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HUMAN I)IETARY FIBRE

A REVIEW OF THE COMPOSITION ,

ANALYSIS AND RELATIONSHIP TO DISEASE OF FIBRE

IN HUMAN NUTRITION

Definition of Fibre

The term “f ibre’’ is at present an imprecise term. The concept arose
initially to denote that component of a forage crop which was unavailable to
animals. This was referred to as “crude fibre”.

Crude fibre analysis consists of extract ion wit h petroleum ether , follow-
ed by acid, then alkali digestion (i.e. simulating animal digestion). The
tindigested residue is weighed, ashed and the crude fibre value is the final residue
weight minus the ash weight ( Horwitz. 1970).

The concept of “f ibre ’’, particularl y in relation to human nutrit.itm has
altered over the years, unt il now “fibre is considered to he the whole of the
plant cell wall plus Some substances such as mucilages and gums which are
not found in the cell wall but which are indigestible in the human gut. Not
all plant cell wall constituents are indigestible though, so f ibre is not co1n1)iet~ —
lv indigestible , and not all the constituents of “dietary fibre” are, in fact , f ibrous.
( Cummings, 1973).

The crude fibre anah’sis d escribed above is extremely method—dependent
and insensit ive at the low hl)rc levels found in many foods (van Soest , 1963).
It also measures a very variable proportion of the total plant cell ~va hl Constitu-
ents , w hich are invanablv underestiniated. Crude fibre analysis recovers 50—
80~ of the cel lulose, 10— 50% of t h e  hi gnin and only about 20~ of the hemicelluloses

van Soest, 1973). The proportioii of the total cell ~‘a lI constituents recovered
depends to a large extent on the percentage of hemicellulose present. Hemice l—
Inloses arc largely lost in the crude fibre analysis .

The crude fibre method thus has many deficiencies and does not have a
pl~tce in the analysis of dietary f il)re in human foods.

Alternative methods of analysis ~vill be discussed later .

Components of Fibre and their Possible Physiolog ical Significance

( 1 )  Cellulose. This is the oiil~ trul y “hl)rous component of the cell wall.
This is an unbranched 1—4H—l )— g lucose polymer containing about 3000 glu-
cose units. The w hole molecule folds into a flat , ril)hon—hike structure
which packs closei~ w ith id entical molecules to form micro—f ibrils. Th ese
form t he fibres of cellulose which are woven into the Plalit cell ~vall I Ranby,
1969).

The fibres are very strong due, it is believed , to the length of the chains and
hydrogen bonding between hydroxvl groups of adjoining polymers (Jeffrey
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and Rosenstein , 1964). For the most part , ce llulose is crystalline . but
there are regions along the niicro— tihrils which are non—crystalline ( an ior—
phous).

In terms of significance to human nutrition, the most im l) orta nt P ro l)ert ies
of cellulose are the susceptil)ility of the molecule to enzymatic and acid
hydrolysis , and its ability to absorb water. Both these characteristics ap-
pear to invo lve the amorphous areas of the inicrofibrils. Cellulose is sus—
ceptible to acid hydrolysis and is 30-40~ digested (Mangold, 1934).

Most plant cell walls contain 15—40~ I)ti~C ce llulose on a dry—weight basis
( Kent-Jones and Amos , 1967).

Inclusion of cellulose in the diet of both animals and man is associated w ith
changes in cholesterol and bile acid metabolism, however cellulose appears
to be less potent than other dietary fibre constituents in lowering blood
cholesterol level ( Keys et a!, 1961).

(2) Hemicelluloses, Mostly 5-carbon sugars, they are soluble in cold, dilute
alkali. Heniicelluloses are either acidic or neutral depending on whether
the~’ have small or large numbers of uronic acid residues. Together with
pectin, t he hemicelluloses form the matrix of the plant cell wall in which
are enmeshed the cellulose hbres.

Of possible physiological significance are : hemicelluloses have a water—hold-
ing capacity, are 55-90~ digestible ( \Vi lliams and Olmsted, 1936, South-
gate and l)urnin, 1970) and bind ions.

(3) Pectins . P~ctins constitute between I and 4~° of total tell wall polvsac-
charides ( \Vhistler and Richards, 1970). The parei~t molecule is a polymer
of 1—4— U— l)—ga lacturon ic acid. The Parent polymer is usually modihed to
include 10—25~ of neutral sugar residues. Pectins have the ability to form
gels and can bind ions. In man, pectins may he almost comp letely digest-
ed ( \\‘ersh and Ivy , 1941). Pectins can alter cholesterol metabolism (lower-
ing blood cholesterol level). In m a n , pectin supplements of 15—35 g ~~day led to significant lowering of blood cholesterol ( Fisher et al . 1965).

In another experiment , pectin supp lements were found to i~e second only to
a reduction in dietary intake of cholesterol in reducing blood cholesterol
levels (Anderson, 1973).

The degree of methylation of the molecules affects both the degree of gel-
formation and the cholesterol lowering ability ( Ershioff and \Vells . 1962) .

(4) Plant gums, mucilages , storage polysaccharides. These are not cell-w all
com ponents , but are related to them biochemically and in their phvsiologi—
ca l effects. Mucilages are found in seeds where they protect against
desiccation by holding water. M ostlv the~’ are neutral polysacc harides.

Structurally , they resem ble hemicelluloses. Guar is an example : in small
amounts it is used as a food thickener.

(;tims form at the sites of injury in plants. In the food industry they ~~~used as stabilizers , emulsif iers , t hickeners and in hulk-forming laxatives

2
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( itmni arabic is also used as an adhesive.

( hims are a comp lex group of highly branched uronic-acid-conmaining iiolv
mers , with neutra l sugars such as x viuse and arahin ,~~~~

.
. .\ high pr p r—

tion of ca lcium and magnesium salts is formed and a significani number of
res idues are acetv lated ( A spinall , 1970).

In terms of ph sio logical effects on m a n , the most important characteristics
of gums and mucilages are their effects on cholesterol and bile salt metal )o—
lismu. They have similar effects to l)ectifl. (hiar is especially potent
(Jen kins et al , 1975).

(5) Lignin. This is the atypical constituent of fibre in that it is not a carbo-
hydrate, It is a small, insoluble polymer w ith molecular weight 1000—
4000. It is made up of three different subunits, each of which consists of
a su bstituted phenylpropane ( Kent—Jo nes and :\mos, 1967).

Lign in ’s role in the cell wall is to strengthen it by perm eating and support-
ing the other components ( Pearl , 1967). Lignin impairs the digestibility
of ot her cell ~vaII constituents ( Raymond, 1969). It is also thought to have
a bile—salt—binding capacity , wit Ii adsorption perhaps occurring through
hydrophobic interactions ( Eastwood and Hamilton, 1968 11.

(6) Algal Polysaccharides. Related to the above components of fibre is alginic
acid , derived from algae. This is a nonsul phated poIysacc l~art de. In its
i)ative form it occurs as sodium, calc ium , potassium or magnesium salts
alginates ) .  It is a linear, acid, pol saccharide polymer , largely unbranch—

e(l SO it , like cellulose, can form mi crofibrils.

Alginic acid is widely used in the food. l)llarlmtcetltical and paper industries.
In food , it impairs the absorption of strontium in the gut ( Patrick, 1967).

(7) Fibre-associated substances. Methods of fibre analysis invariably leave
some no n—fibre substances in the residue. l’he extent to which some of
t he characteristics of fibre are in fact due to these contaminants is not
known.

Phvtic ac id is found in seeds in association w ith protein. Usually it is
comp lexed with (‘a, \l g and K and exists as salts ( phvtin ). Phytin is
milled off w ith the bran during the refining of wheaten f lour: it is therefore
present in ~v holemeal bread and not , significantly , in white l)read ( Kent—
Jones , 1967). Because of the ion—binding capacity of phyt in, t he consum p—
tioi3 of wholemeal bread can deplete ions such as calcium from the gut. In
areas w here calcium intake is borderline, this could lead to osteomalacia

Iierlvne et al, 1973).

Phytin is also thought to impair iron and zinc absorption (Jenkins et al.
197(i). The l)rincipal constituent of the ash in the fibre fraction is silicon.
Its signif icance to human nutrition relates to its capacity to impair digesti-
l) ihity of cell—wall materials. In this respect it bears some similarity to
lignin ( Raymond , 1969).

(‘t iticular substances (waxes and cutins ) also apparently impair cell—wall -digestion ( van Soest and ~t1cQueen ,1973).

3
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The plant cell wall contains a multi tt ide (If other substances whose role in
human nutrition is nut clear , e.g. ta nnins, enzymes, v itamins, glvcusides ,
etc.

Conclusion. I I l) re is a comp lex m a t r i x  of l)OlYIllers from the plant cell —
wa ll and similar substances from el sc~v ht’re in the plant cell , e.g. gimimis am i d
muc ihages.

The main ~hysio Iogica I effects of these individual components are ~mi
cholesterol and bile acid metabolis mu , water— holding capacity , gel—forma-
tion, amid ion—l)inding.

The physica l and chemical interactions of the constituents (If fibre are im-
portant in the context of nutrition, as the components do not exist separ-
ate ly. How the physiological effects of individual components are altered
by t he p~~~ence of other fibre constituents is unknown.

Arrangement and Distri bution of the Components of Dietary Fibre in Foods

1 1 )  Development of the cell wall. (Albersheim , 1965). After nuclear divi-
sion of the parent cell , a cell Plate forms between the daughter nuclei. This
is rich in pectic substances and becomes the middle J at u ella. The pr imary
wall , which is deposited on the middle lamella , consists of cellulose fibrils
t hat appear to be deposited as a random network. The matrix that forms
around these fibrils contains non—cellulosic polysacc harides with both pee—
tic and hemicellulosic characteristics.

The secondary wall usually consists of three distinct layers. Cellulose
tibrils are laid down in a regular parallel arrangement. The matrix siw —
rounding these is primarily hemicellulosic.

I ~ignihcation usua lly starts in the mniddle lamella and then proceeds out-
wards, swelling the cell ~vall . The actual composition of the cell wall
var ies from tissue to tissue and depends on the age of the plamit ( particular—
lv with respect to lignin). Hirst , et al, 1959)

i ) Stem structures: Most “stem foods ” are consume d in imumnature com idi—
Hun, are lightly lignitied with a cuticular laver on the outer surface.
Potato is ~ii exani p le.

(ii) Leaf Structure : These are lightl y l ignif ied , have a cut icular layer and
a waxy coat ing. In monocotyledons , heavy lignification occurs.

( i i i )  Root Structure : These are usually eaten before much secondary
t hickening occurs. They arc therefore lightly lignif ied, e.g. carrots .
turnips.

iv ) Fruits: These vary widely. There are two distinct classes, f leshy
( e.g. to m ato , c itrus) and hard (e.g. mints ). Fleshy fruits are typically
thin—walled , wit h only light lignihication.

v ) Seeds. The walls (If the cells in the seedl coat are often thickened and
frequently lignified. In some. mucilages are present ~vliich absorb .
water and swell , t hus rupturing the seed coat and cuticle ( i.e. gerniin—
at ing).

4
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The Anal ysis of Dietary Fibre

~~ tn en t  iuned in Section ( a ) , the “crude f ibre analvt ical met hod is not
app li ca l ) l e  to human dietary f ibre with any degree of precision.

As vet , no utw method is available which can lIe Use(l on all foods wit hout
iiiodihcat ion.

‘I’lw “acid del c rg c m m t f ibre ’’ ( A I) F) muethod (If van Soest (1963 ) provides
an est imate (If f ibre that correlates closely wit Ii the nutritive value (If rtmm ninant
ferdstuffs. The fraction mueasured by this procedure has been show n to con-
sist mainly of cellulose and Iignin. It also contains some silicon.

The met hod has a number of lim itat iomis ~‘Iien app lied to human f RIds
Southgate , I 976). Human foods are usually much higher in lipids and starch

t han animal forage crops this leads to problems (If foaming and f iltration. .\
more fundamnental pro l)Iem is that the A l  )F method measures omilv a fraction ,
albeit a signi f icam it one, (If the comiipomi emits (If ht im iman dietary fibre.

The “mieutra l detergent fibre ’’ ( N l)F ) meth od also of vam i Soest (1963 ) is -t hought to give an accurate measure (If the cell wall const ituem its of vegetables - -

According to Southgate ( 1976) it appears to (liyide the dry matter of feeds very
near ly into those constituents which are miutrj t ionally available to niami amid those
which depend on microl)ial fem mnentati on.

The method imivolves extraction of nomi—fibre comuponents ( If  food in a neu— -
tra l detergent followed by f i l t r a t i o n  and ashing of the residue to correct for in-
organic c ‘ntamimiat ion of the fibre.

l’lie main prol)lemns ( Southgate , 1976 ) are : - -
1) 1 til llrecis iomi (Inc to small samp le size. If a larger sample is used, i>roblemns

( If f uam n in g occur. This can be largely overcome by initial lipid extract iomi .

2 )  Starch can remain insoluble in the hot detergent and 1~e measure d with
residual NI )F. E nzvm u a t i c  hydrolysis can correct for this.

3) .-\ fundamental prnl)lenl is that the muethod will underestimate tota l dietary
f ibre because the water soluble pol ysacc harides are lost during the extrac—
U In, Angus et al (1977 ) on t h e  other hand, claim that the NI) F method

leaves as fibre appreciable quantities of material susceptible to digest ion
by mnamn inalian digestive emizvmes.

They propose a method based on the N I)F technique w hich includes water ,
ethan II and ether extraction and pancreatim i digest ion, as we ll as the lieu—
tra l detergent extraction.

Their results were consistently lower (i.e. they ohtaim ied less fibre ) tham i
t hose obtained using the N DF met hod.

~ l cCancc et aI (19.36) measured “unavailable carbohydrate ”, a fraction
which corresponds closely to dietary fibre, in a range (If fruits , nuts am id
vegeta bles . l’hey determim ied the residue insoluble in 80’s v v et hanol and
then miieasurecl t he starch imi the residue after enzymatic hydrolysis with a -
ta kadiastase prepartion they then corrected fur protein in the residue.

_ _ _ __ _ _ _ _ _ _ _ _ _  _ _  
_ _ _  
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Soul ligate and I )urmiin ( 1970 11 (leveluiled miiethods (( I  measure t he %1’ j~ ~us
c(Imupunent s ~if the unavailable carb ili vdt ’at e fract iomi am id I bus Ii i r t i m a basi~for t h~ uwasw’enwnt (It dietary fibre. ‘ru e miiet hud is, of ntcc:~~it 

y , v r rv
I itiie—c (ItIsLlt1liII (,~ and Could! nut be used! for 1 Inline a mia lvt ical work. ‘l’lw
f irst part (If the method , however , gives a similar est in mat e of o it; ~I (bet :trv
fi bre to the mnet hod of McUance et al ( P)36). Southgate ’~ im met hod i~ oa~e(l
iii au aidI )hol—iuis ( I lul) le residue, ~~ ii 51 arch rt’nl( ve(l by e t izVtmnut  IC hiV ( lF ’ I—

lysis ami( l fat removed liv diet hvl et h e r  ex t ract  ion.

(Inclusions: N ~ tiiet hod of a mia lysis Ium dietary fibe has ~~ reac hed the
stage ( i f an acce pted , stan dard m im et hod , a l) l) licah) le (( I  all , or a maj~ ir itv I f

h u m a n  fo . ds . i\lod iftcatums of the N l)F method and the initial stages
( It  t he Southgate tiiet liod seem im to (tier the best promil ise (if a routine nietliod.

Possible Modes of Action

Vegetable fi b re is a physical C( onp iex t hat acts principall y in the colon.
Filim e has ~vat er — hoIcling, catiomi exchange amid adsorptive p ropem t i es , which
y~~•y w ith the variety (If fruits and vegetal) les studied. It is 1>ossilile that
vegeta ble dietary f ibre acts im i the colon by formiiing a supporting matrix which
provides surfaces or a locating miii cr u—env im-o m im nem it in which bacteria and intes-
t inal contents interact ( Eastwood am id ~I itchell , I 976). Vegetable dietary
fibre mnav also act as a gel with part it iomiing cham’acteristics for hot Ii bacteria
and other substances imi t he i nt est i  mial com i tent s . The m ii etal )oli sn l (If
substances in the colon imi i ts turn is influenced liv t h e  physical c hia rac—
te rist ics of the matrix , and this supporting iiiediuiii ma~ he metabolized and its
character changed liv the act iv i ty ( If  the bacteria. There are iti i lxl rtamit effects
of fil ) re on solute and bacterial act iv i ty , ~v liich influeiice tile fate (if bacterial
met abo l i t e s  of so lt ites of eiidugeiioiis amid ex genotis origins. Such effects may
decide whether the metabulites are excreted in t h e  faeces or are c(Ins~’rved liv
being ret nm-ned imi t im e l1 irtal vein. HI ire it self may he mlieta lH d ized liv bacteria

\Ve rsh am i d ! I v v , I ~41

It is I)ossil ) le (( I  protect ag a ins t  the carcinogenic effect ol chem iiica l car—
c liii Igemis liv imiducing imic reased mixed— function (Ix idase act ivi ty . The level
I If m u ixed function iixidase act iv i t y  iii (lie small intestine is related to the amount
of f ibre u i  the (hiet. The facto r s ) is not kmiown , hut it could he lignin which
(l(Ie’~ act as an antioxi dant in t h e  (ligcst i ye tract ( \Vattenherg, 1974).

Ille sigmii ficamice to the humnam i Ii ost of the colonic mnicrobial act iv i ty is
not c lear. The acids formed in the post erior gut liv ferm nemitat ion of protein
may have value, an(l vitamin sv iit~:e~is m a y  lie important , but mamiv miitrogemious
products of dubious or negative value are also formiied , in contrast to t h e  fer —
unentation pro ducts from carl)ohydrates ( i.e. in h erbivores such as rumi linants
which give rise to volatile fat ty  acids which are ahsorbecl liv t h e  host and oxid iz—
ed t( I provide energy ( H ungate, 197611.

Theories on the Health-Ben efiting Role of Fibre in Diets
( 1 )  Fibre functions as a Bulking A gent : 1.. ndigested , high miio lecu lar weight

c ( Imli p ( It mm i ds for ni faecal hulk. flu 1k in the in test inal  t m’act ind uces a faster
rans it t ime and reduc es tli..~ o l) l )urtt ifl itv for microbial ii ro c 1tmcti ~~mi (If to xins

or carcinogens. It  has been su ggeste d that (‘nuder of t h e  bowel can be due
to t he Juro(luct n ~n ~~ carcinl gens liv t lie act i m ~if coloni c bacteria (In c mii—

~ 
iimn ds ~iresemit in t lie colon, e.g. b ile acids and steroids ( flurkit t , 1974). 



( 2 )  Fibre f u nctions as a toxin antagomi ist : I .;trge , ~ii5 Iluble cIIuiI p IIun( Is are
i(Ieal absorbamit s . I ) ietarv fibre could hind potent ial t xins , l)rt’~ cnt t heir
(l~gesI 1(111 or absorption and faci l i tat e t h eir excretion .

3) Fibre Functions as a Nutrient : l”i lire may he a source of unknown nut ri
em its or com iipot mn ds t h at have medicinal propert e.~. Nattmral plant fibres
are a het er( igemie( lUS uiui x t nrc of d( I mum plex couiiii lU mid ~~. The ch em ical sI m c —
(tire ami d biological act iv i t y  of the individual mmii leciil e is often unknown.
Even undigested m imi decu les cam i cause an imidire~’t hieal t Ii benef it liv st imu lat—
ing the growth (If beneficial uiiicrot l ora or liv retarding I he g mow t Ii (if pat ho—
genie (irgamiisnis ( Lang and f l m iggs , 1974 ).

Animal Studies. In mo nog astr ic animals , e.g. mat , mouse , rabbit, chick
and guinea pig, fi b re seems to be non—essential , exce pt perlialis in the guinea
pig, although it confers benefits to the rat amid ! rabbit amid to mm ma miv ot he r
species ( Lang and l-~riggs , 1976).

Conclus ion. ‘[‘he debate over the need for dietary f ibre has a II ng hist Irv
and ~‘ill undoubtedly continue f(Ir malls’ decades. Currently , ~ve miitist con—
c h ide that we have not seen c(Invincing evidence that dietary f ibre is an
essem it ial dietar y com npomie nt. The development (If chem i’uicallv defined
liquid diets for rats , c hick ens amid man suggests that there is no unique.
essent ial functiom i for dietary tihr~.

Althoug h dietar y f ibre miia v m i ( It  be an essenti al component , miianv studies
indicate that it may have healt hi—bem iefiting properties , suc h as reducing the
e ffects of toxins , reducimig cholesterol levels and preventing diverticular diseas,. . -
Lniortunatelv , mamiv (If t hese theories involve slow processes and thus require
long—term ii tests which m u i ust lie cam ef ull v controlled.

Excessive fibre may be harmiiful , e.g. phi-t ic acid. oxahic acid amid phenolic
compounds are associated with plant fibres amid have have beemi shown to res—
tr ict the availability (If essential ehemii ent s such as zinc ( National Resear ch
Council , 1973).

In the context of possible bench ts com if erred by dietar y fi bre , it is iiiter-
est ing to note that hilacehius frequently comisist of fibrous miiatem ’ial , suc h as car—
boxyt iieth~- lceIlulose. A consistent proI)ort ioml ~f patiem ~ts has been cured liv
placebo treatment, a result which is usually attributed to psychological fac tors.
In view of the amiti toxi c effects of cellulose, perhaps placehios shiotmld not co m i t ai m i
fibre ( Lang and fl riggs , 1976).

Dietary Fibre and Lipid Metabolism (Danielsson. 1973)

Cholesterol is a mil(inohydlriC steroh in every cell in the hiodv I t  is sv nthe—
size d m ainly in the liver and intestine. The major catabolic produ cts are the
bile acids. The bile contains ch olesterol , l)ile salts and phosp hiohi pids (primaril

~~~~ lecithin) in a delicate balance. Any substantial chamige in amiv ‘ inc of th ese
can lead to gallstones.

lii genera l, pectin and other l)oh ysacc)iami des am’e hvpo—cho leste m- olaeuiiic
I\ iravama et al . I ¶)69 ). ‘I’he stigges tion h a s  been made t hint the mechanisni

( If ZL c t i ( I t i  (If pectin is iflhul)iti(ili of cholesterol absorption and increase ( if faecal
bile acid excretion ( Levei lhe and Sauli erlich , I~ 6n). Experiniem its imivIll vimig
m a n  have not shown a great eff ect of bran on serum chohestei’ol level ( Connel et

/
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al, 1975). I ‘ectin and guam gum , omi t he other hamid seem to lie ( l imit e eff ect ive
in lowering serum cholesterol Key s et al , 1961 ). Evidence suggests that  f ibre
m l mav im i l ii hi t cholesterol abs(Irpti( imi by lii nding bile salts. Such liindin ~ ci Puld
result imi a fai In i.e in ni ice l lar f irmiia t i (iii essemi t ial f ~r chi Iles t er ( ii alis irhit ii in ,
and this , in t t im . wou ld increase bil e ac id excre t ion, effect imig an imicrease in bile
acid synthesis to replace the lost bile salts. Uothi eve nts would drain c hol es—
t ero l poo ls ( K ri t ch evsk y and Story, 1974).

\Vat cr—h ’ ilding and cat ion—exchange properties (It f ibre may also influ emice
ahis i rpt ii ni ii f ch io lesterol and hiile acids ( \l cC mim iell et aI, 1 974).

The accumulated data indicate a general hvIH Ihil i idlae mm iic amid ant i—at hem’o—
genie effect. However , the type of hili re is imp o rtant, for e xai i iple ligni n
act ive l y  binds bile salts im i vitro , cellulose d (Ies not ( K r i tc hev sk y amid Stor y ,
1974).

Dietary Fibre and Colon Function

1 )  Effect on Stool Weight : Fibre , es l )ediallv fr om bran , leads (I) softer , h eav ier
St o(Ils. ‘[‘lie increase in weight appears to lie due to ami increase im i wat er
content of the sto(il ( Easttvoud et al, 1973). 1~rtiits and vegetables as
a bsorbers are : turnip < potato < hianam ia < cauliflower < pea < winter cab-
bage < lettuce < a~)ple < carrot < miiamigo < bran ( ~\ l cConmiell et al. 1974).
Particle size is also important — coarse bran holds miiiire water than h u u e
bran ( Kirwan et al , 1974).

‘I’he constituents ( i f fibre res ponsi h ile for the absor ption (if water h ave not
been conclusive ly identified. Pr(IlIal)lv the pol saccharide content is in—
vo lved.

The hlulkiug action (It dietary tilite will have t h e  addet! effect (if diluting
co lonic contents , e.g. bile acids, whi ch according to flurkitt (1974 ) should
lower the risk (If c ( i hon ic cancer.

( 2 )  Effect on transit t imii e : Rural .-\f r icans who have a high fibre diet not univ
pro duce large , bulky stools, lint are reported to have fast transit times. (If
t he order (if 30 hr. in contrast to Europeans and North Ameri cans ( < 48
hours ) ( flurkitt et al , 1972). Cereal bran, w hen given with the ilo ri llal diet ,
not on ly causes an increase iii s t ( Ioh weight , biut also low ers transit times.

However , people with s hort transit t imes <24 hours) react to brami b imi-
creas ing their transit time ( Harvey et al , 1973), perh aps suggestim ig t h a t
bran gives rise to an ideal ‘‘hirami transit ti me ’’ , t hat will var~- depe m iding on
t he source of the vegetable fibre in the (bet. The mechanism ~v herehv
iihire leads to a (lecreased tramisit ti t u e  is not ad equatel y e’:p lained. \ ‘eget—
able f ibre may alter the specific gravity (If c ( i l ( i m ui c contents :  substances
havimug a specific gravity of above (it’ below 1. 1 heimig miiore m’ap idlv excrete d
t han substances w ith specific gravity ut 1.1 ( Kirwan and Smith, 1974).

Epidemiology of Bowel Disease

Nomi infective bowel diseases include hlaeiiiorm’hoidl s, appendicitis , di v ert i—
cnlar disease , cam icer (If the colon, co litis audi Cu’ohn’s disease. 1 t is though t  that
a deficiency of fibre coin cides with their appearance.
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\-Vit h some bowel diseases, ami excess of dietary fibre appears to coincide :
vol~-u lus of the colon and inflamnniatorv bowel diseases (Cummings, 1973).

any countries, e.g. some Africat i, parts (if ind ia and Japan ( Burkitt et
al , 1974) appear to be f ree of non—infective bowel disease. There is a temu pta—
tion to ascri be these characteristics to race. However , when people fromi i these
areas migrate to a country with high incidence, they suffer the same rate of
bowel (lisease as their adopted countrymen. i’hi~ suggests an environmental
cause ( Rurkitt , 1974a).

The reverse tii igr ati on , peop le from high—incidence countries going to
low—incidence areas, does not usually result in a decreased incidence of co lonic
disease ( Burkitt , 1974a).

It is unlikel y that people from iu affluent countries would become less
prosperous on moving to p(Iorer c otm m u tr ies . Thus mu o m i—infective bowe l disease
appears to he an environmental disease , and the component ( If the envir onment
concerned ap~ ear~ to lie connected to affluence ,

Strong arguments ex ist that food is the environmental factor inv ol yed
( Bt i r k- itt , 1974). Africans in low incidence areas derive 80~ o f their food energ y
f rom hi gh fibre carbohydrates , nua imulv ~ ams , m illet and sorg hum ( Lathanu,
1965). In the \Vest , t he tendenc y over the past cen tury or so has been towards
an increased consumuptiomi of white flour (low in fibre), coup led with a dramatic
r ise in w h it e s u gar co nsu mu pt io n. Fat consumption has also increased in the
\Ves t . There is a correlation between these changes in diet and the sharp in- -
crease in incidence of non—infective bowel diseases but the corr elatiom i is tem iu ot is ,
dt i e to lack of data on 1)0th changes in diet and cha miges in frequenc y of bowel
diseases.

Cleave ( 1969) belie v es that increased consumption of sugar is the main
factor. l’he evidence for this is not strong, cons isting mainl y of a correlatio n
between increased sugar consumption and increased incide nce of colonic
disorders.

Dietary Fibre and Diverticular Disease

This condition is coninion in \\ estern countries hut uncomuinion among
A fricans eating a hi gh f ibre diet ( Painter and Bu rk itt , 1975).

It has been post ulated that how fibre diets lead to the formation of small ,
hard stools which exert excessive pressure on the colon , caus ing small pock ets
or di ve rticu la to he formed ( flu rki tt , 1974a).

It is estimated that a majorit y (If people over the age of 60 years in \\ ‘ es t —
em countr ies have divert icuha in the co hom u . However , onl y about 10~ ever
suffer svnlptoms ( Painter and Burki tt , 1975).

Btt rkitt ( 1974a ) suggests that bran should be added to the diet to protect
against diyert icuha r disease. hi ravi is the most concentrated form of fibre ; it
consists of about 21~~~ cellulose , 2O-26~ pentosan t hemn icellu los e), 7,5_ 9,Ø% starch ,
5% sugar . I 1— 1 5 ~ prote in, 5—I 0~ fat , 5—9~ ash and about l4~

4 moisture ( Kent-
Jones and Amos, 1967).

That bran is benef icial in the treatment of diver t icular disease is unques-
tionable. Many studies have shown improvement of patients after consuming
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bran supplements ( Burkitt , 1974a ). t t is highly likely that vegetable fibre
w ill have a siui iilat- effect to that if bran ; st tidies have not vet been carried out.

The problem of aetiologv (if (hi vert idu lar disease is not solved liv t he find-
ing that fih re will alleviate diverticular disease. It is possi b le that the cause
of divert icul l s is is sonuethimug othem - than lack (if hi lire : t hem ’e is no diouhlt , how-
ever , t h a t  fibre is of therapeutic value.

Dietary Fibre and Colonic Cancer

Th ere is widespread belief th at diet and cobonic cancer are related. The
factor(s)  that mnav lie imivolved have not hieem u established.

The low incidence of this cancer in Africa (e.g. in Nigeria, ñ 100,000)
cotuipare d with North American Negros (70/100,000) suggests an environmental
cause ( Bu rk itt et al , 1972).

The rate of stomuiach cancer , in contrast , remuua ins the same as in t h e  d ( itifl—
try ( if origin ( l)rasar and Irving, 1973).

Burkitt ( 1974a) suggests that low levels of dietar~- fibre can lead to longer
trans it tinies and that bacteria in the colon can produce carcinogens from meta—
lmhites in the colon. The longer transit time would allow more of (lie carciiiogens
to be produced and would lead to a longer time of exposure to t h e  carcimuoge ns.
Bile acids have been proposed as one substrate which bacteria may mnetaholise
to prod uce carc inagenic hiy—prociucts.

There are data to support the t hieom v that carc imiom~ (if the bowel is
related to an enhanced faecal bile acid c>retioui ( Hill et al , 1~’75 > .  Cholesterol
nueta biolismii and cobonic carcinoma muav be inter—related. \Vhen there is an
excess of serumii cholesterol , it is converted to bile acids , which i~~~s to t h e  colon
( I)aniclsson , 1973). Patients with large bowel cancer had higher faecal bile
ac id concentrations than the controls. ~l ore cancer patients also had  nuclear
deh iv drogenat ing bacteria (Hill et al, 1975).

However , t he correlation between low dietar y fibre and cam icer ( I f  the
colon is weak.

1-I ill ( 1971) showed that the amount of bile acid in the faeces is dependent
on t he fat contem it of the diet. This niav provoke a d il em u uma to heart patients

are tirgecl to take polyumisatt iratech fats which lower the serum cholesterol
level , hut  lead to increased faecal bile acid cxcrctiom i.

Thwe et al (1976 ) found no significant difference in bacterial flora and
daily excretion of hiile acids in fast trali sit (<2 4  hrs ) and slow transit (<48 hrs
hle(iP lC .

Because ( if the water—holding capacity (If f ibre, stoo ls formed by people (in
high fibre diets tend to be much heavier (about 500 g ) than those funned as a
resti lt of low—fibre diets. Th us Findlay et al ( l~ 74 ) showed that when the
diet was supplemented with 20g bran ier  day , stoo l weight increased, lint flue
c( Incentration (if bile acids decreased. This (lii ut iou (if I” t ential carcinogens
niav be of si gn ificance in reducing the risk ( if bowel cancem’ .

There is , however , a c loser correlation hetweemi hig h fat and l)ro t eiui ( li et S
and cancer o f the co louu than hetweemu low fibre and bowel cancer ( \\ viuder and
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Shigematsu, 1967) . Among potential carcinogens are several am uu in o acids and
lecithin, w hich may be converted to nitrosamine. N —nit roso ci niupi mu ds present
in bacon, smo ked fish amid mushroonus may he converted to carcinogens ( Lancet,
1973). Reducing agents , such as ascorbic acid , miiay have an unren iar ked l)r~ —
tecti ~’e effect by prev eulti ng the com uversi o n of Potential carcinogens to actual
carcinogens.

The problem of carcinogenesis irobahil y devolves on bacterial act ivi ty ,  to
some extent , (leterminimig whether liotelitial carcinogens are converted! to actual
carcinogens. Fih re will probah)ly lie im uip orta nt because of its di lt mti o n effects.

Fibre and Appendicitis

Studies in South Africa have shown a strong corre lation between a diet
high in fi bre and low rates of appendectomy (\V alker , A. R. P. et a! , 1973).
Anuo ng students iii various p~trt s of South Africa, rura l Negroes had a rate of
O.5~~ append ectomy, \Vhites had a rate of 16.5~~. 1 mu the cities , Negroes and
\Vhit es had similar appeuudectonuv rates. Rural Negroes consume far greater
amoumits of vegetable fibre thaui either city Negroes or \Vh ites.

Bu rkit t (1974 ) believes that a fibre-depleted diet can result in the forma-
tiot i ( If  feca lithi s and also excessive segmentation of the appendix , either of -
which may obstruct the appendix lun iem u. Obstruct ion mii ight raise the intra—
Itnuinal press ure sufficientl y to devitalize the append icular niucosa and allow
liacterial iflvasi(In.

The evideuuce indicates that a chauige from a refined diet to one less ref ined -
IS accompanied l)\’ a reduced incidence of the disease.

Fibre and Dental Caries

The com nuui o mi acceptance of the aetio logv of dental caries as hi gh suga r
consumption is not supported by all the available evidence.

On the island of Lewis ( Scotland), white children consumiuig 100 g sugar
per day had an average of about 2 decayed, nuiss ing or filled teeth ( !)MF) ( King,
1940). \Vhite children in Johannesburg eating simiiilar amounts of sugar had
h)~thF of 10 ( Retief et a) , 1975).

Other evidence points to an increase in fibre c(iuisuuuul)t iomi , as lierliahus l e —
ing of importance in the alleviation of denta l caries. During \‘t or)d \V ar 11 ,
the caries situation in ch ildren improved in all European countries 4 Uowen ,
1972). The chamige was associated with a fall in sugar imitake and a rise in
consumption of fibre contained imi cereals , vegeta bles and fr u its. However ,
in Germ uany , dental caries also decreased , but this was in spite of a rise in sugar
consum ption ( \\‘andett , 1969). This stiggests that alteratiom is other t han  a
decrease in sugam’ intake were iui str um iu enta l in effecti u ig a reduction in dental
car ies. As with \Vestern Europe , t he diet increased iii tih re in Gernuauiv
(luring t he war.

Conclusion
4 The “Fibre hypothesis” at present is inure of an association thamu a

relations hip: that is, corre lations have been shown to exist between various
dli se as es and a decrease imu dietar y f il )re.

Fibre undoubtedly has a therapeutic value in di v erticu losis and at least
eases t he discomfort of haemuiorrhoids. \Vhether a fIbre defi cie uicv is involved
in the aeti ol og y of all or some of the dise ases discussed above is. as y et , unproved.
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