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Progress report

Dietary fibre

Although an important component of animal feeds, fibre has for long been
considered an insignificant part of our diet. Recent advances in our knowledge
of its chemistry', coupled with some epidemiological2'3'4 observations have
led to the suggestion that it plays an essential role in the gut and in maintain-
ing man's health. A relative lack of fibre in the diet of the 'Western' world
has been linked with the increasing incidence of several common diseases5'6'7,
and has provoked comment on the radio, television, and in the press8. Fibre
is not an inert, unpalatable substance which passes unchanged through the
gut, but a group of compounds with physical, chemical, and metabolic
properties which significantly alter gastrointestinal function.

Definition

Dietary fibre has been defined as that part of plant material taken in our diet
which is resistant to digestion by the secretions of the human gastrointestinal
tract9. It comprises a heterogeneous group of carbohydrate compounds
including cellulose and the hemicelluloses and a non-carbohydrate substance
lignin. These substances form the structure of plants being present in the cell
walls of all parts including the leaf, stem, root, and seed. McCance and
Lawrence'0 called this fraction of the diet the 'unavailable carbohydrate',
although it is not strictly unavailable or entirely carbohydrate.
The term 'dietary fibre' is not synonymous with 'crude fibre', which is a

time-honoured and internationally accepted term used to define the fibre
content of foodstuffs". Crude fibre, as defined by the association of Official
Analytical Chemists12 is the residue of a feeding material after treatment with
boiling sulphuric acid, sodium hydroxide, water, alcohol, and ether. It is a
measure of the cellulose and lignin content mainly. The basis of this method
was originally described by Hennenburg and Stohmann13 in 1860 and came
to be known as the Weende method after the town in Germany where it
originated. However, it has been recognized for many years that this method
underestimates the total amount of fibre in food by up to 50% 4,15. The
difference between crude fibre and dietary fibre arises because during the
Weende procedure the water- and alkali-soluble hemicelluloses are extracted
and therefore not measured. Trowell has suggested that it is dietary fibre
and not crude fibre that protects against disease.

Intake

In Britain crude fibre intake is between 4 and 8 g/day7"16 whilst in the United
States intakes of about 8 to 11 g/day are reported17. True dietary fibre intakes
are, however, very difficult to estimate as current tables of the composition
of food either do not give fibre content'8 or use the crude fibre value'9'20
which gives only a relative idea of the total fibre content. Dietary fibre intakes
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may be five or six times the crude fibre intake, for, as Southgate1 noted,
whole wheat flour contains 11.2% of unavailable carbohydrate compared
with only 2-3% crude fibre20. From the work of Southgate and Durnin21
one may deduce that an unavailable carbohydrate intake, ie, dietary fibre
intake, of between 16 and 28 g/day would be average in Britain. No surveys
of dietary fibre intakes have been reported and true dietary fibre intakes are
unknown. Variation within the community probably occurs as high crude
fibre intakes are found in vegetarians17 (12-24 g/day crude fibre) especially
those living in religious communities22 (22-35 g/day crude fibre). Total fibre
intake is small compared with other components of the diet despite the fact
that plants contain appreciable quantities of these substances. However,
most of the fibre is removed from our bread and cereals by milling whilst
peeling and boiling reduce the intake from vegetables and fruit. A normal
helping of one of the 'high-fibre' breakfast cereals such as Kelloggs All-Bran
contains enough fibre to double our daily intake.
Much of the present interest in the role of dietary fibre in disease stems

from the suggestion that both the source and amount of our fibre intake has
changed during the past 100 years. The source has certainly changed. In
Britain in 1835 flour consumption was around 360 lb per person per year23,
by 1880 it had fallen to 280 lb24, and in 1970 to 145 lb16. Not only has flour
consumption fallen but it has been suggested that its fibre content has also
gone down over a similar period as a result of a change in the milling pro-
cesses. In 1880 flour refining changed from stone-grinding to roller-milling.
During the milling process flour is 'extracted' from whole wheat leaving
behind mainly bran. Stone-ground flour is an 80% extract of wheat and so
contains more fibre than the roller-milled flour which is a 70% extract25.
The impact of this change in the milling process on the fibre content of flour
has probably been overemphasized for, as Jones25 points out, flour which is
an 80% extract has already had most of the fibre removed from it, further
extraction depending on the removal of material other than fibre from the
flour.
At the same time as flour consumption fell so did our intake of potatoes

from 296 lb in 1880 to 224 lb per person per year in 197016. Concurrently,
however, fruit and vegetable intakes rose and in fact doubled from 146 lb
to 273 lb between 1909 and 197016,26. Similar changes have been noted for
all these items in the USA, Norway, and Holland.26 Overall then, as Robert-
son16 has suggested, total fibre intake may not have changed. Today we rely
mainly on fruit, vegetables, and nuts for fibre whereas bread and cereal
products contribute only about 13%16. Our Victorian forbears probably
ate less vegetables and more bread. These changes in fibre intake cannot be
considered in isolation from alterations in the rest of our diet. Over this same
period equally significant changes have occurred in other components,
including a striking increase in the consumption of both sugar3'27 and fat26.

Important geographical differences in fibre intake have been recorded
and these form a further basis for interest in the role of dietary fibre in
disease. Cleave, Campbell, and Painter3 noted a high fibre intake in rural
Africans, such as the Zulus, most of their diet consisting of maize and beans.
This has also been observed by Trowell2 and Walker28 and recently confirmed
by Lubbe29. Lubbe compared crude fibre intake in 266 rural and 241 urban
Venda males by taking dietary histories, weighing the food, and performing
some chemical analyses. The mean crude fibre intake was 24.8 g/day in the
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rural population as against 5.7 g/day in the town. Apart from the African
no other races have been so closely observed and no real attempt to quantitate
differences in fibre intake at the international level has been made.

Chemistry30-33 (Table)

Dietary fibre is a mixture of high molecular weight polymers. The main
structural units of the carbohydrate component are a variety of mono-
saccharides whereas lignin is made up of phenyl-propane units. The amount
of lignin present increases with the age of the cell (lignification) and is found
in close association with the carbohydrate components. Cellulose is the best
known constituent of fibre and is the most abundant organic compound
found in nature. It is composed entirely of straight chains of 1-4 ,B linked
D-glucose molecules which form fibres and take up water and swell. The
hemicelluloses were originally thought to be cellulose precursors but they
are not and are inappropriately named as they bear little structural relation
to cellulose. They are a mixture of linear and highly branched polysaccharides
composed most often of xylose units frequently substituted with galactose,
glucose, mannose, arabinose, and other sugars. The B hemicelluloses, or
acid hemicelluloses, contain uronic acids as galacturonic or glucuronic acid
in addition to the hexose and pentose sugars. Sometimes classed with the
hemicelluloses are the pectic substances. These include the plant gums and
mucilages which are amorphous compounds as opposed to the other more
fibrous polysaccharides. Pectin is an important constituent of the cell wall
and characteristically forms a gel on heating with sugars, as in jam making.

Fractionation and analysis of even the broad groups of constituents of
fibre is difficult and time consuming. A practical scheme for this which can be
completed for 'several samples' in 'just over five working days' has been set
out by Southgate1.

Main Group Class Primary Unit

Carbohydrate Cellulose Glucose
Hemicellulose A Xylose

Galactose
Glucose
Mannose
Arabinose

B 'Acid hemicelluloses' contain uronic acids
in addition

Pectic substances Mainly galacturonic acid
Non-carbohydrate Lignin Phenyl-propane

Table Components of dietary fibre

Physiology

Dietary fibre is an unimportant source of energy for even if completely
metabolized in the gut the potential energy yield from 25 g would be only
100 calories. However, fibre may affect the digestibility of other components
of the diet since fat and nitrogen excretion have been shown to increase with
high fibre intakes21. Fibre is metabolized by bacteria as it passes through the
gut and is thought to exert a significant effect on faecal volume, laxation,
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intestinal transit time, flatus production, bacterial metabolism, and the
output of organic anions such as bile salts and short chain fatty acids.

DIGESTIBILITY
Mangold34 in 1936 reviewing the digestibility of crude fibre pointed out that
almost every animal including man had the capacity to digest fibre by virtue
of his intestinal bacteria. Most bacteria and protozoa contain 'cellulases'
which metabolize fibre to form short chain (or volatile) fatty acids (VFA),
water, carbon dioxide, and methane. This process provides a significant
energy source to both ruminants35 and animals with a large caecum36, as
they are able to absorb the short chain fatty acids. Man possesses cellulose-
splitting bacteria in his gut and excretes high concentrations of short chain
fatty acids in his faeces37, but it is not certain to what extent he is able to
absorb the short chain fatty acids. Wide variations in the amount of fibre
digested have been noted. The first major investigation in man was by
Williams and Olmsted38 (1936) who had earlier developed new methods for
the chemical identification of cellulose, hemicellulose, and lignin 4. In three
medical students they showed that on average 38 % (range 0-72%) of cellulose,
56% (0-90%) of hemicellulose, and 35% (0-72%) of lignin disappeared
during passage through the gut, and that in general more hemicellulose
disappeared than cellulose, with lignin disappearing least. Using similar
methods these results were confirmed both in children39, who seem to
metabolize fibre somewhat less, and in adults40. More recently Milton-
Thompson41 (1971) has shown with careful balance studies that 57% (13-85%)
of an 8.5 g/day intake of cellulose is metabolized during passage through the
gut, and Southgate and Durnin21 found similar amounts of cellulose and
hemicellulose being digested, with elderly subjects digesting more than young
adults. The apparent digestibility of lignin in the work of Williams and
Omsted38 has been criticized on methodological grounds42. Lignin is probably
almost indigestible42 and may well exert an inhibitory effect on the digestion
of other components of fibre. Agronomists are aware that lignin reduces the
digestibility of forage crops, probably by its capacity to encrust fibre and
form lignin-cellulose complexes43.

In man it has been suggested38 that the amount of lignin in food regulates
the digestibility of cellulose and hemicellulose. The wide variation in the
proportion of these substances digested probably depends on the relative
amounts of each present, the physical structure of the fibre, and on the
variable bacterial flora and time spent in the gut.

FAECAL OUTPUT AND BOWEL HABIT
It has long been known44'45 that adding fibre-containing foods to our diet
will increase faecal bulk and improve bowel habit although few have actually
measured this. Cowgill and Anderson (1932)46 fed 1-1 1 oz of bran, either
acid washed or unwashed, to five adults after a period on a low-fibre diet.
The mean daily faecal weight during the low-fibre period was 114 g/day
and with bran 193 g/day. Similarly Williams and Olmsted38 fed an assortment
of high-fibre preparations such as wheat bran, alfalfa leaf meal, and carrots
to three medical students, and noted increases in daily faecal output of up
to 100 g. More recently Eastwood et a147 have recorded significant increases
in the wet weight of stool in eight subjects when bran or cellulose was added
to their normal diet. In keeping with these experimental findings are the
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observations of Burkitt4 who noted daily faecal outputs of 470 g in 15
African villagers living on a high-fibre diet, 185 g/day in Africans on a
mixed diet, and 108 g/day in senior boys at an English public school. No
measurements of intake were reported.

Others48'49 have observed qualitative differences with high-fibre diets such
as softening of the stool, more frequent bowel habit, and increased flatus
production. Increased flatus has been noted after a high bean50 or brussel
sprout51 diet, and Davies52 has measured greater flatus production in normal
subjects on a high-residue diet than in those on a no-residue intake. The
effect of dietary fibre on intestinal gas composition is unknown.

TRANSIT
Transit time, the time taken for food residues to pass through the gut, is
shortened by dietary fibre. A classic early study of this problem by McCance,
Prior, and Widdowson53 showed in six normal people that brown bread
(1.82% crude fibre) mixed with barium left the stomach and passed through
the small intestine more rapidly, and left the colon 24 hours sooner than a
similar amount of white bread (0% crude fibre). Rural and urban Africans
have been studied with barium54, carmine55, and 'shapes'56. Walker56 noted
38-62% of Bantus passed all their 'shapes' in 48 hours whereas only 16% of
the group studied by Hinton et al57 of normal British male subjects did so.
Burkitt's6 rural Africans passed 80% of their 'shapes' in a mean of 35 hours
whilst 24 young Englishmen took a mean of 77 hours to do so. Controlled
studies in Africans are not available, and although there is general agreement
that transit is more rapid in these people this has been ascribed to differences
in their diet other than fibre58. A diet rich in maize not only contains a lot
of fibre but is relatively poorly digested and may hold large amounts of water
in the gut, thereby promoting more rapid transit.
More recently in Britain Harvey et al59 studied eight patients with colonic

'stasis' and found a decrease in transit time (80% 'shapes') from 102 to
68 hours after one to two months on a 'free' diet with added bran. No change
in transit time was recorded in four subjects without stasis. Eastwood et al47
have also reported no change in transit in eight normal subjects on their
usual diet with added bran or cellulose, despite an increase in faecal weight.
Full details of these studies are not yet available.

VOLATILE FATTY ACIDS
A clue to the way dietary fibre regulates faecal bulk and transit time may lie
in its relationship to volatile fatty acid production in the gut. Volatile fatty
acids (acetic, butyric, propionic) are the major anions of normal faeces37,
and at colonic pH they are 99 % ionized. As their lipid solubility is low they
are probably not absorbed and hence may act as osmotic cathartics. They
are thought to be responsible for the diarrhoea of sugar intolerance60'61
and some infant diarrhoeas62 and they may control faecal bulk in normal
people63. Feeding dietary fibre has been shown to increase stool volatile
fatty acid output at the same time as increasing faecal weight38. The origin
of volatile fatty acid in the stool is probably bacterial metabolism of un-
absorbed carbohydrates, hence dietary fibre is a ready source of volatile
fatty acids since a significant proportion of ingested fibre is metabolized.
However, if faecal weight is increased simply by giving a cathartic such as
magnesium sulphate volatile fatty acid output will rise64, and in diarrhoea,
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where faecal output varies for a number of reasons, the output increases
with increasing stool weight (unpublished observations).

MECHANISM OF INCREASED FAECAL WEIGHT
Clearly the presence of 10 to 15 g of dietary fibre in the faeces is not going to
have a significant effect on normal stool volume which may vary from day to
day between 50 and 200 g. Fibre may exert its effect in one or all of three ways.
The water-absorbing properties of fibre, particularly cellulose, are well
documented. Fibre may act as a simple bulking agent and by virtue of the
increase in bulk promote colonic peristalsis and faster transit. However, as
Williams and Olmsted38 point out, this is probably not the whole explanation,
for in their metabolic balance experiments each gram of fibre fed increased
the stool volume in some studies by 12 to 20 g which seems more than could
be accounted for by simple absorption of water alone. They noted also that
the increase in faecal weight correlated best with the amount of dietary fibre
being metabolized during passage through the gut. The main products of
the bacterial metabolism of fibre are the volatile fatty acids, and as these
may have a cathartic effect this could be an important factor in the increase
of faecal weight. Thirdly, the role of fibre in the small gut is largely unknown
but it is probable that substances such as bile salts and fatty acids are
sequestered by the fibre. Since the fibre is subsequently metabolized in the
colon these compounds will be released and may themselves exert a cathartic
effect65"6.

BILE SALTS
There is no general agreement as to whether dietary fibre binds bile salts in
man and causes an increase in their excretion67. Lignin, in vitro binds di- and
tri-hydroxy bile acids at acid pH probably by hydrophobic bonding68, but
in man 10 g daily did not alter the half-life of labelled taurocholate or affect
the composition of the bile69'710. Lignin has been used successfully to control
the diarrhoea of a patient who had had a massive intestinal resection7'
but in five patients who had postileal-resection diarrhoea its effect was not
significant statistically69. Adding cellulose to the diet of rats increases faecal
excretion of bile salts and their degradation products whilst shortening the
half-life of cholic acid72. Turnover times are not always altered by cellulose,
however73, although bile acid concentrations in the intestinal lumen are

increased74. In man the addition of cellulose to the diet has been shown
to increase faecal bile saltoutput75-77 whilst methyl cellulose is without
effect75. Studies using bran or varying the level of vegetable fibre intake have
given conflicting results. For example, Eastwood et a147 were unable to show
that bran enhanced the excretion of bile acids. In a long-term and com-

prehensive study of white and Bantu prisoners in South Africa in 196278
a crude fibre intake of 15 g/day was associated with significantly greater
bile salt outputs(3-21 g/week ±0-8 SD white: 2-75 g/week ± 0.45 SD Bantu)
than a 4 g/day intake (2.24 g/week ± 0.7 SD white:2-21 g/week ± 0.5 SD
Bantu) whilst on a low fat diet. There was a simultaneous increase in faecal
fat output. In the same study varying fibre intakes did not affect bile salt
excretion whilst on a high fat diet. Bile salt studies are still very method-
dependent which probably explains the discrepancies in some of this work.
Not only is it difficult to determine exactly which components of fibre bind
bile salts in man, but also to differentiate the effects of fibre from those of
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bacterial binding of bile salts and from any concurrent changes in transit
time and fat output.

Clinical Aspects of Fibre

The role that dietary fibre plays in the gut by increasing faecal bulk, shorten-
ing transit time, and altering the metabolism of bile salts has been linked
with epidemiological data to form a hypothesis which attributes the high
prevalence of a wide group of diseases to lack of fibre in the diet. These
'fibre-deficient' disorders include varicose veins, deep vein thrombosis and
haemorrhoids, diverticular disease of the colon, colonic cancer and polyps,
appendicitis, constipation and the irritable bowel syndrome, diabetes, dental
caries, atherosclerosis, and coronary artery disease.

CONSTIPATION
As a simple remedy for constipation the laxative value of high fibre diets
is undisputed and has been the subject of many communications79-85.
Furthermore various preparations of fibre form the basis of a large number
of laxatives. The mechanism by which fibre may increase faecal bulk has
already been outlined, and this increase is well documented38 46'47. Cereal
fibre in the form of bran may be more effective than fruit and vegetable in
treating constipation80, which suggests that not all the components of fibre
contribute equally to this improvement in bowel habit. Lignin has been used
as an antidiarrhoeal agent69-7' and may counter the cathartic effects of
cellulose and hemicellulose.

DIVERTICULAR DISEASE
Much of the work relating diverticular disease of the colon to dietary fibre
has been done by Painter5'86'87. He points out that colonic diverticula are
most common in the sigmoid and left colon and are associated with hyper-
trophy of the muscle and an increase in the segmenting pressures produced
by the contracting colon88'89, and this has been confirmed by other workers90.
Painter suggests that the increased pressure results from a fibre-deficient
diet which renders the colonic contents more viscous and thus harder to
propel. The colonic lumen is narrower in these people because of the lower
bulk of the diet and so segments more efficiently, building up higher pressures
which eventually produce diverticula.

Supporting evidence for the association of fibre and diverticular disease
has been derived from epidemiological studies5 which contrast a prevalence
for diverticular disease of up to 45% in barium enemas and necropsy series
in the 'developed' countries with an exceptionally low prevalence in rural
Africans2,5,91. Less than a dozen cases have been observed in rural Africa
in the past 20 years and similar findings are reported from Korea92, Fiji,
and Singapore93. The major difference between these areas of high and low
prevalence of the disease is reputed to be that of fibre intake. The changing
pattern of dietary fibre intake in the UK already referred to may be a factor
in the great increase in diverticular disease during this century. Deaths (per
million) rose from 2 to 16 (men) and 2 to 36 (women) between 1933 and
19663. These death rates are not corrected for age and this is very much an
age-related disease.

Rats94 develop diverticula of the colon when fed low-fibre diets. Those
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rats which lived longest developed the most diverticula and had narrower
colons at necropsy. Hemicellulose in the diet (from psyllium seed husks) was
thought to offer the greatest protection against developing diverticula. Some
confirmation of this hypothesis has been sought by Painter et a195 who asked
70 patients with symptomatic diverticular disease to take two teaspoonsful
of unprocessed bran (6-8% crude fibre) three times a day. Sixty-two patients
noted improvement in their symptoms, including relief from pain, and more
regular bowel habit. The patients also changed to high fibre breakfast cereals,
increased their fruit and vegetable intake, and cut down on their consumption
of sugar. Further experimental work relating colonic pressures, muscular
hypertrophy, diverticula, and dietary fibre is needed but is hampered by the
time scale for the development of this disease.

COLONIC CANCER
Epidemiological data have also been used to link dietary fibre with appendi-
citis96, the irritable bowel syndrome97, and colonic neoplasms4'28'98. Burkitt4
in a detailed survey of the incidence of colonic cancer notes that it is low in
rural Africans (Kampala-3.5 per 100 000 population per year), high in
Europe and the USA (Connecticut 51 8/100 000 per year), and that it changes
in migrant populations such as American Negroes and Japanese living in
Hawaii. The geographical distribution of many colonic diseases is similar
and suggests a common aetiology99"100 which is thought to be a low fibre
intake in the diet. Fibre may protect against colonic cancer by decreasing
transit time and so allowing less time for carcinogens to be produced by
colonic bacteria and less time for the carcinogens to remain in the bowel4.
However, the evidence for this theory is tenuous, for at the present time the
available information on world fibre intake is not as well documented as
some other branches of epidemiology. Further, as Drasar and Irving have
recently pointed out, the incidence of colonic cancer throughout the world
correlates best with high intakes of dietary fat and protein together with
other indices of affluence, and poorly if at all with fibre intake101. The origin
of the colonic carcinogens is probably the bacterial metabolism of bile
salts and dietary fat. Professor Williams and his colleagues102 at the Wright-
Fleming Institute in London have compared faecal bacterial flora from rural
Ugandans, Indians, and Japanese where the prevalence of colonic cancer is
low with the flora of English, Scottish, and American college staff and
students who represent high colonic cancer areas. Higher counts ofbacteroides
were found in the stools of those living in high cancer incidence areas and a
greater proportion of these bacteria were able to dehydroxylate bile salts.
In addition their stools contained higher concentrations of faecal steroids and
their metabolites. The low cancer risk group, particularly the rural Ugandans,
are thought to have high fibre intakes. The role of fibre in altering bacterial
flora and metabolism remains to be clarified.

VENOUS DISORDERS
The association between venous disorders and dietary fibre has been outlined
by Cleave3'103. He suggests that varicose veins, haemorrhoids, and venous
thrombosis are produced by colonic pressure on the venous return from the
lower limbs. Both the sigmoid colon and caecum are so closely related to the
femoral veins that when they become overloaded with dry, stagnating, low-
residue faeces venous return is obstructed. Burkitt6 has modified this concept
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and suggests that the geographical variations in the incidence of these
disorders is similar to that of the other fibre-deficient diseases, suggesting a
common aetiology.

ATHEROSCLEROSIS AND CORONARY ARTERY DISEASE
Atheroma and ischaemic heart disease are probably the most prevalent group
of diseases to have been linked with a lack of fibre in the diet. Trowell7"104"105
has recently reviewed the evidence relating them and suggests that a high
fibre intake increases faecal steroid output and as this is the main catabolic
pathway for cholesterol in man the blood cholesterol is lowered and the
development of atheroma retarded. Not all the evidence supports this
hypothesis. Rural Africans, whose high fibre intake has been referred to, do
indeed have a very low prevalence of ischaemic heart disease2"106, whilst it
is rising in the urban Bantu107. However, serum cholesterol levels do not always
show the expected differences between rural and urban Bantu108"109 even
when they are maintained for long periods on controlled high and low fibre
intakes"10. Clear differences have been recorded"""12 but have been related
to genetic factors"ll or the amount of exercise taken"'. In India low serum
cholesterol levels have been related to low fat intakes"14. Furthermore, other
areas in the world where there is a low incidence of heart disease"-5"'16 do
not have such high fibre intakes. Trappist monks, who are lacto-ovo-
vegetarians, have lower serum cholesterol levels (180 mg%) than their
Benedictine counterparts (225 mg %) who eat a more varied diet"7. Although
fibre intakes are higher in the Trappists a notable lack of any difference in
the prevalence of vascular disorders in the two communities has been pointed
out1"8"'19. Vegetarians in general have low serum cholesterol levels120"12' but
Eastwood22 was unable to lower the serum cholesterol levels further in
vegetarians fed additional fibre.

Investigations in animals into the cause of atheroma have shown that an
assortment of feeds including oats'22, chow'23, wheat straw'24, alfalfa meal'25,
rice bran'26, various gums and mucilages'27, and Indian grown grain'28
reduce atheroma formation even when a high fat diet is fed. Standard rat
chow pellets (high crude fibre content) when fed to conventional and germ-
free rats produced a three times increase in faecal steroid output over a basal
no-residue diet, whereas adding pure cellulose was without effect'29. Not
all these investigations have been designed primarily to elucidate the role of
fibre which makes it difficult to separate its effect on cholesterol metabolism
from any associated change in appetite, food intake, or additional fat and
protein.
The interpretation of experiments in man is further complicated by the

multiplicity of factors which control cholesterol levels in the blood. In
studies where fibre has been fed as part of cereal or vegetable foods the
intake and type of fat and carbohydrate has been altered simultaneously.
Short-term studies on the whole suggest a hypocholesterolaemic effect for
fibre77,13134. Rolled oats fed to 26 male volunteers reduced the serum
cholesterol from 251 mg% to 223 mg% in three weeks'30. In another study
men on a high fat diet with added bengal gram (Cicer arietinum) had
cholesterol levels of 160 mg% compared with 206 mg% in 10 controls not
taking the added gram'3' with faecal bile salt excretions of 305 mg/day and
236 mg/day in the two groups respectively. Pure cellulose has been fed to
volunteers in three studies47'77"135. In two of these47'135 a daily intake of 15 to
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78 J. H. Cummings

16 g of cellulose was without effect on serum cholesterol but at 100 g/day"
in 10 girls (age 10-12 years) cholesterol fell from 226 mg% to 170 mg% in
10 days whilst faecal bile salt excretion rose. Two long-term studies of serum
cholesterol and fibre have been done and give conflicting results131"110 thus
highlighting some of the iproblems in ascribing changes in lipid metabolism
to fibre intake.

Conclusion

Dietary fibre is an important component of our food. Its role in the gut has
been underestimated because of an incomplete knowledge of its composition
and inadequate techniques for the measurement of each constituent. The
effects of fibre on small intestinal digestive functions have not been investiga-
ted nor is it known whether fibre is capable of altering bacterial metabolism
in the colon. The epidemiological evidence relating fibre to disease is
fascinating but comes almost entirely from one small area of the world-
rural Africa-and should be confirmed in other racial groups. Fibre has an
established place in the treatment of constipation and could be of importance
in the prevention of a wide range of colonic and cardiovascular diseases.
This is clearly a developing area both for the gastroenterologist, his patient,
and those interested in the physiology of the gut in both health and disease.

J. H. CUMMINGS
MRC Gastroenterology Unit, Central Middlesex Hospital, London, NWIO
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