
The Effect of Fibre 
in Fruit and 
Vegetables on 
Colorectal Cancer 

Fibre is defined as indigestible 
remnants of plant carbohydrates. They 
are classified as indigestible as they 
cannot be broken down by t he body's 
enzymes {Perez-Cuet o and Verbeke 
2012). It is a major component in fruit 
and vegetables, as well as in other foods 
such as cereals and grains. Increase in 
dietary fibre intake is shown to lower 
the risk of colorectal cancer {CRC) 
development, especially with respect to 
distal colon cancer (Kunzmann et al., 
2015). Generally, an intake of lOg of fibre 
daily has shown to reduce CRC risk by 
10% (Song et al., 2018). This, however, 
mainly refers to the progression of 
adenomas to CRC. (Kunzmann et al., 
2015). Moreover, evidence has shown 
t hat patients who ingest ed greater 
amounts of fibre prior to being 
diagnosed with CRC tended to have a 
lower mortality rate, with CRC mortality 
decreasing by 18% with every 5g of fibre 
consumed. Studies conducted by 
Kunzmann et al., (2015) did not establish 
any strong relationships between risk of 
recurring aden omas and fibre intake, 
irrespective of the source of fibre, site of 
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adenoma or adenoma progressivity. 
Research also showed that increasing 
fibre consumption post -d iagnosis of 
CRC can increase survival chances 
(Song et al., 2018). 

Fibre is classified int o 3 different 
categories: soluble; insoluble; and 
pectins. They exhibit different degrees 
of association with CRC risk, with a 
strong inverse linear effect between 
insoluble fibre intake and CRC risk 
{Navarro et al., 2016). Patients 
consuming greater amounts of fibre are 
more likely to present with stage I CRC 
rather than stages II or Ill, which are 
more severe. (Song et al., 2018). An 
effect was also recorded for fibre from 
cereal and vegetables, w ith cerea l fibre 
imposing a more potent effect on CRC 
reduction compared to vegetable fibre, 
due to its greater fibre content {Ben et 
al., 2014 as cited by Navarro et al., 2016). 
On the other hand, no relationship was 
established between CRC risk and fibre 
from fruit (Song et al., 2018) except for 
Kunzmann et al., (2015) who reported a 
strong protective relationship in fruit 



fibre. Such discrepancies may 
potentially be due to cereal fibre being 
insoluble, in contrast to fibre in both 
fruit and vegetables, which tends to be 
more soluble (Terry et al., 2001). Both the 
extent of tumour differentiation as well 
as the site of tumour origin did not vary 
in relation to dietary fibre consumption 
from any food source. 

The fibre component of fruit and 
vegetables provides protect ion against 
carcinogens. This is done by decreasing 
the concentration of toxins within 
faeces by means of bulking, ultimately 
diminishing the transit time of 
carcinogenic contents within the colon 
(Burkitt 1971). This in turn limits the 
generation of secondary bile acids, 
preventing the production of reactive 
oxygen species (ROS). (Young et al., 
2005). It also has a regulatory effect over 
metabolism as well as insulin sensitivity, 
and so is considered to be associated 
with the prognosis of CRC (Brown and 
Meyerhardt 2016). Insulin markers, 
inflammation and hyperinsulinemia 
have shown to aggravate CRC 
prognosis, potentia lly resulting in 
recurrence and even death. (Cespedes 
Feliciano et al., 2016; Volkova et al., 2011). 
Therefore, increasing fibre intake 
through vegetables and fruit can reduce 
carcinogenic traits and improve CRC 
prognosis (Song et al., 2018). 

Fibre reduces the risk of CRC mainly 
through fermentation, by producing 
anti-tumorigenic short-chain fatty acids 
such as butyrate, acetate and 

52 

propionate, via gut microbiota 
(Bultman 2014; Encarnacao et al., 2015). 
Butyrate is a crucial source of energy for 
normal colonic enterocytes, stimulating 
the production of ROS and creating an 
oxidative environment (Kolar et al., 2011). 
However, it is used to a lesser extent in 
tumorigenic cells. Butyrate ends up 
accumulating in the nucleus of these 
cancerous cells, hindering the enzyme 
histone deacetylase and u ltimately 
altering gene expression in relation t o 
angiogenesis, tumour cell growth and 
metastasis (Encarnacao et al., 2015). 
Inhibition of this enzyme also gives 
butyrate the ability to trigger apoptosis 
within cancerous cells, stimulating the 
extrinsic death pathway (Donohoe et 
al., 2012). Therefore, butyrate and other 
compounds produced from fibre by 
fermentation can act as 
chemotherapeutic agents with respect 
to CRC (Bras-Gorn;alves et al., 2001). 
Unfortunately, it is still unclear as to 
what point in carcinogenesis does fibre 
exert its anti-tumorigenic properties. 

Fibre's protective traits are more 
signif icant with increased consumption 
of processed meat (Kunzmann et al., 
2015). This results in a reduced exposure 
of the colon to carcinogens found in 
processed meat, such as N-nitrosis 
compounds (NOCs) (Santarelli et al., 
2008). Increased processed meat intake 
augments the risk and development of 
CRC. Therefore, one can promote 
consumption of fibre to reduce the risk 
induced by processed meat. Other 
lifestyle factors unrelated to diet, like 



smoking, can also alter the effect of 
dietary fibre on CRC risk (Botteri et al., 
2008 as cited by Fu et al., 2013). The 
inverse relationship of fibre and CRC risk 
is generally stronger in smokers 
compared to non-smokers. However, 
smoking intensity is not a determining 
factor in this association (Fu et al., 2013). 
Fibre is able to dilute the concentration 
of carcinogens derived from cigarette 
smoke in faeces, thus diminishing the 
degree of contact of such carcinogens 
with the lumen of the colon (Lipkin et 
a l., 1999 as cited by Fu et al., 2013). 
Ultimately, cigarette smoking increases 
the chances of developing CRC, but the 
extent to which it can be induced is 
diminished when coupled with an 
increase in diet ary fibre. 

The Colour of Fruit and Vegetables 
and its Influence on Colorectal 
Cancer 

An increase in both fruit and vegetable 
consumption tends to decrease the risk 
of CRC. A stronger association exists 
with respect to raw vegetables in 
comparison to cooked vegetables, due 
to a lack of nutrient breakdown (Link 
and Potter 2004 as cited by Lee et al., 
2017). In women, an inverse relationship 
has been recorded between CRC risk 
and red, green and white fruit and 
vegetables. The same applies for males, 
with the exception of yellow and orange 
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fruit and vegetables, such as carrots, 
pumpkin and citrus fruits, which 
promote the development of CRC (Lee 
et al., 2017). Green fruit and vegetables 
possess the advantageous property of 
high concentrations of pro-apoptotic 
substances such as indole, folate, 
sulforphane, and lutein. They inhibit 
tumour cel l growth and reduce cell 
damage (Frydoonfar et al., 2004; 
Nishikawa et al., 2010). 

White fruit and vegetables conta in 
different phytochemicals, al l of which 
exert anti-tumorigenic properties. 
Examples include saponins present in 
bulb vegetables such as garlic; glucans 
found in mushrooms; and 
polysaccharides in apples. These 
compounds are all anti-oxidants and 
can decrease the likelihood of DNA 
damage (Li et al., 2015). Many studies on 
apples show a strong inverse 
association or no association at all with 
CRC risk (Jedrychowski and Maugeri 
2009). Studies have also proven that 
garlic has the potentia l to promote 
apoptosis, whilst inhibiting progression 
of the cell cycle and formation of DNA 
adducts. However, results have shown 
to be inconsistent and overa ll 
conclusions have been made that garlic 
does not have a significantly 
established relationship with reduced 
CRC risk. (Hu et al., 2014). Citrus fruits 
form part of the yellow and orange fruit 
and vegetables group, and were found 
to lower the chances of CRC 
development in women (Levi et al., 1999 
as cited by Lee et al., 2017). 



They are highly rich in carotene, which 
regulates proliferation and metastasis of 
tumour cells. Similar to white fruit and 
vegetables, they also have anti-oxidant 
properties w h ich can hinder CRC 
development (Liu 2004; Reczek and 
Chandel 2015). However, consumption 
of yellow fruit and vegetables can have a 
pro-cancerous effect on males, with 
respect to CRC development (Lee et al., 
2017). Ginger, however, is an exception 
to this group. Fresh ext ract ion of ginger 
root contains g ingerol, which is known 
to hinder progression of CRC in humans 
due to its ability to inhibit HCTI16, a 
human colon cancer cell line (Zick et al., 
2015; Bode 2003). However, rotting 
ginger conta ins safrole, a classified 
carcinogen shown to promote CRC in 
studies conducted on rodents (Long et 
al., 1963 as cited by Lee et al., 2017). 

Overall, fruit and vegetable 

consumption tend to decrease CRC risk, 
with the exception of the yellow and 
orange colour group. Fibre intake from 
vegetables also contributes to reduced 
CRC risk. Therefore, fibre-based diets, 
containing food such as cereals, g rains, 

fruit and vegetables, should always be 
promoted, especially amongst those 
individuals who are susceptible to the 
development of CRC. By implementing 
this type of diet, the risk of CRC 
development is reduced significantly in 
the individual and is also associated 
with a decreased incidence of CRC in 
the general population. There is still 
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need for more research on these 
relationships in order to better 
understand the mechanisms by which 
CRC is induced or inhib ited, and to 
explore potential preventative 
methods or treatments. 

References 

Bellavia, A., Larsson, S.C., Sottai, M., Wolk, A. & Orsini, N. 2013, 
"Fruit and vegetable consumption and all-cause mortality: 
a dose-response analysis", The American Journal of Clinical 
Nutrition, vo l. 98, no. 2, pp. 4S4-4S9. 

Ben, Q., Sun, Y., Chai, R., Qian, A., Xu, 8. & Yuan, Y. 2014, 
"Dietary fiber intake reduces risk for colorectal adenoma: a 
meta-analysis", Gastroenterology, vol. 146, no. 3, pp. 689-
699.e6. 

Bode ADZ. Ginger is an effective inhibitor of HCTI16 human 
colorectal carcinoma in vivo. In: Proceedings of the 
CANCER EPIDEMIOLOGY BIOMARKERS & PREVENTION; 
2003. AMER ASSOC cancer research. USA: Philadelphia, 
2003: 13245-13245 

Botteri, E., Iodice, S., Bagnardi, V., Raimondi, S., Lowen fels. 
AB. & Maisonneuve, P. 2008, •smoking and colorectal 
cancer: a meta-analysis", Jama, vol. 300, no. 23, pp. 2765-
2778. 

Bras-Goncalves, RA, Pocard, M., Formento, J.L , Poirson
Bichat, F., De Pinieux, G., Pandrea, I., Arvelo, F., Ronco, G., 
Villa, P., Coquelle, A., Milano, G., Lesuffleur, T., Dutrillaux, B. & 
Poupon, M.F. 2001, "Synergistic efficacy of 3n-butyrate and 
S-fluorouraci l in human colorectal cancer xenografts via 
modulat ion of DNA synthesis", Gastroenterology, vol. 120, 
no. 4, pp. 874-888. 

Brown, J.C. & Meyerhardt, J.A. 2016, "Obesity and Energy 
Balance in C l Cancer", Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology, vol. 34, 
no. 35, pp. 4217-4224. 

Bultman, S.J. 2014, "Molecular pathways: gene
environment in teractions regulating dietary fiber induction 
of proliferation and apoptosis via bu tyrate for cancer 
prevention", Clinical cancer research : an official journal of 
the American Association for Cancer Research, vol. 20, no. 
4, pp. 799-803. 

Burkitt, D.P. 1971, "Possible relationships between bowel 
cancer and dietary habits", Proceedings of the Royal 
Society of Medicine, vol. 64, no. 9, pp. 964-965. 



Cespedes Feliciano, E.M .. Kroenke, C.H., Meyerhardt, JA, 
Prado, C.M .. Bradshaw, P.T., Dannenberg, A.J., Kwan, M.L, 
Xiao, J .. Quesenberry, C., Weltzien, E.K, Castillo, A.L & Caan, 
B.J. 2016, "Metabolic Dysfunction, Obesity, and Survival 
Among Patients With Early-Stage Colorectal Cancer•, 
Journal of clinical oncology : official journal of the American 
Society of Clinical Oncology, vol. 34, no. 30, pp. 3664-3671. 

Donohoe, D.R .. Collins, LB., Wali, A., Bigler, R., Sun, W. & 
Bultman, S.J. 2012, "The Warburg effect dictates the 
mechanism of butyrate-mediated histone acetylation and 
cell proliferation•, Molecular cell, vol. 48, no. 4, pp. 612-626. 

Encarnacao, J.C., Abrantes, A.M., Pires, A.S. & Botelho, M.F. 
2015, "Revisit dietary fiber on colorectal cancer: butyrate 
and its role on prevention and treatment", Cancer 
metastasis reviews, vol. 34, no. 3, pp. 465-478. 

Frydoonfar, H.R., McGrath, D.R. & Spigelman, A.O. 2004, 
"Sulforaphane inhibits growth of a colon cancer cell line", 
Colorectal d isease : the official journal of t he Association of 
Coloproctology of Great Britain and Ireland, vol. 6, no. 1, pp. 
28-31. 

Fu, z .. Shrubsole, M.J .. Li, G .. Smalley, W.E., Hein, D.W., Cai, 
Q., Ness, R.M. & Zheng, W. 2013, "Interaction of cigarette 
smoking and carcinogen-metabolizing polymorphisms in 
the risk of colorectal polyps•, Carcinogenesis, vol. 34, no. 4, 
pp. 779-786. 

Hu, J.Y., Hu, Y.W .. Zhou, J.J., Zhang, M.W., Li, D. & Zheng, S. 
2014, •consumption of garlic and risk of colorectal cancer: 
an updated meta-analysis of prospective studies", World 
journal of gastroenterology, vol. 20, no. 41, pp. 1S413-1S422 

Jedrychowski, W. & Maugeri, U. 2009, "An apple a day may 
hold colorectal cancer at bay. recent evidence from a case
control study", Reviews on environmental health, vol. 24, 
no. l , pp. 59-74. 

Kolar SS, Barhoumi R, Callaway ES, Fan VY, Wang N, Lupton 
JR & Chapkin RS (2007). Synergy between 
docosahexaenoic acid and butyrate elicits pS3-
independent apoptosis via mitochondrial Ca(2+) 
accumulation in colonoeytes. Am J Physiol Gastrointest 
Liver Physiol 293, G935-43. 

Kunzmann, A.T., Coleman, H.G .. Huang, W.Y., Kitahara, C.M., 
Cantwell, M.M. & Berndt, S.I. 2015, "Dietary fiber intake and 
risk of colorectal cancer and incident and recurrent 
adenoma in the Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening Trial", The American Journal of Clinical 
Nutrition, vol. 102, no. 4, pp. 881-890. 

Lee, J., Shin, A., Oh, J.H. & Kim, J. 2017, •colors of vegetables 
and fruits and the risks of colorectal cancer•, World journal 
of gastroenterology, vol. 23, no. 14, pp. 2527-2538. 

Levi, F .. Pasche, c .. La Vecchia, c .. Lucchini, F. & Franceschi, 
S. 1999, "Food groups and colorectal cancer risk", British 
journal of cancer, vol . 79, no. 7-8, pp. 1283-1287. 

55 

Li, Y.H., Niu, Y.B., Sun, Y., Zhang, F., Liu, C.X, Fan, L & Mei, 
Q.B. 2015, "Role of phytochemicals in colorectal cancer 
prevention", World journal of gastroenterology, vol. 21, no. 
31, pp. 9262-9272 

Link. LB. & Potter, J.D. 2004, "Raw versus cooked 
vegetables and cancer risk", Cancer epidemiology, 
biomarkers & prevention : a publication of the American 
Association for Cancer Research, cosponsored by the 
American Society of Preventive Oncology, vol. 13, no. 9, pp. 
1422-1435. 

Lipkin, M., Reddy, B., Newmark, H. & Lamprecht, SA 1999, 
"Dietary factors in human colorectal cancer", A.nnual 
Review of Nutrition, vol. 19, pp. 545-586. 

Liu, R.H. 2004, "Potential synergy of phytochemicals in 
cancer prevention: mechanism of action", The Journal of 
nutrition, vol. 134, no. 12 Suppl, pp. 3479S-348SS. 

Long EL, Nelson A, Fitzhugh 0, Hansen W. Liver tumours 
produced irn rats by feeding safrole. Arch Pathol 1963; 75: 
595-604 

Navarro, S.L, Neuhouser, M.L.. Cheng, T.D., Tinker, LF., 
Shikany, J.M., Snetselaar, L, Martinez, JA, Kato, I., Beresford, 
SA, Chapkin, R.5. & Lampe, J.W. 2016, "The Interaction 
between Dietary Fiber and Fat and Risk of Colorectal 
cancer in the Women's Health Initiative", Nutrients, vol. 8, 
no. 12, pp. 10.3390/nu8120779. 

Nishikawa, T., Tsuno, N.H .. Okaji, Y., Shuno, Y., Sasaki, K, 
Hongo, K, Sunami, E .. Kitayama, J., Takahashi, K & Nagawa. 
H. 2010, "Inhibition of autophagy potentiates sulforaphane
induced apoptosis in human colon cancer cells", Annals of 
surgical oncology, vol. 17, no. 2, pp. S92-602 

Perez-Cueto, F.J. & Verbeke, w. 2012, ·consumer 
implications of the WCRF's permanent update on 
colorectal cancer", Meat Science, vol. 90, no. 4, pp. 977-978. 

Reczek. C.R. & Chandel, N.S. 2015, "CANCER. Revisiting 
vitamin C and cancer", Science (New York, N.Y.), vol. 350, no. 
6266, pp. 1317-1318. 

Santarell i, RL, Pierre, F. & Corpet, D.E. 2008, "Processed 
meat and colorectal cancer: a review of epidemiologic and 
experimental evidence", Nutrition and cancer, vol. 60, no. 2, 
pp. 131-144. 

Slavin, J.L & Lloyd, B. 2012, "Health benefits of fruits and 
vegetables•, Advances in nutrition (Bethesda, Md.), vol. 3, 
no. 4, pp. 506-516. 

Song, M., Wu, K., Meyerhardt, JA, Ogino, S., Wang, M .. 
Fuchs, C.S., Ciovannucci, E.L & Chan, A.T. 2018, "Fiber Intake 
and Survival After Colorectal Cancer Diagnosis", JAMA 
oncology, vol. 4, no. 1, pp. 71-79. 



Terry P, Giovannucci E. Michels KB, et al., (2001). Fruit, 
vegetables, dietary fiber, and risk of colorectal cancer. J Natl 
Cancer Inst; 93(7):525-533. doi:l0.1093/jnci/93.7 525 

Volkova, E., Willis, JA, Wells, J.E .. Robinson, BA, Dachs, G.U. 
& Currie, M.J. 2011, "Association of angiopoietin-2, C-reactive 
protein and markers of obesity and insulin resistance with 
survival outcome in colorectal cancer•, British journal of 
cancer, vol. 104, no. 1, pp. 51-59. 

Wang, x .. Ouyang, Y., Liu, J., Zhu, M., Zhao, G., Bao, W. & Hu, 
F.B. 2014, "Fruit and vegetable consumption and mortality 
from all causes, cardiovascular disease, and cancer: 
systematic review and dose-response meta-analysis of 
prospective cohort studies", BMJ (Clinical research ed.), vol. 
349, pp. g4490. 

Young, G.P., Hu, Y., Le Leu, R.K. & Nyskohus, L 2005, "Dietary 
fibre and colorectal cancer: a model for environment--gene 
interactions", Molecular nutrition & food research, vol. 49, 
no. 6, pp. 571-584. 

Zick, S.M., Turgeon, O.K., Ren, J., Ruffin, M.T., Wright, B.D., 
Sen, A , Djuric, Z. & Brenner, D.E. 2015, "Pi lot clinical study of 
the effects of ginger root extract on eicosanoids in colonic 
mucosa of subjects at increased risk for colorectal cancer•, 
Molecular carcinogenesis, vol. 54, no. 9, pp. 908-915. 

Cespedes Feliciano, E.M., Kroenke, C.H., Meyerhardt, JA, 
Prado, C.M., Bradshaw, P.T .. Dannenberg, A.J., Kwan, M.L, 
Xiao, J., Quesenberry, C.. Weltzien, E.K., Castillo, AL & Caan, 
B.J. 2016, "Metabolic Dysfunction, Obesity, and Survival 
Among Patien ts W ith Early-Stage Colorectal Cancer•, 
Journal of clinical oncology : official journal of the American 
Society of Clinical Oncology, vol. 34, no. 30, pp. 3664-3671. 

Donohoe, D.R., Collins, LB., Wali, A., Bigler, R., Sun, W. & 
Bultman, S.J. 2012, 'The Warburg effect dictates the 
mechanism of butyrate-mediated histone acetylation and 
cell proliferation•, Molecular cell, vol. 48, no. 4, pp. 612-626. 

Encarnacao, J.C., Abrantes, A.M., Pires, A.S. & Botelho, M.F. 
2015, "Revisit dietary fiber on colorectal cancer: butyrate 
and its role on prevention and treatment'', Cancer 
metastasis reviews, vol. 34, no. 3, pp. 465-478. 

Frydoonfar, H.R .. McGrath, D.R. & Spigelman, A.O. 2004, 
"Sulforaphane inhibits growth of a colon cancer cell line", 
Colorectal d isease : the official journal of the Association of 
Coloproctology of Great Britain and Ireland, vol. 6, no. 1, pp. 
28-31. 

Fu, Z., Shrubsole, M.J .. Li, G., Smalley, W.E., Hein, D.W., Cai, 
Q., Ness, R.M. & Zheng, W. 2013, "Interaction of cigarette 
smoking and carcinogen-metabolizing polymorphisms in 
the risk of colorectal polyps", Carcinogenesis, vol. 34, no. 4, 
pp. 779-786. 

Hu, J.Y., Hu, Y.W., Zhou, J.J., Zhang, M.W., Li, D. & Zheng, S. 
2014, "Consumption of garlic and risk of colorectal cancer: 
an updated meta-analysis of prospective studies", World 
journal of gastroenterology, vol. 20, no. 41, pp. 1S413-1S422 

56 

Jedrychowski, W. & Maugeri, U. 2009, "An apple a day may 
hold colorectal cancer at bay: recent evidence from a 
case-control study", Reviews on environmental health, vol. 
24, no. l , pp. 59-74. 

Kolar SS, Barhoumi R, Callaway ES, Fan VY, Wang N, 
Lupton JR & Chapkin RS (2007). Synergy between 
docosahexaenoic acid and butyrate elicits p53-
independent apoptosis via mitochondrial ca(2+) 
accumulation in colonocytes. Am J Physiol Gastrointest 
Liver Physiol 293, G935-43. 

Kunzmann, AT .. Coleman, H.G., Huang, W.Y., Kitahara, 
C.M., Cantwell, M.M. & Berndt, S.I. 201S, "Dietary fiber intake 
and risk of colorectal cancer and incident and recurrent 
adenoma in the Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening Trial", The American Journal of Clinical 
Nutrition, vol. 102, no. 4, pp. 881-890. 

Lee, J., Shin, A., Oh, J.H. & Kim, J. 2017, "Colors of vegetables 
and fruits and the risks of colorectal cancer", World journal 
of gast roenterology, vol. 23, no. 14, pp. 2527-2538. 

Levi, F .. Pasche, C., La Vecchia, C., Lucchini, F. & Franceschi, 
S. 1999, "Food groups and colorectal cancer risk", Br itish 
journal of cancer, vol. 79, no. 7-8, pp. 1283-1287. 


