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ABSTRACT 
 
A review of the literature revealed that diet plays an important role in serious human non-

infectious large bowel diseases including cancer and inflammatory bowel diseases.  

Dietary protein (especially as red and processed meats) has been implicated as a positive 

risk factor for colorectal cancer while starch which is not digested in the small intestine 

(resistant starch, RS) appears to be protective.  The series of experiments described in this 

thesis were aimed to determine the effects of dietary proteins and RS on indices of colon 

health in an animal model, the laboratory rat.  Genetic damage is a prerequisite for 

carcinogenesis and this was assessed by a specific assay (the comet assay) which gives a 

measure of DNA strand breaks.  Loss of mucus barrier function is thought to contribute to 

inflammatory bowel disease by permitting bacterial translocation and this was measured 

optically using a microscope micrometer.  Other biomarkers were measured as described 

below.  There were four major experiments.  

 

1. Effects of dietary red meat and casein on colonic DNA damage and interaction 

with resistant starch 

 

Previous studies had shown that higher dietary protein (as casein) induced genetic damage 

in rat colonocytes and that RS (fed as a high amylose maize starch) was protective.  This 

study was aimed at establishing whether a high protein diet fed as cooked red meat had 

similar effects and whether RS was protective.  Rats were fed diets containing either 15 % 

or 25% casein or 25% barbecued lean red beef, each with or without 48% high amylose 

maize starch (as a source of RS) for 4 weeks.  As expected, high dietary casein caused a 2-

fold increase in colonic single-strand DNA breaks compared with a low casein diet and 
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reduced the thickness of the colonic mucus layer by 41%.  High levels of cooked meat 

caused 26% more DNA damage than the high casein diet but reduced mucus thickness to a 

similar degree as casein.  Addition of RS to the diet abolished the increase in DNA damage 

and the loss of colonic mucus thickness induced by either high protein diet.  It is thought 

that RS promotes large bowel health through the SCFA produced by the large bowel 

bacteria.  One acid in particular (butyrate) has been associated particularly with promotion 

of normal large bowel function and protection against disease.  In keeping with this 

hypothesis, caecal and faecal short chain fatty acid pools (including those of butyrate) were 

increased by inclusion of RS in the diet.  DNA damage is an early step in the initiation of 

cancer and these findings agree with the population data which suggest that total dietary 

protein and red meat promote risk of colorectal cancer.  However, inclusion of resistant 

starch in the diet could significantly reduce that risk.   

 

2. Differential effects of dietary whey, soy and casein on colonic DNA damage 

and interaction with resistant starch 

 

The preceding experiments showed that high levels of animal-derived proteins increased 

colonocyte genetic damage and loss of the mucus barrier in rats.  This second experiment 

was designed to determine whether diets high in different types of dairy protein (casein or 

whey) or a plant protein isolate (soy) had similar adverse effects on colonic DNA and 

mucus barrier function and whether inclusion of RS in the diet was protective.  Adult male 

Sprague Dawley rats were fed a diet containing 15 % or 25 % casein, whey or soy protein, 

each with or without 48 % high amylose maize starch for 4 weeks.  In confirmation of the 

earlier studies, higher levels of dietary casein increased colonocyte DNA damage 

significantly.  However, whey did not increase genetic damage.   Colonic DNA damage 
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was highest for soy when fed at both 15% and 25% protein in the absence of RS.  Inclusion 

of RS in the diet attenuated colonocyte DNA damage due to higher dietary protein in all 

three groups.  The colonic mucus barrier was thinner in rats fed higher dietary protein but 

the effect was reversed by feeding RS.  Caecal total SCFA and butyrate pools were low in 

rats fed the digestible starch and were higher in rats fed RS.  However, there was no 

relationship between caecal or faecal SCFA and genetic damage or mucus thickness.  

Caecal and colonic tissue weight and colon length were higher in rats fed RS, consistent 

with greater SCFA supply.  These data confirm that higher dietary protein of animal 

(casein) or plant (soy) origin increases genetic damage and loss of the mucus barrier 

indicating that this is an effect of protein and not its source.  These findings accord with the 

epidemiological data which link dietary protein to greater risk of colorectal cancer and 

inflammatory bowel disease.  However, the data show also that dietary proteins differ in 

their specific actions on genetic damage and mucus thickness.  Further, the data from the 

feeding of whey suggest that not all proteins are equivalent in their capacity to provoke 

adverse changes in colonic integrity.  While the data show that RS raised large bowel and 

faecal SCFA, they indicate their levels were not related directly to these biomarkers. 

 

 

3. Dose response effects of resistant starch on protein induced colonic DNA 

damage 

The accumulated data linking greater protein intakes to adverse changes in the colon were 

obtained at dietary levels which were not unreasonable in terms of animal or human 

consumption.  However, the dietary level of RS which were fed were relatively high (48% 

by weight) so this study was conducted to determine its effectiveness at lower levels of 
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dietary inclusion.  It was also important to ascertain whether there was a dose-response 

relationship between RS intake and the observed effects.  One of the mechanisms proposed 

for the induction of colorectal cancer by high dietary protein intakes is oxidative damage to 

DNA.  In this experiment, this was done by assaying with endonuclease III.  Adult male 

rats were fed a diet containing 25% casein with 0%, 10%, 20%, 30% or 40% high amylose 

maize starch for 4 weeks.  As in the preceding studies comet tail moment was greatest and 

the mucus barrier thinnest in rats fed 0% RS.  DNA damage was reduced and the mucus 

barrier thickened in a logarithmic dose-dependent manner by RS.  There was no significant 

difference between dietary groups associated with oxidative DNA damage as measured by 

endonuclease III.  Caecal and faecal short chain fatty acid (SCFA) pools rose with the 

increased level of dietary RS. DNA damage of colonocytes correlated negatively with 

caecal SCFA but the strongest correlation was with caecal butyrate, which is consistent 

with the proposed role of this SCFA in promoting a normal cell phenotype.  The data show 

that RS prevents protein induced colonic DNA damage in a dose-dependent manner.  

Inclusion of 10% high amylose maize starch was found to be sufficient to oppose 

colonocyte DNA damage, and to increase caecal and faecal SCFA pools.  Intakes of this 

order are not unreasonable in terms of human consumption of RS.   

 

4. Dose response effects of red and white meat on colonic DNA damage and 

interaction with resistant starch 

 

The accumulated evidence from large prospective human studies links diet to colorectal 

cancer risk strongly.  The evidence from the animal studies described in this thesis that 

dietary protein induces colonocyte genetic damage supports a role for high protein intakes 

in increasing risk.  Recently, several large epidemiological studies and a meta-analysis of 
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prospective studies have found that consumption of dietary red or processed meats, but not 

white (poultry) meat, is associated with increased risk of colorectal cancer.  This is 

consistent with the data from the preceding studies that specific proteins affected colonic 

integrity differentially.  A large prospective European study (European Prospective 

Investigation into Cancer and Nutrition) has reported that dietary fibre was protective.  The 

findings reported in this thesis that RS opposes the effects of high dietary protein accord 

with that conclusion. This study aimed to compare the effects of cooked red (beef) or white 

(chicken) meat on DNA damage and mucus barrier thickness in rats. The study was 

designed to determine whether the relationship between the intakes of these meats was 

dose-dependent.  Double-strand DNA breaks are thought to relate more closely to 

carcinogenesis than single-strand breaks so both were measured.  Adult male Sprague-

Dawley rats were fed a diet containing 15%, 25% or 35% cooked beef or cooked chicken 

each with or without 20% high amylose maize starch for four weeks.  Both red and white 

meat increased colonic DNA damage dose-dependently.  However, both single and double 

strand breaks were significantly greater when the rats were fed the red meat diets compared 

to those fed the white meat.  Colonocyte DNA damage was reduced by the consumption of 

RS while large bowel SCFA were increased.  The findings of this study are consistent with 

the epidemiological data which show that red meat consumption is associated with greater 

risk of colorectal cancer but that white meat is not.  

 

Summary 

 

The data reported in this thesis support the findings of prospective population studies that 

high dietary protein, red meat in particular, appears to be harmful to the health of the large 

bowel.  However, the data demonstrate also that different protein types have differential 
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effects on the integrity of the colonocyte DNA.  Furthermore, the addition of RS to the diet 

protects against protein-induced colonic DNA damage and maintenance of the colonic 

mucus barrier, apparently through increased SCFA production by colonic fermentation.  

The results of these experiments indicate a strong potential for RS to be effective in 

maintenance of large bowel integrity in the face of high dietary protein.  
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