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BENEFI TS OF DI ETARY FIBRE FOR HUNVANS
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University of New Engl and
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If one could select a topic in human nutrition that has
aroused great interest in the community in recent years it is the
consideration of dietary fibre.

With increased affluence in Western Society where dietary
habits are | argely centred upon succul ent, high energy, and usually |ow
fibre foods, that normally have a high level of acceptance and
pal atability, the concept of fibre in nutrition appears to be a
retrograde step. But there is now convincing epidenological evidence
that the increasing incidence of several common non-infective diseases
may be related to the small ampunts of fibre in the diet. Thus fibre
appears to play a central role in gut function and in maintaining man's
health (Burkitt & Trowell, 1975)

Dietary fibre, roughage or 'bulk' is the collective term for
the intestinally indigestible components of food, mainly of poly-
saccharides in origin. Distinction should be nade between dietary
fibre which is essentially the constituents of the cell wall, and
crude fibre a very old system (Weende) of placing the carbohydrate
fraction of foods into arbitary categories (Van Soest, 1963)

There is much discussion as to whether total daily intake of
dietary fibre has dininished over the past one hundred years or whether
the sources of fibre have changed. Robertson (1972) suggested that the
contribution from grain products has declined from 25 to 13% in the
British diet; while that of fruit, vegetable and nuts has increased.
Asimlar trend was reported in Australia by Heywood (1975).
Unfortunately neither author appears to recognise that during the |ast
100 years daily energy intake has increased, thus dietary fibre
expressed as mg/kJ has probably decli ned.

Dr. Denis Burkitt, an Irish surgeon, was one of the first to
i ncrease our awareness of the immortance of fibre in western diets. He
pointed out that in advanced western societies there exists diseases of
unknown causation and are apparently rare or unknown in communities
that have departed least fromtraditional dietary patterns. Most
common of these conditions is constipation, followed by diverticular
di sease, appendicitis, cancer of the colon, varicose veins, gallstones
haenorrhoi ds, diabetes, obesity and atherosclerosis. At |east 50% of
the British population is troubled by constipation (Tunaley, 1974),
and probably in Australia there is a simlar high incidence.

There are several known effects of a diet high in fibre.
Firstly, there is increased transit tinme of food through the digestive
tract reported by Burkitt et al, (1972). This may be due to the
wat er hol ding capacity of fibre, and to increased peristalsis which is
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thought to occur on such diets. Usually high fibre diets are low in
energy and in fat content. But excretion of bile acids, which is
important in fat absorption, is apparently increased in the presence
of dietary fibre since vegetable fibre can absorb bhile acids in its
capacity as an adsorber of organic compounds (Eastwood, 1973).

Chol esterol, a precursor of bile acids, is therefore required in large
amounts, consequently serum cholesterol levels may fall.

There are other good reasons underlying the beneficial effects
of dietary fibre. Eastwood (1973) has sunmarised several of the
physical characteristics of plant fibre. Several of the polysacca-
harides in fibre can act as cation exchangers, in that they bind heavy
metals. Eastwood & Mtchell (1976) showed that subjects receiving 16 g
of bran each day significantly increased the daily faecal excretion
of Na, K, My and to a lesser extent Ca. COher characteristics of
vegetable fibre are in the formation of a gel filtration system and as
a bacterial sieve. Although the full inplications of these character-
istics are not well understood, it has been suggested that toxins and
carcinogens of bacterial origin are less likely to be elaborated on high
fibre diets, consequently cancer of the large bowel may be reduced (H Il
et al.. 1971).

On the other hand the whole wheat flour conpared with white
flour contains substantial quantities of phytic acid which can reduce
availability of inmportant mineral elements, in particular calcium zinc
and iron. Thus it nust be stressed that dietary fibre is not a panacea
for all ills. For exanple niller's bran, in the treatnment of 'irritable
bowel syndrome', was successful in inproving the condition of only a
mnority of patients (Soltoft et al., 1976). Luy (1976) discussed nany
of the theories put forward by Burkitt, and reports comments of emminent
surgeons who are extremely cautious about the usefulness of dietary
fibre in preventing many of the non-infective diseases which Burkitt
clains are associated with low |l evels of fibre in Western diets. Thus
there is a lack of consistency in results of experinents with fibre both
in its capacity to reduce blood cholesterol levels, as well as its
effects on the apparent digestibility of major chem cal conponents in the
diet. Oten these inconsistencies may have stemmed from the conposition
of the dietary fibre, as well as the influences of the food ingredients
present in the experinental diets. Oher studies appear to fall short
of their objectives by failing to adequately control such factors as
dietary variables or by enploying unusual situations or unrepresentative
popul ati on sanpl es.

Prior to the nmajor experiment to be described, we analysed
several common foods to determine their fibre content, and to categorise
the various conponents in fibre. There is much discussion as to the
“active' conponents in fibre which provide the beneficial effect in
reducing the incidence of disease. The results are shown in Table 1.

Unprocessed and natural bran are sinilar in conposition and
are a nore concentrated source of fibre than the comercially available
breakfast cereals (San Bran and All-Bran). These contain a number of
added ingredients to inmprove acceptability. Celery is a very useful
source of dietary fibre the majority of which is as cellulose. The two
varieties of bread tested contained substantial quantities of total
fibre.
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Table 1. Conparison of the conposition of fibre from different food
sources on a dry matter basis. (Grle & Farrell
unpubl i shed data).

Food % % Hemi- % Lignin 7% Total +
Cellulose Cellulose Dietary Fibre
Unprocessed bran 15.3 38.0 3.5 56.8
Natural bran 12.5 39.9 3.5 55.9
All bran 7.7 23.0 2.5 33.2
San Bran 8.6 26.7 2.1 37.4
Rolled oats 0.7 .3 0.9 7.9
Vogel bread 1.5 8.1 0.6 10.2
Pilgrim's 7-grain 1.7 6.4 0.8 8.9
bread
Unpeeled potato 2.2 4.0 0.3 6.5
Celery 17.8 1.6 1.1 20.5

cell wall constituents of van Soest

Experinment to determ ne sone effects of dietary fibre in hunans

The fifteen male subjects were all apparently healthy and aged
from 27 to 46. From their height and weight neasurenents for age none
of the subjects could be considered obese. The range of weights was
from72 to 88 kg with a mean of 77 kg

The study was divided into two distinct periods and within
each period there was a nodified adaptation period, a strict adaptation
period, and an experinental period. Subjects in the first mmjor period
were disallowed specific foods high in fibre for 2 weeks. They were
then prescribed two nenus which they alternated on a daily basis for
four days and for the last four days they were on a single nenu. Al
food was weighed out and certain ingredients were provided to each
subject. 'Chromc oxide capsules (400 ng) were taken by sone of the
subjects thrice daily. Al subjects took a gelatin capsule of 600 ng
of carmne at the start of the four day period in order to identify
stools from the experinmental diet. A carmne capsule was taken after
the final neal at the end of Day 4. Thus digestibility was determ ned
intw ways: a) by total collection for all subjects using carnine as
a marker to identify the start and finish of the experinmental nenu, and
b) chromic oxide for six subjects.

The second experinental period was sinmilar to the first in
that there was a prelimnary period, but this was of four weeks when
the subjects were placed on a high fibre diet which included 12 g of
bran each day. This was followed by the strict adaptation and
experimental period of the same duration as previously. In this
second experinental period whole neal bread, Al-Bran or Miesli, a
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Table 2. Apparent digestibility of dietary conmponents by 13
experimental subjects on a |low and high dietary fibre regine,
and 2 control subjects on the low fibre reginme continuously.

Low Fibre High Fibre
. at b
Experimental 94.7+0.3 91.5+0.3
DRY MATTER
Control 94.3% 94.8%
Experimental 94.7+0.32 92.4:0.4°
ENERGY
Control 94.8+0.5 93.9+1.3
. a b
Experimental 79.6°+0.9 72.7°£1.3
ASH
Control 79.4%44.0 75.4%¢5
Experimental 90.7%40.7 89.2%40.5
NITROGEN s
Control 90.8%+0.6 88.7°t1.6
Experimental 97.1%+0.2 96.8+0.3
FAT a a
Control 97.6 0.8 96.6 0.7

+, a, b values within a column with the same surerscript are not
different (P>0.05). :

Table 3. Blood components of 13 experimental subjects on the low and
high fibre dietary regimes, and of 2 control subjects on the
low fibre regime continuously. Period 1 is pre-experimental,
Period 2 is the low fibre, and Period 3 is the high fibre
regime.

CHOLESTEROL (g/L) TRIGLYCERIDES (mg/100 ml)
Experimentals Controls Experimentals Controls
PERIOD 1 1.42%" 1.85%£0.3 74272 147251
2 1.69° 1.71%%+0.24 49+5° 982439
3 1.392 1.35° +0.29 4544 63%:21
+, a, b values within a column with the same superscript are not

different (P>0.05).




85

range of fruit and vegetables, in addition to the 12 g/day of bran, were
prescribed in the nmenu

Throughout this experiment subjects were encouraged to eat
butter rather than nargarine, at |east one egg a day, with a regular
serving of nmeat,daily,to provide a significant anount of saturated fat.
All subjects took the Cr203 capsules thrice daily for the last seven
days of the experinmental period

It was calculated that the experinmental diets provided daily
2,800 kcal. This was 100 kcal | ess than the recommended al | owance for
an Australian man of 25 years of age weighing 75 kp.  About 35% of the
energy came from fat and oil

Two of the fifteen subjects acted as controls in that they
remained on the low fibre regime throughout the experinental period.

Bl ood samples were taken a) initially, b) at the end of the
low fibre period, and c¢) at the end of the high fibre period.

The determ ned neutral detergent fibre was 6.6%, and the acid
detergent fiber 2.9%, on the low fibre exverimental diet (500 g/d), and
12.9% and 6%, respectively on the high fibre diet (535 g/d) providing
2.66 Mcal and 2.89 Mcal of gross energy, respectively. The main
results of these studies are given in Tables 2 and 3. The increase in
dietary fibre significantly decreased the apparent dry nmatter digest-
ibility, energy, ash, nitroren but not fat (Table 2). Although there
was variation between these parameters in the two control subjects, no
significant difference was observed during the two experinental periods

Chol esterol concentrations in plasma increased on the |ow
fibre diet, and declined to the initial low levels on the high fibre
diet. While the values for the controls continued to decline
Triglycerides for both the experinental and the control subjects
declined substantially fromthe initial value but showed no further
change when subjects were on the high fibre diet in Period 3

On the basis of dry matter digestibility coefficients it can
be calculated that addition of dietary fibre in the second reginmen
should have contributed about 135 g to faecal dry nmatter for the 4 d
period assuming zero digestibility, but the dry matter excretion
increased by only 84 g, about 9 g of this could be attributed to the
additional daily dry matter intake of 35 g on the high fibre diet.

Thus a considerable amount of the dietary fibre was apparently digested.

Mancini et al, (1973) maintained that plasma triglyceride
| evel s above 1.6 g/l are abnornmal. Thus, the nean values for all neriods
for both the experinental and control subjects were always below this
value (Table 3). The significant reduction in triglyceride |evels
observed after Period 1 may perhaps be attributed to the |ow daily
energy intake which was about 150 kcal per day less in Period 2 than
that recommended, and in Period 3 the reduced digestibility of the diet
would probably have resulted in a simlar energy deficit. The nrelim-
inary results of this study confirmin many respects those reported
previously, in that plasma chol esterol |evels were reduced when fibre
was added to the diet, however the diet used in this study was high in
fat, particularly in saturated fat, and under these circunstances bran
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appears to have an overriding effect on cholesterol |evels. But
suppression of fat digestion per se does not appear to be the underlying
cause. Fat was the only mgjor chenical conponent, whose digestibility
was not significantly reduced as a consequence of changing froma low to
a high fibre regime. Southgate and Durnin (1970) showed that only in
young nmen and wonmen was digestibility of fat reduced on diets high in
fibre, but not in the elderly. Mendeloff (1975) also reported that
dietary fibre had little effect on fat digestion. On the other hand,
the rather small but significant decline in digestibility coefficients
of the other conponents examined are in agreement with much published
data. However the addition of bran did not further depress triglyceride
levels in plasma following an initial fall which was perhaps attributed
to a reduction in total energy intake by subjects during the experi-
mental period. Large anounts of wheat bran (18-100 g¢g/d) have reduced
triglyceride levels (Heaton and Ponore, 1974) but this amount would be
considered to be outside the normal range and is perhaps "unphysiolog-
ical".

Any conparison between results of this study and those
published on effects of dietary fibre on the various paraneters is
difficult. Confusion nust arise from the different conponents that
make up dietary fibre in the various menus, the actual physical charac-
teristics of the fibre, as well as the other ingredients present.

Al'though the clinical evidence is substantial to support the
general concept that dietary fibre or "bulk" is beneficial to health,
and that western diets are generally low in this conponent, the under-
lying reasons supporting this evidence are little known.
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