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COlonic pHis important in t.he regulat.ion of colonic oe11 g-ro~lth,

control of absorpt.ion and secret.ionl and bile: acid degradat.ion

which maybe a key st.ep in the development ox colon cancer.

The aim of this st.\ldy ,"..rasto determine differen.ces in mucosal,

luminal and faecal pH in the right and left colon of otherwise

healthy patients, whounderwent colostomies because of trauma.

The pHwas evaluated tqhile patients consumeddifferent. diets. In

add.ition the mucosal, luminal and fC;l,ecalph in patients with

colostomies carried out for colorectal cancer was also ag~sessed.

The ph ;jas determined in 15 black patients, diviCed into t.hree

groups. Group A: 5 Patients with right. sided colostomies;

(oolt)stomies pex-formedafter trauma to defuncti on the transverse

or left colon]; Group 13:5 patients with left sided colostomies

(Sigmoid colostomies); [colostomies performed after trauma to

defunction the sig1l\oidcolon or rectum]; Groupc: 5 patients with

left sided colostomies (sigmoid colostomies); [colostomies

performed for rectal cancer]. All patients consumed three

-.consecutive different diets of 5 days duration, and the pH was

evaluated em t~e last day of each diet. (i) Awestern diet, (ii)

A high fibre diet and (iii) A high st.aroh I low fibre diet.

Breath me.thanewas ..0.190 determined in 12 of the above patients.

The results Showedthat mucosal pHwas ::\1)(a1ine(pH 8) and wTas
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similar on both sides of the col.on of healthy colostornates ana

in colon cancer patients. Luminal pH (7.6) Was the same in the

j groups and was significantly lower thtin the mucosal pH. Faecal

pH was significantly lOiver in right colostomates (5.8) compared

to left (6.3) and in healthy colostomates (.!ompar(~t1to colon

cancez patients (6.6). In additinn faecal pH was si'lnifi1:!antly

lower than mucosal and luminal pH. The breath methane r.c'sults

showed that methane production was significantly lo't'ler in the

patients with right sided colostomies, compared to those with

left s:i.ded colostomies (p = <o.OOS).

In conclusion it was found that toe pH of the colon in absence

of faeces is a11<.:alino9,and is approximately 8.0. In the presence

of faaces the pH decreased but not significantly (pH 7 e. 6). In

'healthy' individuals the ;faecal pH of the left colon is higher

than the faecal pH of the right colon. Thefae~';!alplt of patients

with oolorectal cancer is higher than that the faecal PH of the

left colon of 'healthy q patients. Thefaecal pH is significantly

lower than the luminal and mucosa I pH. The different diets did

hot have any signifioant. effect on the faecal pH or the mucosal

pH. Ho,.,evera high fibre, and a high st~:roh/low fibr~ diet tended

to result in a lower pH than a western diet. Methaneproduction

was signi.ficantl.y lOinierin patients with right sided colostomy

as compared to left, but was not influenced by the different

diets.
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In. contl;ast to Western populltions colorectal cancer is

reported to be re.re in t,he South African black

population. Previous studie~~ from South Africa have

described the low Lnc.i.dence of co1orectal cancer in

blacks. There is also a low :i"ncidence of other colonic

diseases such as appendicitis, div'erticulitis, and

infla:m:ltlatory bowel disease. (Walker et a1. t 1973;

Bremner and Ackerman 1970; se~lal et al., 1977; Walker

and :Burkitt 1376). '!the incidence 05: carcinoma. of the

colon and rectum, in Soweto was 1/100 000 per year,

comparable values Xl'r whites are about 30 -times higher,

(Oettl~ and Segal, 1988) 0 It has also been shown that

the anatomical and age distribution of neoplasms is the

sante as in' high-risk populations (Segal et al" 1981) ..

The observations that people of different cultures have

profoundly different disease risks, and that incidences

increase with environmental changes r has led to the

hypothesis that dietary factors {which profoundly

affect the milieu of th~ colon) are Of. paramount

importance in colonic carcinogenesis (Wynderand Re-:idy,

1974; Walker and Burkitt 19'i'6~ Waterhouse at al. r 11::16)

A s.tmilar hypothesis was sugge~ted by Goligher (1~B4)

in his book in the chapter 'Incidence and pathology of

carcinoma of the colon and rectum' ~ He observed a high

,
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incidence of boweJ canoex in the blaclt .. people of the

USA compaxed with that in the black population of

developing areas of A.frica (1)vorldHealth Organization

data, 1981). Further epidemiological confirmation is

illustrated by t.he much higher incidence 0·£ intestinal

cancer in ·the first- and second- generation Ja.panese

and Chinese .immigrants in Hawaii than in these races

when resident in their own lands (Haensel at al., 1973;

Crowther at al'l 1976).

More recent studies indicated that the Clonsumptj.onof a

high fibre or a high starch diet, resulted in the

decrease of the intracolonic pH of the faeCes (Cuml\lings

and Bingham, 1987; Jacobs, 1988).

P:cevious studies in South African communities have

shown that faecal pH was lOi{rer in blacks than in

wh1tes. It has been suggested that the:re is an

association between the 1()'t'17 faecal pH and the low

incidence of colorectal cancer in the black population

(Walker at al. I 1986). Faecal pH however may not

reflect intracolonic pH. No studies have been carried

- :3 ...
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out on C01011.iopH in South African populations. In

f,al;:lt only very few st.ud i.e s have been reported

iln.t\ernai::ional1yon thi~~ important topic.
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Rec~~nt studies indicate that the colon has major

physiological functio:l1s and is an important metabolic

org;;t;n. The major functions Qf the colon ares

1. Absorpt#'Hl

2. Secretl.on

·3• Fel.-mentati\on

These will bE;' discussed in detail bel\?w.

The main function of the colon if\ absorption of water,

Nc.\+, and other minerals. By removal of about 90%of the

:Elt1id, it converts thE.~1000-2000 mL of isotonic chyme

that ent~)rs it each day f:tom the ileum to about 200...250

ml, clf semisolid faeces.

It has been estimated (T1.lrnbergt 1970) that 70 romcl of

Na+ and 400-500 Illl of water are abaoxbed each day by

the colon and rectum. It has also been shown (DevrOed~

and Phillips t 1969) that the absorption of Na+ is

active with a conco.mitRnt passive movementof water.

.... 6 -



Potassium is secreted into the lumen of the colon

against a concentration gradient of up to 15 mmol/l.

This seems to be an actbre secretion because the

transmural electrical potential difference is not ~reat

enough fo!:' the movement of po't.aaad.umto he due to

passive t.ranspo:rt down an electrochemical gradient

(Edmonds and Godfrey, 1970). Comparisons of the right

and left halves of the colon indicate that the caecum

and ascending colon m"iy have the greater absorptive

capaoity.

Mucus is secreted throughout the large bowel from the

columnar cells known as Goblet ce LLs, Mucin is

synthesized in an area just abo..te the nucleus of a cell

and studies with the electromidroscope have ShO'tF:lD that

the droplets appear first in the meliJ:;raneof: the Golgi

apparatus (Bierring, 1962). Th~se have a life span of

about three days in experimental animals.
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It has been shown by autoradiography I to be s'Illph(lted.

and to be rapidly :resynthes,ized ~1Tithin the goblet cell

immediately after the cell has been stimulated to

discharge. No proof is available of any ner"ltqus 0):

humoral control of its release.

In animal phys~ology the term fermentat~on 1s
conventionally used to describe the reaction .tn \'J'hich

carbohydrate, usually polysaccharide, is b:rokendown by

t.he concerted action of many spec Les of anaerobic

:nlicrt.1":'o.rganismsas ShO'WIlLn the figure of the fOllowing

p~ige (Figure 1). The end products of this process are

sho;rt-chain (or volatile) fatty acids, prinoipally

acet.Lo, propionic I and butyric acids S' and the gases

carhon dioxide, methane, and hydrogen.

...8 -
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This phenomenon has also been des.cribed by some

investigators by the following equation, which is a

reasonable appzoxfmat.Lonof what actually takes place

in the ecosystem (Wolin, 1960)g

Here, HAc, HPr, and HEu are acetiC, propionic.v and

butlTric acids 1 :caspectively. The Substrate is

represented as a monomericur.it of a hexose polymer.

Fermentation also occurs in the human large intestine

(Wolin and Miller, 1987; Cummings,1983; Cummingsand

Binghamf 1987; Englyst and Macfarlane, 1986) but its

place I. both in the normal function of the bowel and in

metabolic events outside the colon 8 remains largely

unknown;

There is nO~Tsubstantial evidence that some dietary

polysaccharides, notably dietary fibre, escape

absorption in the small bowel and are then bzoken down

in the large intestine of man (Promare et al., 1995).

- 10 - ·i
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Dietary fibre passes large y unchanged th-r:ough the

human stomach and small boweL to reach the caecummore

or less unal tared (Englyst and Cummings,.1985r 19a6,
1987). Howe\\"er,It\()st fibre is extensively degraded in

the intact intestine and thera is now convincing

evidence that this bzeakdownoccura in the large bowel

(Cumr.nings!1984). The l1:umancolon is host to a large

and diverse population of anaerobic bac·teria many of

which produce enzymes cap~ble of breaking down a wide

range of polysaccha:r:ides (Salyers and Leedle, 1983;

En.glyst and Macfarlane, 199·6). An important feature pf

microbial -metabolism in the la:r:ge boweL is that it iL

anaerobic and therefore the end-products of dietary

fibre breakdown are very different from carbohydrate

digestion in the rest of the gut. Anaerobic breaJcdoifffi

of dietary fibre yields short chain fatty acids

(acetic t propionic and butyric acids), v3.x:ious gases,

such as methane, hydrogen and carbon dLoxLdeI and

energy, which the flora Use for growth and maintenance

of cellular function. This process, t'1hich is knownas

,j

"1
I

1
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ferment.ation, holds the key to understanding how

dietary f:Lbre may influence large bowel function to

makelarge bowel cancer less likely to develop.

'rh~ potential mechanisms 'lflhereby fibre li'layprotect

against large bowel cancer are listed in the following

table ('rable 1). (Cu:mmingsand Bingham, 1987)

Table 1~ potential mechanisms by which dietary fibre

mayprevent large bowel cancer.

1. Physical dilution of gut contents and mcze rapid

transit time.

2. Protective effect of butyrate on colon epithelium.

3. Reduced availabili.ty of N-compounQ.s through

simulation of bacterial growth.

4. Altered bile acid metabolism

5. Lm<'J'er pH

---------------------------.~--------------------------

- 12 -
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~.1 04.~ ~1!=!lVSdCAllQ)~UJT~©~Of GUJJf COfi\llifIEWlii5)
All\1J[QlfWlOfRlE.Ml?~D l'MU\'ISrr 'f~M!~

The pioneering work of Burkitt (1971) and Walker (1978}

indicated that high-,fibre diets are associ,~ted with

increased faecal bulk and faste~ rates of intestinal

transit. These observations prompted the hypothesis

(Burki+t 1971) that these changes in colonie functian

wauld dilute aut an3r carcinagens on tumaur promoters

present within the intestinal lumen, while also

reducing the time av,ailable far their interaction "'lith

the intestinal epi thelium. HO'tlJ'ever,humanand ani.&'1lal

studies do nat support the concept; that transit time

alane is impartant in the prevention of calon cancer,

\vhereas faecal bulk does show an inverse correlatian

(cummingset al., 1982; Hoff at al., 1986) implying

passible protectian. A numberof in-vitro. studies have

demanstrated that different fibX'es are able to. bind

ca.rc.Lnoqens, (Gulliver et al., 1983; Smith-Barbara et

alo, 1901) and potential tumour promoters (Kritl0revsky

and stacy', 1974), however, the relative importance of

these effects in vivo, either in humansor animals, has

not been fu.lly detel~ined 0

,...13 -



2.~,,4.~. [pJfPt(O'flECTllV!E!EffECT ©f IBlUl'VIPJATlE
ON CCtOlOll\! IEt9dl'Hi$UUM

Fermen.tation yields a mixt.ure of short chain fatty

acids usually in the ratio 60% acetate:: 20% pr.opionate::
20% butyrate (Cummingset al., 19137). The concentrat.:i.on

of these acids found in the humancaecum and sigro;6id

colon is sbo:w!l in Table 2.

Table 2. Short chain fatty acid.s concentrations in
human caecum and sigmOid/rectum (Cummingset aL ISS7)

---------------------~---------------~----------------
Caecum Sigmoid/rectum

(mlllot/Kg ~otltents (±.1 SEfO){mmol[Kg contents (±.1 SEM»

-------------------------------------~----------------
Acetate 69.1 (5.0) 50.1 (16.2)
Propionate 25.3 (3.7) 19.5 (6.7)
Isobutyrate 2.1 (0.4) 1.9 (0.8)
Bll"t:yrate 26.1 (3.8) 17.9 (5.6)
Isovalerate 2.7 (0.:5) 3.7 (0.9)
Valerate 4. ~ (0.5) 4.3 (0.9),

pH: 5.6 (0.2) 6.3 (0~2)
No. of cases 6 5
-----'-~'---.....--.-..-....-.-:--,.....--,-_,- .....----..,;. ........- .....-----:-- ...-------,----
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Butyrate is both an important fueJ. for the colon

epithelial cells and a powerfu~ differentiating agent.

In isolated humancolonocytes Roediger (Ro~dic,;rerf1980)
h:as shown that buty;rate is metabolized to CO2 and

ketone bcdf.es, Butyrate S'Ilppressesglucase oxidation by

these cellS and accounts for 80%oxygen uptake in

isolated cell preparations. Butyrate may be the

pI:'eierJ:'ed fuel of the large bowel epithelial ce.tLs,

especially in the descending / sigmoid COlon.

Butyrate is also known from cell biology studies to

affect cell grmr1th. It will reversibly change the in

\"I'itro properties of humanoolorectal Cancer cell lines

by prolonging doubliltg time and generally slowing down

gro\<rthrate (Kimet al., 1982). It affects ~.wide range

of cellular enzymes (Prasad, 1980), inhibits histone

deacetylase and so iAduces the accu~ulation of

ad rtylated histones in oell oulture and may stabilize

chromatin structure dt1.ringcell divis.ion (I<ruh, 1982;

Smith, 1986). Lowconcentrations of butyrate have been

shown to neduce DNA synthesis in vitro and suppress

cell proliferation in a variety of cells (Hagopian et

al. 1 1977). Virus induced cellular differentiation can

be reversed by butyrate (Leder and T..Ieder,1975), while
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in rat hepatoma cells butyrate leads to a reversal of

the cell to more normal appearance and to their

becoming anchorage ....depan.dent for growth, a.
cn~ra.cteristic of non.....tr'lnsfonned cells (Boren:freund at
al., 1980). Experimental butyrate used in these studies
is wel]. within the range fpund in the human co.len, of
around 10 to 2.5 mmol/litre. Butyrate production,

through ferlltentation, may therefore be critically
.i:mportar~t. in maintaining the integrity of the colonic

mucosa, and; pr.ovides a ready link between dietary fibre

and bowel cancer.

2.~~&lJ..3.~lEroUCEIOAVA~LAlES~U'fVOf' N"'COM~OlD~[()$
THfFlOUGHlS~ijVdUlAIn(\)N OF ~ACif~fR~Al G!M{OWTH

A major controlling factor in nitrogen metabolism is

the amount; of ca.:r:bohydrate available for fermentation.

When dietary fibre intake is increased, faecal nitrogen
excretion also increases. Both animal and htJ.ntanstudies

have shown that this is largely attributable to greater

microbial mass in faeces (Mason, 1969; Mason and

palmer, 1973~ Stephen and Cummings, J ~79l. Although

bacteria are able to use free amino acd.ds for protein

... If? -



synthesis, the nitrogen available to them is mainly in

the form of ammon.Le , This is generated by miorobial

breakdown of protein, urea and other souxces , A:mmonia

produced in -:he large intestine may be used by the

microflora for protein synthesis or it maybe absorbed,

transported to the liver, fOrtlled into u:t'<'":la.and excreted

in urine. The amount of n.i.trogen that baoteria require

for gr:mrth and cell division "lil1 depend on the energy

aval.lable J.;_othem. T.his energy is tlerivad largely from

carbohydtiate fermentation, so the amount;of fermen,table

substrate a<tlflilable to the microflora will directly

influenoe nitrogen u·tilization by bacte:ria. Feeding

dietary fibre stimulates microbial 06111 growth and

increases miorobial requ.irement~ for nitrogen. More

ammonia is u.s ed for protein sj'7nthedis ar.d so less

should be absorbed. Animal studies have shown that

pol.·tal blood ammonf.alevels fall in these circumstances

(Demigue and Remesy, 1979). In man faecal nitrogen

el~cretion inoreases with dietary :fibre but ammonia

concentration fall (Cununingsat al., 1979).

....17 ...

In patients with hepatic cirrh(J,sis Weber (Weber, 1979)

observed that urea production fell and fa,ecal ni~~rogen

excret':'on rose when the subject,s ~;reregiven lactu;'ose,



a non-absorbable disaccharide. This s~qge.te a

reduc:t:ion in ammonia recycling from tha portal system

and an increase in protein ..,;ynthesis by the :lora.

Active fermentation therefore routes ammonia into

bacterial pro'cein and in So doing 10't'7ers colon at'.1

portal venous blood levels.

AnUnoniamay affect the metabolism and morphology of

colonic cells and may be a factor in tumour promotion

(Visek, 1972, 1978; Topping and Visek, 1976; Visek at

a1. , 1978) ~ Low concentrations (5-10 mmol/Kg) alter

intermediary metabolism and DNA aynthes is, zedace the

life span of intestinal cells and induce faster .cell

turnover. In general, emmonf.a is more to}t:ic fo;t heal;thy

cells than for trans formed cells and thus a 11igh

concentration of ammonia in the bowel lumen may select
for neoplastic growth. By increasing ce l L tu.rnover,

ammonia ino;cAases t.he probability of genetio damage

oocurring in the presence of oncogenic agents. Dividing

call populations are more susceptible to chemical

ca:rcinogenes.i,s (Wa:rwick, 1.979). E~tperimental evidence

relating large bowel injury and dimathylhydrazine

induced t.umouz-s shows that oell ldnet.:Las are of

fundament.al importance during chemical ca;toinogenesis .,

...1~ -
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cancer is seen .:i.n uretero - sigmoid.ost.omy patients 0

These patients have very high luminal ammonLa

concentrations (UP 'co 100 nunol/l<g) (McConnell et al. p

1979) and a grea't;.ly increased risk of developing

tumou.rs distal to the site of the implantation Crank at

a1., 1973) ~ Fermentation by J::eduoing anu:nonia levels may

therefore have important implications for eel.':.divi~ipn
in addition to the effects ]orought about by butyrate

production.

Further evidence relating ammonia, oell turnover a.nd

There is go~d evidence which suggests that the
caroin(jgl~n/ s or c()"'ca:rcinogel1/ s is a. bact~eriaily

roetabo.1.i.!~ed bile ecLd, Some colonic bacteria are abll1

to degrade bile acidls into recognised ca~ccinogens

(Hill, 1974) and degraded. bile a.ol.ds are co-carcinogens

in anitnal models (Narisa.wa ~t ai . I 1974: Red.dy at a1. r

1977~). Human population!:) at high risk of developing

large bowel oanoer have hi~Jher concen'b:t:ations of

deg:rclded bile acids than 10t\1 :risk populations (Hill et

al., 1971; WyndeX.'and Reddy, 1974; Hill at al'lf 1975;

... 19 ...
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Crowther at a1., 1976; Mower et a1. d 1979,. ) 1 and

individuals with colonia oancer have highe~

concentrations than controls (;'eddy and 'Wyhder, 1977).
r.rhe initial q irrever~ible step in bacterial bile ....acid

df..lgratiation is the conversion cf primary' bile at,ids by

Hill et al.., 1971)

7-a ...deh:{droxylation. The activ~1

greater in high-t'isk f'opu1.at:lo:n.

~f this reaction is

and also higher in cancer pati~nts tha.n in healthY

oontrols (~4.astromarino at. 1:"11u I' 1978). The inCrease Ln

the rate c,f bacb~rial 7a....dl?hyd.:t'oxyl.atlon in healthy

Dutc~h S'Il,l:;rjects with age is consistent with the age

incidence of coloractal ca:l~er (Van d,e.cWerf et al.,

1980). Cholesterol met.abos~.tes !laV'ealso been suggested

as potential (co-)carcinogens, (Reddy and ~7ynder, 19771

and high levels of degradation of faecal cholest,erol

and bile acids are cO.i.nm,onlyassociated (HiJ.l et al.,

1971; Wynder and "',eddy, 1974; Reddy and Wynder, 3.977,

Mastromarino at al., 1978; Huang et al., 1976).

It is proposed that a high colonic pH promotes the

degradation by the colonic bacteria of bile acids and

cholesterol into (co+)carcinogens. 7a-ds~ydroxylation

of bile acids (the major, initial degradation) is, in

'vitro, inhibited beJ.ow pH 6.5 (Midtvedt and ..Norman,

- 20 ...
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1968 y Aries and Hill, 1970), and recent 't'1orksuggests

that this may also be the case in vivo (Thornton and

Heaton, 1981)- Thus fermentation by lowering the pH of

the colon., may inhibit this reaction and the production

of the (00-) carcinogens (Thornton; 1981).

2. fl.te,.5.. JLJlWlErRr~H

Epidemiological data: suggest that the increased risk of

colonic cancer is correlated 't1'ith a hig-hel:' faecal pH

(MaCDOnaldet a.l. Q 1979; Malhotra 1982, Walker et ale i

1986). Although some E!X'.perimen.talstudies have showna

prot.ective effect against experimentally induced

colonic can.cer by ac idi£ying colonic contents

(Samuelson at al., 1985), others have shownthat a more

acidified colonic content is associated with increase

cell proliferation (LuptOJl et al., 1985. and 1988~

Jacobs and Lupton, 1986) and enhanced tumorigenesis

(Jacobs and Lupton, 1996). It is nowclear that simply

aCidifyi n.g colonic cont.ents will not consistently

decrease tumorigenesis. Perhaps th\ key is in how

colonic contents are acidified - a decrease in base

production or an increase in acid production. Or,r more
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import,ant than luminal pH itself, may be factors

affected by pH: the compoisition and metabolic activity

of the microflora, the a~bsorption of a particul.ar

1......ina! constituent, or ~mz·ymeactivity (Newmarkand

Lupton, 1990).

Colonic luminal J;.'H is determined by relative
concentrations of acids and bases.

The main bases l,;'17hichare found in the large ]:)()t'J'el,f and

are responsible fol:'the determination of the luminal pH
are Ammoniaand Bicarbonate.

...22 ...



Alnrnonia{NH3& NH41 is the chief alkaline component

that tends to raise the pH. Noonally, ammoniaranges

from 15-50 mmol/Kgof Whole faeces or about 3....44 romol/!

of lu:rninal fluid (Geigy Scientific Tables; 1981).
Faecal a;m!noniais derived from bacterial degradation in

the large bow~l of endogenous urea from tissue fluid

and also of proteins and amino acids that esCa.pe

dig'estion and absorption Ln the small intestine (Geigy

SCientific Tables, 198J., Pemigne and Remsey, 1979). The

u.rea concentration in blood depends primarily on

protein intake, u.rine volume, and the functional state

of the kidney. In adults the urea. level rises with

incI:'ea$ ing age (Geigy Soientific Tables, 1984) and

ranges from about 2.5 - 7.0 mmol/l and is over 100 fol~!

higher than ammonia in blood (15-80 ?IIlOl/l) (Geigy

Scientific Tables r 1981) • Some urea eas~,l.ir diffuses

into the oo.l.onf.c lumen where the :raieroflora xapidly

convert into ammoniaand CO2 (Geigy Scientific Tables II

1981). In its ionic state, ammonia is not. readily

absorbed into the b.Lood, The net result is primarily a.

one-way flc)w of urea Lntio the gastrointestinal tra.ct.

Urea thus serves as one souzce of ammoniacal base in

- 23 -



the cblon. The driving force of this passive diffusion

process is the concentration gradient of urea bett'1een

the blood (de·termined by .dietary protein intake and

metabolism) aXLdthe colonic Lumen, To date there are no

data on the rat~ of thi.s process and its variation in

different areas of the large bowel, but indi.rect

evidence. suggests that it occurs to some extent

throughout the large· bO~lel (BO~1n ,et 0.1., 1974)0

Ureolysis relea.ses 3~4 g of ammon La daily in human

adults consuming western diets (Jones at al. I 1969;

Visek, 1981). Someof the ammoniais rl'aabsorhed into

the portal blood by passive diffusion and l:eturned to

the liver for convexsLon back to urea (l)ownet 0.1. I

1972; WrOng, 1971). Another portion of am:moniais

incorporated into bactex;ial protein.

High dietary protein is considered to be a major

contributor to the elevation of colonic and faecal pH.
The higher the protein intake, the higheX' the blood

urea nitrogen and the more urea that diffuses into the

colon for hydzo LysLs , Also t dietary Pl:'Otein he'S a

dir.ect effect on the amount,of p:rotein and amino acids

....24 -



entering the colon that are available for deamination

because a certain percentage of dietary protein eScapes

absorptioll in the small Intestine.

In addition to dietary protein, dietary fibre can also

significantly affect the amount of free ammoniain the

colon (Lupton and Marchant; 1989; EllIe et aI, I' 1981;

Shah at aL, 1982). High-fibre diets greatly increase

the numbezs of micro-organisms in the colon; 1,\Thic:h

influence hydrolysis of urea to ammonia. High dietary

fibre also increases faecal nitrogen from both

endogenous and dietary origin (Shah at al., 1982).

Also, bacterial production of sllort-chain fatty aeLds

(SCFAs)lowers co.Ionf.c pH, helping to keep ammoniain

its ionized fOrIn, t.hus tltrapping" it in the colon. The

ratio of protein to fibre in the diet may also be

important. t~henfibre is limiting, facultative bacteria

may begin fermenting proteins, thus releasing ammonf.a

and raising pH (Jones et al., 1969). Although dietary

fibre is thought to decrease the amount of arr®.oniaor

ammoniumion in the colon by "scavengingtl ammonia

nitrogen i.:>rcolonic bacterial protein synt:hesis, which

then appears in the faeces as protein (Visek, 1978)f

this only accounts for about one-sixth of faecal

... 25 -



nitrogen. (Geigy Scientific Tables, 1981). A recent

study shows that anunoniaor ammoniumactually increases

severalfold in the colons of rats whose diets have been

supplemetJ.tedwith fermentable fibre pectin (t.UptO~·land

.MarchantI' 1989).

Also contributing to colonic alkalinity is bicarbonate

ion, which is secreted into the colonic lumen .in

exchange with SCFAuptake (Umesaki at al., 1980). A

recent review (Hopfer and Leidtke, 1987) delineates the

various mechanisms for proton and bicarbon.:tte tranlsport

in the colon, including a system of Na+ -H+ and

Cl....HC03-double exchangers. Hopfer (Hopfer and 'Leidtke,

1987) and Newmark (New:markand Lupton, 1990) suggest.

that maintaining a constant int;t"acellular pHdepends on

the relative activities Of the two types of eXchangers

and regional differences in net proton or net

bicarbonate secretion. 'rhe absorption of H+ :from the

colonic lumen is considered equivalent to the secretion

of HC03- into the lumen in part because of the pzesencu
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of carbonic anhydnaee activity in the colon (Spicer et

al.,. 1982). This functions according to the following

reactions.

(carbonic .nhyclrase) (splllitaneous)

(Martin, 1988)

The SCFAs, also called volat.ile fatty acids

(principally acetic, propionic t and butyric), total

60-170 mmol/Kg in the faecal Qqueons phase and

represent about 75% of cne ~ s preaent (Geigy

Scientific ~('ables, 1981; Curomii1g~, 1981). These acids

are chiefly responsible for the neutJ::'alization of bases

and the acidification of the colon contents and faeces.

EssentialLy all SCFAS are derived from colonic

microbial fermentation of undigested dietary
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carbohydrat:;~. One source of unabsorbed carbohydrate is

the dietar:y fibre naturally present in foods of

vegetable or fruit origin (Trowel et 0.1., 1976).

Fertllentation of the complex carbohydrate components of

dietary fibre may supply 2-7% of the total energy of

Jmman subjects on an average t4'estern diet (Cummings,

1981) of 2.5 - 3.1 kcal/g fibre (Goranzon and Forsum,

1987). However, different comp,onents of dietary fibre

can be P:Locessed.differently Ln the colon. Theref..ore,

dietary fibre should be considered in ternl:s of the

individual componerrt.s or at least as semi-homogeneous

chemical group types (Heaton, 197.9; Spiller and Kay,

1980). The components of dietary fibre produce

different amounts and types of SCFAsand. may also be

fermented at different anatomical sites. Not much is

known about these variables in humans. Howeve. 'based

on some animal data obtained in ruminants and a limited

numbex of in vitro studies I a few assumptions can be

made about these variables in humans.

* Pectins, including arabinans and galactans fare

fermented primarily in the proximal colon. By
analogy to rumen fermentation, rapid production of
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SCFAs (particularly acetic acid) probably cccurs ,

The e,tfect on the acidity of t.he distal colon and

faec·es may be far less, unLess large amourrtiaare

present in the diet (Goranzon and ForSum, 19ft?).

* Soluble gums (e.g., guar) include a gl:eat variety

of beta - glucanSf arabino - xyl ans , sc.LubLe

perrt.os ans , and gluco and galact.omannans and are

probably fermented in a similar fashion to
pectins. However, the site of ferment~atiohmaybe

more diffuse over the colon rather t.hnn primarily

in the proximal area because of a lower rate end
extent of SOlllbility.

* Sulfated polysaccharides (e.g. ( carrageenan) are

also fermented in the coIon , but. details of area

in the colon. of the fermentatio.n, the rate an.d.

proportion of SCFA products produced is not known•

.r:rhe liberated sulfate group wvulq serve as, a

specialized aci.dulant of the distal colon, because
it is not '\I>Tell absorbed (BOWl'). et aL, , 19'14;

Albert, 1981).
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~'(He:micelluloees, roughly similar the

"tloncellulosic polysaccha.rid.eo" of Southgate
(flea-ton, 1979), are a major pox-tion of cereal
f;i.pres (e.g. f ~lheatl' rye, oat.). These are not.

readily solubilized until attacked by tha

hydrolytic enzymes of colonie mic:,t'obialflora.
Much of the actual fermentation, therefore, t.a]\:es

place in the central and distal colon. While

acetic acLd still predominates, highet' levels of
propionic and buty:c:ic aC'lids are produced, than
from the pectins.

'I: lIeat....prooessed food. components, such as those

produced in breadmalting I act as fibres if t.he
polymerization pzcduced is suff.icient tQ p::cevent

digestion. bi' mammalian endogenous enzymes~ Some of

these polymers are 1,7aillard produots r resulting

from the reaotion of aldehyde groups of
saccharides with amino groups of pl!'oteins r often

noted as a darkening of the 1:00d p:tOduct (.i. e. t

"toasting" of bread or production of the dark

If crust II OD breads or other foods du.rillg cooking).

Little is known about the De\ture of their colonic
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f~rment. ....tion products, sites of maxLmum

ferme!ntation, or e'r.tent of ferm~.:mtation of these

It fib:t:es" •

* Age - polymeri zed starches.. and other poly ....

saccharides produced as a result of reactiofts

ocouxzLnq during storage (e.g., cross linking) I

may also be ltesistant to mammalian enzymesI thus

resul ting in different types of dietary II fibre"

available for ~olonic microflora fermentation.

Lit-t.le is known of this group; however,

heat ,;;.polymerized &nd age ....polymerized starches

are probably mOl.'€) .:f.mportant than p.re:viously

thought (Cummings et al., 1986)

Almost alJl. intestinal anaerobes use the Embden....Meyerhof

pathway t(:> form pyruvate, which in turn forms SCFAand

some lactate and succinate as shewn in Ti'iguJ:'s2 (Miller

and Wolin, 1979). Although it is thought that little

lactate and succinate are produced in the colon e~r.:cept

under conditions of malabsorption (Cununings, 19a1), a
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reducing environment, nevertheless, ravou:ts their

synthesis. Unlike SerA-s, lactate and succinate are not

readily absorbed and do not elicit bicarbonate

exchange. Thus I if trey were produced during

fermentation, they should lOl/Ter luminal pH. High

amount.sof lunlina.l lactate were found in subjects with

poor digestion and absorption 01: lac'toaa because of a

lactase deficiency. Whenla.ctose reaches the colon, it

is apparently fermented to la'ctic acid and much 'Of it

appears Ln the faeces (Ou:rohyat a1. I 1965).

- 32 ....



Product~on of SCFAs from. Pyruvate

~ C02

Propionate

2H

H2 LJ/

,'\
C02 2H

"l
Acety~-SCoA

Formate

4H

Butyrate Acetate E1thanol

4H

Figure 2



BeOl..Lusediet-derived sulfate and tartrate are poorly

absorbed, their contribution to faecal pH is determined

by the absorption of their companfon cations (Albert,

19a1). l1'hu5 when sodium sUlfate 1.S given orcdJ,y to

humans, distal colonic contents are J.cidii:jed (Dowii. at

81., 1972), possibly due to the absorption of the

sodium ion in t.he pro~imal colona \iqhich leaves '*:.h~.

sulfate ion as the {"lcJ.du'l.a:t.ing ager.t.

Lactulose £erlnentative products produce a marked

acidi;Eicaticm of the proJ(imal colonic contents, but

this effect is not consistently maintained into the

distal colon (Sown .et al., 1974) and thus will not

:t'Gliably lower :faecal pli.. Either the lactulose is

rapidly fer,mented and uti1.5.zed by bactE'~ia on entry

into the proximal colon or the aCidifi",-a.tion it

produces alters the microbial flora to inhibit
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..0:' v,

absorption of ammonia. Thus:! la-ctulose produces quite a

different acidification profile than does sulfate in

the colon (:Sownet a1., 1974).

Faecal hile acids are the resul t of the es(~ape of a

small amount of conjugated bile acid.s from the normal

enterohepatic circulation to the colon where the

conjugates are rapidly hydrolyzed to the free bile

aci6.s (FBA) by the colonic flora (Newmarl~ et al. I

1984). The amount of FBA in faeces varies from 0.2 to

0.6 g/day (Geigy SCientific Tables, 1981), increasing

wi.th Q,ietary fat I and is about 0.5 s! day (alJl10st

1 mntol/I<g) in people on ..;1 western diet (JaCObson at

a141 1984; Yang and New.markt 1987).
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Faecal long-chain free fatty acids (IJCFAs;C14, 16 and

18) including myristic, palmitic, stearic, oleic .. and

even the polyunsaturated linoleiC acid a;t:'Rexcreted at

a rate of· about 4-10g/day and represent 10"20% of the

dry 't-leight of the faeces (Newmark et al., 1984;

Jacobson et a.L, 1984 ~ Yang and Newmark, 1987).

However, they are very poorly soluble in the aqueous

phase, except as alkaline salts (soaps) at high pH. At

neutral or acidic pH, the teFAs tend to be insolubll~

lipids and do not enter into acidification reactions.

It is clear that the principal d:Letacy subst:tate for

acid formation in the lemon is diet.ary fipre. With the

exception of lignin (a phenolic l?olymer that is the

p:rimary structural component of cells in woodypla,nts)

and some. forms of pure cellulose,

dietary fib:re are fermEmtabl(a

the components 'of

by the colonic

mLc zof Lor a , Also of importal'lICe are non-fiber

polysaccharides-heat-pro(JeJssed food components and

age ....polymerized starches., Lactose, for lactose ....

intolerant individuals, acts much like a dietary fi!n~e

and also serves to acid.ify col.onLo contents. The
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products of microbial fermentation inclu.dethe soluble
acids (SCFAr lactate, and succinate) and gases (C02,
H2' and methane). The SCFAS I acetic, propionic q and
butyric acids represent the primary naturally occurring
acids in the colon; t.hey neutlZalize ammonLa and
bicarbonate and acidify the colonic contents and faeces
(Cumming'sr 1981; Roediger, 1982; Roed:tgeZ'and Moo:ce,
1981). The convexs.Lon by fermentation of different
fibre compcnent.s to dif;ferent types and amounts of
SCFA, in different areas of the colon, prObably varies
considerably with; a) the individuals, b) the remainder
of the diet, and c) the nature of;the microf;loraof the
individual. The unfermented porti.on of fibre is
available to dilute the other luminal constituents
(Gazzaniga and Luptonj, 1987). In addition to the
soluble acids and gases produced from microbial
fermentation., sulfates and.tartrates act as acid.ifie:cs
as do the fer:msntation products of the synthetic
disaccharide lactulose. Finally, diet-derived LCFAs
tend to acidify colonic contents. Because they are
poorly soluhle in water, they cause changes in colonic
pH that are negligible, except at higher pH ranges
wher.esolubility and ionization increase for the LCFAs.
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The pxoceas of establish.ing the luminal pH is cO~T?lex

and dynantic. As fibre and undigested carbohydrate are

fermented to SCFAs,the pH drops. At a lower pH, SCFAs

are better absorbed thereby decreasing some of the

excess aCidi'ty (ROediger, 1982). In additi'ln, when

SOFAs are absorbed, bicarbonate; a weakeI:'acid [pKa of

6.3 (Geigy Scientlfic Tables, 1981)], is secreted into

the colonic lumen. The net effect of this exchange of

SCFAsof "?,::Jderateacidity (pKa 4.76) for the weaker

acid bicarbonate (pKa 6.3) is a reduction in. acidity.

The SCFAsare weak acids I' with a single carbo;cyl group

and a PKa of 4.76. The SCFAs in solution are iQnized at

a geometric rate as the pH rises - being more than 99%
ionized at pH 7. Unlike SCFAs, the soluble acids

lactate and succinate are not readily absoxbed and do

not eliqit bicarbonate exchanqe , In addition, they are

somewhatstronger acids (PKa 3..08 for lactate and 4.16
for the first pKa for succinate). ThusI they should

have a g:r:eater acidifying effect t.han SCFAs. LCFAs

(e.g., myristic, palmitic, oleic) have Similar pKa
values 1:0 the SCFAs.. However, the SCFAsare water

soluble in both the ionized and un-ionized states; this
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is in contrast to the long-chain acids, which can form

soluble Lon pairs or soaps only Ln the ionized form.

The solubility of LCFAsis severely limited by the

tendency for the ionized LCF.Asto shift back to the

insoluble unionized form, unless the pB is 6 Or

greater~ Medium-chain fatty acids (C6-C12) are

essentially ompletely absorbed in the upper

g~stro.intestinal tract and do not appear in significant

quantities in the colon.

The pH of intestinal contents is raised by the

secretion of bicarhonate in ze spo ns.e to SCFA

production, the :r.elease of ammoniaby deamination of

protein, and the hycb:olysis of urea (Downat a.L, I

1972). Arllmoniais bett~:c absorbed at higher pH values t

again tending to stabilize luminal hydrogAn ion

concentration against excess alkalinity. Ammoniahas a

p.l.{aof 9.26. The formatioll of ammoniumion Lncxeasas t

geometrically, as the pH decreases. At a pH.O£ 7, it is

over 99% ionized.

Equimolecular m.ix'curesof ammond.a and one or more SCFAs

have a pH of about 7, which is midl:'lTay between the PKas

of ammoniaand those of the SCFAS.The buffering effect
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of such solutions at a pH of 7 would be minimal but

'trl0uld increase rapidly as the pH devia.ted above or

below 7. As the pH changes above or bel()'t117i there is

an increased tendency to absorb H+ ions to form

undissociated acid in a solution belc;l'wpH 7 or to

absorb oa- i.ons to form unionized NH3above a pH.of 7.

]'aecal pHJ' which is lay'galy dependent on the balance

between ammoniaand SCFAs.. would.thus tend. to drift to

a pH of 7 .....on a lphysico-chemica.l basis'. Xn fact mean

adult faecal pH is actually about 7I with a. :range of

5.6 - 9.4 (Geigy Scientif~c Tables, 1981; Wro.ng,19'71).

This is expected given the fact that ammond.eand the

SCFAscomprise the major buffering base-aoid components

and the kno~m reactions of weak bases and acids. The

ra·te.~of production and :removal of SOFAsand NH3 at any

site Ln t.he colon or :..~aecesis a dynamic sys:r..em that

changes rCl:pidly dependd "lg on the local availability of

substra:tes, effects of other transient food components,

and the local microflora. All are constantly changing

and vary from subject to subject (Drasar and Hill,

1974).
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Although L: has been known for more than 150 year.s that

methane is produced in the human large intemtine,

nevertheless the physiology and importance of

methanogenesis in man remains something of an enigma.

Methanf~·· is one of the principal end ',products of

fe:t:menta;tion in anaezob Lc systems such as' the rumen,

(Pem~y'er and Nevel f 1975) whilst in man active

fermentation occurs in the large intes.tine (Cummings,

1983) and me c h.a n cqa nLo bacteria such as

Methan(::>brevipac;:ter smithia have been found in faeces

(:nlottingham and Hungate, 1968; Millar et aL, 1982;

Mille.t' a."d Wolin, 1983; Weaver at al., lSa6; Misawa et

a l , 1986). Methane installed into t1".e human colon

rapidly appears in br.eath as dO other fermentation

gases such as hydrogen. In most. published reports of

population stud5.es, however, only 35-61 ~ Clf healthy

adult subjects have detectable methane in their breath

(Bjorneklett and JensSestti 19a2~ Bc»",d et al., 1971~

pitt et al., 1980p McKay at aJ.• q 1981; Hains et a.1.,

1977; Pique et al., I 1984; McKayat al., ~.98$~ Flat:?; et.

al.. 1985 ~ Peled et al." 1985} although t'll>TO reports

give higher v-alues. (Cal10"tlray and Murphy, 1968~ Drasar
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at 0.1. r 1984) In detailed studies by Levitt and.

Ingelfinger of indivituals using intestinal pazfusLcn

with ai:r or nitrogen, about half of the subjects tested

I3hotrtedno sign whatsoever of methane evolution in the

colon.

A group of people ~tith u;lexpectedly high breath methane

levels are those with large bowel cancer. In two

separate studies 80 and 91 % of these patient£' were

methane prodJ.cers. Methane production Was also

increased in patients with premaligna.nt conditions of

the bO"/Jel such as polyps (llaines et 0.1. I 1977; Pique et

al q 19S4). Physiologically methane prtlduction is

associated with slow gut transit time, small faecal

weight, and high faecal pH (Stepben et 0.1., 1986)

although these differences in faecal weight have not

been found consistently (}lIcKayet aL, 1981 and 1985).

Breath methane was measured in four population groaps

in Southern Africa who sho't'Jmarked differences in bowel

disease risk. The results showed that the-C9 were major

differences i.n metihane producer status amongst the

populations, but these do not ,-:elate to the risk of

bowel cancer (Segal at a1. f 19~:a).
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As m~"'~tio",;.~db~fore , it is proposed tha.t a high col("nic

pH pr-.:'mote.:;; the degr3.o.atioll by the colonie bacteria of

bile acids and choleste;J::'ol Lnt;o (00-) caxo Lnoqens ;

7a-dehydroxylatic>n of bile acids (the major, initial

degradation) is,, in vitro, inhibited be Low pH 6.5

(Midtvedt and Norman,

Thornton, 19B1), a:•.i

also be the case in vi-..

Black Africans eating a "t:...

Aries and Rill., .1.970~

$~10goststhat this may

" and HeatOn, 19B1).

diet had a faecal pH below 6.:;;J I

~igh-fibre, low-fat
aas Wh.ite Africans

eating a western diet. (lower in fibre and higher in

fat) had a faecal pH above this level ,Walker, et al.,

1979). Similarly, vegetarian severrch Day Adventj.sts,

whQ have a redUced .,:isk O~ large bowel cancer

(Phillips 1 1975) have a lower faecal I'H than patients

with colorectalcancer (MacDonald et a1., 1.978).

But:]citt suggested that dietary fibre protects against

coLoz-ect a.L cance:r by speeding colonic transit (so

reducing the time a carcinogen is in contact with the

bowel. mucosa) and by·. Lno.zeaa Lnq stool weight (so

diluting the ca rcLnoqen concentration) (Burkitt, 1971).
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Whilst these properties of dietary fibre are olearly

important, its major action may be to lower coloni..a pH,

FiO preventing or reducing carcinogen formation. Thus t

increasing the fibre content of a <33.etmay render the

stools more acid (Wa.l]i..s:r at al., 1979; Hellendoorn,

1978), probably due to the substantial digestion by the

colonic flvra of manycomponents of d.ietary fibre into

sho:tt~chain fatty acids (Hellendoornl 1975~ Cunullin9's et

al.l 1976). The consequent 001011.j,cacidification would

be expected to reduce bila-acid degradation b7
7a-dehydroxylat.ion. This :mechanism of the fibre'S

action is indirectly supported by the find.i.ngs of a

:reduced :propox"tion of degraded ~ile acids .i.rt bile after

bran consumption < (Pomare at ala r 1976; ~cnou9'all at

al .. , 1.978) A similar effeo":. o.ftax: the adnl!nist:ratiOlt of

lactulose (Thornton and Heeton, 1981) (a synthetiC: I'

norr-abeoxbabl.et disacchari,~e knownto 10'r1er colonic pH

(sown et al., 1974) provides more dirElt.!t eVidence that

colonic i9.cidificat~ion inhibits 7a'-dehydro~tylationof

bile acids. The negative correlation hetween British

death rates for large bowel cancer and I.:.bapentose
fraction of dietary fibre (Singham et. al~1' :1979) is of
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intereerc, since bacterial digs5tion of thi;::; component;

of fibre produces short.-chain fatty acids (Cununings an:i

Stephen, 1980).
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The aim of the study was to:

1) A$sess whether there 'We:reany differences between

i) mucosal

1i) luminal and
.iii) faecal pH

2} Measure the effects of different diets on
i) mucosal

i1) lumina,l and

iii) faecal pH

in clolostomies of 'healthy' patients (colostomies

perf(;):rmed because of trauma) and colostomies in

co1o:r:ectal cancer patients

3) Compare pH In the r,i.ght and left sides of the

cQlo:n.



Additional aims of the study were to investigate:

4) Breath methane values of patients consuming
different diets.

5) Breath methare values of patients with colostomies

on di,fferent sides of the colon.
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The protocol was approved ;by the Ethics Conmtittee of
the university of the Witwatersrand.
(protocol Number 45/2/89)

p,J.tients toTers Black volunteers and we.ze admitted to

hospf,t;al for the entire pezLod of the study.

Three groups of patients were studied.

Group A: ··5 patients with .1:ight sided colostomies;

[colostomies performed after trauma to
defunotion the tranSv9J;'se or left colon].
Patients were 4 males and 1 female.

Mean agt:;!28 years.

Group B: 5 patients with left sided colostomies
(sigmoid calostomies)~

[colostomies performed after trauma to
defunction the si91ttoid colon or :cecturn].
All patients were males.
Mean age 32 years,;
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Group c~ 5 patients ~.rith left sided coLost.crtLea

(sigmoid colostomies);

[colostomies performed for rectal cancer].

All patients wer~ males.

Meanage 54 years.

1. The study of each individual was done at least 14

\weeksafter fashi") l the colostomies (except for

l. traUJ1,1'"patient in w!1.omthe study waScarried out

after a weeks) 0

2.. !\to sepsis was present in the operative field or

anl,where else in the body.

3. :P 11 haematological and biochemical tests were

nozma L,

4• The patients were not on any antibiotic therapy

for at least 14 weeks before the study was

commenced (except fOr the one patient mentioned

above) 0

5. The patients did not have any previous or current

gastrointestinal disease.
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Three different diets were consumed as follows~

Diet A

Diet B

Diet e :

westeJ:indiet
high fibre diet
high starch I low fibre diet

A 2 x 3 factorial design was used to randomise tr..-a
diets. The patients received each diet fOl; five days
and the pH-level was monitored on the fifth day and the
mornings of the 6th and 7th days. The ol,:derof the
diets was different for each patien'c and a Latin square

type of design was used.

Left Bowe.'l Ri~ht Bowel

l?atien·t Order of diet Order of diet

1 ABC 1 CAB

2 .ACE 2 ABC

3 BAC 3 CBP
4 BeA 4 BAC
5 CAB 5 ACB
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Energy
Fat
Protein
CRO
*1 ..2 Fibre

FOon ITEM

------------~-------..Milk - whole
.Fruit... apple .
vegetable Ag

(Green BE! ns)
Vegetable Be

(Carrots)Maize meal pOJ::'ridge
Brown. Bread
Rice.Meat: beef/chickenl

fish*3 Fat
Sugar: White

Jam
Sweets

8400 !<J
40% --> 3360 KJ = 88~9g
12% --> 1008 l(J ::;60g
48% --> 4032 KJ = 240g: starch = 20% -> 100g
129'

'AMOUNT
(g)

--,....,...""'"'--

CHO
(9')

11. 75
9.15
2.34
4.73
27.2
13.59
'57

o
o
59.7
10.34
37.24----------------------------

Totals:
% of Energy
Starch % of Energy

250
75
60
75
200
30
2.00

180
65

lig40
233.:29
47.4%
21.6%

PROTEIN I FAT FIBRE ENERGY
(g) (9") (g) (I(J)-.,...-- ........... ,...~ .... ..,.--~~"""'-' ......-~...... ~""'... -....,..- ........_

8.25 B.25 0 642 .5O. 15 0 • 3 2 ,.33 183 •75
1.14 0.18 2.34 88.2
0.83 O. 15 3.15 1413 .2 1 1 5482.67 0 .87 1.59 332 .7
4 0.2 1.4 912
43.5 22 .38 0 1'585.50.13 52.65 0 2080

967.2
0.09 0.02 0.17 170 .85

0.08 618-_ ......_- ......._ ..... ----..-~-- ,...- ........_-- .......... --_ .......

63.96 86 .OS 11.98 8269 .712.9% 39 .3%

(Gows and Langenhovan, 1986; MRINO food compos.i.tiontables)
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Energy
Fat
Protein
eRO
~~lr2 Fibre

84,OQ I(J
40% --> 3360 I{J = 88.9g
12% --> 100$ ~J = GOg
48% ...-> 4032 leJ == 240g ~ s'taroh,== 20% ...> 100g
30g

--------------------
.AMOUNT cao PROTEI1\! FAT FIBRE ENER.GY
(9') (g) (9') (g) ( 9') (KJ)

.- ..._ ....._ .....- -~..... --._, ..... ,.. .......... --,..... .... ,.. -~-~....-- -------- ...... ---"'~''''''''''!'~250 11.75 8.25 9.25 0 642.5
75 9.],5 O.15 0.3 2.33 183.75
6.00 15 .6 1.68 1.68 14 ..sa 61.2150 20.4 2.4 0.75 0.75 4112 biso. 22.6 3.2 ! 5 660
200 57 4 0.2 1.4 912
180 'J 43.5 22 .3B 0 1585 .565 0 0.13 52.65 0 2080
80 79 .6 1299 .615 10.34 O. 09 0 .02 0.17 170 .8S
15 13.97 O.12 O. 12 231.75

2.6a 1.4 0.5 4.4 87.2

FOOD ITEM

]tIi.1k - who Ie
Fruit - apple
Vegetable A: (tomato-
spinach-squash-etc)
M~ize meal porridge* Bran - S biscuit
Rice
Meat: beef/chicken/

fish
*3 :e'at.
Sugar; White

Jam
Sweet.s

Fibre:
(Unprocessed bran) 10--~~--~-~---~~~-~----~~------------ -------- ------- ...-...-~-.....

Totals;
% of Energy'
Starch % of Energy

243.09 64.83 86.83
49.1% 13.0% ~39.4'20.2%

28.63 a3:25.35

(Gows and l:Jangenhoven, 198G~ NR!ND food composition tables)
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Energy
Fat.
Prcltein
CRQ
\~112 Fibre

FOOD ITEM

---------------~----M;i.,lk ....whole
Fxuit ...apple
VE~getable A:

(carrotS)
llWli~e meal porridge
White bread
:Rice
Meat: beef/chickenl

fish
*3 JJlat
Sugar: White

8400 I{J
40% --> 3360 KJ :::;88.9g
12% --> 1008 KJ ~.60g
48.% --> 4032 I{J :::; 240g s starch == 40% -> 200g
.12g

AMOUNT I CRO
(g) (g)

PROTEIN
(g)

FAT
(g)

FIBRE ENERGY
(g) (KJ)------- ------- -------- -_._--- ------- -------125 §.8a 4.13 4.13 0 321.25

75 9.15. 0.15 0.3 2.33 183.75
75
250
90
400

150
75
30

4.73 0.83 o.15 3.15 14134 4 1.25 1.25 68544 • 9 7.29 2.25 2 .52 1003.5
114 8 0.4 :2 .8 1824

36.25 18.65 1321.25
0 0.15 60.75 2400
29 .86 483 .6--------_ _ .... -...--...-_ ....'- _ ..... __ tf!I'!'_~ -~......-~~------_ .........

87.88 12.05 gaG3.3S
39.1%

-------~-----....-----------~--
~t'otals:
% of Energy
StaX'ch % of Energy

242.52 60.B
48.7% 12.2%
138.7%

(Gows and Lallgenhoven, 1986; NRIND food composition tables)
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*1 Dietary fibre is defined as the sum of the

polysaccharides and lignin which are not dj_Jested,

and therefore not absorbed by the human

g'a,strointestinal tract (Trowell at aL, 1976; Pat!1

and S(')uthgate, 1978).

*2 The fibre contiant; of the food j.s given as dietary

fibre, g/100g. However when the dietary fibre

content of a food was not known, t.he crude fibre

content is given. The South African Food '1lables

use ma.inly U.1(. and U.S.A. food composition

tables. The fibre values thus reflect the methods

of southgate (Southgate, 196!3) and Prosky (Prosky

at al., 1984).

*3 Fat = the fat contained in the meat -portions 8

spreading margarine, and oil for preparation of

food.

*4 Bran S biscuit ::: a high f :tbre biscuit (2. 5g

dietary fibre I 18g bi~cuit).
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Coffee and cigarette smoking were not permitted during

the· study.

A tupl?~rt'\Ta:re type of colostomy bag was used in order t:o

faciliate fr.equent access .to the colostomy site.

(F.i;SJlu:e ;3)" A ccnvanec stomahesive with as" :!lm flange

wa~? attached to the colostomy site, and a convatec

Sy.stem 2 Opaque clol'3ed Pouch was atta.ched to the
i "

flange. .Af er the colostomy was examined the' pouch 't'ilt3.S

discarded and replaced 'IlV'ith_ new one. Th:i:.st'ilas very

Well agt;':.aptSid by t:he patients as there qas ho ne~d for

'Elfe :replacem~nt of the st.cmahe eivel
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FIGURE 3
CONVATEC STOMAHES1VE WI'l'H57 mm FLANGE

AND SYSTEH 2 OPAQUE CLOSED POUCH
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During the _.5th I' 6th and 7th day faeces t'lere col],ected

from the colostomy bag at the times specified helm; f

and pH measurements of the faeces and the colon were

done at the same intervals."

pay 5 of diet period.

oagOO

14;00

17:00

20:00

Pay 6 of diet ['eriod

08:00

Pay 7 of diet period
8~OO
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As shown in Figure 4 each patient: t~as on a specific

diet fox: 5 days. At 08 z00 am of the .fifth day and 'while

the patient was on this diet (according to our eJtam.pl~

diet All the :PH determinations were carried out.

Similar determinations were done at 11:00, 14tOiJ,

17: 00Hand 20 g 00 of the fifth day. The same diet was

given 'Until 08~00 of the morning of the sixth day. At

this time pH measurements were carried out and

simultaneously t.he second diet was introdUced. On the

morning of the 7th day det.erminations of pH;vere done

again, whilst the patient. was on the next diet.

This second diet continued until DagOO of the elevent.h

day, and e::ltactly the same determinations at the same

intervals trJ'erecarried out, as for the first diet.

At OB g 00 of the 11th day the third diet 'I'.":TasintrOduced

until 08;00 of the 16th day. Again all determinations,

as before, at the same intervals we:t:ecarried. out •
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DIET A

1st day

2nd day

3rd day

-'~'---

4th day

(collection f~r A)
litOO ~

5th day I4g00~
17;00*
20::00

* pH evaluationintervals

DIET :a

(collection f;;:r A)
th .... 08~OO6 . day

(collection f~r A)
th.. 08:007 day

athday

9th day

.....---~
(collectiQn £~r B)

h ll~OO *lOt day 14:00
Ii7~OO*
I---..~ *20:00
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DIET C

(COilection f~r \3
tih : . . 08:00

11 day

(collection £gr B
OlhOON

12th day

------.,

r14th day

---~--
(collection £~r G

11;00*
.~,:)th day 14:00*

17;00*
20;00

FREE DIET

(col1Elction.f~r C
th.. 08 gOO

16 day

(collection f~r C
th. . 08:00

17 day



Day 1 Diet A

Day 2 Diet A

Day 3 - Diet A

Day 4 ...Diet A

Day 5 - Diet A

Day 6 - Diet B

Day 7 - Diet 8

<lay 8 - Diet 18

Day 9 - Diet B

Clay 10... Diet B c

Day 11- Diet C

Day 12'" Di.et C

Day "13'" Diet C
Day 14- Diet C

Day 15- Diet C

Day 18- FREE

Day 17- FREE

T~ME~NTERVALOF
p'H DE1ERMiNAT~ON

Figure 4
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All the above pH determi.nations were carriE:icl out tl).,sing
a portable Beckman, model 3500, pH dig~tal fueter
(l"igure 5).

Figure 5
THE PORTABLE BECKMAN

l'iOOEL3500
pR DIGITAL METER
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The pH determinations were done by probing either the
lumen of the afferent and efferent loop (Figure 6), or
the faeces in the colostomy bag.

Figure 6
PROBE XN COLOSTOMY
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The electrode used was a f utuz a plus combinat.ion

electrode (Epoxy body , AgCl, 12mm x 130mm, gel-filled

electrode). (Figure 7)

Figure 7
EPOXY B9DY

AgCl, 12nunJt IJOmm

GEL-FILLED £LECTRODE
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Before any of the above measurements '1:l7eretaken the

reading of the apparatus ~Jas checked against a buffer

solution of pH 7.00 and pH 4.00. (Figure 8)

Figure 8
BUFFERS pH 4.0 & pH 7.0
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With regard to colonie mucosa, t,~o readings were

carried outg

A. Onewhere the probe was covered with faeces; This

was recorded and regarded as the luminal pH.

B. For the second ;reading, either there was no faeces

on the probe I or the faeces were manually zemoved

so 1::.hatthe colon was cleared of fa"eces,. 'l'his was

.reSJard~d as mucosal pli.

Th€!proximal and the distal limbs of the colostomy were
"":::::-~ . .

e:xamin~dLn a similar way. Obviously as the distal limb

is a defunctioned looPi no faeces was present there.
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With l::'2ga:rd to the measurement of faecal pH this was
performed by mixing the faeces in tht:: bag "1ith a \'iYooden

spatula and immersing the electrode into the mixed
faeces. (Figure 9)

r---1 ".1'\;, .",.>~-~

/'"

\

Figure 9
PROBE IN BAG
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In 4 patients the effect of time on faecal pH ~Jas

studied. After a sufficient amount of faeces passed

through the colostomy the faeces t-tere incubated at 370C

and the pH value estimated every 20 minutes. 1 9' of

faeces was mixed with 10 ml, Normal Sali1 e I and the pH

of t.his solution i:"las determined by immerSingthe same

eiectrOd.3 into the emulsion (Walker et 0.1pI 1979;

Samued aon at ale I 1985). (Figure 10)

- 69 -



Figure 10
PROB1:: IN EMULSION OF FAEr .'5

WITH NORMAL SALlNE
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Collection of Jp,reath methane t-ras carried out on the

morning of the 5th, and 6th day of each diet (Figure

11).
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T'~ME~NTERVAL
lBREAT~~METHANE

COllECT~ON

Day i-Die t A I};' ',;i,,, ,!i;:g
Day 2 ~./Diet A
Day ~/- ,DBet A O",~,(l7,"~··~;_·;"y;]

;, .

{'

Dqf~ S'" lO'jet A BREATH
[lq)f 6 , Diet ra E' ".it),~~~~~~}"t;:l METHANE

Day 7 - Diet l6
Day 8 ...Diet B

Day 9 - Dlet B

Day 10- Die~ IS
Day 11~Diet C W ~,:J7"~:3j
Day 12.- fOiet C lS];:" ;.~i7r;.:]
Day 13- Diet C [r:1.::~r~/:"']
Day 14- Diet C ~.
Day 15- Die t C OJ Ii ~..:0LGS&.';""'-"'''--'"_"""'l,"""""'} ~

Day 16- FREE ~?7El,'\1",:}J3m
D'~y'1' 7'·- FRE'E F7.,-' '",'l.;, tit. ' :. '.1.a. .'. '. . /~0 q\ . \ ~ .'l ,", )

Fi,g~re 11
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Triplicate end e:1rpiratory breath samples were collac'ted

via a wiggins end expiratory breath stlmpler (Poma.reet

al., 1995) into 20 ml pla.st.ic syringes. (Figu.a:e12)

Figure 12
WIGGINS END EXPIRATORY BREA.TH SID1PLER
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Methane concentration was determined by gas

chromatography using a Phillips Pya UnicamPU-4500

equipped with a hydrogen ionisation detector (Figure

13). 1,5 meters by 4mm glass column was packed 't'1'ith

molecular sieve SA BOIIOI) mesh (supelco cat. No.

2-303). The carrier gas was nitrogen. A saIilple of room

air wa~ taken at .the time of each breath sample and the

value (usually in the range 1.0-2.0 parts per

million (ppm)) VIas subtracted from the average level of

th::.':triplicate breath samples. tt'he pei3.karea of methane

was ce.LcuLatied against the peak area of methane

s-t andarrds, Methane produoers were defit!.e,d as thos:,e

prodUCing more than 1 ppm (parts per milliOi.'l.) of

methane above the level in the ambient air. (Bond et.

al., 1971)
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Figure 13
PHILLIPS Pye Unicam PU-4500,

}1ETHANE DETEC'l'OR
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Analysis of variance with the follo't'Jing factors and

interact:ions in the model 'l:iTere carried out. Type of

diet, side of colon*, diet x side, diet x placement**u

and also the second order inte:raction, diet x side ;1:

placement. Finally persons wer~ nested 't..rithin side

(right or left side). After the anaIysf.s of variance,

i!17heneve:t'a factor was significant the Bonferroni

adjustment for pairwise comparison between means WaS

carried out. The Bonferroni adjustment implies dividing

the significance l~vel (O.05) by the number of
comparisons that: were done.

Analysis was done with the SAS progra1lU1lepackage. (SAS

Users Guide, 1985)•

.",. Side of colon = right colon or left colon

** Placement "" siting whe:re the pH measurements were

carried out. viz luminal pH; COlonic

mucosal pH; defunctioned loop pH; faecal

pH;
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Regression lines were fitted for each patient \'\Tith
time as predictor and pH as dependant variable. If the
slopes of the patients did not differ significantly the
data of all patient were pulled out and a common slope
was calculated and tested for significance.
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The pE results of each patient are shown below~

According to Diet
Placement
Site
Time
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e,41"in [jlH ~!ESl!llTS Of n!NlD~V~!OUAl~A'f~lENl'S
6.41.41.41. 1FR1~!flJTCOlOh~aC TRAUMA

---------------------------------------------------------Luminal
pH

Mucosal
pH proximal
loop

Mucosal
pH defunct.
loop

Faecal
pH

---------------------------------------------------------DIET A:
01hOO
11g0a
14:::00
17:00
20:00
OagOO Day 6
08::00 Day 7

7.62 8.07 6.13
7.'l6 8.12 5p4:2
1.6(,\ 8.19 6.75
7.12 7.99 7 .03
7.52 S.08 6.24
7.98 8.04 5.20
7 .95 8.00 6.14
7.65 8.07 6••13Mean val1.le~

DIET B:
08~OO
11:QO
14~00
17:00
20;00
08:00 Day 6
08:00 Pay']

7.81 8.06 4: 99
8,11 8.33 5.44
7.62 8.21 5~24
7.58 7.96 4.61
7.80 8.01 4.62
7.93 8.08 5.117.96 7.98 4.71
7.83 8.09 4.96Maan value:

DIET. C:
oagOO
11:00
14:00
17;00
20:00
08:00 Day 6
08;00 Day 7

8.01
8.02
7.Sl
7.90
8.10
7.89
8.15
7.99

8.29
8.22
8.02
8.00
8.03
8.09
8.12
8.11

4.77
6.56
5.91
5.13
6.08
4.63
4.41
5.35Mean value:
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I.:'

-"-;"'~-'---'--------------~""~,-.---""'---'----""'-'~-~.-"""'-----------:-_.....
LuminalpH

MUCbc:;al
pH' I..l :.:o:(imal·
loop

Mucosa].
pH defm1ct.
loop

J!"1aecal
pH

_~_.~, ._~_ ......_""!"" .,__ .....""!"' ....... -----..,""'"'---.---- ...... _.;;.. .... -..- .a ... "!-!' __

DIET .A:

08:00
11~OO
14::00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value:

DIET B:
08;00
11:00
14:00
17:00
20:00
08:00 Day 6
08~ 00 Day 7

Mean valueg

DIE'!' C:

08:00
11;00
14:00
17g00
20:00
OB:OO Day I}
08:00 Day 7
loiean ve.Lue e

_.). __ ... oj;

8.03
B.02
B.12
7.80
1.84
8.21
a.as
a ,·01

6 ..95
6.60
6.a3
7.40
7.20
6.31
6,,24
6.79

--~'~ 6.01
6.41
6.35
7.09
5.91
6.47
5.23
6.21

!

I
!
I
)
1,

I
t,
r

.----
...----

7.98
7.90
7.95
7.93
7.70
7.68
7.94
7.86

----

8.03
7.72
7.73
7.93
7.93
7.9B
7.9B
7.90

5.55
7.55
6. j1
7.32
6, 7
6.25
5.33
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DIET A;
08:00
11g00
14:00
17:00
20:00
08:00 Day 6
08200 Day 7

Mean value:

DIET B:
08:00
11::00
14::00
17~OO
20:00
08g00 Day 6
08:00 Day 7
Mean valueg

DIET C:
08:00
11:00
14:00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value:

------------------------------~--------------------------Luminal
pH

Mucosal
pH proximal
loop

Faecal
pH

Mucosal
pH defunct.
loop

7.91 8.37
8.03

7.43 7.78 6.58
7.48 7.94 5.97
7.62 7.83 6.41
6.95 7.52 5.09
7.11 7.91 5.27
7.41 7.91 5.86

7.70 S.05 6.57
7.81 8.05 7.61
7.98 8.15 7.03
7.65 7.91 6.81
7.78 8.11 7.28
7.59 8.25 5.34
7.67 8.11 5 • ..'1.2

7.74 8.09 6.58

7.78 7.89 6.18
7.18 7.75 6.46
8.02 8019 --_ ..... 6.73
7.65 7.90 7.12
7.70 ~/. 93 6.16

7.59 5.397.43 7.81 5.39
7.63 7.87 6.20
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DIET At
08:00
11:00
14::00
17~OO
20:00
08:00 pay 6
08:00 Da.y 7
Mean vaJ.ue :

DIET B:
08:00
11:00
14:00
17:00
20;00
08:00 Pay 6
08:00 Pay 7
Mean value:

DIET C:
08:00
11:00
14:00
17:00
20;00
08:00 Day 6
08~00 Day 'j'

]Of.eanvalue g

.,~.

--......--~-......-----.- .....--.-------------;--.-- ....-.....-.....------.-- ....,,-,,_ ..:::..-----~-
Luminal
pR

Mucosal
pH proximal
loop

Faecal
pH

Mucosal
pH defunc1....
loop-------------------~---------~---------~~----------------

7.89 5..53
7 .84 7.62 5.87

7.80 4.95
7.8Q 8.11 5.83
7.77 7.92 6.39
7.79 7.99 5.41
7 .82 8.03 4.92
7 .•82 7.91 5.56

1•.15 7.88 5.79
1.22 7.83 5.91
'7 .13 7.83 6.15
7.1B 7.89

7.76 6.27
7 .21 7.71 5.23

8.11 5.29
7.18 7.86 5.77

7.47
7.38
7.35
7.05
7.81
7.47
7.65

7.99
7.95
7.99
7.68
8.12
7.99
7.88
7~94

5.21
5.53
5.08
4.99
5.28
5.09
5.10
5.187.45
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6.1.1.1.5. Rt colonic trauma = 5th Patient

DIET A:
08:00
11:00
14:00
17~00
20:00
08:00 Day 6
08::00 Day 7
Mean value=

DIET B:
08;00
11:00
14~:00
17:00
20:0(J
08;00 Day 6
08:00 Day 7
Mean value:

DIET C:
08:00
11:00
14:00
17:00
20:00
08g00 Day 6
08;00 Day 7
Mean value:

--~------------------------------------------------------Luminal
pH

IJ!ucosal
pH proximal
loop

MucGsal
pH defunct.
loop

Faecal
pH

__... . .._.------.o-----.- - -"_._. .u. ,_

8.00 8.08 5.42
7.62 8.27 8.00 6.35

7.82 8~O3 4.99
7.51 8.01 8.09 5.09
7.73 8.11 5.73
7.58 7.83 B.07 5:.31
7.52 8.03 8.13 4,97
7.59 7.99 8.07 5.41

7 52 8.01 7.99 5.01
7.54 7.96 8.03 5.33
7.66· 7.95 8.01 4.96
7.47 7.88 '7.95 4.98
7.49 8.03 8.11 4.93
7.45 7.99 8.07 5.13

B.10 8.03 5.06
7~52 7.99 8.0:3 5.06

7.67 7.99 7.96 4.997.63 8.11 8.01 5.327.70 7.79 7.88
7.97 7.99 4.87

7.77 7.96 8.01 4.937.81 7.99 8.03 4.897.39 8.00 8.11 4.95
7.66 7.97 8.00 4.99
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DIET A:
OBg()O
l1g0a
14'1.00
17;00
20;00
08:00 Day 6
08~OO Day 7
Mean value:

DIET B:
08:00
11~00
14:00
17;00
20:00
08:00 Day 6
OegOO Day 7
Mean value:

DIET C:
08:00
ll~OO
14:00
17:00
20:00
08~OO Day 6
08:00 Pay 7
Mean value:

----------------------------------------"----------------!..Iumi.aal
pH

Mucosal
pH proximal
loop

MucosalpH defunct.
loop

Faecal
pH

---------------------------------------------------------

_ ........... - 8. J.9
7.89
8.1.3
8.09
7.98
9.03
7.67
7.99

7.67
7.32
7.49

8.31
8.08
8.09
8. :1.1.
8.11
8.18
8.11
8.14

7.0'7

7.07

7.69 8.03 8.29 6.74
7.97 8.15 8.61

8.28 8.44 '1.89
7.51 7.91 8.11 6.48
"',f .85 8.10 8.13 5 .917.75 7.93 8.39 f.29
7.38 7.93 8.32 7.15
7.69 8.05 8.33 6.74

7.56 B.19 8.26 6.51
7.19 B.ll 6.62.... -_.... ... 8.19 8.297.43 7.85 9.15 6.337.70 8.11 8.02
7.44 8.11 8.26 ............. -
1.63 7.89 8.42 6.61
7.49 9.06 8.22 6.52
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DIET A:
08;00
11~OO
14;00
17:00
:20:00OagOO Day 6
08~OO Day 7
l".tean val us g

DIET B:
08:00
lbOO
14g00
17:0020:00
OB~OO Day 6
08g00 nay 7
:Mean value:

OlET c:
OS: ee
11::00
14;00
17::00
20:00
OB:OO Day 6
18:00 Day 7
Mean value:

_________________________ W__ M -_-_- ~ _

Luminal
pH

Mucosal
pH proximal
loop

Mucosal
pIt defunct.
loop

FaecalpH
_____ ......__....,....._-- ....._...--._;.---.;.;;,o------ .....-----p.;,-- ....--- ..........,'"""'t--.-~- .....~....,;.-;_-_~--~ ....._".._--~~_ .....

7.86 0.05 .,.99 6.94
7.74 7••88 6.95

7.20 7.60 6.96
7.26 7.75 ).81 6.89---~ 7.87 7.83 7.04-- ..... .,.. 7.69 7 .93 6.90

'7 .84 7.90 6 .84
7 .44 7.82 7.85 6.92

-- ......~. 7.96 7.89 6.76
--~'"""" 7.67 7.66 6.96
7.41 7.90 7.93 6 • 66
6 . 7'?- 7.96 8.0~ 6 .72
7 .32 7.94 7.86 6.66
,..c- ....---J 7 .82 7,.83 6.89_ ........ - 7 .i9 1.85 6.79
7.15 7.86 7.86 6.78

....._ ....- 7.70 7.93 s , 81
7.32 7.09 7.93 6.• 797.79 7.77 7.29 5.86
7.89 7.18 8 ..14, 7.18
7.04 7.93 8.15 6.468.03 8.13 6.49
7.40 8.01 8.0~ 6.96
7.49 7.ti9 '1095 6.79
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DIET A:
08g00
llgOO
14::00
17=00
20:0008:00 Day 6
08:00 Day 7
Mean value:

DIElT B:

08:00
11:00
14:00
17:00
20::00
08;00 Day 6
08~OO Day 7

oIE'l' C:

08:00
11:00
14:00
17:00
20:00
08:00 Day 6
08g00 Day 7
Mean va.lueg

Luminal
pH

w..ucosal
pH; prox.imal
loop

Muco:.al
pH de.funct.loop

Faecal
pH

--------------------------------------------------"----~-
7 .23 _._---=- 8.32 5 .29
7.64 8.02 5.50
6.89 ---~ 7.89 5.90
7 •24 7 .80 7 .89 4.69
8 .08 ..... ....,-- 8.09 [- 65::1 •
7.29 7 •62 8.12 5.337 .53 7.87 8.05 4.79
7 .41 7 .76 8.05 5.31

8.04 6.05 5.79
7.49 8.16 B.09 !L66
7 .96 8.04 8.02 5.79
7 .63 8.12 0.09 6. 16
7.54 7.92 8.04 5.917.69 7 .92 7 .99 5.18
7.62 8.01 8.03 5.69
7.64 8.03 8.04 5.14

7.83 __ 'f=o_ 7.85 5.017.31 7 .96 7 .92 4.917 .91 8.22 7 .07 4.737 .98 7.34 7.66 5.51B.Ol 8.·03 4.69
8 .02 8.23 8.13 5.07
7 .83 8.29 a .1.7 5.23
7 .81 8.00 7.S3 5.02
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OIET A.~

08:00
11;00
14:00
17:00
20g00
08:00 Pay 6
08::00 Day 7
Mean value:

DIET :8:

08~01Q
11~OO
104:00
17:00
20~OO
08:00 Day 6
08g00 Da.y 7

Mean value=

OI:IDT c~
oa~oo
11:00
14:00
17;00
20:00
08~OO Day 6
08: 00 Clay 7

Ll.UJlinal
pH

MucosalpH proximal
loop

Faecal
pH

~!ucosal
pH defunct.
loop------------------------------------------~----.-~-~-----

7.54 8 \. 26 - ..... ...,. ... 6 • 13
7 ·79 8 • 34
7 .'27 '1·99 ----- 6 .41-'....-~... B ·28 6 .377.78 (3 • 27 ...... --- ;'.~7
7 ·19 7 • 99 6 ·497 ·57 8.02 ~~ ............ 6 ·95
7 .52 8 • 16 ....~-,.... 6.44

7 ·90 8·05 -...".-- .5·738.05 ............. - 6 .~7-~'....- 8 .27 - ....- ....
7 ·83 8 • 11 .5 .2'4
7. 95 7 ·69 ............. _Ioooio .... :--

8 • 15 B.20 6 ·597 ·59 -,_~- --,.. .....' 6 .59
7 ·8B B • 06 ....""""" ....... 6 •14

a.02
8.37
B.l1
8.2.3
8.11
B.09
a.lf
8.1.5

8.18

6.65
6.83
6.49
6.58

6.33
_ ........ -

-~--I,
7.96
7.51
7.63
'J. 78
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DIET A;
08;00
11:00
14200
17g00
20~OO
08:00 Day 6oa~oo Day 7
Mean value:

D!E'V B;
08:00llgOa
14;00
17:00
20:.00
08 ;·00Pay 6
08:00 Day 7

Mean valueg

DIE'!' C:

08:00
11:00
14~00
17;00
20;00oa~oo Day 6'
08:00 Day 7
Mean value:

---------------.-----------------------------------------Luminal
p!l

Mucosal
pH proximal
loop

Faecal
pH

14ucosal
pH defunct..
loop

--------------_------------------------------------------
._00;000 __ 8 8.29 6.71a. 8 ·33S • 1.~ a • 16 5.98
"' .59 8.J.5 8·16 WofIIr __ , ....

7·23 8.33 8.30 5.99
7 ·88 a • 48 8.34 6 .38

S ,28 8.25 6 .45
.,·57 a 25 8.26 6 .30

7 ·87 8.27 8.10 6.15r.os 8 ·09 5 .71
7 .59 8.19 4.55

...... ,...,,-- 8.05 8.01 4.81

....._- .... 7.93 8.28
7.63 8.02 8.04 6 .55
8.08 8.20 8.09 5.49
7 .86 8.02 B .12 5.54

8.21 8.28 8.05 6.22
8.12 8.25 6.907.76 7.90 8.13 6.118.15 8.13 -- ....

7.89 8.18 8.35 4.93
7.65 8.10 8.35 5.647.66 7.99 7.93 6.17
7 •.83 8.10 8.17 6.00
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6.1.1.3.1. Lt. colonic cancer = 1st Patient.

DIET A:
08~00
11:00
14:00
17;00
20;00
08g00 Day 6
08:00 Day 7
Mean value:

DIET B:
08:00
11:00
14:00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value:

DIET C:
08:00
11:00
14~00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value:

--------------~-------------"----------------------------Luminal
pH

Mucosal
pH pX'o:ximalloop

Faecal
pH

Mucosal
pH defunct .•
loop--------~-------~------~~-------------~~-----------~------

8.07 5.83
.,.... •81 8.51I

8.03 6~42
7.68 7.95 'L908.03 ---.-
7.61 7.98 5.85
7.66 8.09 6.03
7.69 8.09 _.io- __ 5.81

7.84 6.S7
8.15 7.04
8.00 7.18
7.90 6.33
7.88

7.55 7.91 5.997.99 6.43
'7.55 7.95 6.59

---- 7.97
7.76
8.Q9
7.98
8.01
8.04
7.98
7.98 6.91

---"""
6.88
7.36
6.22
6.39
7.40
7.21

7.55
7.94
7.59
7.66
7.79
7.71
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-~~---~---~~---------~-------~-~-~~~-~~~~-~-~--~~----~-~-Luminal
pH

Mucosal
pH proximalloop

Mucosal
pH defunct.loop

Faecal
pH

_______________________ ~ - M _

DIET A~
(l8~OO
11g00
14:00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value:

DIET B:
08:00
11::00
14;00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value:

DIET Cg
08:00
ligOO
14:00
17:00
20;00
08:00 Pay 6
08g00 Day 7
Mean value~

7.92
7.57
7.39
7.01
7.56
7.98
7.57

7.35
7.54
7.5'\"7.49
7.29

7.44

7.54
7.65
7.78
7.63
7.51
7.23
7.56

8.10
8.28
8.04
7.99
7.89
8.03
8.45
B.ll

8.16
8.22
8.14
7.91
7.89
7.92
8.04

8.05
7.89
8 • .27
7.98
8.19
8.03
8.07
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_ ... """,._
--- .....

6.69
7.94
6.11
5.53
6.55
7.41
& .•71

7.17
7.22
6.69
7.63
6.98
7.46
7.19

7.01_ ....._--
6.88
........._-
7.17
7.63
7.17



08:00
11:00
14:00
17;00
20:00
08g00 bay 6
08;00 Day 7
Mean value:

DIET B:
08:00
iuco
14;00
17.00
20:00
08:00 Day 6
08:00 Day 7
Mean value~

DIET C;
08;00
1Ig00
14:00
17:00
20:00
08:00 Day 6
08;00 Day 7
Mean value::

-------------------------p-------------------------------Luminal
pH

Mucosal
pH proximal
loop

Mucosal
pH defunct .•
loop

Faecal
pH

---------------------------------------------------------
7.45
7.47
7.47
7.51
7.55
7.45
7.37
7.47

7.99
B.05

...... __ .,;n"

7.01
7.20
7'.00
j' .09
Ei.94
().82
6.90

--_ .....

7.95
7.98 ----

7.99 15.99

7.99 5.86
7 .20 7.•89 6 .54

8.09 ,....-- .....
7 .47 7 .Bl 5.15
7 .38 8.03 ......... -- 5.24
7 .26 7 .98 -....- ..... 6.81
7 .25 8.07 6.01
7 .31 7 .98 5.94

7.75 6.98
7.12
7.08
7.04
6.99
6.98
6.73
s , 99

-- ....._ 7.87
7.71
7.93
7.99
7.87
7.87

- ....- .....

7.62
7.24
7.41
7.47
7.39
7.48

---_-
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DIET A:
08~OO
11:00
14:00
17:00
20:00
08:.00 Day 6
08:00 Day 7
Y~ean value:

DIET B:
08:00
11:00
14~00
17:00
20::00
08;00 Day 6
08:00 Day 7
]oleanvalue:

DIET Cr.
09:00
11:00
14;00
17:00
20:00
08:00 Day 6
08:00 Day 7
Mean value~

-------------~-----------~------------~------------------Luminal
pJ:I

Mucosal
pH proximalloop

Faecal
pH

Mucosal
pH defunct.
loop-------------------------------------------------~-------

7.51
7.55
7.48

7.79
8.03

6.61
6.82
7.06
6.15
6.36
6.78

6.63

---- 7.72
7.89
8.03
8.28
7.96

7.25
7,,24
8.08
7.52

7 .64 6.43
7 .49 8.01
7.45 7.99 6.11
7 .56 8.13 6 .39S.OS 6.67
8.15 8.49 7.07
....._--- 7.95 6.05
7 .66 8.11 6.45

1.66
7.54
7.29
8.04

8.14
7.91
8.03
8.23
8.:21
8.25
8.07
8.13

- ...-... 5.89
5.95
5.59
5.26
5.69
5.31
5.24
5.567.63
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DIET Ag
08~OO
11:00
14:00
17:00
20:00
08:00 Day £5
08:00 Day 7
Mean value:

D!rJT B:

oa~oo
I1g00
14:00
17:00
20:00
08:00 Day 6
08::00 Day 7
Mean value:

D!ET C:
08:00
11:00
14g00
17:00
20::00
08:00 Day"
09:00 Day 7
Mean value;

____ -- ~ M - _

Luminal
pH:

Mucosal
pH proximal
loop

Faecal
pH

Mucosal
pH defunct.
l.oop

7 ..87 7.90 6.68
? .,60 7.81
7,,~6 7.92 7.29
7,,72 8.03 7.13
7 .28 7.88 6.78

7.98 5.60
7.67 7.92 s ,70

8.07 ....._.-- 6.64
7.60 7 .99 _ ...... __ 6 .53
7 .46 8.03 ....-- .... 6.83
7 • 27 ----- 6.86
7 .41 8.17 6.73
7.64 _ ... ...,;;....,0 7.15

8.03 5.66
7.48 8.06 6.63

7 .65 8.21 6.70
7.77 6.41 -_ ....... 6.73
7.70 8.21 --""""'-
7.93 6.56
7.80 8.05 6.61
7 .39 6.83
7 .27 8.09 6.79
7.64 8.19 6,,10
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The summazy of the results of each patie'mt are shown
be1ow~

®.il.2.1" M[EA~ LOllFITOfF fimG[l=1JTllAAlUlMA f>ATRENlTS
(Diet :i~...Side' :l~ Placement)

-----------------------------------------~---------------Luminal
pH

Mucosal
pH proximal
loop

Mucosa1
pH defunct.
loop

Faecal
pH

Mean value~

7.41
1.82
7.59
7.61
(0.11)

7.65 8.07 6.13
~h01 ..... ....._'_ 6.79
7.91 5.86
7.91 5.56
7.99 8.07 5,

7.89 8.07 5.98
(0.064) ( 0) (0.27)

1.
2.
3.
4.
5.

-_ .............

DIET B:

Mean value:

1.74
7.18
7,,52
7.48
(0.162)

7.83 8.09· 4.96
7.86 !M- ....... 6.21
8.09 -"-;-"_ 6.587.86 5.777.99 8.03 5.06
7.92 8.06 5.72(0.049) (0.03) (0.32)

1.
2.
3.
4.
5.

- .....--

DIET C2
1-
2.
3
4~
5~

7.63
7. ·~5
7.66
7.58
(0.066)

7.99
7.90
7.S7
7.94
7.97
7.93
(0.022)

...96 ..

8.00
8.06
(0.055)

5.35
6.41
6.•20
5.18
4.99

Mean value: 5" 6'~
(0.28)



Luminal
pH

Mucosal
pH proximal
loop

Mucosal
pH defunct.
loop

Faecal
pH

s,11..2.2. M~AN ~~ ({)f lrEFf 'fMfLJJMA fJAT~leNl'S
(Diet .It Side ~t Pla.cem.ent)

-----~-----~-------~-~----~----------~-~----~«------~--~--
----------------------------------------- ---------------

DIET A;
1.
2.
J.
4.
5.

7.07
7.44
7.41
7.52
7.57
7.40
(0.01.38)

7.9.9
7.82
7.76
8.16
8.25
7 •.99
(0.094\

8.14
7.85
8.05
8.26
8~OS
(0.086)

1.49
6.92
5.31
6.44
6.30
6.•49
(0.361)

1.
2.
3.
4.
5.

7.49
7.49
7.81
7.78
7.83
7.68
(0.078)

8.06
7.68
8.00
8.18
8.10
8.00
(0.086)

8.22
7.95
7.83
8.17
8.04
(0.092)

6.52
6.79
5.02
6.58
6.00
6.18
(0.318)

Mean value:

Mean value: 7.64
(0.132)

8.05
7.86
8.03
8.06
8.02
8.00
(0.037)

8.33
7.86
8.04
8.12
8.09
(0.097)

6.74
6.78
5.74
6.14
5.54
6.18
(0.252)

1.
2.
3.
4.
5.

7.69
7.15
7.64
7.88
7.86

DIET C;
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s, 1.2o!33uM~AWI If]IHlOf !LIEn CCAU\!lClElK{~ A "~[EWll'~
(Diet It Side ~.~Placen!en~~)

---------------------------------------------------------Luminal
pH

Mucosal
pH proximal
loop

Mucosal
pH defunct.
loop

]'a..ec:a·'
pH

----_ ......-.-------- .._---_._------_._------_._ .... ,_._-_ .....-- ...----.-~-.--...--
DIET A:
L 7.69
2. 1.57
3. 7.47
4. 7.52
5. 1.67
Mean valus: "J.58

(0.042)

DIET B;.,
1. 7.55
2 7.44
3. 7.31
40 7.66
50 7.48
Mean value: 7.49

(0.058)

DIET C~
1- 7.71
2. 7.56
3. 7048
40 7.63
5. 7.64
Mean value~ 7060

(0.039)

8.09
£3.11
7.99
7.96
7.92
8.01
(0.037)

5.81
6.'71
6.99
6 .•63
6.70
6.57
(0.199)

7.95
8.04
7098
8.11
8.06
8.03
(0.028)

6.59
7.19
5.94·
6.45
6.63
(J.S6
(0,.199)

7.98
8.07
7.87
8.13
8.19
8.05
(0.056)

--_ .....__

6. ~91
7017
6.!19
5.56
6.70
\3.67
(0.286)
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The mean pH values including the standard error means
are shown below~ .fOist ..It Side :11:_ lPlacsment.)

". ." ..-~-----~------~------------------------------------------"
Luminal
pH

Mucosal
pH proximal
lOop

Muoosal
pH defunct.
loop

:Faecal
pH

----------------_-----------------------------------------
RIGHT COLON (TRAUMA PA'I'IENTS)

DIET A: 7.6 (0.111) 7.9 (0.064) 8.1 (0.00) 6.0 (0.021)
DIET )3; 7.5 (0.162) 7.9 (0.049) 8.1 (0.03) 5.7 (0.32)
DIBT C: 7.6 (0.066) 7.9 (0.022) 8.1 (0.05S) 5.6 (0.28)

Mean value; 7.6 (0.119) 7.9 (0.048) 8.1 (0.036) 5.8 (0.245)

LEFT COLON (TRAUMA PATIENTS)

DIET A; 7.4 (0.088) 8.0 (0.094) 8.1 (0.086) C.S {O.361)
DIET B: 7.6 (0.132) 8.0 (0.037) 8.1 (0.097) 6.2 \0.252)
DIET C; 7.7 (0.078) 8.0 (0.086) B.O (0.092) 6.2 (0.318)

Mean value; 7.6 (0.102) B.O p. 077) :3.1 (0.092) 6.3 (0.314)

COLORECT}.L CANCE!R PATIENTS

DIET A~ 7.6 (0.042) 8.0 (0.037) --~'""""
DIET B: 7.5 (0.058) 8.0 (0.u28)
DIET C: 7.6 (0~039) 8.1 (0.056) .....--:--

Mean value~ 7.6 (0.041) 8.0 (0.042)

- 99 -

6.6 (0.199)
6.6 (0.199)
0.7 (0.280)

6.6 (0.232)



The sUlrunary of the :resul ts of each y.t .. p of patients

including the st.andard ex;ror means are shown belo'l;l t

as SiOle of cole))!)). ~I:. ~.IJ~'.(oe~tmsl;f~

---------------------~-------------~---~-------~----------
Luminal
pH

Mucosal
pH proximal

loop

Mucosal
pH defunct.
loop

Faeoal
pH

RIGHT TRAUMA 7.6 (0.119) 7.9 (,0.049)

I.1EFT TRAUlY..A7. () (0.102) 8.0 (0.077)

C~NCER 7.6 (0.047) a.o (0.042)
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G.3 (0.314)
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The pH results ·of the 4 faecal specimens which 't'/aZ'e incubated at

370C for 3 hours, as discussed in 4•.2 ~1. are shownbelow:

--~--~-------------------------------------------~------.
Patlent A Patient B Patient C Patient

_________________ - - M _

00 min. 7.30 8.09 7.34 8.08
20 min. 7.00 7.30 7~,0 7.81
40 min. G.95 7.00 6.99 7 •.05

60 min~ 6.60 7.00 7.0B 6.S7
eo min. 6.7 7.00 7.08 6.95
lOa min. 6.37 7.3 6.35 7.19

120 min. 6.16 7.10 6.22 7.21
140 min. 6.70 7.00 $.17 7.18
160 min.. 6.1 6.7 6.17 7.15
180 mi.n, 5.9 6.68 (;'14 7.13

.--------~-----------~--------------~~---------------~---
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E'I:ceat.l1Methane measurements were done on twalve
out of the fifteen patients.
The results for each patient were as fol1ows~

---------------------------------------------~-
Day 5

__________ • - h_~~~~ - -_- --

1st patient:
Diet A: 1.9 ppm
Diet B: 2.9 ppm
Diet c= 1.0 ppm

1.5 6ppm

2.2 ppm
O.54ppm

1.7 ppm

0.8 ppm

2nd patient;

Diet C~

B.4 ppm

13.8 ppm
3.19ppm

H:l.77ppm
21.3 ppm

1.5 ppm

13.6 ppm
22.2 ppm

2.35l?pm

Diet A:
Diet B:

3rd patient;

Diet c:

15.48pp:m
12.63ppm
O.99pPlll

14.2 ppm

13. 58ppm
3.8 ppm

Diet A~
Diet B: 1:3.1 ppm

2.4 ppm
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------------~.------------------------------.--
Day 5 Day 6 Mean:

-----------~-----------------------------------
1st patient:
DietA~
Diet B:
Diet C:

2nd patient:
Diet A::

Diet B~
Diet c:

32.6 ppm

45.1 ppm

45.7 ppm

46.2 ppm 39.4 ppm
45.1 ppm 38.5 ppm
45.1 ppm 45.4 ppm

5.H6ppm
15. 62ppm
2.7 ppm

23.7 ppm 14.8 ppm
10.99ppm 13.3 ppm
2.3 ppm 2.5 ppm

Diet At

3rd patient::

Diet B:
Diet C~

1.5 ppm

. :2 • o7ppm
3.6 ppm

1.9 ppm

1.0 ppm
6.07ppm

1.7 ppm

1.5 ppm
4.8 ppm

4th pat:i.ent:
Diet A;
Diet B:
Diet Cg

13.9 ppm

9.1 ppm

13. 28ppm

15.6 ppm
1.4 ppm
9~8 ppm

14.8 ppm
5.3 ppm

11.5 ppm

- 104 ...



____-_--_-- ---- ---__------w _
Day 5 Day 6

_________ -- -------------------- w _

1st patientg
Diet A: 4.5 ppm 3.0 ppm
Diet B-.!J ~~u.

Diet C: 32. o6ppm 4709 ppm 40.0 ppm

2nd patientg
Diet Ag 2105 ppm 17 •.;g ppm 19.5 ppm

Oiet Eg

Diet c: 508 ppm 15 .~lppm 10.5 ppm

3rd patient
Diet A: 11.04pprn
Diet B:
Diet Ct

19.0 ppm

lO.79ppm

22.1l4ppm

5. !;lppm

120g1ppm

16.6 ppm
12.3 ppm

11. 7 ppm
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----------------------------------------------~
DayS Day ~ Mean:

-----------------------------------------------
4th patient;
Diet A:
Diet. B:

Diet c:

3.5 ppm
2.1 ppm

O.54pprtl.

2.6 ppm
O.llppm
O.54ppm

3.1 ppm
1.1 ppm

0.5 ppm

5th Patj.ent
Diet A: 23.5 ppm 31..3ppm 27.1: ppm

Diet B: 15.0 ppm 21.0ppm 18.0 ppm
Diet c; 52.8 ppm 30.0ppm 4:i..4 ppm
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~.2.4. MIeAN l8RteATtHI.IlVlllEl'tHlANE
rFO~ l}ll~·Ii))~ff~W\l~H\lJTIf)~~l'S

Mea.n of diet A~ 13.9 ppm

Mean of diet B: 12.8 ppm

Mean of diet C: 12.9 ppm

~.2.5. MIEAN 18I~!EATlHl Ii\j]lEulHlA~E fCOIFRTHE [Q)HffERIEN'f
~~YJ!ESOF eOlOSl'©M~!E$

Mean of Rt side: 7 •7 ppm

lYIeanof Lt side g 16 ~7 ppm

Mean of Cancer 1tt~ 15.3 ppm

* ppm :;:;part per million
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5.3" II • SrrijJATUOlNlS uNWH~e~ S~~li\lllf~CAb\!lT

!pHI DllfftE~!E[NjClES ©~S~faV[ED ~to> == <: (Q).@5)

1. Lti..minalpH was. lower than mucosal pH in:

a) left colosto:my patients
b) cancer patients

(p :.': 0.0009) and

(p = 0.003)

Within the right colon the differenc(~ just failed

to reach significence t~ = 0.052)

2. Faecal pH was lower than luminal and mucosal pH
(signif.ical'lt differences at all sites)

(p := <: 0.0001)

3• Faecal pH of right colon was lO't"1erthan left colon

(p ::< 0.0003)

4. Faecal pH of left (healthy) colostomies was lower

than colon cancer colostomies (p = 0.0003)
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$.3.2. S~1l~Atl~©U\'lS~\?HIEli1!ES~rG1lM~fnCAN1i
~C4lD~ff!ElRlIENCES NOli OfSl§rE~~IED

1. No significant differenceS bet~-1eendietary effects

were observed. (p == 0.6707)

2. No.signiiicant difference between luminal pH (7.6)

and mucosal pH (8.0) (p ;::0.3724)

3. Diet X Side j.nteraction 'Wasnot significan;t

(p ;::0.9096)

(5.3.3. S~TlUJAT~ONSWHERE S~GU\'l~f~CAU\'l1i
ME1"n=nA!Nl~lO~ff[E~r9:NCES OI81SlElRiVlED

1. Methane production in Right side lower than Left

'healthy' and Cancer colOStomates.

(p ;::0.0009 and 0.005 respectively)

NOTEg Diet evoked no significant difference in

methane production i~lall groups.
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The results sho't'\)'that the meal"mucosal pH was 7.9 in

right colostomies I 8. 0 in left cOlostomies, 8 ..1 in the

defunctioned loop and 8.0 in colon canCer patients

(Figure 15). This suggests that the mucosal pH pi the

colon was al~aline, and was similar on both sides of

the colon (inCluding the clefunctioned loop) of healthy

colostomates.

It was also shown chat, the mucosal pH was independent

cf dietary changes (Figure 16).

Luminal pH was similar on the two sides of the colon in

the trauma patients and was similar in the lef"t. colon

of trauma and cancer patients (7.6). (Figu:"d,;. 17). ~'his

suggests that the faeces in the colon have a stable pH.
Diets did not make any differen.ces to meanpH values.

(Figure 18)

... lJ.O -



The luminal pH in left sided colostomies and cancer

patiente7 was significantly lower than mucosal pH

(p=O.0009 aT'd 0.0003 respectiV"ely), but just failed to

reach significance on the right side (p=O.OS2)

(Figure 19). This indicates that the presence of faeces

slightly lowers the pHof the colen.

The lowest pHt s recorded were faecal pH's. Meanfaecal

pH in right colostomies was 5.S, left colostomies 6.3,

and in cancer patients 6.6.
Faecal pH of the left colon was significantly higher

than that of the right colon. (p = <0.0003) and faecal

pH in cancer patients was significantly higher than in

left-sided colostomies (p = <0.0003) (Figure 20).

Faecal pa, in all situations, was significantly lower

(p = <0.0001) than mucoaa.land. luminal pH (Figu:r:e21).
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Dlfferent diets did not showany significant difference

of pH in any placement (Po ::; 0.067). However subjects

consuming a high fibre diet a.nd a high starch diet

tended to have a lower fa~-~l pH than subjects

consuming a western diet.
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It was clear that the different diets did not affect

significantly the .br.eath methane (Figure 22),

It is evident that th,e breath methane drops

significantly ',I, part of the colon is ,excluded; The

breath met ha»... s.n the right sided colostomies was

apptoximatelJ! half of the b:reath m~thane of the left

sided' colostonlies for trauma and for oancez ('Figure

23). CP,his could be e~tplained by the fact that since

part of the colon is exo.Luded ther~ is decreased

fermentation which will result in decrease in the

p'roduction of methane.
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The' spectrum of luminal pH "lralues in this study was

higher 'than that of Evans (Evans et al., 198a). The

reason for this is not known but i'l:. is possible that a

dolostomy alters the normal physiology of the colon.

Faecal pH values in my study Were identical to those of
luminal pH reported by c.ummings (Cummings et a1., 1990)
Ln which luminal pH was measured at different regions

of the colon in autopsy vict~.l\\S tlTithin 4 hours of

death. The pH ranged from 5. e i.n caecum to 6 ~5 in

sigmoid-rectum. In my study faecal pH was 5.8 in right

colostomies and 6.5 in left colostomies. The pI{ values

in the above two studies Ocourred whrm the faaGes ,,;rere

independent of col.cnie control. -in my study pH of

faeces in thf.. colostowy pags were measured, and in

Cummings stud~t col.onio controlling factors were not

viable in the autopsy victims. Presumably femantation

with i~s acid lowering effect could proceed

aut:.onomously •

Muuosal and luminal pH appear to be finely balanced and

controlled. However once the faecal contents leave the

colonic environment marked changes occur. The faecal pH

drops significantl"r and d:Ltferences between righ.t and

le.ft colostoln:i.es and cancer :patients are eliCited.
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Colonie luminal pH is determined by rel.ative

conoentrations of acids and bases. Ammonia and

b~tcarbona·t~ ion are the main alkaline compcnerrcs and

the short chain fatty acids (SePA) are chiefly

rosponsible for the acidification of colonic cont.enta'

and faeces (New:markand Lupton, 1990). Faecal anunonid

is deriver! from bacterial degradation in "Lhe large

bowel of endogenous urea from tissue fluid and also of

proteins and amino acids that escape digestioIl. and

absorption in the small intestine (Geigy Scient.ific

Tables, 19a1~ Deminge and Remsey, 1979). Bicarbonate

ion is secreted into the colonic lumen in exchange with

SCFA upt.ake (UmesaJci et a1., 1980). The SCFA(acetic,.

butyric and propionic acid) neutralize ammonia. and

bicarbonate. They are derived from colon microbial

fe:t:mentation all. undigested dietary cazbohydzat.es,

Equimolecular quanti'ties of ammonia and SCFAproduce a

pH of approxim~tely 7.0 (Newmarlt and Lupton 1990).

Appreciable excesaes of ammoniaor SCFA are .required to

shift the pH to the e~tremes of the \normal' pH range

of 6-8 (outer limits ~\.O-9.0) (N4:n'Vlllarkand Lupton

1990). Ammonia and SCFA are not pres ant in

equimolecular amount.s in faeces. Thus the lowered
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faecal pH compared to mucosal and luminal pH may be due

to an excess of SCFA. This is pos.sibly due to corrtInued

(extracolonic) faecal fermentation with SCFA

production..~ and a lessened production of colonie

alkaline factors - bioarbonate ion secretion and

endogeno\1s urea production.

A bigh colonic pH has been linked to cOlon canC~r.

Thornton (Thornton 1: ....1) proposed that a high colonic

pH promotes co ....carcinogen '''ormation from either

bacterially degraded bile a\.oi(16 or cholest,er!Jl, and

t.hat aci1i.'=ication of the colon may prevent this

process. However :my study has shown that there are no

dif,Eerences in muc..I./...:::' and l'Jminal pH between healthy

and colon cancer patients. Pye (pye et 0.1., 1990} aJl<.")

found no difference in Lumfna.LpH amongnormal subjects

and those with coloractal neoplasia in a study

measuring pH in normal subjentsr patients with

colorectal adenomas and patients wit.n (!olorectal

cancer. Tumour ~ite 1 Si29 of rdenoma and st.age of

carcinoma did not e'tert any influence.
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A perpl~:r..in9' fact, paz·ticulaz-ly in. connection with

Thornton's hypothesis i8 that faecal pH was

significantly higher in colon cancer patients than irA

the healthy co.Ioat.omatias, This may reflect differences

in faecal lllicroflora between the groups in accord with

HiD.'s hypothesis (Hill et al., 1971)

The. cancer patients (mean age 54 years) were clearly

older than the healthy subjects (mean age 30 years). !
do not know whether colonic PH ohanges with age. In

this study t however the colonic pIlis were s.l.milar in

bot.h groups.

No significant effect 0.£ diet on pH was found; although

a high fibre, and a high starch/low fibre diet tended

to result in a lower pH than a western diet. There may

be several reasons for t-;.he laCk of a si.gnificant effect

of the dietary manip\1lations. 'J?hese include: - i) The

five day l;'egimefor each diet may be too short a period
1i) Wider di.:f£erences in the components of the diet may

be requiZ'ed to evoke significant, pH dif~:erences iii)

The fibre estimates in our study were obtained :from

differen.t SOUrces and may not accurately reflect true

fibre values. iv) 'l'he:'Ce may have been inadequate
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oomp.Lf.anoeby the patient13 and v) Newmarkand Lupton

t 1990) proposed that H~ is not fibre alone but, the

ratio of the protein to fibre in the diet which

markedly affects colon lu.."Tlenand faecal pH. This change

in pH, and the effects it prQduces on SCFA'S, long

chain fatty acids, faecal bile acids, and ammoniain

the colon has profound effects on the colon epithelium

by affect.ing ccu,1.cerpromotion mechanisms.

!n conclusion it is emphasised that the process of

establlshing colonic pH is complex and dynamic. The

rate of production and removal of SCFA's and ammoni.aat

any site in the colon or faeces is an intricate system

t.hat, varies rapidly depending Onthe local availability

of substrates, effects of other transient food

components, and the local miClroflora. All are

constantly changing and vary from SUbject, to subject.

(Drasar and lUll, 1974)

The results of the methane analysis indicated that 'the

right side of the colon is not the major Site of

methane production. The implications are not knownand

further resea:rch will have to be done to establish the

significance of this finding •
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1. The pH of the colon in absence of £aeces is

alkaH.ne1 and is approximately B. 0 •

2. In the presence of faeces the pH decreased but

not ~;igll.ificantly (pH 7.6).

3. :tn 'healthy' individuals the faecal pH of the left

colon, is h~.gher than the faecal pH of the right

colon.

4. The faecal pH of patients with colorectal cancer

is higher than that the faecal pH o.r. the left
colon of ~healthy' patients.

5. The faecal pH is significantly lower than the

luminal and mucosal pH.

G. The different diets did not have any significant

effe(~t en the faecal pH or the mucosal pH. However

a high fibre, and a high starch/low fibre diet

tended to result in a lower pH than a western

diet.
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7. Methane production was significantly lower when

the left colon was excluded. The implications for
this finding are not known.
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1. A colostomy is an excellent model to st.udy thE-l

physiology of the colon. Projects that coul.d be

carried out include infusion studies using short

chain fatty acids (SeFA), to observe the effects

of the various SCFA on colon physiology. Various

drugs could also be tested to assess their

effeots.

2. The diets should be planned so as to give ~p::eater

extremes of values in order to evoke more

definitive responses; e.g. high fibre diet should

coneLet; of 60g dietary fibre and the starch diet

should comp:r:ise400g.

3. Cell proliferation studies. The effects of the

various diets on cell proliferation. They may

answer the questions as t.o whyblacks have such a

low incidence of large bowel disease.

4. Secondary hile acids are believed to be impor.tant

in the aetiology of large bowel cancer. It would

be interesting to assess the effects of a high fat
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and low fat diet on bile acid production. The
faecal contents could be analyzed for primary and
secondary bile acids.

5. Breath met.hanee Bacter,'i:ological asgays should be

done to dete;rn.ine the site of methanoge,nesis.
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