafson, 1988; Chen et al., 1981) that
the hypocholesterolemic and thus atherosclerosis-inhibiting effect of oat bran is due to its
soluble dietary fiber. In contrast, Swain and coworkers (1990) claim that oat bran itself
does not lower blood cholesterol, but rather displaces fat (which is hypercholesterolemic)
from the diet. Also, several methods for measuring dietary fiber are in widespread use, but
no procedure has been universally accepted.

At the outset of the present studies, the goal was to isolate and characterize the
component(s) in a particular food responsible for cholesterol-lowering, starting with the
hypothesis that the effective constituent was part of the soluble fiber fraction. Anderson

and Chen (1983) reported that a pinto bean supplemented diet lowered serum total



cholesterol in hypercholesterolemic men by 19% and attributed the effect to water soluble
fiber. Other workers have also found that legumes lower cholesterol levels (Sharma, 1987;
Jenkins et al., 1983; Jayakumari and Kurup, 1979;), but that some species seem to be more
effective than others (Devi and Kurup, 1970). Based on these studies, particularly those
of Anderson and Chen (1983), the pinto bean was selected for investigation. The pinto
bean is a commonly consumed food which can easily be incorporated into normal diets as
an agent to decrease blood cholesterol. Animals were used for feeding studies in
anticipation of the need for a model in which to test small amounts of isolated fiber
components in future studies. The hamster was selected since it had been reported to have
a blood lipid pattern more similar to humans than thgt of the more commonly used rat
(Turley et al., 1983; Spady and Dietschy, 1985).

Initially it was necessary to confirm the effect of whole pinto beans on the plasma
cholesterol level of hamsters. This study is described in Part I. Contrary to the expected
outcome, whole pinto beans did not have a hypocholesterolemic effect. It was noted,
however, that the plasma total cholesterol level (plasma TC) of some animals (approximately
25% of the total) was not clevated prior to consumption of test diets, although all
individuals had been on a low fiber, cholesterol-containing regimen that had previously been
shown to be hypercholesterolemic (Phillips, 1986). Reanalysis of the data including only
hypercholesterolemic individuals indicated that the pinto bean diet did lower plasma TC,
 suggesting the legume diet was only hypocholesterolemic in animals in which cholesterol was
initially elevated. This result, however, could only be considered preliminary. After the
non-hypercholesterolemic animals were excluded, only 4 to 5 (instead of the original 7)

animals per diet group remained in the analysis; to validate the results, the experiment



would have to be repeated with the g priori decision to exclude nonhypercholesterolemic
animals before feeding the test fiber diets.

This confirming experiment was subsequently undertaken. However, due to probable
but unidentified contamination of one of the diet mixtures, animals became sick and the
study was discredited. As the second feeding study was in progress, attempts were being
made to isolate the soluble fiber from pinto beans in quantities large enough for a feeding
study. However, due méinly to equipment and cost limitations, it became apparent that this
approach was not viable within a reasonable timeframe. These considerations, combined
with the time-consuming, expensive, and somewhat inconclusive nature of the animal studies
led to the investigation of another aspect of dietary fiber which could be completed with
the resources at hand. The overall results of the investigation of the effect of a pinto bean
diet on plasma cholesterol in hamsters reported in Part I are considered preliminary.
Therefore, these feeding studies are described in less detail than the subsequent work on
fiber properties and analysis presented in Part II, since the focus of research was shifted to
the latter.

Part II of the present work was a study of the effects of processing on dietary fiber.
This research was based on questions which arose during the formulation and feeding of the
animal diets, along with independent ideas from consideration of literature pertaining to
dietary fiber. First, it was postulated that freeze-drying might alter the content or functional
properties of soluble fiber, and thus diminish its hypocholesterolemic effect. One obvious
difference between the animal study described in Part I and those with humans (Anderson
and Chen, 1983; Jenkins et al., 1983) was that in the former, cooked beans were freeze-

dried and fed as part of a dry diet, whereas in the latter they were included freshly cooked



as part of the typical (undried) human diet. The question arose, then, as to whether the
animal diets were even an appropriate basis from which to draw conclusions about the
physiological effect of the fiber source in humans. There have been no reports directly
relating the impact of freeze-drying on dietary fiber. Furthermore, it seemed significant
that methods to measure dietary fiber commonly use freeze-dried samples although foods
are rarely, if ever, consumed in that state by humans.

It was also apparent that freeze-drying was not the only form of processing that is an
integral part of dietary fiber analysis. Typical analyses involve heating up to 60 minutes
at 100°C to gelatinize starch. There have been several reports that preparative cooking
(e.g. boiling several minutes) alters the soluble fiber content of some foods (Nyman et al.,
1987; Lintas and Cappelloni, 1988) and their digestibility (Jenkins et al., 1982; Tappy et al.,
1986; Traianedes and O’Dea, 1986). Thus "cooking" to gelatinize starch could alter the
amount and composition of dietary fiber such that foods as analyzed are quite different
from the state in which they are ingested.

No work has previously been done to directly investigate the impact of freeze-drying
and starch gelatinization treatments on the analysis of dietary fiber, particularly on the
proportion of the soluble and insoluble fractions. Accurate estimates of both soluble and
insoluble fiber in foods are needed, especially if health claims are made for so-called "high-
fiber" products. While cooking is necessary for starch gelatinization and freeze-drying
facilitates sample handling, the influence of these processes on dietary fiber and its
measurement must be established if they are to be an integral part of the analytical method.

The study described in Part II was designed to address these concerns.



Part I

THE EFFECT OF A PINTO BEAN DIET ON PLASMA

CHOLESTEROL IN HAMSTERS



Chapter I-1

INTRODUCTION

Some studies have shown that pinto beans included in the diet of humans significantly
decrease serum cholesterol (Anderson and Chen, 1983; Jenkins et al., 1983). Since
hypercholesterolemia is associated with an increased risk of illness, including heart disease
and elevated blood pressure, a dietary manipulation that lowers blood cholesterol represents
a convenient drug-free way to control the problem. Thus far, widely studied soluble fiber
sources, such as guar gum, pectin, and oat bran, have been those that are often awkward
to include in the diet or unpalatable. In contrast, pinto beans are a versatile, commonly
consumed food and could easily be incorporated into the diets of hypercholesterolemic
individuals.

While various legumes have been shown to be hypocholesterolemic in man (Anderson
and Chen, 1983; Jenkins et al., 1983; Grande et al., 1965) and rats (Mathur et al.,, 1961;
Soni et al,, 1982), the mechanism for their effectiveness has not been firmly established.
Numerous components have been credited with lowering blood cholesterol, including
polyunsaturated fatty acids, dietary fiber, phytosterols, flavonoids, and protein (Walker,
1982). Shutler et al. (1987) have reviewed the cholesterol-lowering effects of legumes.

Anderson and coworkers (Anderson and Chen, 1983; Anderson and Gustafson, 1988)
have claimed that the hypocholesterolemic action of beans is due to water-soluble fiber, yet
no experiment has actually confirmed this hypothesis. In the study by Anderson and Chen
(1983), a pinto bean supplemented diet lowered the serum total cholesterol level of
hypercholesterolemic men by an average of 19%. However, while the legume diet was

higher in soluble fiber (at 5.0%), it also had nearly twice the total fiber (12.6%) compared



to the control (5.6%). Furthermore, while net levels of energy, non-fiber carbohydrate,
protein, fat, and cholesterol were equivalent among the control and legume diets, the
sources of these nutrients varied.  Thus it cannot be conclusively stated that serum
cholesterol was lowered by soluble fiber and not by the high proportion of total fiber or by
some other food component. It seems that claims for the hypocholesterolemic effect of
water-soluble legume fiber have been based on the independent observations that beans
lower serum cholesterol and that beans are rich in water-soluble fiber.

The goal of the present research was to determine what component of pinto beans is
responsible for their reported hypocholesterolemic effect, first confirming or refuting the
hypothesis that the soluble fiber fraction is responsible. The results would facilitate an
improved understanding of food characteristics which lower blood cholesterol as well as
promote the selection of common foods other than beans with a similar benefit.

In order to investigate the influence of dietary manipulations on blood cholesterol, the
hamster was selected for feeding experiments. Other workers (Spady and Dietschy, 198S;
Turley et al., 1983; Sicart et al., 1986; Sable-Amplis et al., 1983; Sable-Amplis and Sicart,
1986; Sullivan et al, 1985) had reported that the blood lipid pattern and cholesterol
metabolism in this animal is more similar to that of humans, compared to the more
commonly used rat. Furthermore, the use of small animals limits costs and facilitates
experiments with potentially limited quantities of isolated food constituents. Additionally,
it was hoped that once baseline cholesterol data for hamsters was established in this
laboratory, the animal could later be used to "screen" certain soluble fiber or other food
components of interest with respect to cholesterol metabolism before human feeding trials

were undertaken.



Van Hoosier and McPherson (1987) have published a review on laboratory hamsters,
including information on nutrient and environmental requirements, hematology, physiology,
and disease. Hayes and coworkers (1989) have extensively studied the nutrient requirements
of hamsters, including the impact of carbohydrate and fat sources on lipid metabolism. They
found that the diet must include some fiber in order to maintain general health while
inducing hypercholesterolemia. Also, glucose instead of lactose as the simple carbohydrate
source was compatible with raised plasma cholesterol levels, but in the absence of starch and
fiber led to chronic diarrhea, anorexia, and body wasting ("wet tail"). Furthermore, a dietary
cholesterol level of 0.12% elevated plasma cholesterol (to an average of 212-371 mg/100
ml, depending on other diet components) while minimizing the sterol load on the animal
In personal communications (1987), Hayes suggested a dietary fat level of 5 to 10%
consisting of a 10:6:3 ratio of butter:canola oil:corn oil. This fat mixture had been
determined to provide sufficient saturated fat for elevation of plasma cholesterol while
preventing essential fatty acid deficiency.

An experiment was designed to initially establish the effect of whole pinto beans on
plasma total cholesterol (plasma TC) in hamsters. Beans were included in the animal diets
at the same level (30%, dry weight basis) as in human diets in the study by Anderson and
Chen (1983); however, in the present investigation, total fiber was equivalent in the control
and bean mixtures. It was expected that the feed containing whole pinto beans would lower
plasma cholesterol in hamsters. Once the overall effect was established, the soluble fiber
from beans was to be isolated and fed to assess the cholesterolemic impact of this fraction.
However, results indicated that the whole bean diet did not in fact lower plasma TC in all

animals.



While analyzing the data, it was noted that the cholesterol level of some hamsters
(approximately 25%) was not elevated prior to feeding the test diets. All animals had been
consuming a low-fiber, cholesterol-containing diet that had previously been shown to be
hypercholesterolemic in hamsters (Phillips, 1986). It seemed that some hamsters were
resistant to hypercholesterolemia (i.e. plasma TC > ca. 190 mg/100 ml), possibly due to
genetic factors. It was hypothesized that it may not be possible to decrease plasma
cholesterol if the level is not high initially. In fact, in the case of humans, dietary changes
to decrease blood cholesterol would not be of interest to individuals with low or normal
levels. When the data were re-analyzed, the pinto bean diet did lower cholesterol in
hypercholesterolemic animals.

The result based on re-analysis of the data could only be considered preliminary,
however. After the non-hypercholesterolemic individuals were eliminated, only four to five
animals per diet group remained, while seven animals had originally been in each group.
The initial number (7) was already marginal for statistical analyses, due to wide inter-animal
variability. Furthermore, to validate the results, the experiment would have to be repeated
with the g priori decision to exclude non-hypercholesterolemic animals before feeding the
test fiber diets.

Subsequently, a follow-up experiment was initiated, beginning with a greater number
of animals in anticipation of "resistant” individuals that would be dropped from the study.
However, because of probable but unidentified contamination of one of the feed mixtures,
many hamsters became sick and the study was discredited. As the investigation was in
progress, attempts were made to isolate soluble fiber from pinto beans in quantities large

enough for a feeding study. However, due mainly to equipment and cost limitations, it



became apparent that this approach was not viable within a reasonable timeframe. These
considerations, combined with the time-consuming, expensive, and somewhat inconclusive
nature of the animal studies led to research on another aspect of dietary fiber which could
be completed with the resources at hand.

The investigation of the effects of a pinto bean diet on plasma total cholesterol in
hamsters will be described. While the results cannot be considered conclusive, they do
raise questions about the design and interpretation of animal experiments used to assess the

effects of dietary modifications on blood cholesterol. These considerations will be discussed.
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Chapter I-2

EXPERIMENTAL METHODS

Animals

Twenty-one male Golden Syrian hamsters with initial body weights ranging from 106 to 125
grams were obtained through Laboratory Animal Resources at Virginia Tech from Harlan
Sprague-Dawley (Haslett, MI). They were maintained in a controlled environment in the
vivarium on campus with a 12-hour on/12-hour off light cycle. The animals were housed
individually in plastic shoebox cages with corn cob bedding and wire lids. Food and water
were provided ad libitum throughout the study. For the first four weeks, the hamsters were
allowed to adjust to their new surroundings and consumed standard lab chow pellets. Every
other day during the subsequent test diet periods, fresh feed was given and the amount of

feed consumed and body weights were measured.

Diets

The composition of the diets is shown in Table 1.1. Exact formulations can be found in
Appendix A. Basically the net nutrient composition was equivalent among diets, except
for the balance of fiber and non-fiber carbohydrates. The bean diet (P) contained
approximately twice as much total fiber compared to the hypercholesterolemic diet (H2) but
the same level of total fiber as the fiber control diet (FC). However, the latter had only
insoluble fiber (cellulose), whereas fiber in the bean diet, both soluble and insoluble, was
derived solely from pinto beans. Thus diet FC served as a control for the increase in total

fiber which resulted from inclusion of pinto beans.
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Table 1.1

Net Composition of Hamster Diets

percent in diet*®

Component H2 FC P
total protein 15.8 15.8 15.4
casein 15.8 15.8 9.7
bean - - 5.7
total fat 9.6 9.6 9.5
fat mix 9.6 9.6 9.2
bean - - 0.3
total non-fiber CHO 65.3 60.7 58.9
cornstarch 38.5 33.8 20.9
dextrose 26.8 26.9 26.6
bean - - 11.4°
total fiber 4.1 8.6 8.1
insoluble (Alphacel) 4.1 8.6 -
soluble (bean) - - 1.0
insoluble (bean) - - 7.1
vitamin mix , 1.0 1.0 1.0
mineral mix 3.8 3.8 3.8
cholesterol 0.1 0.1 0.1
methionine 0.1 0.1 0.1
choline chloride 0.4 0.4 0.4

*H2=fat-modified hypercholesterolemic; FC=fiber control;

P=pinto bean
®calculated by difference after measuring protein, fat, ash, fiber,
and moisture in cooked, freeze-dried beans



Each diet was mixed in a single batch and stored in tightly sealed plastic bags in the
freezer until needed. The diets, which were powderlike, were fed to the hamsters in glazed
ceramic "inkwell" cups. Every other day, unconsumed food was removed and replaced with
fresh material, and the amount of food consumed by each animal was measured; typically

each hamster ate 6 to 10 grams per day.

Blood Analysis

All blood samples were obtained from fasted (overnight) animals approximately midway into
the light phase of the light/dark cycle. Approximately 2 mls of blood were drawn into
heparinized tubes from the infraorbital sinus of each animal under mild anesthesia
(Halothane/nitrous oxide). This non-lethal procedure allowed sequential bleeding of the
same animals after each phase of the feeding experiment. The fresh blood was spun for
30 minutes at 3000 rpm in a refrigerated centrifuge at 5-6°C, and the supernatant plasma
was drawn off for analysis using disposable transfer pipets. Moderate hemolysis was evident
in some samples. Plasma was refrigerated in capped vials until analyzed (generally not more
than 24 hours) and allowed to come to room temperature prior to the cholesterol assay.
Total cholesterol in each sample was determined in duplicate 100 ul aliquots using the SR
Direct Cholesterol Test method (Stanbio Laboratory, Inc., 2930 E. Houston St., San
Antonio, TX 78202). The assay is based on a reaction involving the C*-C% double bond of
the sterol molecule leading to the production of a colored end product. A standard curve
was prepared from cholesterol solutions of known concentration (cholesterol calibrators: 50,
100, 200, and 400 mg/dL; Sigma Chemical Co., #C-9908, C-0534). A human serum control

(Sera Chem, level 1, Fisher Scientific) was analyzed with each set of samples. Duplicate
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absorbance readings for each sample did not differ by more than 5%.

Experimental Design

For the first 3 weeks, hamsters consumed standard lab chow pellets. After this period,
baseline plasma total cholesterol (plasma TC) values were determined. For the next two
weeks, all animals were fed a low-fiber, cholesterol-containing ("hypercholesterolemic") diet
in order to elevate plasma cholesterol. In a preliminary study, this diet had been shown to
increase and maintain high cholesterol levels in hamsters (Phillips, 1986). However, in the
present study, cholesterol was not markedly elevated by the diet (nearly all values were less
than 180 mg/100 ml). Consequently, Dr. K.C. Hayes at Brandeis University was consulted
(1987); he had extensively studied the effect of dietary modifications on plasma cholesterol
in hamsters, but had not yet published his results. With his recommendation, the fat source
was changed from 100% corn oil to a 10:6:3 mixture of butter:canola oil:corn oil. All other
components of the diet remained the same. The animals were fed the reformulated
hypercholesterolemic mixture ("H2") for 2 weeks, after which plasma TC was again
measured. Cholesterol levels were acceptably high at this point (most values were greater
than 200 mg/100 ml).

Subsequently, the hamsters were divided into three groups to receive either the
hypercholesterolemic (H2) diet, the 30% pinto bean (P) diet, or the fiber control (FC) diet
for the next 2 weeks. Animals were randomly assigned to diets after blocking for response.
Response (R) was the percent increase in plamsa cholesterol after the (second)

hypercholesterolemic diet (H2) and was calculated for each animal as follows:
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BC; - BC,
R = x 100 [1.2.1]
BC,

where BC, and BC; denote the baseline (after lab chow) and elevated (after diet H2)
cholesterol levels, respectively. After listing animals in rank order by R, they were divided
into two groups, low (0) and high (1), at the median R value. Three or four animals from
blocks 0 and 1 were randomly assigned to each diet.

Cholesterol data were subjected to an analysis of variance using the Statistical Analysis
System General Linear Models procedure (SAS Institute, Inc. 1988). When the F-test was
significant, diet group means were compared with Fisher’s Least Significant Difference test

(e« =0.05) using SAS.

Changes in Protocol for Repetition of the Experiment

When the feeding study was repeated, the following modifications were included. An oat
bran diet was added as a positive control, since this food had been consistently reported to
be hypocholesterolemic (Chen et al., 1981; Anderson et al, 1984; Shinnick et al., 1988;
Oakenfull, 1988). The composition of this diet is included in Appendix A. The initial
number of hamsters was 60 (15 per diet: pinto bean, fiber control, hypercholesterolemic, and
oat bran). Two animals died early in the study, leaving a total of 58. Each feeding phase -
lab chow, hypercholesterolemic, and test - was 3 weeks long. Due to the large number of
animals, bleeding was done in two sessions, two days apart, with the same animals being
bled on the first and second day each time. After the hypercholesterolemic diet phase, all
animals with plasma cholesterol less than 180 mg/100 ml (26 hamsters) were eliminated from

the study. The remaining 32 animals were assigned to test diet groups in a randomized
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block design as follows: hamsters were rank ordered by plasma cholesterol level and divided
into eight consecutive groups of four; from each block, one animal was randomly assigned

to each diet.
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Chapter 1-3

RESULTS AND CONCLUSIONS

Animal Variability and Response to Hypercholesterolemic Diet

Table 1.2 summarizes plasma total cholesterol (plasma TC) in hamsters before and after the
hypercholesterolemic diets (H1 and H2). Also included is the response (R, see equation
1.2.1), the resulting block designation (high, 1 or low, 0), and test diet assignment.

Plasma cholesterol levels and changes induced by the hypercholesterolemic diet varied
greatly among animals. Baseline plasma TC ranged from 112 to 210 mg/100 ml (mean, 150),
from 104 to 250 mg/100 ml (mean, 173) after diet H1 (with fat from corn oil only), and
from 149 to 280 mg/100 ml (mean, 212) after diet H2 (with fat from butter, canola oil, and
corn oil). In addition to genetic factors, some of the inter-animal variability could be due
to experimental factors. For example, hemolysis varied among blood samples - ranging from
none to marked - and was probably due to damage of red blood cells by the capillary tube
used to draw blood. Hemoglobin may interfere with sample absorbance readings and falsely
elevate cholesterol values; no correction was made for the hemolysis observed in the present
study. Also, Vaughan et al. (1984) reported that variation in environmental temperature
and photoperiod length affect plasma cholesterol in hamsters. Thus, any unknown
disruptions of these parameters during the course of the experiment could have affected
cholesterol values.

The response (R) to the hypercholesterolemic regimen (Table 1.2) ranged from a
decrease of 2% to an increase of 89% (mean, +43%). Mean plasma TC was higher after

diet H2 than after diet H1. Diet H2 was fed for 2 weeks after the animals had already
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Table 1.2

Plasma Total Cholesterol in Hamsters Fed Hypercholesterolemic Diets

plasma cholesterol, mg/100 ml®

Animal assigned
Number base diet Hl diet H2 R block diet®
25 210 250 206 -2 0 FC
21 152 128 149 -2 0 P
20 149 181 152 2 0 H
13 153 189 158 3 0 H
6 138 130 154 12 0 P
2 148 190 196 32 0 P
26 187 220 252 35 0 H
22 112 104 152 36 0 FC
24 160 179 228 42 0 P
19 166 176 236 42 0 FC
12 158 187 226 43 1 FC
5 144 180 208 44 1 H
27 167 218 260 56 1 FC
7 112 151 178 59 1 P
17 176 185 280 59 1 H
10 150 172 238 59 1 H
28 144 160 242 68 1 H
18 141 138 242 72 1 FC
9 124 161 215 . 73 1 FC
15 138 183 242 75 1 P
14 124 146 234 89 1 P

*base=before diets; diet Hl=after original hypercholesterolemic diet
(H1); diet H2=BC,=after fat-modified hypercholesterolemic diet (H2).

=Response (equation 1.2.1), the percent increase in plasma cholesterol

while on hypercholesterolemic regimen; block = high (1) or low (0)
assignment based on R (see text).

°for test phase: pinto bean (P), fat-modified hypercholesterolemic (H2),

or fiber control (FC)
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