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This study evaluated the generally accepted concept that dietary fiber 12-14 of the study. Incorporation of oat bran only increased the propor-from oat bran would have less effect on stool weight than wheat bran tion of soluble fiber in the diet from 24 to 33% of the total fiber. Wefiber. Nine healthy young men participated in two studies, each consist- conclude: 1) fiber in oat and wheat brans increases stool weight to theing of 28 days of a low fiber diet and 28 days of a bran diet. Incorporation same extent; 2) some measures of bowel function may not change withof 14-16 g of wheat bran or oat bran fiber into basal diets of 14-18 g of added fiber if they are within the normal range during low fiber intakes;fiber increased wet and dry stool weights to the same extent and 3) wheat and oat brans do not adversely affect calcium balance whendecreased fecal pH (P < 0.05). Neither bran changed stool moisture, calcium intake is generous (Ž1,200 mg/day); and 4) changes in bowelgastrointestinal transit time, calcium balance, or defecation frequency. function may be detected by the second week of a dietary change ifMost changes were first detected during the period from day 8 to days intake is rigorously controlled.

In 1986, Cummings (1986) reviewed 94 studies from which he
calculated average increases in fecal output/gram of fiber fed.
These calculations suggested that oats were =70% as effective as
wheat bran in increasing fecal output, 3.9 g/g of fiber versus 5.7 g/g
of fiber, respectively. The review was updated in 1993 to cover
140 studies of the effects of different fiber sources on stool output
(Cummings 1993). In this review, each gram of wheat products
increased stool output an average of 5.4 g, while each gram of oat
products increased stool output 3.4 g. The ability of oats to
increase fecal weight was comparable to that of cellulose (3.5 g/g
of fiber) and less than that for gums and mucilages (3.7 g/g of
fiber) and fruits and vegetables (4.7 g/g of fiber). The most recent
set of calculations suggests that oats were 63% as effective as the
wheat brans in increasing stool weight. Although Cummings (1986,
1993) acknowledged that a major problem with such calculations
is the lack of consistency in the methodology for dietary fiber
analysis, these data nonetheless suggest that oats are considerably
less effective than wheat products in modulating large bowel
physiology.

Oats are considered by many to be sources of primarily soluble
dietary fiber when, in fact, they rarely contain more than half of
their total dietary fiber in the soluble fraction (Marlett 1993). The
erroneous implication is, therefore, that as soluble dietary fiber
sources, oat products would have little effect on stool weight. Two
rat studies do not support such a conclusion. Mongeau et al (1990)
conducted an extensive comparison of fecal pellets from rats fed
hard red wheat bran and oat bran. They observed a 1.1 -g increase
in stool wet weight for each gram of wheat bran fed and a 1.3-g
increase in fecal weight for each gram of oat bran consumed by
the rats. However, wheat bran was more effective than the oat
bran at increasing fecal volume (Mongeau et al 1990). Ranhotra et
al (1991) compared the fecal bulking effect of four whole grain
flours in rats. When their data are expressed as grams of stool per
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gram of dietary fiber ingested, whole wheat and whole oats have
comparable effects (1.3 vs 1.4 g of dry stool wt/g of dietary fiber).
In contrast, other data from rats and swine suggest that oats are
less effective than wheat bran at increasing stool weight (Bach
Knudsen and Hansen 1991, Nyman and Asp 1988).

Some of the differences among the literature reports may be due
to the sources of the test fibers. In both reviews by Cummings
(1986, 1993), the wheat category included mainly raw and cooked
bran, whereas the oats category included both rolled oats and oat
bran. Rolled oats contain less fiber than the bran (Marlett 1993).
A commercial oat bran cereal was the source of oat bran used in
the studies suggesting that oat bran increased stool weight less
than wheat bran (Nyman and Asp 1988, Bach Knudsen and
Hansen 1991). The dietary fiber composition of that particular
commercial oat bran cereal suggests that other fiber sources had
been added to the product (Marlett 1993). Although oats are well
known for their hypocholesterolemic effects (Anderson 1995),
demonstration of their stool bulking ability, in comparison to that
of wheat products, would document an additional health benefit of
consuming whole oats or oat bran fiber sources.

In contrast, untoward effects of fiber supplements on mineral
nutriture would not be beneficial. Both wheat bran and oat bran
contain phytate (Harland 1993), which reduces mineral absorption
under some circumstances (Rossander et al 1992). Calcium
nutriture has been proposed to be adversely affected by some fiber
supplements (Marlett 1984, Pilch 1987), and the chances for this
might be greater if a relatively large amount of a single fiber
source that also contains phytate was consumed.

Although differences in dietary fiber methodology or sources
may be responsible for the lower stool bulking effects of oats
versus wheat in humans demonstrated by Cummings (1993), it is
also possible that differences or inadequacies in experimental
design might be responsible. Perhaps measurements were made
too soon after the diet change was initiated or for too short a
period of time to reflect the full response to consumption of the
particular fiber source. A short study period also could be respon-
sible for the inconsistent effects of fiber on mineral nutriture.

The objectives of this research were: 1) to determine the effects
on large bowel physiology and calcium balance of incorporating
comparable amounts of wheat bran and oat bran fiber into con-
stant diets composed of conventional foods; 2) to compare the
large bowel responses to wheat bran versus oat bran incorporated
in the diets; 3) to evaluate the effect of study duration on the large



the diets; and 4) to determine the proportion of soluble dietary
fiber consumed when relatively large amounts of oat bran were
incorporated in a low fiber diet.

MATERIALS AND METHODS

Experimental Protocol
Two studies of similar design were conducted. Each study

consisted of a low fiber control period and a fiber-supplemented
period. A constant low fiber diet composed of conventional foods
was consumed for 28 days. The same diet which incorporated the
fiber supplement was consumed during the subsequent 28-day
period (29-56). The studies did not employ a crossover or ran-
domized design, because existing evidence indicated carryover
effects resulting from diet change (Heller et al 1980). All urine
and feces excreted throughout all periods were collected. Experi-
ments were approved by College of Agricultural and Life Sci-
ences Committee on Human Subjects, University of Wisconsin-
Madison.

Subjects
Nine male subjects, recruited by local advertising, volunteered

for each study and gave informed consent. The subjects had no
chronic medical conditions, normal blood lipid levels, consumed
mixed diets similar to those consumed by the U.S. population that
were moderate to low in dietary fiber content, did not require
habitual medication, and did not use tobacco. They were college
age, healthy men of normal weight for height (Table I). Body
weights were recorded daily. Initial body weights were main-
tained throughout each two month study by adjusting daily caloric
intake as needed (Table I).

Diets
Basal, low fiber, two-day cycle menus were developed for the

wheat bran study that contained 2,600 kcal/day, 15% of the kcal
as protein, 35% as fat, and 50% as carbohydrate (Table II). The
basal two-day cycle menus for the oat bran study contained 2,700
kcal and amounts of carbohydrate, protein and fat comparable to
those in the wheat bran menus (Marlett et al 1994). Additions
(200 kcal) for the wheat bran and additions (300 kcal) for the oat
bran that contained little fiber were constructed to meet additional
energy needs without changing the proportions and kinds of macro-
nutrients (Table II). Wheat bran (30 g/day) (soft white, American

TABLE I
Selected Characteristics of Healthy Men Participating

in Dietary Fiber Studies

Study Incorporating

Characteristics Wheat Bran Oat Bran

No. of subjects 9 9
Age, yr.

Mean ± SD 22.8 ± 2.5 23.8 ± 2.2
Range 19-27 20-28

Height, cm
Mean ± SD 178.1 ±7.4 178.6 ± 4.6
Range 167.6-190.5 172.7-182.8

Body mass index
Mean ± SD 22.5 ± 0.6 22.7 ± 1.5
Range 19.9-25.3 20.7-25.3

Energy intake, kcal
Range 2,600-3,600 2,700-3,600

Body weight, kga
Week 1 72.2 ± 8.2 72.6 ± 6.4
Week 4 71.7 ± 7.7 72.1 ± 6.4
Week 8 71.2 ± 6.9 72.0 ± 6.3

a Mean ± standard deviation (SD) of 7 days

Association of Cereal Chemists, St. Paul, MN) and oat bran (100
g/day) (donated by the Quaker Oats Co., Barrington, IL) were
incorporated into the basal diets through specially developed
recipes for bread, muffins, cookies, salisbury steak, and meatballs
that were prepared in quantity. Some of the oat bran was
consumed in the form of a ready-to-eat cereal. Other grain-
derived starch in the high fiber period was reduced, and gluten
was added to the low fiber periods to keep vegetable protein
contents of the low and high fiber periods comparable. The fat
content of the oat bran diet was adjusted to account for the fat
contributed by that bran.

All food for each study, except for fresh produce and dairy
products, was purchased as single lots, prepared and frozen or
stored until prepared. All food was individually portioned to the
nearest gram in a metabolic kitchen, prepared if not previously
done, and served in a metabolic dining room. All food was con-
sumed. Deionized, distilled water was consumed ad libitum.

Energy consumed during the wheat bran study ranged from
2,600-3,600 kcal/day and 2,700-3,600 kcal/day for the oat bran
study (Table II). The diets were also constructed to provide com-
parable lipids and carbohydrates across the range of caloric intake
(Table H). Micronutrient intake met or exceeded the Recom-
mended Dietary Allowances (NAS 1980) for calcium, phospho-
rus, iron, vitamins A and C, thiamin, riboflavin, niacin, folate,
and zinc (Watt and Merrill 1963, Adams 1978, Paul and South-
gate 1978). Sodium intake ranged from 3.7 to 6.3 g/day and
potassium intake ranged from 3.3 to 6.2 g/day.

TABLE II
Range of Nutrient and Energy Intake in Two-Day Cycle Menus

from Two Metabolic Studiesa

Wheat Bran Oat Bran

Diet component Without With Without With

Kilocalories 2,595-3,187 2,590-3,608 2,667-3,607 2,661-3,629
Protein, g 97-120 97-134 100-133 100-134

% kcal 15 14-15 15 15
Fat, g 101-126 101-142 105-139 105-139

% kcal 35 35 34-35 34-35
Carbohydrate, g 326-398 325-463 336-468 338-468

% kcal 50 50-51 50-51 50-51
Cholesterol,

mg/1,000 kcal 123-150 124-151 112-124 110-119
% Total fat

Saturated fat 25-29 26-29 24-28 24-26
Oleic acid 36-38 33-39 35-38 32-36
Linoleic acid 25-28 25-28 26-27 24-26

% Total carbohydrate
Starch 54-58 50-54 49-59 48-56
Endogenous
sugar 19-24 21-25 21-28 20-27
Sucrose 20-25 24-26 15-24 16-28

a Calculated from published data (Watt and Merrill 1963, Adams 1975, Paul
and Southgate 1978), except for selected values for which label data were
used.

TABLE III
Dietary Fiber Composition (% dwb) of Wheat Bran and Oat Bran

Neutral Uronic Klason
P-Glucans Sugars Acids Lignin Total

Wheat bran
Solublea * 1.3 0.1 0 1.4
Insoluble ... 41.3 1.4 3.5 46.2

Oat bran
Soluble 4.9 2.4 0.2 0 7.5
Insoluble 1.3 4.3 0.3 2.8 8.7

a Fiber fractions obtained by a modification of the Theander chemical
method A (Shinnick et al 1988).
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