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Introduction

Despite the litany of dietary 
supplements and fortified foods in 
grocery aisles claiming to promote a 
“healthy gut”, keep you “regular”, and 
“boost” your immune system, the 
science linking diet and supplements 
to our gut flora and gastrointestinal 
disease is more complex. In 
particular, the relationship between 
diets, gut flora and colon cancer risk 
remains unclear. In the marketplace, 
consumers face the complicated 
task of navigating the language 
that has been developed around 
the notion that our gut flora is 
amenable to dietary change. In 
patient care, clinicians must interpret 
related scientific literature that 
necessitates an understanding of 
both bacterial taxonomy and cancer 
biology. Therefore, this article 
aims to demystify the terminology, 
review the biology and explain the 
significance of gut flora on risk of 
colorectal cancer. 

Overview of the Gut Flora

The human microbiome consists of 
small micro-organisms (also called 
microflora or microbiota) that coat 
almost all suitable epithelial layers, 
the majority of which are bacteria.1 
The overall number of microflora 
in the human body exceeds the 
total amount of human cells by 
a magnitude of ten or more.1,2 

These bacterial species are named 
taxonomically using the canonical 
notation, listed here from least 
to most specific: phyllum, class, 
order, family, genus, species.3 The 
large intestine has the highest 
concentration of microflora in 
the body and, therefore, is largely 
influenced by their behavior.1 The 

content of bacteria in the colon is 
so high that in a study of British 
participants, bacteria accounted for 
over half of fecal mass.4 Although 
each individual is a host to a unique 
microbiome, there are compositional 
similarities across a population that 
can be influenced by the diet.1,5-8 

Consistent with other microbe-host 
interactions, bacteria in the gut 
lumen compete with each other and 
maintain homeostasis in the gut.1,8-12 
Innate behavioral mechanisms used 
by microflora to achieve this purpose 
include: competition for mucosal 
attachment sites,9 competition for 
nutrients from the host,11 secretion 
of bacteriocins to discourage 
other bacteria from thriving12 and 
modulation of the host’s eukaryotic 
cells’ signaling.10 When the gut is 
in homeostasis the host receives 
benefits that include but are not 
limited to protection against luminal 
cell damage, vitamin synthesis, 
fat storage, and maintenance 
of intestinal vascularity.5,13 
Homeostasis is maintained when 
anti-pathogenic (also known as 
“beneficial” and “good”) bacteria 
(ex. Bifidobacterium and Lactobacilli) 
are able to overcome or minimize 
the behavior of pathogenic (also 
known as “bad” and “harmful”) 
bacteria (ex. Enterobacteriaceae and 
Clostridium).1,8 The development of 
a Clostridium difficile infection after 
the use of extensive antibiotics is a 
common clinical example of when 
this balance is destabilized. The 
infection occurs due to the depletion 
of other susceptible lumen microbes 
following antibiotic therapy, thereby 
allowing the toxin-secreting and 
antibiotic-resistant Clostridium 
difficile bacteria to flourish.14 

Findings from many disease settings 
have shown that regulating the 
enteric microbiome is vital to human 
health and disease prevention. 

The bacterial colonies in the large 
intestines coexist with the host and 
are able to metabolize digestion-
related nutrients, such as the 
bile acids and saccharides, into 
xenobiotics.15 These xenobiotics are 
released into the colon environment 
and can be either tumor promoting 
(e.g. the secondary bile acid 
deoxycholic acid)16 or preventive 
(e.g. the short chain fatty acid 
butyrate). If these bacterial 
byproducts are not excreted in 
the feces, they can be absorbed 
by enterocytes. The enterocytes 
can either use the metabolites or 
can move them into enterohepatic 
circulation with other nutrients 
absorbed from the gut lumen.17  
The effect of specific diets and 
dietary supplements on the colonic 
nutrient content will be discussed 
later in this review. 

Dietary Patterns that Modify  
the Microbiome

Human intestines harbor a diverse 
panel of bacteria and the relative and 
actual abundance of each species 
can depend on the diet across 
a human lifespan.1,5-8 Microbes 
begin to inhabit our intestinal 
track as infants and subsequently 
contribute to innate and adaptive 
immunity.5,18,19 The specific types of 
microbes, however, are dependent 
on the diet of an infant. Specifically, 
breast-fed infants have a higher 
percent of Bifidobacterium colonizing 
their intestines as compared to 
formula fed infants.18,19 The intestinal 
microbiota of children are also 
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responsive to dietary patterns. De 
Filippo, et al.20 compared the gut 
microbiomes of western European 
and rural African (Burkina Faso) 
children ages 1-6. The rural children 
who consume a high fiber, high 
carbohydrate and low animal 
protein diet, had a much higher 
Actinobacteria and Bacteroidetes 
fecal content. Conversely, the 
European children on a Western 
diet had higher Firmucutes and 
Proteobacteria fecal content. 
Moreover, the biodiversity and 
relative quantity of bacteria was 
notably greater in rural children. 
Potentially as a result of the varied 
microbiomes, rural children also 
demonstrated significantly higher 
colonic butyrate and propionate 
content than their westernized 
counterparts. Adults who undergo 
a dietary intervention also present 
with changes in their microbiome. 
Adults randomized to a vegan diet 
demonstrated significantly different 
gut bacterial patterns as compared 
to their baseline omnivorous diets.21 
Additionally, those participants 
who were randomized to a vegan 
diet also demonstrated further 
microbial modifications upon 
switching to a lactovegetarian 
diet later in the study. Clearly, diet 
is a vital tool in maintaining an 
ideal colonic microflora content. 
Although beyond the scope of 
this review, it should be noted 
that colonic microbiota content 
can also be modified by drugs (ex. 
antibiotics, proton pump inhibitors)14 
and disease states (ex. obesity, 
inflammatory bowel disease).22 
Additionally, the microbiota differs 
by sex and race/ethnicity, which may 
be a reflection of unique dietary 
patterns in these subgroups.23 

Specific Dietary Factors that 
Modify the Microbiome and Risk  
of Colon Cancer

The host-colonic microbiome 
relationship is complex and 
interdependent. Dietary intake can 
select for specific microflora and 
change microflora fermentation 
methods by altering the colon 
microenvironment, which includes 
changes in nutrient/substrate 
availability, pH, and fecal transit 
time. Conversely, different species 
of microbes present in the colon 
produce different molecular 
substrates that can bring about 
anything from DNA damage 
and pro-tumorigenic changes to 
growth inhibition and anti-cancer 
effects.24 Older mechanistic studies 
describe microflora that prefer a 
lactic acid rich environment, such as 
Lactobacillus and Bifidobacterium, as 
anti-tumorigenic in the colon.25,26 
Evidence suggests that these 
bacteria reduce pro-carinogenic 
enzyme activity in the bowel,27,28 
lower colonic pH to a protective 
level, physically bind meat-related 
carcinogens29 and degrade 
nitrosamines.30 However, largely due 
to limitations in technology that the 
field is only now overcoming (see 
Conclusion and Future Directions), 
clinical trial and epidemiological  
data linking colon cancer, the 
microbiome and dietary intake 
remains largely absent.

Prebiotics, Probiotics and Synbiotics. 
Prebiotics endeavor to select for 
non-pathogenic micro-organismal 
growth in the large intestine by 
consisting of food sources (ex. inulin, 
starches resistant to digestion) 
preferred by so called “good” 
bacteria. Probiotics are live,  

anti-pathogenic microflora that are 
ingested in order to directly promote 
growth of a given bacteria in the gut 
(ex. Lactobacilli and Bifidobacteria). A 
synbiotic is the result of combining 
both a probiotic and a prebiotic 
into one supplement.31 These 
supplements purportedly decrease 
risk of colon cancer by modulating 
the type, amount and frequency 
of microflora.24,31 The safety of 
supplementing with common 
pre-, pro- and synbiotics is well 
documented.32 Rafter, et al.33 
documented that randomization 
to a synbiotic treatment (an inulin 
and lactic acid bacteria-based 
synbiotic) in participants with a 
history of colon cancer or a polyp 
led to increases in Lactobacillus and 
Bifidobacterium, while decreasing 
Clostridium perfringes counts. 
Further, decreases in the circulating 
inflammatory and pro-carcinogenic 
markers, interleukin 2 and interferon 
gamma, were noted. On the other 
hand, Worthley, et al.34 found that 
synbiotics were able to modify gut 
flora but not colon cancer related 
biomarkers. Clearly, randomized 
clinical control trials with a dietary 
intervention and modification of 
disease as an endpoint, coupled 
with thorough gut flora analysis, 
are required to fully address the 
synbiotic-cancer hypothesis.

Fiber, Saccharides and Short Chain 
Fatty Acids. Dietary fibers and other 
digestion resistant saccharides (i.e. 
inulin, oligofructoses and other 
inulin-like carbohydrates) are 
found naturally in foods (e.g. fruits, 
vegetables, whole grains) or in 
supplemental forms as prebiotics. 
Intake of these compounds 
promotes increased stool bulk and 
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decreased transit time; additionally 
these saccharides serve as a 
fermentable source of energy for gut 
flora.35 Fermentation of fibers and 
digestion resistant saccharides leads 
to production of the short chain 
fatty acids butyrate, propionate and 
acetate. The rate of fermentation 
depends on the relative quantities 
of bacterial species, transit time and 
the availability of the substrates.36 

Butyrate acts as a vital energy 
source for healthy colonocytes 
while inhibiting cell growth of 
transformed cells.17,37,38 Despite 
promising preclinical evidence, 
clinical intervention trials linking 
high fiber dietary patterns or dietary 
fiber supplementation to reduced 
colon cancer risk report little to 
no effectiveness.39-41 Inulin, as a 
part of a synbiotic, has had mixed 
results.33,34 Given that the beneficial 
effects of these saccharides are 
dependent on the make-up and 
plasticity of the microflora,35,36 
newer sequencing technology may 
allow for the reanalysis of older 
studies to determine if response to 
dietary intervention is microbiome-
dependent.

Meat, Fat and Bile Acids. Red 
meats and dietary fats have 
been associated with colorectal 
cancer risk.42,43 One mechanism 
by which both red meats and fats 
promote colon tumorigenesis is by 
modifying bile acid metabolism. 
Primary bile acids (cholic acid 
and chenodeoxycholic acid) are 
synthesized in the liver and then 
conjugated into bile salts via taurine 
or glycine addition. These bile salts 
are stored in the gallbladder until 
being released into the duodenum 
in order to emulsify dietary fats. 
The fate of bile salts after entering 

the small intestines is one of the 
following: they are re/absorbed at 
the ileum and enter enterohepatic 
circulation where they will be 
transported to the liver; they are 
excreted in the feces; or they enter 
the colon and are deconjugated into 
secondary bile acids (deoxycholic 
acid and lithocholic acid) by colonic 
bacterial Bile Salt Hydrolases.44 The 
bile acid pathway is of particular 
interest because intake of red meats 
can increase taurine conjugated-
bile acid content:45 pathogenic 
colonic bacteria prefer taurine over 
glycine conjugated biles acids, and 
bacterial metabolism of taurine leads 
to production of pro-tumorigenic 
hydrogen sulfide and deoxycholic 
acid in the colon.46 

Indirect evidence for the link 
between bile acids, the microbiome 
and neoplastic risk exists. For 
example, bile acid quantity 
is significantly and inversely 
associated with the colonic 
concentrations of anti-neoplastic 
colonic short chain fatty acids.47 
Additionally, a randomized clinical 
control trial where humans were 
treated with a tertiary bile acid 
(Ursodeoxycholic acid; functions 
to reduce carcinogenic secondary 
bile acids) led to decreased 
recurrence of colorectal adenoma 
with advanced features in men.48 
As the affordability and feasibility 
of microbial sequencing improves, 
comprehensive studies that test 
the diet, bile acid and colorectal 
cancer hypothesis in humans are 
anticipated to emerge.

Conclusion and Future Directions

Colon cancer occurs most often 
in well-developed countries and 
is a preventable disease in many 
cases.47 It is widely believed that 
nutritional regulation of gut flora 
is an important, modifiable risk 
factor for this disease. In addition to 
diet, the following work in concert 
to determine relative risk of colon 
cancer: non-dietary exogenous 
exposures (drugs, carcinogen 
exposure, etc.); an individual’s 
colonic microbiome; genetic 
background; and existing disease-
states (Figure 1).14,21,22,24,25,31,33,39-

42,49 Due to the multi-factorial, 
interdependent effects of these 
variables and their potential role 
in colorectal cancer risk, further 
research is needed to make specific 
recommendations for risk reduction.

The advent of cheaper and more 
high-throughput DNA sequencing 
technology has pushed the study 
of the microbiome into the post-
genomic era.50,51 Using high-
throughput sequencing, Eckburg 
et al.13 determined that 395 unique 
bacterial phylotypes (>99% similarity 
in sequence) existed in the colonic 
environment of their subjects. The 
majority of these bacteria belonged 
to the Firmicutes and Bacteroidetes 
phyla. Further they found that 
between-person variation was 
rather large. Landmark studies 
like this one have paved the way 
for global projects to pursue a 
comprehensive classification of 
the entire human microbiome.50,51 

Figure 1. Determinants  
of Colon Cancer Risk
Exogenous exposures, personal  
microbiomes and genetic/disease  
backgrounds work in concert in order  
to predict an individual’s risk for colon  
cancer. Specific exogenous exposures  
include diet, carcinogens, drugs and other 
environmental exposures. The personal 
microbiome describes the actual and relative 
amount of various microbes in an individual’s  
gut. The behavior of these microbes  
contributes to the pro- or anti-tumorigenic 
microenvironment of the colon. The genetic 
background and existing diseases of an  
individual are known risk factors for  
colon cancer.
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Going forward, novel sequencing 
platforms combined with advanced 
statistical modeling will allow for 
some species-level and functional 
identification; whereas earlier 
sequencing-based studies were 
confined to higher level taxonomic 
classifications.52 Overall, the analysis 
of biosamples (both from existing 
biobanks and from future studies) 
using newer techniques promises to 
deliver a significant and timely influx 
of data to this field. 

Acknowledgements:  
Patricia A. Thompson, Ph.D.  
and Christina R. Preece.
 
REFERENCES
1. Tlaskalova-Hogenova H, Stepankova R, Kozakova 

H, et al. The role of gut microbiota (commensal 
bacteria) and the mucosal barrier in the 
pathogenesis of inflammatory and autoimmune 
diseases and cancer: contribution of germ-free and 
gnotobiotic animal models of human diseases. Cell 
Mol Immunol. Mar 2011;8(2):110-120.

2. Zhu Y, Michelle Luo T, Jobin C, Young HA. Gut 
microbiota and probiotics in colon tumorigenesis. 
Cancer Lett. Oct 28 2011;309(2):119-127.

3. Markowitz VM, Ivanova NN, Szeto E, et al. 
IMG/M: a data management and analysis 
system for metagenomes. Nucleic Acids Res. Jan 
2008;36(Database issue):D534-538.

4. Stephen AM, Cummings JH. The microbial 
contribution to human faecal mass. J Med 
Microbiol. Feb 1980;13(1):45-56.

5. Guarner F, Malagelada JR. Gut flora in health and 
disease. Lancet. Feb 8 2003;361(9356):512-519.

6. Hart AL, Stagg AJ, Frame M, et al. The role of the 
gut flora in health and disease, and its modification 
as therapy. Aliment Pharmacol Ther. Aug 
2002;16(8):1383-1393.

7. Heselmans M, Reid G, Akkermans LM, Savelkoul H, 
Timmerman H, Rombouts FM. Gut flora in health 
and disease: potential role of probiotics. Curr Issues 
Intest Microbiol. Mar 2005;6(1):1-7.

8. Martin FP, Sprenger N, Yap IK, et al. Panorganismal 
gut microbiome-host metabolic crosstalk. J 
Proteome Res. Apr 2009;8(4):2090-2105.

9. Bernet MF, Brassart D, Neeser JR, Servin AL. 
Lactobacillus acidophilus LA 1 binds to cultured 
human intestinal cell lines and inhibits cell 
attachment and cell invasion by enterovirulent 
bacteria. Gut. Apr 1994;35(4):483-489.

10. Hooper LV, Wong MH, Thelin A, Hansson L, Falk PG, 
Gordon JI. Molecular analysis of commensal host-
microbial relationships in the intestine. Science. Feb 
2 2001;291(5505):881-884.

11. Hooper LV, Xu J, Falk PG, Midtvedt T, Gordon JI. 
A molecular sensor that allows a gut commensal 
to control its nutrient foundation in a competitive 
ecosystem. Proc Natl Acad Sci U S A. Aug 17 
1999;96(17):9833-9838.

12. Lievin V, Peiffer I, Hudault S, et al. Bifidobacterium 
strains from resident infant human gastrointestinal 
microflora exert antimicrobial activity. Gut. Nov 
2000;47(5):646-652.

13. Eckburg PB, Bik EM, Bernstein CN, et al. Diversity of 
the human intestinal microbial flora. Science. Jun 
10 2005;308(5728):1635-1638.

14. Carroll KC, Bartlett JG. Biology of Clostridium 
difficile: implications for epidemiology and 
diagnosis. Annu Rev Microbiol. 2011;65:501-521.

15. Zampa A, Silvi S, Fabiani R, Morozzi G, Orpianesi 
C, Cresci A. Effects of different digestible 
carbohydrates on bile acid metabolism and SCFA 
production by human gut micro-flora grown in an 
in vitro semi-continuous culture. Anaerobe. Feb 
2004;10(1):19-26.

16. Bernstein C, Holubec H, Bhattacharyya AK, et al. 
Carcinogenicity of deoxycholate, a secondary bile 
acid. Arch Toxicol. Aug 2011;85(8):863-871.

17. Beyer-Sehlmeyer G, Glei M, Hartmann E, et 
al. Butyrate is only one of several growth 
inhibitors produced during gut flora-mediated 
fermentation of dietary fibre sources. Br J Nutr. Dec 
2003;90(6):1057-1070.

18. Harmsen HJ, Wildeboer-Veloo AC, Raangs GC, et al. 
Analysis of intestinal flora development in breast-
fed and formula-fed infants by using molecular 
identification and detection methods. J Pediatr 
Gastroenterol Nutr. Jan 2000;30(1):61-67.

19. Yoshioka H, Iseki K, Fujita K. Development and 
differences of intestinal flora in the neonatal period 
in breast-fed and bottle-fed infants. Pediatrics. Sep 
1983;72(3):317-321.

20. De Filippo C, Cavalieri D, Di Paola M, et al. Impact 
of diet in shaping gut microbiota revealed by a 
comparative study in children from Europe and 
rural Africa. Proc Natl Acad Sci U S A. Aug 17 
2010;107(33):14691-14696.

21. Peltonen R, Kjeldsen-Kragh J, Haugen M, et al. 
Changes of faecal flora in rheumatoid arthritis 
during fasting and one-year vegetarian diet. Br J 
Rheumatol. Jul 1994;33(7):638-643.

22. Greenblum S, Turnbaugh PJ, Borenstein E. 
Metagenomic systems biology of the human gut 
microbiome reveals topological shifts associated 
with obesity and inflammatory bowel disease. Proc 
Natl Acad Sci U S A. Jan 10 2012;109(2):594-599.

23. Mueller S, Saunier K, Hanisch C, et al. Differences 
in fecal microbiota in different European study 
populations in relation to age, gender, and country: 
a cross-sectional study. Appl Environ Microbiol. Feb 
2006;72(2):1027-1033.

24. Wollowski I, Rechkemmer G, Pool-Zobel BL. 
Protective role of probiotics and prebiotics in colon 
cancer. Am J Clin Nutr. Feb 2001;73(2 Suppl):451S-
455S.

25. Rafter J. Lactic acid bacteria and cancer: mechanistic 
perspective. Br J Nutr. Sep 2002;88 Suppl 1:S89-94.

26. Salminen S, Bouley C, Boutron-Ruault MC, et 
al. Functional food science and gastrointestinal 
physiology and function. Br J Nutr. Aug 1998;80 
Suppl 1:S147-171.

27. Goldin BR, Gorbach SL. The effect of milk and 
lactobacillus feeding on human intestinal 
bacterial enzyme activity. Am J Clin Nutr. May 
1984;39(5):756-761.

28. Goldin BR, Swenson L, Dwyer J, Sexton M, Gorbach 
SL. Effect of diet and Lactobacillus acidophilus 
supplements on human fecal bacterial enzymes. J 
Natl Cancer Inst. Feb 1980;64(2):255-261.

29. Orrhage K, Sillerstrom E, Gustafsson JA, Nord CE, 
Rafter J. Binding of mutagenic heterocyclic amines 
by intestinal and lactic acid bacteria. Mutat Res. Dec 
1 1994;311(2):239-248.

30. Rowland IR, Grasso P. Degradation of 
N-nitrosamines by intestinal bacteria. Appl 
Microbiol. Jan 1975;29(1):7-12.

31. De Preter V, Hamer HM, Windey K, Verbeke K. The 
impact of pre- and/or probiotics on human colonic 
metabolism: does it affect human health? Mol Nutr 
Food Res. Jan 2011;55(1):46-57.

32. Naidu AS, Bidlack WR, Clemens RA. Probiotic 
spectra of lactic acid bacteria (LAB). Crit Rev Food 
Sci Nutr. Jan 1999;39(1):13-126.

33. Rafter J, Bennett M, Caderni G, et al. Dietary 
synbiotics reduce cancer risk factors in 
polypectomized and colon cancer patients. Am J 
Clin Nutr. Feb 2007;85(2):488-496.



13 | Summer 12 | The Digest

ADVERTISEMENT:
Solae, LLC is a world leader in developing soy-based ingredients 
for nutritious, great-tasting products. Solae provides solutions 
that deliver a unique combination of functional, nutritional, 
economical and sustainable benefits to our customers 
(primarily food and beverage manufacturers). Headquartered 
in St. Louis, Missouri, USA, the company was formed through 
a joint venture between DuPont (NYSE: DD) and Bunge (NYSE: BG) in 2003. Solae is a recipient 
of 2011 Ethisphere’s Ethics Inside Certification and was recognized as one of 100 “World’s Most 
Ethical Companies” in 2011. For more information, visit www.Solae.com, or follow the company  
on Twitter at www.Twitter.com/SolaeLLC, Facebook at www.Facebook.com/SolaeLLC, and  
LinkedIn at www.linkedin.com/company/Solae-LLC.

The Research DPG would like to express our sincere appreciation for the support provided by Solae, LLC for 
the Research DPG FNCE 2011 Member Breakfast and General Meeting and a member Pilot Grant program. 

34. Worthley DL, Le Leu RK, Whitehall VL, et al. 
A human, double-blind, placebo-controlled, 
crossover trial of prebiotic, probiotic, and synbiotic 
supplementation: effects on luminal, inflammatory, 
epigenetic, and epithelial biomarkers of colorectal 
cancer. Am J Clin Nutr. Sep 2009;90(3):578-586.

35. Scharlau D, Borowicki A, Habermann N, et al. 
Mechanisms of primary cancer prevention by 
butyrate and other products formed during gut 
flora-mediated fermentation of dietary fibre. Mutat 
Res. Jul-Aug 2009;682(1):39-53.

36. Wong JM, de Souza R, Kendall CW, Emam A, 
Jenkins DJ. Colonic health: fermentation and 
short chain fatty acids. J Clin Gastroenterol. Mar 
2006;40(3):235-243.

37. Kruh J. Effects of sodium butyrate, a new 
pharmacological agent, on cells in culture. Mol Cell 
Biochem. Feb 5 1982;42(2):65-82.

38. Roediger WE. Utilization of nutrients by isolated 
epithelial cells of the rat colon. Gastroenterology. 
Aug 1982;83(2):424-429.

39. Jacobs ET, Giuliano AR, Roe DJ, Guillen-Rodriguez 
JM, Alberts DS, Martinez ME. Baseline dietary fiber 
intake and colorectal adenoma recurrence in the 
wheat bran fiber randomized trial. J Natl Cancer 
Inst. Nov 6 2002;94(21):1620-1625.

40. Michels KB, Fuchs CS, Giovannucci E, et al. Fiber 
intake and incidence of colorectal cancer among 
76,947 women and 47,279 men. Cancer Epidemiol 
Biomarkers Prev. Apr 2005;14(4):842-849.

41. Schatzkin A, Lanza E, Corle D, et al. Lack of effect 
of a low-fat, high-fiber diet on the recurrence of 
colorectal adenomas. Polyp Prevention Trial Study 
Group. N Engl J Med. Apr 20 2000;342(16):1149-
1155.

42. Chan DS, Lau R, Aune D, et al. Red and processed 
meat and colorectal cancer incidence: meta-analysis 
of prospective studies. PLoS One. 2011;6(6):e20456.

43. Willett WC, Stampfer MJ, Colditz GA, Rosner 
BA, Speizer FE. Relation of meat, fat, and fiber 
intake to the risk of colon cancer in a prospective 
study among women. N Engl J Med. Dec 13 
1990;323(24):1664-1672.

44. Ridlon JM, Kang DJ, Hylemon PB. Bile salt 
biotransformations by human intestinal bacteria. J 
Lipid Res. Feb 2006;47(2):241-259.

45. Hardison WG. Hepatic taurine concentration and 
dietary taurine as regulators of bile acid conjugation 
with taurine. Gastroenterology. Jul 1978;75(1):71-75.

46. Van Eldere J, Celis P, De Pauw G, Lesaffre E, Eyssen 
H. Tauroconjugation of cholic acid stimulates 7 
alpha-dehydroxylation by fecal bacteria. Appl 
Environ Microbiol. Feb 1996;62(2):656-661.

47. Doll R, Peto R. The causes of cancer: quantitative 
estimates of avoidable risks of cancer in the 
United States today. J Natl Cancer Inst. Jun 
1981;66(6):1191-1308.

48. Thompson PA, Wertheim BC, Roe DJ, et al. 
Gender modifies the effect of ursodeoxycholic 
acid in a randomized controlled trial in colorectal 
adenoma patients. Cancer Prev Res (Phila). Dec 
2009;2(12):1023-1030.

49. Joshi AD, Corral R, Siegmund KD, et al. Red 
meat and poultry intake, polymorphisms in the 
nucleotide excision repair and mismatch repair 
pathways and colorectal cancer risk. Carcinogenesis. 
Mar 2009;30(3):472-479.

50. Peterson J, Garges S, Giovanni M, et al. The NIH 
Human Microbiome Project. Genome Res. Dec 
2009;19(12):2317-2323.

51. Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett 
CM, Knight R, Gordon JI. The human microbiome 
project. Nature. Oct 18 2007;449(7164):804-810.

52. Pontes DS, Lima-Bittencourt CI, Chartone-
Souza E, Amaral Nascimento AM. Molecular 
approaches: advantages and artifacts in assessing 
bacterial diversity. J Ind Microbiol Biotechnol. Jul 
2007;34(7):463-473.

http://www.Solae.com
http://www.Twitter.com/SolaeLLC
http://www.Facebook.com/SolaeLLC
http://www.linkedin.com/company/Solae-LLC

