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Het verschijnen van dit proefschrift werd mede mogelijk gemaakt door steun

van de Nederlandse Hartstichting.
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STELLINGEN

1.Het serumcholestercl verlagend effekt van verschillende bronnen van
voedingsvezel gaat niet samen met versnelde darmpassage en verhoogde
faecesproduktie, met uitzondering van bepaalde soorten groenten en fruit.
Dit proefschrift

Jenkins, D.J.A., D.Reynolds, A.R.Leeds, A.L.Waller & J.H,Cummings.
Hypocholesterolemic action of dietary fiber unrelated to fecal bulking
effect. Am,J.Clin.Nutr,32: 2430-2435, 1979,

Z2.De huidige kennis van positieve en negatieve fysiologische effekten van de
verschillende komponenten van voedingsvezel is onvoldoende om een algemene
norm veor de dagelijkse opneming van voedingsvezel te kunnen geven.

3.Voor de dagelijkse opneming van voedingsvezel verdient een conbinatie van
volkorenprodukten, greoenten en fruit de veorkeur boven een eenzijdige toe-

voeging van zemelen aan een overigens voedingsvezel-arme voeding.

4.De suggestie van Cummings e¢¢ al. dat het effekt van voedingsvezel op
faecesproduktie voornamelijk wveroorzazkt wordt door de pentosanen-fraktie,
wordt door onvoldoende gegevens ondersteund.

Cummings, J.H., D.A.T.Southgate, W,Branch, H.Houston, D.J.A,Jenkins &
W.P.T.James. Colenic response to dietary fibre from carrot, cabbage,
apple, bran, and guar gum, Lancet i:; 5-8, 1978,

5.Bij onderzoekingen naar de fysiologische effekten van voedingsvezel is vaak
te weinig aandacht besteed aan mogelijke vermindering van de opneming van

vet en cholestercl als gevolg van verhoogde opneming van voedingsvezel.

6.Inplaats van deel te nemen aan de vruchteloze discussie over de naamgeving
van 'veedingsvezel' kunnen voedingsdeskundigen hun tijd beter besteden aan
de problemen bij de analyse van voedingsvezelkomponenten en het onderzock
naar de fysiologische werking hiervan.

Trowell, H., E.Godding, G.Spiller & G.Briggs, Fiber bibliographies and
terminology. Am.J,.Clin.Nutr.31: 1489-1490, 1978,

Heaton, K,W, Fiber: new terminology or new concepts? Am,J.Clin.Nutr.32:
2373-2374, 1979.




7.0e beschikbare gegevens met betrekking tot de relatie tussen voedingsvetten,
serumcholesterol en coronaire hartziekten rechtvaardigen de in Nederland
gebruikelijke aanbevelingen ten aanzien van de hoeveelheid en aard van de
vetten in de voeding.

Ahrens, E.H. Dietary fats and coronary heart disease: unfinished
business. Lancet ii: 1345-1348, 1979,

Voedingsraad. Aanbevolen hoeveelheden energie en voedingsstoffen,
Voeding 39: 325-332, 1978.

8.In Nederland is dringend behoefte aan een instantie die adequaat en met
gezag kan reageren op de vaak verwarrende en deels onjuiste berichten die
over voeding in de populaire pers verschijnen.

9.De gerechten die worden genuttigd in de pauzes van vergaderingen van voe-
dingsdeskundigen, vertonen vaak bitter weinig overeenstemming met het voed-
selpakket dat door deze deskundigen als wenselijk wordt beschouwd.

10.Er dient meer eenheid te worden gebracht in de voedingsadviezen voor zuige-
lingen die door artsen van consultatiebureaus worden gegeven; het vertrouwen

van de ouders in het consultatiebureau kan hierdoor worden vergroot.

11.Het door Posthumus gepropageerde babyhokije waarin baby's zowel in de zomer
als in de winter van de buitenlucht kunnen profiteren, heeft uitgezonderd
in de provincie Groningen minder navolging gekregen dan het verdient.
Ouders van Nu 12: juli, 86-87 en 92-93, 1979.

12.Een boer is niet minder respectabel dan een agrariér.

Proefschrift M.Stasse-Wolthuis

The effects of various sources of dietary fibre oa cholesterol
metabolism and colonic function im healthy subjects
Wageningen, 10 oktober 1980
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VOORWOORD

Dit proefschrift bevat vier artikelen over de invloed van voedingsvezel af-
komstig van verschillende bronnen (groenten, fruit, zemelen, citruspectine) op
de cholesterol-stofwisseling en darmfunkties bij gezonde vrijwilligers. Het eer-
ste artikel geeft een overzicht van de literatuur. De drie overige artikelen be-
schrijven twee proeven met gezonde vrijwilligers.

Dit onderzoek werd uitgevoerd op de Vakgroep Humane Voeding van de Land-
bouwhogeschool, met financi&le steun van de Nederlandse Hartstichting.

Van de vele mensen die mij bij dit onderzoek hebben geholpen, wil ik een
aantal met name noemen. In de eerste plaats gaat mijn dank ult naar mijn
promotor, Prof.dr. J.G.A.J. Hautvast voor zijn adviezen en zijn stimulerend
enthousiasme. Vele discussies met mijn collega's Ruud Hermus en Martijn Katan
zijn voorafgegaan aan de opzet, de uitvoering en de rapportage van de experi-
menten, waarvoor mijn hartelijke dank, De soms dagelijkse werkbesprekingen met
Martijn zijn mij hierbij een grote steun geweest.

Wicke van Atten die als gevolg van een ongeval is overleden, wil ik hier
gedenken. Zij was intens betrokken bij de eerste voedingsproef.

Veel dank ben ik verschuldigd aan de diétistes Joke van Jeveren en Marita
Engelen voor de nauwgezetheld waarmee zij de proefvoedingen hebben berekend, en
voor hun vindingrijkheid bij de bereiding van de proefmaaltijden.

Met veel plezier denk ik terug aan de samenwerking met de doctoraalstuden-
ten Hugo Albers, Edward Bausch, Tineke Brussaard, Wil de Jong, Johan Velema en
Jelske Zondervan. Ik dank hen voor de vele waardevolle suggesties en voor hun
ongelofelijke inzet tijdens de proefperioden.

Alle co-auteurs van de artikelen die in dit proefschrift zijn cpgenomen,
dank ik voor hun ophouwende kritiek op de vele concept-manuscripten, die aan de
uiteindelijke versie vcoraf zijn gegaan. Ock Renske van Beresteyn van het Neder-
lands Instituut voor Zuivelonderzoek te Ede zeg ik dank voor haar waardevolle
commentaar.

Vele collega's van de Vakgroep Humane Voeding hebben ieder een deel van
het onderzoek voor hun rekening penomen. Met name wil ik noemen Jamny EBos,
Peter van de Bovenkamp, Cock Germing-Nouwen, Bea Nijhof, Frans Schouten en
Hemny Verwey, die de chemische analyses hebben verricht. Ook de heer G. Keller,




Martijn Katan en de studente Diny van Faassen hebben hieraan hun steentje bij-
gedragen. [k dank hen allen voor de vakkundige wijze waarop zij zich van hun
taak hebben gelkweten, en voor de prettige samemnwerking.

De medewerking van wijlen Gerdi Oskam wil ik hier memoreren. Zij was be-
hulpzaam bij de uitvoering van de tweede voedingsproef.

Annelies Geenen en vele anderen ben ik dankbaar voor hun assistentie bij
het klaarmaken van de weekendvoedingen.

Henk van Wijk en Hanny van Qosten-van der Goes dank ik voor hun hulp bij
de statistische verwerking van de resultaten. Qok dr.ir., M.A.J. van Montfort
en andere medewerkers van de Vakgroep Wiskunde ben ik erkentelijk voor hun ad-
viezen in deze,

Prof,dr. W, Pilnik en zijn collega's van de Vakgroep Levensmiddelenchemie
dank ik voor hun adviezen bij de analyse van pectine.

Buiten de Landbouwhogeschool hebben medewerkers van de Akademie Diedenocort
en van het Instituut voor Graan, Meel en Brood -beide te Wageningen- hun steun
aan dit onderzoek gegeven. Ik wil Mw, AW.F, Wright en de heer ir. P. Sluimer
en hun collega's hiervoor dank zeggen.

I am very much indebted to Dr. M.A., Eastwood and Mr. W.G. Brydon from the
University of Edinburgh, Department of Medicine, for analysis of bile acids and
for helpful discussions. I also wish to thank Dr. D.A.T. Southgate from ARC
Food Research Institute, Norwich, Great Britain, for his suggestions for the
design of our first experiment.

Heel veel dank gaat uit naar alle proefpersonen. Zonder hun consci&ntieuze
en enthousiaste medewerking was dit onderzock niet mogelijk geweest.

Het typewerk van de manuscripten was voor het grootste deel in handen van
Riet Hoogkamer-Weijman. Mw. E.M. Brouns-Murray van het Pudec te Wageningen, en
Christopher Woodward corripgeerden de Engelse tekst.

Ock alle anderen die hier niet bij naam genoemd zijn en die mij tijdens
het onderzoek hebben geholpen, wil ik dank zeggen.

Tenslotte bedank ik mijn ouders, die mijn studie aan de Landbouwhogeschool
mogelijk hebben gemaakt, en mijn man Bert voor zijn steun en begrip bij de uit-
voering van het onderzoek en het schrijven van dit proefschrift.




1 INTRODUCTION

Although dietary fibre was studied extensively at the beginning of this
century (references, see 1}, thereafter it was long considered as unimportant
in human nutrition. In the 1970's there was a revival of interest in dietary
fibre, stimulated by the epidemiological observations of BURKITT, TROWELL and
others (2,3). Their findings have suggested that the low Intake of dietary
fibre in Western commmities may contribute to the development of a variety of
diseases, such as atherosclerosis and large-bowel disorders. This dietary fibre
hypothesis has provoked a large number of experiments with humans cr laboratory
animals.

The present thesis deals with the possible effects of dietary fibre on the
level of serum total and high-density lipoprotein (HDL)-cholesterol, and on co-
lonic function in young healthy volunteers. Serum cholesterol has been studied
since it is generally assumed to be a risk-factor for the development of athero-
sclerosis (4}, On the other hand, HDL-cholesterol was reported to be inversely
related to the incidence of atherosclerotic diseases (5). Intestinal transit-
-time, faecal mass and frequency of defaecation have been examined as parameters
of colonic function. These parameters have been studied since they have been re-
ported to be favourably altered by certain types of dietary {ibre (references,
see Chapter 2). In addition, we were interested to see whether the effects of
dietary fibre on serum cholesterol and on colenic function are related to each
other.

The investigations described in this thesis are part of a current research
project at the Department of Human Nutrition, Agricultural University,
Wageningen, regarding the influence of various controlled dietary conditions on
chelesterol metabolism in young healthy subjects. The effects of dietary fat,
cholesterol, and protein on serum lipids were studied by other workers in the
research group (6-10).

Evaluation of the results of many published experiments on the effects of
dietary fibre on serum lipids and ceclonic function in man is hampered by the
small numbers of subjects employed. In many studies there was no control of the
nutrient intake during the test period, and often the scurce and composition of
the dietary fibre were not clearly defined. In most studies dietary fibre was




added te the diet in the form of bran, isolated pectin ete. There is little in-
formation available on the effects of diets providing more varied types of die-
tary fibre.

In this thesis the results of two studies are reported, in which the influ-
ence of several sources of dietary fibre on serum lipid levels and colonic func-
tion was investigated. These studies were performed with a relatively large
group of young healthy velinteers, whose dietary intake was strictly controlled.

At present there is no definition of 'fibre' available which has universal
acceptance, In this thesis the definition of dietary fibre given by TROWELL
et al., (11) is used. These authors defined dietary fibre as the plant poly-
saccharides and lignin that are resistant te hydrclysis by the digestive en-
zymes of man. Dietary fibre comprises a mixture of cellulose, hemicelluloses,
pectic substances,and lignin. The term 'crude fibre' which has been used for
many years, is of no value in explaining physiological effects in man, because
during the analysis of crude fibre in foodstuffs some of the fibre components
are partially lost.

Four publications are reprinted in this thesis. The first paper [Chapter 2)
attempts to review the published results of experiments with healthy subjects,
designed to investigate the effects of dietary fibre on cholesterol metabolism
and colonic function. Possible working mechanisms are also discussed. In addi-
tion, a comparison of the few available data on dietary fibre consumption in
different communities is given, and the validity of epidemiological data rela-

ting the fibre content of the diet with disease is briefly discussed.

Chapter 3.1. describes a controlled trial with 46 young healthy volun~
teers. In this cross-over experiment the effects of a mixed high~fibre1) diet
were investigated. The volunteers consumed a high—fibre1} and a low—fibre1)
diet for three weeks each at two levels of dietary cholesterol. Half of the
dietary fibre was provided by vegetables and fruits, and the rest came from
cereal products.

Chapter 3.2. deals with the relationship between faecal weight and intes-
tinal transit-time. [t alsc discusses the suggestion of SPILLER and coworkers
(12) to use faecal weight in order to establish recommendations for dietary
fibre intake.




In the last paper (Chapter 4) the results are presented from & second con-

D)

diet for 2.5 weeks. Thereafter four different diets were tested for a period of

trolled trial with 62 volunteers. All subjects consumed a relatively low-fibre

five weeks: a low-fibre diet, a vegetables/fruits diet, and a diet supplemented

with citrus pectin or wheat bran respectively.

Finally, the data presented in these four papers are summarized and dis-

cussed in Chapter 5.

1)

In this thesis several terms are used to indicate the various diets employed.
These terms are low-fibre diet, relatively low-fibre diet, high-fibre diet
and mixed high—-fibre diet. The expressions 'low-fibre' and 'high-fibre'
diets indicate diets in which the dietary fibre content is considerably
lower and higher, respectively, than that of a usual Western—type diet. The
dietary fibre content of a relatively low-fibre diet is in between the level
of a low~fibre diet and that of a Western-type diet. These three diets con-
tain several dietary fibre components derived from a variety of foodstuffs.
A high-fibre diet is achieved either by supplementation with bran or other
fibre-rich materials, or by including either cereals or vegetables and
fruits as an integral part of the diet.

A mixed high-fibre diet means a fibre-rich diet in which the dietary fibre
is provided by a mixture of both cereals and vegetables and fruits.
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I INTRODUCTION

A low intake of dietary fibre has been implicated in the development of
various diseases of civilization (1-3). This hypothesis has prompted numercus
experimental studies in man and laboratory animals. The present review will fo-
cus on experiments with healthy human volunteers designed to test the effects
of dietary fibre on the level of serum lipids and on colonic function. Mecha-
nisms suggested for the action of dietary fibre on these parameters are discus-
sed.

This review also sumiarizes the few available data on dietary fibre intake
in Western communities. Epidemioclogical data linking dietary fibre consumption
with disease are only briefly discussed. Some other aspects of dietary fibre
such as effects on carbohydrate metabolism, energy balance and possible adverse
effects are also briefly described.

Studies on patients with hyperlipidaemia, coronary heaert disease or colon-
ic discases and experiments with laboratory animals are beyond the scope of
this review. The reader is referred to other reviews (4-12).




IT  DEFINITION AND PROPERTIES OF DIETARY FIBRE

A.  Fibre terminology

Dietary fibre has been defined as the plant polysaccharides and lignin
which are resistant to hydrolysis by the digestive enzymes of man (13). The
main components of dietary fibre are cellulose, hemicelluloses, pectic substan-
ces and lignin. Crude fibre values are poorly related to the true dietary fibre
value of food because of losses of some fibre compenents during the analysis.

The terminology of fibre has been debated extensively for many years. A
major drawback of the term 'dietary fibre' is that most of its components such
as hemicelluloses and pectic substances are not fibrous at all. Several alter-
natives have been suggested, including plant cell wall residue (14), plant
fibre, (non)purified plant fibre, non-nutritive fibre, unavailable or undiges-
tible carbohydrates, partially digestible plant polymers or biopolymers, {com)-
plantix (cited in ref. 8) and indigestible residue (15). None of these terms
has been generally agreed upon.

The plant cell wall includes most of the matter in plants that is resis-
tant to human digestive enzymes. However, it does contain a small amount of
protein that is partially digestible (14). Cn the other hand, some storage po-
lysaccharides which are not part of the cell wall, are resistant to enzymatic
hydrolysis in the small intestine, so that the term 'plant cell wall residue’
is not justifiable.

Although dietary fibre components escape digestion in the small intestine,

term 'indigestible residue' may lead to confusion. Approximately 50% of the
fermentation products are volatile fatty acids, principally acetic, propionic,
and butyric acids (citéd in ref. 14). Since there is evidence that these fatty
acids can be partly absorbed in the human large intestine {16) supplying small
amounts of metabolizable energy, the term 'mon-nutritive residue’ is not war-
ranted and should be ébandoned (4.

The term 'unavailable carbohydrates' is inaccurate because one of the
fibre components, <.e. lignin, is not a polysaccharide. The introduction of a

new term 'plantix’ a conjunction of the Latin planta and matriz, has also been
objected to (17), and it is a rather uninformative name. The term 'edible fibre'
was proposed as a '"terminological umbrella' to include dietary fibre from plant
foods, partially synthetic undigested polysaccharides such as methylcellulose,
animal undigested fibre-like material such as aminopolysaccharides and pharma=-




ceutical preparations such as ispaghula husk (18).

Because objecticns can be raised to all terms, the terminology discussion
still continues (8). However, evidence that individual fibre components are as-
sociated with specific physiclogical effects, is growing. Thus, SOUTHGATE's
suggestion to focus all efforts on the measurement of specific classes of poly-
saccharide and not the combined mixture, seems to be the wisest approach, and
it has the advantage of avoiding the confusion associated with the use of the

term fibre for nonfibrous polysaccharides {19).

B. Chemistry of dietary fibre components

The main components of dietary fibre are structural materials of the plant
cell wall. The middle lazmella of the cell wali is rich in pectic substances,
whereas the primary wall contains pectic substances, cellulose (about 15%) and
hemicellulose. Much larger amounts of cellulose are present in the secondary
wall (up to 58%).- In later stages of maturation lignin is deposited within the
cellulose framework (10). Besides the stage of maturity, conditions under which
the plants were grown such.as temperature, degree of fertilization, moisture,
soil and light influence the composition of the cell wall (14,19).

Dietary fibre also includes nenstructural polysaccharides that occur na-
turally in foods such as gums and mucilages or are used in food additives such
as algal polysaccharides, gums, and modified celluloses. In addition plant cell
walls contain silica, phytic acid, proteins, tannins, saponins, lipids, waxes,
cutin ete. that are largely indigestible (19,20).

The apparent fibre content of foodstuffs can be increased by heating pro-
cesses that involve the browming (MAILLARD) reaction between amino acids and
degradation products of sugars. Breakfast cereals contain significant amounts
of this material that is chemically recoverable in the lignin fraction (14).

The chemistry of the dietary fibre components has been reviewed by others
(9,10,20), and will not be dealt with in detail here. Table I presents the che~
mical classification of dietary fibre given by KAY and STRASBERG (10). The mix-
ture of dietary fibre is very complex as the various components vary in branch-
ing, distribution of side chains, degree of polymerization ete. (19).

In many nutritional experiments purified dietary fibre components hage
been used. One should bear in mind that preparatory treatments may alter. the
fermentability and physical properties, resulting in a physiological response
quite different from that of the original fibre (14). Alsc, structural changes
were found when bran was baked intoc bread (21).

8




Table I. Chemical classificacion of dietary fibre (from KAY and STRASBERG (10); reproduced by permission of the
authers and the publishers),

Major chemical components

Fibre Description Main chain Side chains
Polysaccharides Linear hcmoglycan*, main structural component in Glucose (1-3) None
Cellulose plant cell wall; insoluble in concentrated al-
kali, soluble in concentrated sulfuric acid.
Foncellulese Diverse group of heteroglycansx occurring in cell  Xylose Arabinose
Hemiceilulose wall; vary in degree of branching, and urenic Mannose Galactose
acid content; soluble in dilute alkali. Galactose Glucuronic
Glucose acid
Pectic substances Oceur in primary cell wall and middle lamella Galacturenic acid Rhamnose
(intercellular cementing substance); vary in Arabinose
degree of methylation, Xylose
Fucose
Gums Formed by secretory cells and released at site Galactose Xylose
of injury to plants. Glucuronic acid-mannose  Fucose
Galacturonic acid- Galactose
rhamnose
Mucilages Synthesized by plant secretory cells; occur in Galactose-mannose Galactose
endosperm of plant seeds where they act to Glucose~mannose
prevent excessive dissication; vary in urenic Arabinose-xylose
acid content. Galacturenic acid-
rhamnose
algal polygaccharides Derived from algae and seaweed which differ in Mannose Galactose
that cellulose in cell wall may be replaced Xylose
by Xylose and manncse; may be linear or Guluronic acid
bhranched; some types contaln sulfated residues. Glucose

Lignin

Non-carbohydrate; complex crosslinked phenyl pro-
pane polymer; 2 broad classifications corre—
spoending to predominance of sinapyl, coniferyl,
of coumaryl alechols; probably has three dimen-
sional structure; infiltrates mature cell wall;
resists bacterial degradation; insoluble in
concentrated gulfurie acid.

Sinapyl alcohol
Coniferyl aleohol
Coumaryl alecohol

*® L. .
Containing one type of sugar residue,

* Containing more than one type of sugar residue.

. FPermentation of dietary fibre compements by colonie basteria

In the colen dietary fibre components are more or less metabolized by bac-
teria to short chain fatty acids, hydrogen, carbon dioxide, and methane (14).
TADESSE and EASTWOOD {22) looked at the breakdewn of individual components of
dietary fibre, from the evclution of hydrogen and methane in the breath. They
found that hemicellulose resulted in an increase in hydrogen production, where-
as cellulose, pectin, and lignin did not. Methane production was unaffected by
any of the fibre components. This finding suggests that the various fibre com-
ponents may be metabolized along other pathways, for example they may be par-
tially degraded to short chain fatty acids.

The digestibility of fibre components depends on their chemical structure,
the bacterial flora of the colon and the length of residence in the colon (9,
10). The bacterial flora may in turn be influenced by the fibre compositicn of
the diet. Although experimental studies suggest that increased dietafy fibre
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consumption does not alter the major groups of faecal bacteria and their num-
bers per gram of faeces, total output cf bacteria has been reported to be in-
creased (23,24). Also changes may occur in metabolic activity, without major
qualitative or quantitative changes in the faecal microflora (Z5).

In general, hemicelluloses are better dlgested than cellulose. The appa-
rent digestibility, defined as the difference between intake and faecal excre-
tion expressed as a percentage of the intake, of cellulose and hemicellulose
reported by various authors ranges from 10 to 87% and from 40 to 98%, respec-
tively (26-~32). Pectin is completely metabolized in the human gut (30), whereas
lignin is virtually completely recovered in the stool (31). Obviously, there is
a great variation among subjects in ability to digest dietary fibre. Further-
more, fibre digestibility alse depends on the fibre content of the (previous)
diet (29). In a study of PRYNNE and SOUTHGATE (32) the introduction of a fibre
supplement (Ispaghuila husk) resulted in much more individual variation in the
apparent digestibility cf dietary fibre, the mest striking feature being a fall
in cellulose digestibility. In contrast, when pectin was added to the diet,
there was no increase in fibre excretion (30).

Because of the fermentative action of colonic bacteria, properties of di-
etary fibre (¢.g. water-binding) measured <r vwitreo may not represent its bcha-
viour im vive. Moreover, fermentaticn products may themselves exert a physiolo-

gical effect.

D.  Analysie of dietary fibre

Analysis of the commlex mixture of polysaccharides and lignin that make up
dietary fibre is known to be problematic. The various approaches to fibre ana-
lysis were discussed by SOUTHGATE (33). Table II briefly describes the methods
most often applied.

It is clear that the crude fibre method, which has been used for at least
150 years is seriously defective because in this extraction methed 0 te 50% of
the cellulose, 85% of the hemicellulose and 50 to 90% of the lignin is lost
(14). Thus, crude fibre values represent only between 1/5 and 1/2 of the total
dietary fibre (11). Therefore, crude fibre values in food composition tables
should be replaced by data obtained by appropriate methods, The British Food
Compositicon Table has already been completed, using data from the SOUTHGATE
method (38).
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Table TI,

Metheds for dietary fibre analysis

Method {(ref.)

general description

fibre components yielded

disadvantages

crude fibre (34)

subtraction method (35)

detergent methods (36)

enzymatic methods (I15)

fractionation method {37}

residue left after extrac-
tion yith dilute acid and
alkali

dietary fibre is calculated
by subtracting the amounts
of non-fibre material from
the weight of the methanol-
ether insoluble residue

the amount of fibre is
weighed after chemical ex-—
traction of non-fibre mate-
rial with a} acid

&) neutral detergent

the amount of fibre is
weighed after enzymatic hy-
drolysis of non-fibte mate—
rial by means of pepsin-
—pancreatin

after a series of hydrolysis
and extraction procedures
celluloge is analysed as
glucoge and the noncellulo-
sic polysaccharides as their
compenent hexoses, pentoses,
and uronic acids

a variable part of cellulo-
se, hemicellulose, and
lignin

sum of all fibre components

a) lignin + cellulose

b} 21l water-insoluble
fibre components

b-a) yields hemicellulose

mixture of all water-
-insoluble fibre components

lignin, cellulose, water-
-soluble and water-insoluble
non-cellulosic polysaccha-
rides separately

variable losses of fibre

components; the method is,
of no use in human nutri-
tion experiments

fibre components are not
measured separately

1) water soluble components
are not measured

2) not all fibre components
measured separately

1) water soluble components
are mot measured

2y fipre components are mot
measured separately

time-consuming

Each of the analytical methods listed in Table II has its own advantages

and disadvantages, The values ohbtained by the various methods may differ consi-

derably, although variations in samples of foodstuffs and the different ways in

which the fibre content is expressed also account for differences in values

found by various authors. A few examples are given in Table 111,

Therefore, one

should be very careful in comparing results for experiments on physiological

effects of dietary fibre, that involved different metheds for the analysis

of the amounts of fibre consumed.

The analytical techniques are still being developed. An international col-

laborative study was undertaken to compare results for different methods (45).
At present, the SOUTHGATE method is the most comprehensive, though time-consu-
ming. Analy515 of cereal products accordlng to thls method reveals that cellu-
lose and non-cellulosic polysaccharldes contribute about 15-20% and 70-80% of 4
total dietary fibre, respectively. In vegetables and fruits the non-cellulosic
fraction is slightly smalier whereas somewhat more cellulose is present. The
lignin content is low except when lignified seeds are eaten or when skins are

consumed (peaches, strawberries, tomatoes) Total dletary fibre in fresh vege—

“fables is often less than 5%, fruits contain 1- -2%, wheat flour about 3-4% where-

as in whole grain the level is 11-14% (19). Even in the future, there will pro-

bably be no one analytical procedure that is appropriate for all types of
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foodstuffs or diets (19).

Like total dietary fibre the determination of pectin in foodstuffs is par-
ticularly complicateé It has been suggested (46) to apply two independent me-
thods routinely Z.e. colorimetry (47), and copper titration (48), until a defi-
nitive method becomes avallable. As can be seen in Table TIT pectin content in

vegetables and fruits is usually less than 1%.

. . . . : H
Table LII. Total dietary fibre and pectin content of some foodstuffs; a compavisen of analytical methods )

(gf100 g edible porrion)

Methed {ref,) wheat bran white bread wholemeal apple tomate potato cabbage carrots
bread
Toral fibre
Subrraction method {40) 50.4 238 . 507 3P g ®
neutral detergent fibre 7 41.0 1.5 5.8 0.9 0.5 11 1.0
(&1)
indigestible residue 3 48,8 2.2 9,2 1.1 2.0 1.7 Y 1.5 2
(15)
Southgate method (37,42) I 0 2)
total dierary fibre 44,0 2.7 8.5 1.4 1.4 3.5 2.8 3.7
lignin 3,2 ET 1.2 0.0 0.2 33 0.4 tr
cellulose &) 8.0 0.7 1.3 6.5 0.4 1.0 0.7 1.5
noncellulese poly— 2.7 2.0 6.0 0.9 0.6 L8 2.2
gsaccharides 4}
Pectin
combinated values of colori~ 6) 2 2 7
metry and copper titration 5) 0.5 0.3 0.2 0.7 0.9
(40)
Ca pectate (43) 0.5 0.3 0.4 G.5-1.7 1.0
{44) 0.7-0.8 1.2-2.9

It should be kept in mind that differences between products and the different ways in which the fibre content is

expressed, also account for differences in values found by various authers, Values are expressed as g/100 g edible

portion of raw products, unless indicated otherwise.

2} Boiled,

3) Values expressed per g dry matter have been recalculated for wet weight, using figures for moisrure content.

4) Cellulose is expressed as glucose; noncellulose polysaccharides as the sum of the component monosaccharides;
These values should be multiplied by 0.9 before comparing them with values obtained by other metheds.

5) Expressed as polygalacturonic acid.

6) Flesh + skin.

7) Flesh only.

TTI DIETARY FIBRE CONIENT OF THE WESTERN DIET

Information on fibre intakes with different types of diets is mainly based
on measurements of crude fibre. As discussed above these figures are totally in-
adequate. At present there are only a few publications availahle that measured
the actual dietary fibre consumpticn of a certain population. A group of 12 men
in urban Denmark was found teo consume 17.2 + 5.1 g (8.D.) dietary fibre per day,
whereas 13 rural Finnish men consumed 30.9 + 11.3 g/day (49). A group of 48
vegetarians living in southern England were found to consume 42.8 + 12,3 g/day
as opposed to 22,1 + 8.4 g/day in 105 non-vegetarians (50). In a random sample
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of the population in Cambridgeshire, England the average dietary fibre consump-
tion amounted to 19.9 + 5.3 g/day (n = 63) (51). A higher value was found in
Rhenen, the Netherlands: 24.0 + 6.9 g/day (n = 100) (52). In the first three stu-
dies values for dietary fibre content of foodstuffs were derived from the SOUTII-
GATE method (37). In the last paper data from HELLENDOORN (15), SOUTHGATE (37)
and McCANCE and WIDDOWSON {53} were combined. In Cambridgeshire consumption of
the various fibre constituents was also measured: noncellulosic polysaccharide,
cellulose, and 1lignin intakes were 13.8, 4.7, and 1.4 g/day, respectively (51).

The above data are in close agreement with estimated dietary fibre intakes
based on focod consumption data for the population as a whole or on national food
surveys. Average dietary fibre consumption in the Netheriands and Great Britain
was calculated to be 26.5 and 20,4 g/day, respectively (54,55). Estimated values
for Germany and Demmark are comparable (56). These intakes are low in comparison
with the intake in developing countries. According the BINGHAM and SOUTHGATE
(cited in ref. 51) a typical Ugandan diet might contain 100 to 170 g of
dietary fibre per day.

With a Western type of diet around 3-4 g pectin is consumed per day (40,43},
About 65% of these pectic substances are methyl esterified. In fruits the degree
of esterification of pectin is 60-93% whereas in vegetables 1t is mestly less
than 603 (43).

The relative contribution of the major food groups to the intake of total
dietary fibre may vary between different countries. For instance, in the British
and Netherlands diet cereal products account for about 30% of the total dietary
fibre intake (51,52,55), whereas it is estimated to be 50% in Germany (56).

SOUTHGATE and coworkers have calculated the changes in dietary fibre content
of the British diet since 1880. It was found that dietary fihre consumption has
declined progressively except during the war years when it was almost doubled.
Most of the fall in dietary fibre intake is due to a decline in cereal consump-
tion (55). For the United States only figures for crude fibre consumption are
available.

IV  EPIDEMIOLOGICAL DATA LINKING DIETARY FIBRE AND DISEASE

The historical development of the concept of dietary fibre in human nutri-
tion was reviewed by TROWELL (57). Epidemiological evidence relating Western
diseases such as atherosclerosis, colenic diseases, and diabetes with low dietary
fibre intake principally comes from studies in rural Africa, where these dis-
eases are far less common. Dietary fibre intake is thought to be much higher in
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Africa. However, dataz on fibre consunpticn are mostly based on measurements of
crude fibre content of the diet, that gives a totally inadequate estimate of the
true dietary fibre content., Moreover, the reliability of incidence and mortality
rates of these diseases in developing countries must be questioned. Also, epide-
miclogical data sould be interpreted with caution as coexisting differences in
other {(dietary and non-dietary) risk factors may be present.

Below, results cf some recent epidemiclogical studies are summarized.

A Techaemic heart dicease (IHD)

TROWELIL (3,58) hypothesized that IHD mortality is considerably lower in po-
pulations whose diet contains a large proportion of energy derived from starchy
carbohydrate food -cereals, pulses, starchy roots, and fruits- than in those on
a Western-type diet. In support of this theory lower plasma lipids are reported
for groups consuming a vegetarian diet (59,60).

A British study suggests that dietary {ibre from cereals, rather than
fruits and vegetables, is protective against IHD (61). However, this finding
contrasts with experimental studies (see section V).

B. Colonic digseqses

The epidemiology of colonic diseases including constipation, diverticular
disease,and cancer of the colon has been reviewed (62-65). According to BURKITT
and coworkers (2,66) African people eating an unrefined diet have softer and
larger stools than have persons in Western countries. Intestinal transit-time
is shorter in rural Africans in comparison with Western individuals. However,
it is not clear whether prolonged transit-time is related to the pathogenesis
of colonic diseases (49,67,68).

At present, only two reports are available that related the true dietary
fibre intake with diverticular disease and colon cancer, respectively (50,69).
GEAR et al. (50) compared dietary fibre consumption of vegetarian and non-
-vegetarian subjects with and without symptomless diverticular disease. It was
found that diverticular disease was more common in the non-vegetarian group
with a lower mean dietary fibre intake (21,4 g/day} than in the vegetarians who
consumed 41,5 g/day. A study in two Scandinavian populations with 4-fold dif-
ferences in colon cancer incidence revealed that the 'high incidence' group
consumed less dietary fibre (17.2 g/day) than the 'low incidence' group (30.9
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g/day) (69). In contrast LYON and SORENSON (70) reported no difference in fibre
consumption between the populaticn of Utah and that of the United States as a
whole, whereas colon cancer mortality in Utah is 34% lower. However, these
authors used data on crude fibre consumption.

The data of the Scandinavian study are also in contrast to those of HILL
and coworkers (71) who studied the relation between diet and mortality from
colorectal cancer in three socioeconomic groups in Hongkong. They found that
larger amounts of all types of food including fibre-rich foodstuffs were eaten
by the high-risk group.

Many more data are needed to elucidate the role of dietary fibre in the
prevention of cclon cancer, The same is true for dietary fat which also has
been suggested to be implicated in the development of colon cancer (71,72).
Likewise, correlation analysis of food consumption data from 1954-1965 and mor-
tality data for 1967-1973 from 20 industrialized countries has suggested that

dietary cholesterol is related to colon cancer (73).

C.  Diabetes and obesity

Epidemiological data suggesting that high-fibre starchy foods are protec-
tive against the development of diabetes have been reviewed by TROWELL (74).
Evidence includes the rarity of diabetes mellitus in rural Africans and the in-
creased incidence in urban Africans and alsc a decline in diabetes mellitus
death rates in England and Wales from 1941 to 1957 in which period high-fibre
National flour was produced. ALBRINK (75) proposed that a high-carbohydrate,
fibre-depleted diet, high in simple sugars, by repeatedly stimulating an exces-
sive insulin response, may lead to insulin resistance and cbesity in suscept-
ible individuals and may play a role in the common occurrence of obesity in in-

dustrialized countries,

D. Conelusion

In conclusion, epidemiclogical data suggest that the development of Western
diseases is associated with the low-fibre content of the diet in industrialized
countries. However, it is impossible to conclude whether dietary fibre itself is
the predominant factor or associated changes in other dietary constituents.

Also non-dietary factors play a reole. Furthermore virtually, no data on actual
dietary fibre consumption in different parts of the werld are available.
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Footnotes to Table IV.

» difference statistically significant; in most studies a Student t—-test was
used,

n.s. no significant difference; exact data not available

1) data not available

2) df = dietary fibre

3} NDF = neutral detergent fibre

43 dietary fibre content of tetal diet

5) & = males; ¢ = females

6} SWW = soft white wheat bran; HRS = hard red spring wheat bran

\ INFLUENCE CF DIETARY FIBRE COMPONENTS AND FIBRRE-RICH FOODSTUFFS ON
CHOLESTERQL METABOLISM IN HEALTHY SUBJECTS

A high level of serum total cholesterol constitutes an established risk
factor for the development of atherosclerosis. An elevated concentration of se-
rum triglycerides also has been reported to predict an increased risk {76,77).
On the other hand, a high level of high-density lipoprotein (HDL)-cholesterol
is thought to protect against the development of atherosclerotic complications
(78). A large number of experiments have been conducted to test the effects of
dietary fibre components or fibre-rich foodstuffs on serum lipids in healthy
subjects. Table IV summarizes these results (see also fig. I). Data on steroid
excretion are alse included, as any effect on the level of serum cholesterol
may be explained partly by changes in the removal of cholesterol metabolites
(neutral and acidic steroids) with the faeces.

As was stressed by KELSAY (11), many studies were conducted on subjects
consuming self-selected diets to which various sources of dietary fibre were
added. In 23 of the 47 studies listed in Table IV, dietary intake was control-
led. When results for serum lipids and faecal steroids are compared, it should
be kept in mind that methodological differences and variations in initial
levels may account for differences in response to increased dietary fibre in-
take.

Below, the results for different fibre sources are discussed.

A.  Effects of dietary fibre components

cellulose

In only one study cellulose was found to lower the concentration of serum
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cholesterol and to enhance excretion of faecal bile acids (81). In this study
ten girls of 10-12 years old consumed the large quantity of 100 g cellulose per
day. At lower doses no significant effects of cellulose on cholesterol metabo-
lism could be demonstrated (eof. Table IV) (79-83).

hemicelluloses
KIES and FOX (84) studied the effects of hemicellulose (a mixture of pento-

sans, hexosans and galactansj _extracted from psyllium, 1t was found that at™
“highet ifitake’ “6f Femicellulose (up to 24 g/day) serum cholesterol levels were

lower. The effect on serum tripglycerides depended on the quality of dietary fat.

Some subjects showed a negative nitrogen balance as a result of the very low

protein intake (6.0 g N per day). This low protein consumption may have contri-

huted to the effects on serum lipids (123).

Lignin
T “As far as I know, there are ne data from studies with healthy subjects.

pectin

Pectin was given to subjects in different ways: as capsules (88), incorpo-
rated into biscuits (80}, as powder mixed inte drink or food (30,89,%0) or as a
gel made with fruit juices ete. (40,85,87). In most studies the pectin origina-
ted from citrus fruit,

In all studies reported pectin was found to reduce the level of serum chole-
sterol, the effect being stat15t1ca11y 51gn1f1cant ‘in most cases. The lowest

“dose reported to affect serum cholesterol was 6-10 g per day (88). No signifi-
cant effect could be detected on HDL-cholesterol (40,89) or serum triglycerides
(85,86,89).

According to FISHER et 2Z. (91) pectin lowers serum chelesterol only in
the presence of a high cholesterol content of the diet. However, KAY and
TRUSWELL (85) found no correlation between cholesterol intake and the effect on
serum cholesterol, when cholesterol consumption varied from 200-630 mg per day.

Experiments with rats suggest that the favourable effect of pectin on serum
cholestercl may be more pronounced at a higher degree of esterification of the
pectin {124). To my knowledge this has not been confirmed in controlled studies
with human voelunteers.

Whenever measured, faecal excret1on of both blle ac1ds and neutral ste101d5
was enhanced when,pect1n was included in the diet [30 85 87), except for one

4 study in which in contrast to male subjects females showed a decrease in excre-
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tion of neutral steroids. This sex difference could not be explained by dif-

ferences in fat and cholesterol consumption (40).

B. Effectg of foodetuffs rich in dietary fibre

quar_gum
Guar gum is a galactomannan (a storage polysaccharide) obtained from the

seeds of the cluster bean {Cyamopsis tetragonolobz) (90). Feeding of 35 g/day
of this gel-forming substance was shown to have a hypocholesterolaemic action
(23,90,

bagasse
Supplementation of the diet with 10.5 g sugarcane residue (bagasse) per

day, providing 9 g dietary fibre of which 4 g is cellulose and lignin, did not
lower plasma cholesterol and triglyceride levels, even after iZ weeks, However,
excretion of faecal bile acids was increased (92).

rolled oats

DE GROOT et ai. (93) reported a hypocholesterolaemic effect of rolled oats.
However, this favourable effect may have been caused partly by the high content
of poly-unsaturated fatty acids of rolled oats.

wheat fibre

The influence of wheat fibre has been tested by feeding raw bran, break-
fast cereals, high-fibre biscuits or wholemeal bread., In 1976 TRUSWELL and KAY
(125) concluded that bran has no effect on serum cholesterol. However, as dis-
cussed elsewhere (126) in many -but not all- studies a small increase in serum
cholesterol was found (see Table IV and Fig. I). As can be seen in Table IV, in
13 studies consumption of wheat fibre resulted in a small increase of serum
cholesterol. Five of these experiments involved contrel of dietary intake (28,
40,94,97,99). In two controlled studies the increase in serum cholestercl was
statistically significant (28,40). From a trial with monks EASTWOOD (127} alsc
concluded that removing cereal fibre from the lacto-ovo vegetarian diet is
assoclated witﬁw; decrease in serum cholesterol. T o

On the other-hand, in 4 studies a fall inserum cholestercl was observed
with consumption of wheat fibre. Subjects in only cne of these studies had con-
trolled diets (95). The decrease in serum cholesterol was reported to be signi-
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ficant in three studies (95,98,100). As discussed earlier the above discrepan-
cies may be partly explained by differences in the type of bran used, the form
in which bran is consumed or by concomitant changes in fat and cholesterol con-
sunption (40).

Those investigators who measured HDL-cholestercl (40,95,104,107) found no
effect of bran feeding, except for VAN BERGE-HENEGOUWEN et al. (98) who repor-
ted a reduction of 0.20 mmol/l out of a decrease of 0.48 mmol/1 in total serum
cholesterol, These authors also observed a decrease in serum triglycerides.
This was reported earlier by HEATON and POMARE ({103). However, 1n a later expe-
riment these authors found no significant effect of wheat fibre on serum tri-
glycerides (108). The same was true for all other studies measuring serum tri-
glycerides (28,94,97,99-102,104,106,107,109).

Results for stercid excretion are variable (Table IV). In most studies no
significant effect on faecal excretion of neutral and acidic steroids was ob-
served (82,92,97,99), but CUMMINGS et al. (96} reported a significantly enhan-
ced excretion of bile acids. In two studies steroid excretion was not altered
very much during the period of bran feeding, but it went up after the bran had
been stopped (82,9%). In our study with bran we observed a remarkable sex dif-
ference (see Table IV) which could not be explained (40).
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Figure I, Effects of various sources of dietary fibre on the level of serum
cholesterol in young healthy volunteers.

62 volunteers consumed a relatively low-fibre diet for 2.5 weeks, Thereafter,
Group | {(o———0) continued on the low-fibre diet, Group 2 (e———w) received a
diet rieh in vegetables and.fruits, Group 3 (@——a).the low-fibre diet to which
citrus pectin had been added (on average 9 g/day) and Group 4 (@W—m) got the
low—fibre diet enriched with wheat bran (on average 38 g/day).

N
Data from ref, 126; reproduced by permission of the Publishers.
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legumes
In a 3-week trial with middle-aged men, GRANDE et <Z. (110} found a lower-

ing of serum cholesterol when sucrose and soybean protein in the diet were sub-
stituted for leguminous sceds. When the same experiment was undertaken with
younger men, no effect on serum chelesterol could be detected (111). On the
other hand, in two long-term studies a hypocholesterolaemic action of legumi-
nous seeds was found {112,113). Dietary intake was not controlled in these stu-
dies. Subjects may have changed their usual diet in order to consume a large
quantity of beans each day {112).

vegetables and fruits

In contrast to bran, only a few controlled studies on the effects of vege-
tables and fruits on serum cholesterol have been published. GRANDE et al. (111)
found that consuming vegetables (500 kcal/day} significantly reduced the concen-
tration of serum cholesterol, but a mixture of fruits had no effect. In one
study with a mixture of vegetables and fruits (400 g vegetables, 600 g apples
and 170 g tomatoes per day) serum cholesterol was slightly (but not significant-
ly) reduced (40; ef. Fig. 1}, and in another trial no significant effect was
found (116). It might be that the effects of certain types of fruits and vege-
tables are obscured when a mixed diet is used. In our study we used vegetables
rich in pectic substances (40). The addition of 200 g carrots {117} or 2 apples
(118) per day to self-selected diets of the test subjects was shown to signifi-
cantly lower serum cholesterol levels. The apple experiment lasted for 16 weeks,

A vegetables/fruits diet had no effect on HDL-cholestercl (40) or serum
triglycerides {111,116,117).

With a mixture of vegetables and fruits excretion of faecal neutral ste-
roids in male subjects significantly increased, but not in females (40). Excre-
tion of bile acids was not affected. ROBERTSON e aZ. (117} found no signifi-

cant change in steroid excretion with a diet with 200 g carrots per day.

mixed fibre sources

In two studies which tested a mixture of both cereals and vegetables and
fruits for a 3-4 week period, a small reduction in serum cholesterol was found
(39,121). However, in a long-term trial testing high-fat and low-fat diets,
ANTONIS and BERSCHN (119) found that changes in serum cholesterol were not at-
tributable to the fibre content of the diets, although the excretion of faecal
steroids was enhanced at high fibre intake (120). Both RAYMOND et . (121) and
we ourselves [39) showed that changes in faecal steroid excretion caused by
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high-fibre diets depended on the cholestercl content of the diets, but in both
studies the changes cbserved were not statistically significant (see Table IV).

Besides a lowering in serum total cholestercl a mixed high-fibre diet also
caused a fall in HDL-cholesterol (39). However, in retrospect (40}, this result
was mainly attributed to changes in fat and carbohydrate consumption rather
than to the dietary fibre itself.

ALBRINK et i. (122) compared the effects of two isocaloric, very high-
-carbohydrate, low-fat diets (15% of energy), one high in fibre and one low in
fibre, fed for 8 days each. The low-fibre diet caused a rise in serum triglyce-
rides, the peak occurring on the 6th day, whereas the high-fibre diet caused a
decrease, The high-fibre diet caused a small but significant further reduction
of cholesterol from that achieved by the low-fibre diet.

As shown in Table IV the various sources of dietary fibre do nct influence
values of fasting serum triglycerides. However, it may be possible that tran-
sient effects on absorption and metabolism of triglycerides and fatty acids are
not detected by measuring serum triglyceride values after an overnight fast.
According to ANDERSON and CHEN {9) high-fibre diets appear to exert a greater
effect on postprandial triglyceride values than on fasting values. These
authors suggested that dietary fibre may have a role in the treatment of pa-
tients with hypertriglyceridaemia. Furthermore, preliminary studies suggest
that when a high dietary fibre intske is coupled with a high-carbohydrate diet,
the anticipated rise in fasting triglyceride values does not occur, This fin-
ding is of considerable interest, and it has been confirmed in a trial with
healthy young adults (122;e¢f. Table IV},

C. Conclusions

A comparison of results is rather difficult hecause different amounts of
fibre from varicus sources were given to the subjects for different periods of
time. In most studies the source and composition cof the dietary fibre was not
clearly defined. For example, most investigators have indicated simply that
they used wheat bran but the dietary fibre content was not provided. In many
studies nutrient intake was net controlled, so that the effects observed may be
accounted for by other dietary factors, especially fat and cholesterol (e.g.
128). Likewise, effects of fibre-rich foodstuffs may be caused by other consti-
tuents rather than the fibre itself. In addition, in many studies the number of
subjects was only small, and subjects were of different age. In many studies no
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control group was involved, so that seasonal variations may have influenced the
results. Furthermore, conflicting results may be explained by variations in the
quality of the fibre such as particle size, methed of preparing ete.

Nevertheless, for the time being the follewing conclusions can be drawn:

Pectin lowers the level of serum cholesterol, and enhances the excretion of
faecal steroids; it has no effect on the concentration of serum triglycerides
and HDL-chelesterol.

The results for cellulose and hemicellulose are inconclusive.

- Guar gum, a soluble storage polysaccharide, has a hypocholesterolaemic effect,

Fibre-rich cereals have no favourable effect. On the contrary, certain types
of wheat fibre may even increase the concentration of serum cholesterol; HDL-
-cholesterol and serum triglycerides are mostly not affected. Effects of

wheat fibre on faecal excretioi of steroids are not clear.

The published results suggest that legumes, vegetables and fruits can lower
the level of serum cholesterol, but the effect is usually small compared with
the well-known effects of lowering the amount and the degree of saturation of
dietary fat and the amount of dietary cholesterol. Vegetables and fruits have
no effect on HDL-cholesterol and serum triglycerides in short-term studies,
and results for steroid excretion are inconclusive, Whether the small effect
of vegetables and fruits on serum cholesterol can be attributed to the content
of pectic substances in these foodstuffs remains speculative. In only one stu-
dy with a vegetables/fruits diet pectin content was analysed (9 g/day; 40).
As analysis of pectic substances in foodstuffs is lknown tc be problematic
(46), data for pectin content are far from complete. Therefore, it is not pos-
sible to calculate the pectin intake in other studies quoted here.

In practice, dietary fibre may indirectly reduce the level of serum chole-
stercl by displacing fat-rich products from the menu. This was also indicated
by the negative correlation (r = -0.44) between the contribution of fat to
energy intake and the fibre content (as g/1000 kcal) of the usual diets of the
volunteers in our own experiment {unpublished results).

VI  INFLUENCE OF DIETARY FIBRE COMPONENTS AND FIBRE-RICH FOODSTUFFS ON FAECAL
OUTPUT AND INTESTINAL TRANSIT-TIME IN HEALTHY SUBJECTS

Table V shows the results of experimental studies measuring the influence
of dietary fibre on intestinal transit-time and faecal output cf healthy sub-
jects. In 25 of the 37 studies tabulated here dietary intake was controlled.
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When comparing the results for transit time one should bear in mind that
the results may depend on the definition of transit time and the method of mea-
suring it. Some authors define transit time as the time from ingestion of a dye
marker until the first appearance in the faeces (85,92,99,147) or until most of
the colour has appeared (115). In the majority of studies radio-opaque marker
pellets were used, stool marker content being estimated by x-raying. Transit
time was computed either as the time required for the passage of the first 80%
of the pellets (method of HINTON (148)) or as the average time a pellet takes
to pass through the gut (mean transit-time {(MTT) method of CUMMINGS et ai.
(149)). The HINTON method was applied by the following authors (28,82,89,92,117,
121,137,139-141,143) and the MIT-method by (30,39,40,96,133).

Besides methodological differences, variations in initial transit-time be-
tween individuals may influence the response to increased dietary fibre con-
sumption. The same is true for variations in faecal cutput. In most studies
average transit-time at low fibre intake was about 50-70 h and averape faecal
wet weight was about 100-150 g/day. Furthermore normal variability of colonic
function in healthy subjects is known to be very great (150).

A summary of results for different fibre sources is given below.

A,  Effects of dietary fibre components

cellulose

Consumption of 10-15g cellulose per day was reported to enhance the pro-
duction of faeces, although the effect was significant in only two studies (82,
132). EASTWOOD et ai. (82) concluded that the effects of cellulose were similar
to those resulting from the ingestion of bran. These authors found no signifi-
cant alteration in transit time but SPILLER et ql. (132) observed a decrease of
as much as 2.5 days. No significant changes in frequency of defaecation (131)

or water content of faeces (29,82,129) were found.

hemicellulose and lignin

No studies on healthy subjects have been published.

pectin
In general, it may be concluded that pectin does not appreciably affect
colonic function {see Table V). In some studies a small increase in stool

weight was found (30,89), but the effect is far less than that reported for
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