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Abstract

This work shows the results of comparing the effects of the insoluble dietary fibre from oil palm fat-free flour and cellulose on the
growth, weight, humidity and composition of faeces in adult rats (Sprague—Dawley). Five groups of rats were fed for 4 weeks. The
control group was fed with a diet free of fibre, and the remaining four groups with diets containing 50 or 100 g of either oil palm
fat-free flour or cellulose, respectively. The adaptation period was 4 days. The evolution of growth and food intake did not vary
significantly p <0.05 regardless of the type of diet. On the other hand, faeces excretion increased by 3.3—4.7 g/day in the groups of
rats fed with oil palm fat-free flour, while it increased by only 3.1-4 g/day in diets based on cellulose. A higher content of water was
observed in the faeces of rats fed with insoluble dietetic fibre from oil palm fat-free flour. The apparent digestibility of the insoluble
dietary fibre of oil palm fat-free flour was low (35%), showing resistance to fermentation. The digestibility of the protein tended to
decrease more with the insoluble dietary fibre of oil palm than with the cellulose, which may be related. © 1999 Elsevier Science

Ltd. All rights reserved.
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1. Introduction

Previous research has shown that the absence of fibre
in the diet contributes to the development of many gas-
trointestinal disorders and chronic cardiovascular dis-
eases, diabetes mellitus, obesity and certain types of
cancer (Burkitt, 1969; Trowell, 1976). These studies
raised great interest in fibre and, after two decades of
research, dietary fibre (DF) is considered an important
component of food with different effects and functions
in the gastrointestinal tract (Anderson, Deakins, Floore,
Smith, & Whitis, 1990; Mendeloff, 1987). The physiolo-
gical action of DF has been shown to depend on some
physicochemical characteristics, which are not related
directly to its chemical composition, so that DF chem-
ical analysis is not a good indicator of its physiological
behaviour (Eastwood, Brydon, & Anderson, 1986).

It has been demonstrated that soluble dietary
fibre (SDF) increases the time of intestinal transit
(Brow, Worldeng, Rumsey, & Read, 1988), delays gas-
tric emptying (Rainbird & Low, 1986) and glucose
absorption (Holt, Heading, Carter, Prescott, & Totlhill,
1979; Todd, Berfield & Goa, 1990) and can alter lipid

assimilation (Pasquier et al., 1996). Insoluble dietary
fibre (IDF) decreases intestinal transit time and increa-
ses faecal mass (Schneeman, 1990). The mechanism by
which DF increases faecal mass has not been com-
pletely defined, but the study suggests that the main
factors involved are related to the ability of the fibre
itself to retain water in the faeces, possibly associated
with the numerous free polar groups of the sugar frac-
tions and the increase in faecal bacterial mass resulting
from fibre fermentation (Stephen & Cummings, 1980;
Robertson & Eastwood, 1981). The short chain fatty
acids (SCF) can affect the water and salt homeostasis
inside the colon (Adiotomre, Eastwood, Edwards, &
Brydon, 1990; Eastwood & Morris, 1992). One of the
consequences of fibre intake that has been associated
with viscosity, is a decrease in protein digestibility and
an increase in nitrogen faecal excretion (Stephen, 1987).
This effect has been observed when large grain wheat
bran, fruit fibre, legumes and pectin (Kelsay, 1978;
Cummings et al., 1978) are used as a source of DF
Nevertheless, growing rats fed with diets that had dif-
ferent viscosities adjusted with carboxymethyl cellulose
did not show significant differences in the apparent
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ileac digestibility of nitrogen (Larsen, Wilson, &
Moughan, 1994).

Studies on new sources of DF and its physiological
effects are being published constantly. One of the sour-
ces of IDF is oil palm fat-free flour (OPFFF) which
contains 70% of IDF and only 1.1% of SDF. It has
been used to enrich breads and crackers with fibre,
adding 2.5 and 3.5%, respectively (Pacheco-Delahaye,
Cedres, Alvarado, & Cioccia, 1994).

The present study evaluated the effect of IDF from
OPFFF on the growth, faecal mass and humidity, IDF
and protein digestibility in rats, as compared with rats
fed with a diet free of fibre and those fed with cellulose
as a source of IDF.

2. Materials and methods

The oil palm fat-free flour OPFFF, a gift from ‘La
Bananera Venezolana C.A.’ (extraction by presser and
hexane), was ground to 60 mesh and the cellulose (60
mesh) was purchased from ‘Purina de Venezuela’.

Three-month-old adult male Sprague—Dawley rats
were obtained from the rat colony of the Universidad
Central de Venezuela (School of Medicine). The average
weight of the animals was 230 g. They were randomly
divided into five groups of eight rats each. The animals
were located in individual cages with a normal cycle of
12 h light-darkness with constant air circulation. The
temperature of the room was kept at 24-25°C with free
access to food and water. Five different diets were pre-
pared, one free of insoluble dietary fibre, two diets with
5 and 10% of IDF from OPFFF, and two diets with 5
and 101% of IDF from cellulose, an experimental pro-
cedure described by Bravo, Saura-Calixto, and Goni
(1992). The composition of each diet is shown in
Table 1. The food was prepared in the laboratory. The
protein sources, minerals and vitamins were purchased
from ‘Purmia de Venezuela’. The corn oil and the starch
were purchased from ‘Maicina C.A.” The starch was

substituted by IDF (5-10%). All five flour mixes were
sifted through a 0.4-mm fine sieve. The adaption period
to the diet was 4 days and the experimentation period
lasted 21 days. Records of animal weight, ingestion of
diets, water drunk and faecal weight were taken daily.
To obtain their weight, faeces were dried (105°C),
ground, and sifted to 0.4 mm.

2.1. Analytical methods

The IDF in diets and faeces was measured following
the official method of AOAC (1990) according to the
Prosky, Asp, Schweizer, De Vries, and Furda (1988),
using the Sigma C.A. kit. The humidity and the protein
(Nx6.25) in diets and faeces were analysed according to
the techniques of AOAC (1990). AB reagents were ana-
lytical grade.

The apparent digestibility of the protein, as well as of
IDF, was calculated as the difference between the intake
and the excretion in faeces and are expressed as a per-
centage of the intake:

[(intake — excretion)/intake] x 100.

This calculation was done during the second, third and
fourth weeks of the experiment.

2.2. Statistical methods

The mean and standard deviation for each group
were calculated and were compared using the one-way
ANOVA, with the Turkey—Kramer test to evaluate dif-
ferences among the groups. The results were considered
statistically significant when p <0.05.

3. Results and discussion

The addition of IDF did not have any effect on the
weight of growing rats, nor the median of the food

Table 1

Composition of diets (g/100 g dry diet)

Ingredients Fibre-free IDE-OPFFF IDF-OPFFF IDF—cellulose IDF—cellulose
diet 5% 10% 5% 10%

Protein 20 20 20 20 20

DL-Methionine 0.3 0.3 0.3 0.3 0.3

Corn oil 5.0 5.0 5.0 5.0 5.0

IDF-OPFFF - 5.0 10.0 — —

IDF—cellulose - - - 5.0 10.0

Mineral mixture 3.5 3.5 3.5 3.5 3.5

(AIN 76)

Vitamin mixture 1.0 1.0 1.0 1.0 1.0

(AIN 76)

Choline bitartrate 0.2 0.2 0.2 0.2 0.2

Corn starch 70 65 60 65 60

AIN, American Institute of Nutrition (1977); IDF, insoluble dietary fibre; OPFFF, oil palm fat-free flour.
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ingested during the observation period of the experi-
ment (Table 2). The weight gain was similar in all the
groups receiving IDF when compared to the fibre-free
diet group. These results were close to those reported by
Bravo et al. (1992) with apple pulp dietetic fibre and
by Nyman, Schweizer, Tyren, Reiman, and Asp (1990)
with high fibre content vegetables (carrots, peas, Brus-
sels sprouts and green beans). Nevertheless, it has been
reported that diets supplemented with dietetic fibre
reduce the density of metabolizable energy so that the
voluntary intake of food increases to adjust to the
caloric requirements (Lopez-Guisa, Harned, Dibielzig,
Rao, & Marlett, 1988).

A statistically significant increase of faecal mass,
produced as a consequence of the IDF quantity, is
clearly observed (Table 3). The OPFFF-IDF increased
the dried faecal mass from 3.3 to 4.7 g/day, when the
IDF was raised in the diets from 5 to 10%, respectively.
This increase was less (3.1-4 g/day) in the animals that
had diets with 5-10% of cellulose IDF when compared
to the results of fibre-free diets. Rats fed with 10% of
wheat or rice bran dietetic fibre for 21 days, showed an
increase in the faecal mass of 258 and 217%, respec-
tively (Gestel, Besancon, & Rovanet, 1994). Linear
correlations between the intake of dietetic fibre and
faecal mass have been reported (Cummings, Bingham,
Heaton, & Eastwood, 1992; Hansen, Bach, Knudsen, &
Eggum, 1992; Hillman, Peters, Fischer, & Pomare,
1981; Prynne & Southgate, 1979) even though this
increment can depend on the type of diet and the origin

Table 2
Effect of oil palm fat-free flour (OPFFF), insoluble dietetary fibre
(IDF), and cellulose IDF on growth and food intake in rats

Dietary group Initial Weight Food
weight® increase (g)* intake (g day—!)?

Fibre-free 235+20 38.5+3.7 148+1.2
OPFFF-IDF 5% 228 +£25  38.8+4.2 14.6+£1.8
OPFFF-IDF 10% 230+£22  39.3+4.3 15.0+1.6
Cellulose IDF 5% 237+21 38.1+£3.3 145+1.4
Cellulose IDF 10% 232+27 389+4.4 15.3+1.7

Values represent mean + standard deviation; n=_8 rats/group.
4 Not significantly different.

of the dietetic fibre (Edwards & Eastwood, 1995). The
average daily intake of water was similar in all the
groups (p <0.05) but the humidity of the faeces showed
significant differences according to the type of diet and
increased with the quantity of insoluble dietetic fibre
in the food. The faecal mass increase could be due to
several factors. IDF from OPFFF produced a major
increase in water content in faeces, from 0.82 to 1.51 g/
day for the rats that were on diets with 5 and 10% IDF,
respectively, compared with the fibre-free diet (0.29 g/
day). Rats fed with cellulose had less water content in
their faeces (0.69—-1.08 g/day), showing that cellulose has
a very low affinity for water, as had been previously
demonstrated. This study corroborates previous obser-
vations which suggest that the greater the retention of
water (caused by IDF intake), the greater the increase in
the faeces weight (Robertson & Eastwood, 1981).
Faecal mass increase could also be linked to the pre-
sence of IDF in the faeces. The diets with more IDF
presented in significantly higher contents of IDF in the
faeces (Table 4). The apparent digestibility of IDF from
OPFFF (34.5%) was greater than that of cellulose
(22.5%) and it does not seem to be related to the level of
IDF. Analysis of the data indicates a great resistance to
bacterial fermentation in the colon of rats fed with both
insoluble fibres studied. Previous publications explain
that low fermentation fibres like wheat bran, increase
the faecal mass and that more fibre is found in the

Table 3
Effect of OPFFF-IDF and cellulose IDF on the faecal weight,
humidity in faeces and water intake in rats

Dietary group Faecal weight Humidity of Water intake

(dry) (g/day) faeces (g/day)  (ml/day)*
Fibre-free 1.540.18d>  0.29+0.05¢P 31.5+3.2
OPFFF-IDF 5% 3.34+0.31c 0.82+0.14¢ 31.8+3.5
OPFFF-IDF 10% 4.78 +0.45a 1.51+0.21a 32.2+4.1
Cellulose IDF 5% 3.14+0.22¢ 0.69+£0.15d 32.0+3.8
Cellulose IDF 10% 4.05+0.27b 1.08 +0.20b 32.4+3.7

Values represent means=+standard deviation; n=8 rats/group.
OPFFF, oil palm fat-free flour; IDF, insoluble dietary fibre.

2 Values not statistically different.

> Values with different letters are significantly different at p <0.05.

Table 4

Apparent digestibility coefficient (ADC) of OPFFF-IDF, cellulose-IDF and protein

Dietary group IDF intake IDF excreted ADC-IDF Protein intake Protein excreted ADC-protein
(g/day) (g/day) (g/day)” (g/day) (%)

OPFFF-IDF 5% 83+£0.02b° 0.55+0.02d 34.10+£2.6a 2.924+0.41 0.3£0.02¢ 88.7+1.5a

OPFF-IDF 10% 1.61+£0.08a 1.00+0.09b 35.40+2.3a 3.00+0.25 0.44 +0.09a 85.4+2.5¢b

Cellulose IDF 5% 0.85+0.12b 0.67+0.02¢ 22.20+1.8b 2.90+0.37 0.29£0.04c 90.0+£2.3a

Cellulose IDF 10% 1.58 £0.05a 1.24+0.10a 21.50+2.0b 3.06+0.32 0.40 +0.05b 87.0+2.1b

Values represent mean =+ standard deviation of 8 rats/group. OPFF, oil palm fat-free flour; IDF, insoluble dietary fibre.

2 Values not statistically different.
® Values with different letters are significantly different at p <0.05.
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faeces (Wrick et al., 1983). On the other hand, highly
fermented fibres increase the faecal mass because there
is an increase in the bacterial mass (Cummings et al.,
1978; Stephen, 1987). A correlation between fibre
digestibility and the capacity of increasing the faecal
mass has been observed (Hansen et al., 1992). When the
apparent digestibility coefficient (ADC) of the protein
was studied, significant differences were shown among
the groups. As the level of IDF from OPFFF increased
from 5 to 10%, the apparent digestibility of the protein
decreased from 88.7 to 85.4%, respectively, and for the
cellulose IDF it decreased from 90% at 5% to 87% at
10%. Compared to the OPFFF 5% diet, the cellulose
IDF 5% does not significantly affect the digestibility of
the protein. This effect has been observed with other
types of dietetic fibre and many explanations have been
offered. For some researchers it is due to the nitrogen
indigestibility of the dietetic fibre (Van Soest, 1985)
while others think it is caused by the increase of bacter-
ial nitrogen in the faeces (Stephen, 1987; Stephen &
Cummings, 1980). Other studies suggest that fibre
blocks the access of digestive enzymes to absorbable
compounds (Onning & Asp, 1995). In this study, the
increase of nitrogen that was excreted might be caused
by some compound associated with the OPFFF-IDF,
and it might also be said that this IDF could decrease
the activity of proteolytic enzymes, therefore decreasing
the apparent digestibility of the protein. The absence of
trypsin inhibitors in defatted oil palm flour (Pacheco-
Delahaye, 1996) has been reported.

The main conclusions in this study are that OPFFF—
IDF does not affect the growth or food and water
intake in adult rats, but it causes a considerable increase
in the mass, water content, and insoluble fibre of the
faeces. Therefore, it has little fermentation and low
apparent digestibility. The apparent digestibility of the
protein tended to decrease with the oil palm fat-free
flour insoluble dietary fibre than with the cellulose
which may be related.

Acknowledgements

This study was financially supported by CONICIT,
project grant S1-2266 and CDCH project grant 0137-
331094.

References

Adiotomre, J., Eastwood, M. A., Edwards, C. A., & Brydon, G. W.
(1990). Dietary fiber in vitro methods that anticipate nutrition and
metabolic activity in humans. Am. J. Clin. Nutr., 52, 128-134.

Anderson, J. W., Deakins, D. A., Floore, T. L., Smith, B. M., &
Whitis, S. E. (1990). Dietary fiber and coronary heart disease. Crit.
Rev. Food Sci. Nutr., 29, 95-147.

AOAC (1990). Official methods of analysis (15th ed.). Washington
DC: Association of Official Analytical Chemists.

Bravo, L., Saura-Calixto, & Goni, F. 1. (1992). Effects of dietary fiber
and tannins from apple pulp on the composition of faeces in rats.
Br. J. Nutr., 67, 463-473.

Brow, N. J., Worldeng, J., Rumsey, R. D., & Read, N. W. (1988). The
effect of guar gum on the distribution of a radiosabelled meal in the
gastrointestinal tract of the rat. Br. J. Nutr., 59, 223-231.

Burkitt, D. P. (1969). Related disease—related cause? Lancet, 2, 1229—
1231.

Cummings, J. H., Bingham, S. A., Heaton, K. W., & Eastwood, M. A.
(1992). Faecal weight, colon cancer risk and dietary intake of non-
starch polysaccharides (dietary fiber). Gastroenterology, 103, 1783—
1789.

Cummings, J. H., Branch, W., Jenkins, D. J., Southgate, D. A.,
Houston, H., & James, W. P. (1978). Colonic response to dietary
fiber from carrot, cabbage, apple, bran and guar gum. Lancet, 1, 5-9.

Eastwood, M. A., Brydon, W. G., & Anderson, D. M. (1986). The
effect of the polysaccharide composition and structure of dietary
fibers on cecal fermentation and fecal excretion. Am. J. Clin. Nutr.,
44, 51-55.

Eastwood, M. A., & Morris, E. R. (1992). Physical properties of dietary
fiber that influence physiological functions—a model for polymers
along the gastrointestinal tract. Am. J. Clin. Nutr., 55, 436-442.

Edwards, C. A., & Eastwood, M. A. (1995). Caecal and fecal short-
chain fatty acids and stool output in rats fed on diets containing non
starch polysaccharides. Br. J. Nutr., 73, 773-781.

Gestel, G., Besancon, P., & Rouanet, J. M. (1994). Comparative eva-
luation of the effects of two different forms of dietary fiber (rice bran
vs wheat bran) on rat colonic mucose and fecal microflora. Ann.
Nutr. Metab., 38, 249-256.

Hansen, 1., Bach Knudsen, K. E., & Eggum, B. O. (1992). Gastro-
intestinal implications in the rat of wheat bran oat bran and pea
fibre. Br. J. Nutr., 68, 451-462.

Hillman, L., Peters, S., Fischer, A., & Pomare, E. W. (1983). Different
effects of pectine, cellulose and lignin on stool pH, transit time and
weight. Br. J. Nutr., 50, 189-195.

Holt, S., Heading, R. C., Carter, D. C., Prescott, L. F., & Totlhill, P.
(1979). Effect of gel fiber on gastric emptying and absortion of glu-
cose and paracetamol. Lancet, 1, 636-641.

Kelsay, J. L. (1978). A review of research on effects of fiber intake on
man. Am. J. Clin. Nutr., 31, 142-159.

Larsen, F. M., Wilson, M. N., & Moughan, P. J. (1994). Dietary fiber
viscosity and aminoacid digestibility, proteolytic digestive enzyme
activity and digestive organ weights in growing rats. J. Nutr., 124,
833-841.

Lopez-Guisa, J. M., Harned, M. C., Dibielzig, R., Rao, S. C, &
Marlett, J. A. (1988). Processed oat hulls as potential dietary fiber
sources in rat. J. Nutr., 118, 953-962.

Mendeloff, A. I. (1987). Dietary fiber and gastrointestinal disease. 4m.
J. Clin. Nutr., 45, 1267-1270.

Nyman, M., Schweizer, T. F., Tyren, S., Reiman, S., & Asp, N.-G.
(1990). Fermentation of vegetable fiber in the intestinal tract of rats
and effects on fecal bulking and bile acid excretion. J. Nutr., 120,
455-466.

Onning, G., & Asp, N.-G. (1995). Effect of oat saponins and different
types of dietary fiber on digestion of carbohydrates. Br. J. Nutr., 74,
229-237.

Pacheco-Delahaye, E. (1996). Chemical and nutritional evaluation of
the fat-free palm Kernel. Palmas, 17(1), 57-60.

Pacheco-Delahaye, E., Cedres, M., Alvarado, A., & Cioccia, A.
(1994). Wheat bran substitution by defatted palm meal flour in fiber
rich cookies and bread elaboration. Arch. Lat. Nutr., 44, 122—-128.

Pasquier, B., Armand, M., Guillon, F., Castelain, Ch., Borel, R.,
Barry, J. L., Pieroni, G., & Lairon, D. (1996). Viscous soluble
dietary fibers alter emulsification and lipolysis of triacylgycerols in
duodenal medium in vitro. J. Nutr. Biochem., 7, 293-302.

Prosky, L., Asp, N.-G., Schweizer, T. F., De Vries, J. M., & Furda, 1.
(1988). Determination of insoluble, soluble and total dietary fiber



E. Pacheco-Delahaye | Food Chemistry 65 (1999) 433—437 437

on food products: interlaboratory study. Journal of the Association
of Official Analytical Chemists, 71, 1017-1023.

Prynne, C. J., & Southgate, D. A. (1979). The effects of supplement of
dietary fiber on fecal excretion by human subjects. Br. J. Nutr., 41,
495-503.

Rainbird, A. L., & Low, A. G. (1986). Effect of various types of diet-
ary fiber on gastric emptying in growing pigs. Br. J. Nutr., 55,
111-121.

Robertson, J. A., & Eastwood, M. A. (1981). An investigation of the
experimental condition which could affect water holding capacity of
dietary fiber. J. Sci. Food Agric., 32, 819-825.

Schneeman, B. O. (1990). Carbohydrates: significance for energy bal-
ance and gastrointestinal funtion. J. Nutr., 124, 1747-1753.

Stephen, A. M. (1987). Dietary fiber on colonic nitrogen metabolism.
Scandinavian Journal of Gastroenterology, 22, 110—-115.

Stephen, A. M., & Cummings, J. H. (1980). Mechanism of action of
dietary fiber in the human colon. Nature, 284, 283-284.

Todd, P. A., Benfield, P., & Goa, K. L. (1990). Guar gum; a review of
its pharmacological properties, and use as a dietary adjunct in
hypercholesterolaemia. Drugs, 39, 917-928.

Trowell, H. (1976). Definition of dietary fiber and hypotheses that it
is a protective factor in certain diseases. Am. J. Clin. Nutr., 29,
417-427.

Van Soest, P. J. (1985). Definition of fiber in animal feeds. In W.
Haresing, & D. J. A. Cole (Eds.), Recent advances in animal nutrition
(pp-. 55-70). London.

Wrick, K. I., Robertson, J. B., Van Soest, P. J., Lewis, B. A., Rivers, J.
M., Roe, D. A., & Hackler, L. R. (1983). The influence of dietary
fiber source on human intestinal transit and stool output. J. Nutr.,
113, 1464-1479.



