TABLE I
Composition and Energy Density of Purified Diets
Parameter

CEL-4a

Proportion of kcal per 100 kcal of diet
45
Basal diet
54
Starch
1
Fiber source

OAT-4

H-WHT-4

H-WHT-14

WHT-14

CORN-14

45
35
20

45
51
4

45
39
16

45
37
18

45
48
7

Energy density,
kcal/g of diet

4.39

4.44

4.39

Dietary fiber content
TDF, g/396.4 kcalb
SDF, g/396.4 kcal
IDF, g/396.4 kcal

4.0
0.7
3.3

4.3
2.1
2.2

4.4
0.8
3.6

4.06
14.0
1.5
12.5

4.01

3.96

14.2
1.4
12.8

13.8
1.1
12.7

purified wood cellulose; OAT-4, oat bran; H-WHT-4, hard red wheat bran (providing 4% dietary fiber); H-WHT-14, hard red wheat
bran; WHT-14, soft white wheat bran; CORN-14, corn bran (providing 14% dietary fiber).
bTDF = total dietary fiber; 396.4 kcal corresponds to 89.4-100 g of diet. SDF = soluble dietary fiber. IDF = insoluble dietary fiber.
aCEL-4,

7 and 24 (total of eight determinations), and the mean is indicated
in Table I (dietary fiber content per 396.4 kcal; 396.4 is equivalent
to 89.4-100.0 g of diet); these values include small amounts of
dietary fiber from other diet ingredients such as starch. The
purified cellulose was Alphacel (Teklad, Madison, WI). Mothers
Oat Bran, Creamy High-Fiber Cereal, was obtained from the
Quaker Oats Company, Barrington, IL. Hard red and soft white
wheat brans were purchased locally, and the corn bran was
obtained from Kellogg Salada Canada Inc., Rexdale, ON.
Protocol
The animals were fed their respective diets for up to 29 weeks.
During week 7, half of the males and females (total 70) in each
group were placed in Nalgene (Nalgene Co., Rochester, NY)
metabolic cages for a five-day collection of feces and urine for
a mineral balance trial (Shah et al 1990, 1991).
During week 8, the animals were killed by exsanguination while
under anesthesia with pentobarbital (Somnotol, MTZ Pharmaceuticals, Mississauga, ON), intraperitoneal administration of 30
mg/ kg body weight. The hearts, spleens, livers, muscles, and kidneys were excised, cleaned of obvious fat, weighed, and stored
for mineral analysis. Blood was collected from the abdominal
aorta and centrifuged; the resulting serum was stored at -70°C
for lipid analysis. The entire gastrointestinal tract was removed
and placed in ice-cold Ringer's solution. The stomach was opened
with scissors, washed, patted dry, and weighed. The cecum was
separated from the intestine and weighed with its contents. Small
and large intestines were perfused with ice-cold Ringer's solution
until all apparent food material (digesta) was removed. The intestine was patted dry and weighed. In some animals, the digesta
from the distal ileum and pellets from the distal large intestine
were collected and stored at -70° C for microscopic examination.
The results of microscopic analysis will be reported elsewhere
(Mongeau et al, unpublished). All nonintestinal tissues (i.e., diffused pancreatic tissue, fat) were carefully removed.
One animal died during week 17 following blood loss due to
extensive epistaxis, and another was discarded during week 19
due to an ulcerative skin lesion. During week 24, the animals
were placed in large metabolic cages for a second mineral balance
trial. The 68 animals were sacrificed during week 29 as described
for week 8.
Methods
Dietary fiber was analyzed by the method of Mongeau and
Brassard (1986). Total lipid was measured by the method of
Amenta (1970). Total cholesterol and HDL (high-density lipoprotein) cholesterol were measured using an Abbott bichromatic
analyzer with A-Gent cholesterol and HDL test kits (Abbott
Laboratories Ltd., Mississauga, ON).
Statistics
Data were analyzed separately for each variable using analysis
of variance procedures, with the factors being time (weeks 1-6

TABLE II
Food Consumption (g/day) Measured at Different Periods'
Malesc
Dietb
CEL-4
OAT-4
H-WHT-4
H-WHT-14
WHT-14
CORN-14
CHOWe

Weeks 1-6
17.5
17.3
17.2
17.3
17.5
18.5
21.9

(0.7)
(1.7)
(1.4)
(1.2)
(1.3)
(1.0)
(2.3)

Weeks 7-28
22.0 (1.2)
21.0 (2.1)
19.9 (2.2)
21.9 (2.7)
23.0(2.1)
21.6 (1.9)
27.0 (3.7)

Females
Weeks 1-6
13.1 (0.9)
12.9 (1.9)
13.5 (1.3)
13.0 (1.4)
12.3(1.2)
14.2d (0.9)
15.3 (1.6)

Weeks 7-28
14.4 (1.0)
14.2 (1.7)
15.7 (2.2)
16.2 (2.2)
14.4(1.5)
15.9 (1.8)
18.0 (1.6)

Mean (standard deviation) per rat; n = 10 for first period and n = 5
for second period.
b Described in Table I.
' Male higher than female, P < 0.0001.
d CORN-14 higher than WHT-14 in females during weeks 1-6, P < 0.004.
e CHOW higher than all diets in both sexes except CORN-14 in females
during weeks 1-6, P < 0.005.
a

and weeks 7-28), sex, and diet. Analysis of variance residuals
were screened for outliers and for normality using the ShapiroWilk test (Shapiro and Wilk 1965). Data were analyzed on the
original or logarithmic scale, or they were ranked, ignoring time,
sex, and diet, and the ranks were analyzed, as deemed appropriate
after screening analysis of variance residuals. Ranking was done
to transform the data into numbers that more nearly fit the
assumptions of the parametric model for the analysis of variance
and to retain all of the ordinal information in the data (Conover
and Iman 1976). Data were then tested for homogeneity of variance using Barlett's test (Snedecor and Cochran 1967). Pairwise
comparisons for significant effects were made using t tests on
least means in the Statistical Analysis System (SAS Institute 1987).
Differences were not considered significant if the P values exceeded 0.01. Where several comparisons are summarized together
and a single P value is reported, the P value is the maximum
for all significant comparisons.
RESULTS AND DISCUSSION
The rats ate more CHOW than any other diet except for females
fed CORN-14 (14% corn bran fiber) during weeks 1-6 (P<0.005;
Table II). Females on the CORN-14 diet ate more than those
on the WHT-14 diet during weeks 1-6 (P < 0.004), but the
difference was not significant during weeks 7-28.
Food intakes were generally reflected in the body weight gains
(Table III). During weeks 1-6, males and females fed the OAT4 (4% oat bran fiber) diet gained more weight than those fed
the H-WHT-14 (14% hard wheat bran fiber), WHT-14 (14% soft
wheat bran fiber), or CHOW diets (P < 0.0004). Animals fed
the H-WHT-4 diet gained more weight than those on WHT-14
diet (P < 0.008). Thus, during weeks 1-6, rats fed the 4% fiber
diets gained more weight than those on other diets, except CORNVol. 68, No. 5,1991
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14. However, during weeks 7-28, the differences due to diet were
not significant, probably because with age the rate of growth
slowed. This is in agreement with the assumption that animals
eat a sufficient amount of diet to satisfy their energy needs. If
an adaptation occurred, it was not attributable to an increase
in the extent of fiber fermentation, because the fermentability
of bran fiber at the 14% fiber level in the diet did not increase
and even tended to decrease from week 10 to week 27 (Mongeau
et al, unpublished). The adaptation could be due to a better absorption and utilization of short-chain fatty acids produced by the
intestinal microflora. The purified diets used here contained 10%
fat. It is possible that the transient limiting effect of dietary fiber
on weight gain would be more evident with diets containing less
fat. It is noteworthy that the CHOW containing 4.5% fat tended
to cause a lower body weight gain, particularly in females during
weeks 7-28. The lower energy density of rat chow was largely
compensated for by the increased food intake (Table II), in
agreement with the general thought that rodents adjust their food
intake so that the number of calories consumed remains constant.
However, this may be true only within certain ranges of fat and/
or fiber contents. Sprague-Dawley rats fed 20%-fat diets consumed
more energy than animals fed 5%-fat diets (Nauss et al 1987).
The present results (Table III) showed that the long-term feeding
of different sources and levels of bran fiber in Sprague-Dawley
rats resulted in similar growth rates.
Dietary fiber has the ability to reduce the energy density of
food, but the effect on body weight in human adults appears
to be dependent, among other things, on the degree of restriction.
TABLE III
Body Weight Gain (g) Measured at Different Periodsa
Males'
Dietb

Weeks 1-6

CEL-4
OAT-4d
H-WHT-4e
H-WHT-14

Females

Weeks 7-28

Weeks 1-6

Weeks 7-28

315 (17)

334 (97)

171 (16)

125 (14)

339 (29)
318 (31)
298 (24)

370 (49)
308 (66)
329 (59)

183 (38)
179 (25)
158 (23)

148 (41)
155 (64)
150 (54)

WHT-14

305 (25)

333 (61)

149 (22)

131 (49)

CORN-14
CHOW

314 (18)
309 (33)

317 (48)
292 (75)

173 (12)
154 (26)

140 (55)
107 (27)

a Mean

(standard deviation); n = 10 for weeks 1-6 and n = 5 for weeks

7-28.
in Table I.
cMale higher than female, P < 0.0001.
dOAT-4 higher than H-WHT-14, WHT-14, and CHOW during weeks
bDescribed

1-6, P < 0.0004.
eH-WHT-4

higher than WHT-14 in both sexes during weeks 1-6, P<0.008.

TABLE IV
Food Conversion Efficiency Measured at Different Periodsa
(g food intake/g weight gain)
Males

Weeks 1-6

Weeks 7-28

Weeks 1-6

Weeks 7-28

CEL-4

2.3 (0.1)
2.le (0.1)

11.0 (3.7)
8 .8 f (0 -5 )

3 .1 d( 0 .2 )

17.9 (1.3)

10.2 (1.3)

2.99 (0.2)
3.1 (0.2)

15.4 (2.9)
17.1 (4.5)

10.4 (0.9)
10.8 (1.4)
10.5 (0.7)

3.4 (0.2)
3.4 (0.2)
3.4 (0.2)

18.4 (6.6)
18.5 (5.7)
21.4 (12.5)

H-WHT-14
WHT-14
CORN-14

2.2 (0.1)
2.4 (0.1)
2.4 (0.1)
2.4 (0.1)

CHOWh
2.9 (0.1)
14.6 (1.7)
4.1 (0.4)
27.2 (7.5)
a Mean (standard deviation); n = 10 for weeks 1-6 and n
5 for weeks
7-28.
bDescribed in Table I.
cCEL-4 lower than all diets, P < 0.007.
dCEL-4 lower than WHT-14 and CHOW in female, P < 0.009.
eOAT-4 lower than all diets in male, P < 0.003.

f OAT-4 lower than WHT-14 in male, P < 0.01.
IOAT-4 lower than all diets in female except CEL-4 and H-WHT-4,
P < 0.0001.
hCHOW higher than all diets in both sexes except WHT-14 in females
for weeks 7-28, P < 0.009.
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TABLE V
Total Serum Lipids Measured at Different Periodsa
(mg/100 ml)

Females

Dietb
OAT-4
H-WHT-4

Nevertheless, eating ad libitum food supplemented with psyllium
gum may result in sustained small decreases in energy intake
(Stevens et al 1987). Madar and Odes (1990) summarized the
possible mechanisms by which dietary fiber may influence body
weight.
The partial digestible energy value is the change in energy value
of the diet per gram of increase in unavailable carbohydrate intake.
Using published data, Livesey (1990) calculated a negative value
of -3.8 kcal/g of fiber for oat bran diets in human subjects,
a positive value of 1.4 kcal/g of fiber for wheat bran diets (species
not indicated), and 0 kcal/g of wood cellulose for cellulose diets
fed to human subjects or to rats. These values suggest that, with
the same fiber level in the diet, the OAT-4 diet should have
provided less energy than the H-WHT-4 diet. The partial digestible
energy values of the diets were not calculated in the present study.
However, the body weight gain and food efficiency ratio of the
animals fed the OAT-4 diet were not significantly different from
those of the animals fed the H-WHT-4 diet (Tables III and IV).
In males, a trend to a larger body weight gain with the OAT-4
diet than with the H-WHT-4 diet was rather contradictory to
the view (Livesey 1990) that an oat bran diet has a lower energy
value than a hard wheat bran diet.
Food conversion efficiency (FCE) (g of food intake/ g of weight
gain) was obviously better for males than for females (Table IV).
The lower the FCE, the less the amount of food needed to obtain
a given body weight. In other words, a low FCE value means
a diet with high efficiency. FCE for males and females on CHOW
was higher than that on all other diets except for females on
WHT-14 during weeks 7-28 (P < 0.009). For the purified diets,
FCE was generally lower for diets with 4% fiber than for those
at the 14% level. For both sexes during weeks 1-6, FCE for
OAT-4 was lower than that for all the bran diets at the 14%
fiber level (P < 0.0001). In males, the FCE for OAT-4 was also
lower than that for H-WHT-4 (P<0.003) and CEL-4 (P<0.000 1)
diets. During weeks 7-28, FCE was the same for all purified
diets, but males fed OAT-4 had lower FCE than those fed WHT14 (P < 0.01). The weight gains during weeks 7-28 indicate that
higher fiber intakes did not necessarily increase FCE in the long
term. For example, during weeks 1-6 FCE of the CEL-4 group
was slightly but significantly (P < 0.008) lower than that of
H-WHT-14 and CORN-14 groups, but it tended to be higher
during weeks 7-28. Another example is the two H-WHT groups,
which showed similar FCE at the 4 and 14% levels of fiber in
the diet (Table IV). The sustained lower FCE for the OAT-4
diet may be due to the high fermentability of oat bran fiber (>70%;
Mongeau et al, unpublished).
The males and females killed at week 29 had higher total serum
lipid levels than those killed at week 8 for CEL-4, OAT-4, WHT14 and CHOW diets (P < 0.001) (Table V). Results for males
and females did not differ at week 8, but females had higher

Malesc
Dietb

Females

Week 29

Week 8

Week 29

746 (144)
623 (116)
630 (125)
522 (67)
632 (94)
572 (40)
352 (79)
438 (95)
CHOWdg
a Mean (standard deviation); n = 5.

425 (114)
645 (341)
652 (164)
518 (117)
437 (110)
517 (119)

870 (93)
945 (244)
900 (331)
817 (306)
887 (505)
588 (176)

353 (101)

801 (183)

CEL-4de
OAT-4d
H-WHT-4b
H-WHT-14'
WHT-14d
CORN-14

Week 8

499 (62)
444 (77)
551 (48)
565 (146)
527 (163)
471 (93)

in Table I.
Male lower than female for week 29, P < 0.0001.
dWeek 29 higher than week 8, P < 0.001.
eCEL-4 higher than CORN-14 and CHOW in week 29, P < 0.003.
f H-WHT-4 higher than CEL-4 and WHT-14 in week 8, P < 0.008.
CHOW lower than OAT-4, H-WHT-4, H-WHT-14, and CORN-14 in
week 8, P < 0.009.
bDescribed

serum lipid levels than males at week 29 (P < 0.0001). In week
8, the CHOW group had lower serum lipid levels than the OAT-4,
H-WHT-4, H-WHT-14, and CORN-14 groups (P < 0.009), and
the H-WHT-4 group had higher serum lipid levels than the CEL4 and WHT-14 groups (P < 0.008). In week 29, the CEL-4 group
had higher serum lipid levels than the CORN-14 and CHOW
groups (P < 0.003). Cellulose was reported to increase triglyceride
levels in rats (Mueller et al 1983). The serum lipid levels were
among the lowest in OAT4 fed males during week 8 but were
among the highest in females in both weeks 8 and 29 (Table
V). The effect of CHOW diet on serum lipids was not as persistent
in females as in males but the level remained significantly lower
than in the CEL-4 group in week 29 for males and females
(P < 0.003).
The data analyzed on the logarithmic scale showed that the
total cholesterol level was higher at 29 weeks than at 8 weeks
(P = 0.007) (Table VI). In males fed the soft wheat bran diet
(WHT-14), the total serum cholesterol level was higher than that
in those fed OAT-4, H-WHT-14, and CORN-14 diets (P < 0.008).
Thus the soft wheat bran diet was associated with higher
cholesterol levels than the hard wheat bran diet in males for weeks
8 and 29. In human subjects, only the hard red spring wheat
bran has been reported to lower serum cholesterol (Munoz
et al 1979). The OAT-4 diet was associated with a lower cholesterol
level than the CEL-4 (P = 0.009) and the WHT-14 (P < 0.0001)
diets in male rats (Table VI), in agreement with the recognized
cholesterol-lowering effect of dietary oat bran in human subjects.
The CHOW diet was associated with a clearly lower cholesterol
level than all other diets except WHT-14 in females (P < 0.008).
The CHOW diet was not a purified diet, and its energy density
was lower than for the six purified diets. Its lower total fat content
may explain the lower blood lipid levels. On the other hand,
the highest fecal fat excretion of CHOW-fed rats (Mongeau et
al, unpublished) suggested that the nature of diet components
(e.g. fat, carbohydrate, protein, and dietary fiber) and the complexity of the mixture in which they are eaten are as important
as their dietary level.
CHOW-fed rats had lower serum levels than all other groups
for the HDL fraction (P = 0.007; Table VII). For both sexes,
the OAT-4 diet was associated with lower HDL levels than several
diets (P < 0.007) including the 4% fiber hard wheat bran diet
(H-WHT-4) for males (P=0.0002). The metabolism of cholesterol
in Sprague-Dawley rats is more closely controlled than in humans,
and results may not apply to the human situation. Nevertheless,
a 20% decrease in HDL cholesterol was reported in human subjects
fed oat bran (Anderson et al 1984). In males, the CORN-14 diet
was associated with lower HDL levels than the H-WHT-4 and
the WHT-14 diets (P < 0.008).
Asp et al (1983) reported that wheat bran fiber at 5 and 10%
in the diet gradually increased total and HDL cholesterol in male

Sprague-Dawley rats fed a diet containing 20% fat for six months.
This was not supported by the present results for hard wheat
bran groups, where serum total and HDL cholesterol were no
higher in the H-WHT-14 group than in the H-WHT-4 group
after 8 or 28 weeks on diets containing 10% corn oil (Tables VI
and VII). In females, there was a trend toward higher HDL values
at the 14% wheat bran fiber level, but the difference was not
significant. In males, however, the WHT-14 diet was associated
with higher total and HDL cholesterol levels than the OAT-4
and CORN-14 diets (P < 0.008). The H-WHT-4 and H-WHT14 diets were also associated with higher HDL levels than the
OAT-4 diet (P < 0.004). Thus, the present results provide evidence
of increased total and HDL cholesterol in rats fed soft wheat
bran fiber compared with those fed the oat or corn bran fiber
diets, but the effect of hard wheat bran appeared to be specific
to the HDL fraction. A fiber-free diet was not included in the
present study because there may be more difference between the
0 and the 2% wheat bran fiber diets than between the 2 and
10% wheat bran fiber diets in regard to some physiological parameters (Mongeau et al 1986). The effects of dietary fiber on blood
lipid levels are generally associated with its water-soluble fraction.
In the present work, the OAT-4 diet with 49% of its fiber present
as soluble fiber, was the only purified diet with soluble fiber
representing more than 18% of total dietary fiber. Except for
the oat bran group, the effects of dietary fiber should be largely
attributable to the insoluble fraction (Table I).
The heart and femur represented a larger proportion of body
weight in females than in males over the 29 weeks (61 vs. 48,
and 142 vs. 117 mg dry weight/ 100 g of body weight, respectively;
P < 0.001). These tissues had a higher concentration of iron
(heart and femur), zinc (femur), and copper (heart) in females
than in males (Shah et al 1991). No diet effect was found on
the weight of these tissues.
The gastrointestinal tract sections represented a larger portion
of the body weight in females than males (P < 0.0001) (Tables
VIII-XI). The H-WHT-4 diet was associated with a significantly
higher fresh weight of washed stomach compared with OAT-4
(P = 0.0001), indicating that these sources of cereal fiber had
different effects on the stomach even at the 4% level in the diet
(Table VIII). The weight of the stomach was generally higher
at the 14% fiber level than at the 4% level (Table VIII). It is
not known if an increased stomach weight is related to the delaying
effect of dietary fiber on gastric emptying (Dubois 1985).
There was no diet effect on the weight of the small intestine
at week 8 (Table IX). At week 29, the small intestine weight
of animals fed the H-WHT-4, H-WHT-14, and WHT-14 diets
was higher than for those fed the CEL-4 diet (P < 0.008). Those
fed the WHT-14 diet also had a higher small intestine weight
than those fed the CORN-14 diet (P < 0.002). CHOW-fed rats
had a higher small intestine weight than those fed the CEL-4,

TABLE VI
TABLE VII
Serum High-Density Lipoprotein Cholesterol Measured
at Different Periodsa (mg/100 ml)

Serum Cholesterol Measured at Different Periodsa
(mg/100 ml)
Females

Males
Dietb

Week 8

Week 29C

Week 8

Week 29c

CEL-4
OAT-4d
H-WHT-4
H-WHT-14
WHT-14e
CORN-14
CHOW'

146 (35)
114 (17)
152 (12)
149 (28)
206 (95)
130 (20)
66 (6)

197 (61)
149 (16)
167 (28)
152 (24)
197 (50)
139 (14)
83 (5)

135 (61)
149 (52)
153 (34)
154 (33)
128 (22)
171 (83)
101 (45)

190 (45)
174 (55)
215 (65)
185 (53)
183 (58)
164 (11)
120 (14)

a Mean

(standard deviation); n = 5.

Dietb

f CHOW lower than all other diets in males, P < 0.0001, and in females
except WHT-14, P < 0.008.

57.0
57.3
59.5
68.2

(12.2)
(11.3)
(3.8)
(14.2)

Week 29C
66.0 (6.2)
54.3 (8.6)
71.5 (13.1)
78.0 (20.5)

WHT-14

72.6 (12.9)

80.8 (13.5)

58.8 (9.9)

79.2 (15.1)

CORN-14e
CHOW'

51.4 (6.6)
28.6 (7.5)

75.1 (16.3)
36.4 (3.4)

56.9 (7.0)
42.3 (5.6)

69.8 (9.4)
43.7 (4.5)

(standard deviation); n = 5.
in Table I.
c'Week 29 higher than week 8, P = 0.00 1.
dOAT-4 lower than CEL-4, H-WHT-4, H-WHT-14, and WHT-14 in
bDescribed

higher than all other diets in males except CEL-4 and

(28.4)
(6.7)
(8.8)
(8.2)

Week 8

67.2
64.1
80.5
76.8

a Mean

H-WHT-4, P < 0.008.

Week 29C

69.5 (9.0)
54.7 (9.0)
73.4 (10.6)
68.5 (10.0)

'Week 29 higher than week 8, P = 0.007.
eWHT-14

Week 8

CEL-4
OAT-4d
H-WHT-4
H-WHT-14

bDescribed in Table I.
d OAT-4 lower than CEL-4, P = 0.009, and than WHT-14, P < 0.0001,
in males.

Females

Males

males, P <0.004, and than H-WHT-14 and WHT-14 in females, P <
0.007.
eCORN-14

lower than H-WHT-4 and WHT-14 in males, P < 0.008.

f CHOW-14 lower than all diets, P < 0.007.
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OAT-4, and CORN-14 diets (P < 0.002). In rats, viscous polysaccharides increase intestinal weight (Brown et al 1979, Jacobs
1983), but insoluble fiber is reported to have little effect on intestinal weight (Fisher 1957, Jacobs and White 1983). The similarity
in small intestine weights of the H-WHT-4 and H-WHT-14 groups
(Table IX) is in agreement with this observation. The higher small
intestine weight of wheat bran-fed animals compared with those
fed the wood cellulose diet after 29 weeks indicated a different
effect of wheat bran even at the 4% fiber level. The effect of
corn bran at the 14% fiber level was not different from that of
cellulose. Further work is needed to identify more specific changes
in the small intestine, such as distal versus proximal sections,
the turnover and length of the villus, and/ or the number of the
mucus-secreting goblet cells in different sections (Edwards and
Read 1989). Intestinal length is also an interesting measure of
absorption surface, but a concomitant change in the intestinal
resistance to stretch may confuse this measurement.
The cecum had thinner walls than the other parts of the intestine,
and it was weighed with its contents to better take into account
the difference in size observed between groups (Table X). The
CHOW diet was associated with large cecums with higher weights
than all other diets (P < 0.0001). The CEL-4 and H-WHT-4
diets had lower cecal weights than the H-WHT-14 and WHT14 diets. The amount of total dietary fiber fermented was correlated (P < 0.05) with cecal weight (r = 0.83 for males and
0.82 for females, n = seven diets). It is noteworthy that the highly
fermentable oat bran fiber at the 4% level induced higher cecal
weight than the H-WHT-4 diet (P<0.002) and that the unfermentable corn bran fiber at 14% induced lower cecal weight than
the H-WHT-14 diet (P < 0.01, Table X). Wheat bran fiber has
TABLE VIII
Weight of Washed Stomach Measured at Different Periodsa
(g/100 g of body weight)
Males
Dietb

Week

CEL-4
OAT-4
H-WHT-4e
H-WHT-14'
WHT-14'
CORN-14'
CHOW'

0.40 (0.02)
0.37 (0.03)
0.39 (0.04)
0.47 (0.04)
0.45 (0.04)
0.43 (0.05)
0.43 (0.04)

Femalesc

TABLE X

Week 29

Week 8

Week 29

0.32 (0.05)
0.29 (0.02)
0.34 (0.03)
0.36 (0.03)
0.36 (0.04)
0.34 (0.02)
0.40 (0.03)

0.48 (0.02)
0.46 (0.04)
0.53 (0.04)
0.56 (0.03)
0.59 (0.05)
0.54 (0.02)
0.58 (0.06)

0.46 (0.04)
0.43 (0.04)
0.50 (0.07)
0.53 (0.06)
0.55 (0.05)
0.50 (0.09)
0.57 (0.10)

8d

a Mean (standard deviation); n = 5.

in Table I.
c Female higher than male, P < 0.0001.
dWeek 8 higher than week 29 in males, P < 0.0001.
e H-WHT-4 higher than OAT-4, P = 0.0001.
f Higher than CEL-4, OAT-4 and H-WHT-4 diets (P < 0.005) except
that CORN-14 and H-WHT-4 were not different.
bDescribed

TABLE IX
Weight of Washed Small Intestine Measured at Different Periodsa
(g/100 g of body weight)
Males
Week 8d

Dietb
CEL-4
OAT-4
H-WHT-4e
H-WHT-14e
WHT-14ef
CORN-14
CHOW9

2.43
2.40
2.26
2.37
2.34
2.37
2.65

(0.27)
(0.16)
(0.32)
(0.17)
(0.22)
(0.14)
(0.20)

Weight of Cecum Measured at Different Periodsa
(g/100 g of body weight)
Femalesc

Male
Week 8d

Week 29

Week 8d

Week 29

CEL-4e

0.84 (0.09)

0.54 (0.09)

1.02 (0.23)

0.86 (0.17)

OAT-4
H-WHT-4f

0.92 (0.14)
0.74 (0.16)

0.62 (0.16)
0.52 (0.10)

1.22 (0.09)
0.92 (0.15)

0.87 (0.20)
0.79 (0.26)

H-WHT-14
WHT-14
CORN-149
CHOWh

1.05 (0.16)
1.06 (0.21)
0.85 (0.18)
2.00 (0.09)

0.75 (0.18)
0.72(0.07)
0.69 (0.09)
1.37 (0.34)

1.27 (0.31)
1.35 (0.33)
1.00 (0.12)
2.29 (0.44)

1.16 (0.25)
0.98 (0.22)
0.97 (0.19)
1.88 (0.34)

Dietb

a Mean

(standard deviation); n = 5.
in Table I.
'Female higher than male in the same period, P < 0.0001.
dWeek 8 higher than week 29, P < 0.0001.
eCEL-4 lower than WHT-14 and H-WHT-14, P < 0.0005.
f H-WHT-4 lower than all other diets except CEL-4, P < 0.005.
9CORN-14 lower than H-WHT-14, P < 0.01.
hCHOW higher than all other diets, P < 0.0001.
bDescribed

Femalesc
Week 29

1.26 (0.17)
1.52 (0.24)
1.62 (0.24)
1.45 (0.18)
1.67 (0.26)
1.30 (0.32)
1.66 (0.26)

Week
2.76
3.19
2.85
2.91
2.93
2.98
3.16

8d

(0.27)
(0.48)
(0.38)
(0.21)
(0.23)
(0.49)
(0.37)

TABLE XI
Weight of Washed Large Intestine Measured at Week 8a

Week 29
1.86
1.92
2.03
2.18
2.15
1.87
2.52

(0.31)
(0.19)
(0.31)
(0.19)
(0.37)
(0.34)
(0.14)

a Mean (standard deviation); n = 5.

in Table I.
higher than male, P < 0.0001.

bDescribed

CFemale

a moderate fermentability (Mongeau et al, unpublished). The
fermentability of dietary fiber in CHOW was also moderate, but
the higher food intake of this group (Table II) resulted in larger
amounts of fermentable fiber in the cecum. In addition, their
limited weight gain (Table III) enhanced the cecum weight relative
to total body weight.
The weight of the large intestine was recorded only during
week 8. Table XI shows that the fresh weight of the large intestine
was lower in the diets supplied at the 4% dietary fiber level than
in the other diets. These other diets were associated with larger
fecal volumes and luminal diameters that affected intestinal
weights (Mongeau et al 1990, and unpublished).
The effect of energy dilution by cereal bran fiber was most
evident in the weight gain after 8 weeks, but this effect was transient
and was no more significant after 29 weeks. This indicates that
the purified diets were adequately adjusted for the long-term
maintenance of body weight (Table III). The changes observed
in stomach and lower gut of animals fed the 14% bran fiber
diets suggest that a morphological adaptation occurred for absorbing more energy and nutrients, but the weight and specific
changes (e.g., mucus production) of gastrointestinal organs have
not been related in the literature.
In summary, the effects of the CHOW diet on food efficiency,
blood lipids including HDL cholesterol, size of cecum, and weight
of large intestine were not comparable to those of purified diets
containing low or high bran fiber levels. During the 7-28 week
period, bran fibers at 4 or 14% total dietary fiber in the purified
diets did not affect growth negatively compared with the 4%
cellulose diet. In males, the soft wheat bran diet was associated
with the highest serum total cholesterol level, which was
significantly higher than that of the oat, hard wheat (14% fiber),
and corn bran groups. However, the soft and hard wheat bran
diets were associated with the highest HDL values, which were
generally higher than those of the oat bran group. The weight

8 higher than week 29, P < 0.0001.
H-WHT-14, and WHT-14 higher than CEL-4 in week 29,

(g/100 g of body weight)
Males

Femalesc

CEL-4d

0.37 (0.03)

0.47 (0.05)

OAT-4d

0.39 (0.06)

0.51 (0.06)

H-WHT-4d
H-WHT-14
WHT-14
CORN-14

0.39 (0.13)
0.48 (0.09)
0.52 (0.05)
0.50 (0.03)

0.47
0.60
0.63
0.61

Dietb

(0.10)
(0.09)
(0.07)
(0.03)

0.87 (0.06)
0.66 (0.03)
aMean
(standard
deviation);
n - 5.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CHOWe

P < 0.008.
f WHT-14 higher than CORN-14 in week 29, P < 0.002.

(standard deviation); n ==5.
in Table I.
cFemale higher than male, P < 0.0001.
dCEL-4, OAT-4, and H-WHT-4 lower than all other diets, P < 0.003.

BCHOW

eCHOW

dWeek

eH-WHT-4,
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higher than CEL-4, OAT-4, and CORN-14 in week 29, P<0.002.
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a'Mean

bDescribed

higher than all other diets, P < 0.0001.

of the stomach of animals fed the 4% and 14% hard wheat bran
fiber diets was higher than that of the oat bran group. The weight
of the small intestine of animals fed the wheat bran diets was

higher than that of the cellulose group in week 29. The weight
of the large intestine was proportional to the level of fiber in
the diet.
These results substantiate that cereal brans produce different
effects because they contain different levels of dietary fiber and
because of the different nature of their fiber. Swain et al (1990)
concluded from the results of a human study that "oat bran has
little cholesterol-lowering effect and that high-fiber and low-fiber
dietary grain (wheat) supplements reduce serum cholesterol levels
about equally, probably because they replace dietary fats." Another recent human study by Anderson et al (1990) concluded
that an oat bran cereal diet lowered serum total and low-density
lipoprotein cholesterol in hypercholesterolemic men (vs. a corn
flakes control diet). Keeping in mind that the Sprague-Dawley

rat is not a good model for studying cholesterol metabolism in
man, it is worth mentioning that, in the present study, the serum
total cholesterol was significantly lower in the male rats fed the
oat bran diet (23% bran and 4% fiber) than in those fed the
soft wheat bran diet (28% bran and 14% fiber), whereas the mean
daily intakes for corn oil and bran fat during weeks 7-28 were
2.35 g and 0.31 g, and 2.33 g and 0.08 g, respectively. These
results indicate that, compared to soft wheat bran, oat bran has
a cholesterol-lowering effect that is independent of the nature
and amount of the fat ingested by male rats.
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