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  Abstract
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 Epidemiological studies find that whole-grain intake is protective against cancer, cardiovascular disease, diabetes and obesity. Potential mechanisms for this protection are diverse since whole grains are rich in nutrients and phytochemicals. First, whole grains are concentrated sources of dietary fibre, resistant starch and oligosaccharides, carbohydrates that escape digestion in the small intestine and are fermented in the gut, producing short-chain fatty acids (SCFA). SCFA lower colonic pH, serve as an energy source for the colonocytes and may alter blood lipids. These improvements in the gut environment may provide immune protection beyond the gut. Second, whole grains are rich in antioxidants, including trace minerals and phenolic compounds, and these compounds have been linked to disease prevention. Additionally, whole grains mediate insulin and glucose responses. Although lower glycaemic load and glycaemic index have been linked to diabetes and obesity, risk of cancers such as colon and breast cancer have also been linked to high intake of readily-available carbohydrate. Finally, whole grains contain many other compounds that may protect against chronic disease. These compunds include phytate, phyto-oestrogens such as lignan, plant stanols and sterols, and vitamins and minerals. As a consequence of the traditional models of conducting nutrition studies on isolated nutrients, few studies exist on the biological effects of increased whole-grain intake. The few whole-grain feeding studies that are available show improvements in biomarkers with whole-grain consumption, such as weight loss, blood lipid improvement and antioxidant protection.


 


   
  Keywords
 Whole grainsBioactive compoundsLarge bowelGlucose and insulin: Antioxidants
 

  
	
Type

	Session: Health effects of whole grains


 	
Information

	Proceedings of the Nutrition Society
  
,
Volume 62
  
,
Issue 1
  , February 2003  , pp. 129 - 134 
 DOI: https://doi.org/10.1079/PNS2002221
 [Opens in a new window]
 
  


   	
Copyright

	
Copyright © The Nutrition Society 2003




     
 References
  
 

 Adlercreutz, H, Fotsis, T, Bannwart, C, Hamalainen, E, Bloigu, A, Ollus, A (1986) Urinary estrogen profile determination in young Finnish vegetarian and omnivorous women. Journal of Steroid Biochemistry 24, 289–296.CrossRefGoogle ScholarPubMed


 
 

 Adlercreutz, H, Mazur, W (1997) Phyto-oestrogens and western diseases. Annals of Medicine 29, 95–120.CrossRefGoogle ScholarPubMed


 
 

 Bjorck, I, Granfeldt, Y, Lilijeberg, H, Tovar, J, Asp, N (1994) Food properties affecting the digestion and absorption of carbohydrates. American Journal of Clinical Nutrition 59 688S – 705SCrossRefGoogle ScholarPubMed


 
 

 Borriello, SP, Setchell, KD, Axelson, M, Lawson, AM (1985) Production and metabolism of lignans by the human faecal flora. Journal of Applied Bacteriology 58, 37–43.CrossRefGoogle ScholarPubMed


 
 

 Gerhardt, AL, Gallo, NB (1998) Full-fat rice bran and oat bran similarly reduce hypercholesterolemia in humans. Journal of Nutrition 128, 865–869.CrossRefGoogle ScholarPubMed


 
 

 Gibson, GR, Beatty, ER, Wang, X, Cummings, JH (1995) Selective stimulation of bifidobacteria in the human colon by oligofructose and inulin. Gastroenterology 108, 975–982.CrossRefGoogle ScholarPubMed


 
 

 Giovannucci, E (1995) Insulin and colon cancer. Cancer Causes & and Control 6, 164–179.CrossRefGoogle ScholarPubMed


 
 

 Granfeldt, Y, Hagander, B, Bjorck, I (1995) Metabolic responses to starch in oat and wheat products. On the importance of food structure, incomplete gelatinization or presence of viscous dietary fibre. European Journal of Clinical Nutrition 49, 189–199.Google ScholarPubMed


 
 

 Hallikainen, MA, Sarkkinen, ES, Uusitupa, MIJ (2000) Plant stanols esters affect serum cholesterol concentrations of hypercholesterolemic men and women in a dose-dependent manner. Journal of Nutrition 130, 767–776.CrossRefGoogle ScholarPubMed


 
 

 Heaton, KW, Marcus, SN, Emmett, PM, Bolton, CH (1988) Particle size of wheat, maize, and oat test meals: effects on plasma glucose and insulin responses and on the rate of starch digestion in vitro. American Journal of Clinical Nutrition 47, 675–682.CrossRefGoogle ScholarPubMed


 
 

 Hu, FB, Manson, JE, Liu, S, Hunter, D, Colditz, GA, Michels, KB, Speizer, FE, Giovannucci, E (1999) Prospective study of adult onset diabetes mellitus (type 2) and risk of colorectal cancer in women. Journal of the National Cancer Inst Institute 91, 542–547.CrossRefGoogle ScholarPubMed


 
 

 Jang, Y, Lee, JH, Kim, OY, Park, HY, Lee, SY (2001) Consumption of whole grain and legume powder reduces insulin demand, lipid peroxidation, and plasma homocysteine concentrations in patients with coronary artery disease: randomized controlled clinical trial. Arteriosclerosis Thrombosis and Vascular Biology 21, 2065–2071.CrossRefGoogle ScholarPubMed


 
 

 Jarvi, A, Karlstrom, B, Granfeldt, YE, Bjorck, I, Vessby, B (1995) The influence of food structure on postprandial metabolism in patients with non-insulin-dependent diabetes mellitus. American Journal of Clinical Nutrition 61, 837–842.CrossRefGoogle ScholarPubMed


 
 

 Jenkins, DJ, Wesson, V, Wolever, TM, Jenkins, AL, Kalmusky, J, Guidici, S, Csima, A, Josse, RG, Wong, GS (1988) Wholemeal versus wholegrain breads: proportion of whole or cracked grain and the glycaemic response. British Medical Journal 297, 958–960.CrossRefGoogle ScholarPubMed


 
 

 Jenkins, DJA, Wolever, TMS, Jenkins, AL, Giordano, C, Giudici, S, Thompson, LU, Kalmusky, J, Josse, RG, Wong, GS (1986) Low glycemic response to traditionally processed wheat and rye products: bulgur and pumpernickel bread. American Journal of Clinical Nutrition 43, 516–520.CrossRefGoogle ScholarPubMed


 
 

 Juntunen, KS, Niskanen, LK, Liukkonen, KH, Poutanen, KS, Holst, JJ, Hykkanen, HM (2002) Postprandial glucose, insulin, and incretin responses to grain products in healthy subjects. American Journal of Clinical Nutrition 75, 254–262.CrossRefGoogle ScholarPubMed


 
 

 Katz, DL, Nawaz, H, Boukhalil, J, Chan, W, Ahmadi, R, Giannamore, V, Sarrel, PM (2001) Effects of oat and wheat cereals on endothelial responses. Preventative Medicine 33, 476–484.CrossRefGoogle ScholarPubMed


 
 

 Kilkkinen, A, Stumpf, K, Pietinen, P, Valsta, LM, Tapanainen, H, Adlercreutz, H (2001) Determinants of serum enterolactone concentration. American Journal of Clinical Nutrition 73, 1094–1100.CrossRefGoogle ScholarPubMed


 
 

 Kroon, PA, Faulds, CB, Ryden, P, Robertson, JA, Williamson, G (1997) Release of covalently bound ferulic acid from fiber in the human colon. Journal of Agricultural and Food Chemistry 45, 661–667.CrossRefGoogle Scholar


 
 

 McIntyre, A, Vincent, RM, Perkins, AC, Spiller, RC (1997) Effect of bran, ispaghula, and inert plastic particles on gastric emptying and small bowel transit in humans: the role of physical factors. Gut 40, 223–227.CrossRefGoogle ScholarPubMed


 
 

 McPherson, R, Spiller, GA (1995) Effects of dietary fatty acids and cholesterol on cardiovascular disease risk factors in man.In Handbook of Lipids in Human Nutrition 41 – 49 [Spiller, GA, editor]. Boca Raton, FL: CRC Press.Google Scholar


 
 

 Marlett, JA, McBurney, MI, Slavin, JL (2002) Position of the American Dietetic Association: Health implications of dietary fiber. Journal of the American Dietetic Association 102, 993–1000.CrossRefGoogle ScholarPubMed


 
 

 Miller, G (2001) Whole grain, fiber and antioxidants.In CRC Handbook of Dietary Fiber in Human Nutrition 453 – 460 [Spiller, GA, editor]. Boca Raton, FL: CRC Press.CrossRefGoogle Scholar


 
 

 Nair, PP, Turjmann, N, Kessic, G, Calkins, B, Goodman, GT, Davidovitz, H, Nimmagadda, G (1984) Diet, nutrition intake and metabolism in populations at high and low risk for colon cancer. American Journal of Clinical Nutrition 40, 927–930.CrossRefGoogle ScholarPubMed


 
 

 Pereira, MA, Jacobs, DJ, Pins, JJ, Raatz, SK, Gross, MD, Slavin, JL, Seaquist, ER (2002) Effect of whole grains on insulin sensitivity in overweight hyperinsulinemic adults. American Journal of Clinical Nutrition 75, 848–855.CrossRefGoogle ScholarPubMed


 
 

 Pereira, MA, Pins, JJ, Jacobs, DR, Marquart, L, Keenan, JM (2001) Whole grains, cereal fiber and chronic diseases: Epidemiologic evidence.In CRC Handbook of Dietary Fiber in Human Nutrition 461 – 479 [Spiller, GA, editor]. Boca Raton, FL: CRC Press.Google Scholar


 
 

 Pins, JJ, Geleva, D, Leemam, K, Fraze, C, O'Connor, PJ, Cherney, LM (2002) Do whole-grain oat cereals reduce the need for antihypertensive medications and improve blood pressure control?. Journal of Family Practice 51, 353–359.Google ScholarPubMed


 
 

 Schoen, RE, Tangen, CM, Kuller, LH, Burke, GL, Cushman, M, Tracy, RP, Dobs, A, Savage, PJ (1999) Increased blood glucose and insulin, body size and incident colorectal cancer. Journal of the National Cancer Institute 91, 1147–1154.CrossRefGoogle ScholarPubMed


 
 

 Slavin, JL, Jacobs, D, Marquart, L (2001a) Grain processing and nutrition. Critical Reviews in Biotechnology 21, 49–66.CrossRefGoogle ScholarPubMed


 
 

 Slavin, JL, Jacobs, D, Marquart, L, Wiemer, K (2001b) The role of whole grains in disease prevention. Journal of the American Dietetic Association 101, 780–785.CrossRefGoogle ScholarPubMed


 
 

 Slavin, JL, Martini, MC, Jacobs, DR, Marquart, L (1999) Plausible mechanisms for the protectiveness of whole grains. American Journal of Clinical Nutrition 70 459S – 463SCrossRefGoogle ScholarPubMed


 
 

 Thompson, LU, Seidl, MM, Rickard, SE, Orcheson, LJ, Fong, HH (1996) Antitumorigenic effect of a mammalian lignan precursor from flaxseed. Nutrition and Cancer 26, 159–165.CrossRefGoogle ScholarPubMed


 
 

 Truswell, AS (2002) Cereal grains and coronary heart disease. European Journal of Clinical Nutrition 56, 1–14.CrossRefGoogle ScholarPubMed


 
 

 Van Dam, RM, Rimm, EB, Willett, WC, Stampfer, MJ, Hu, FB (2002) Dietary patterns and risk for type 2 diabetes mellitus in US men. Annals of Internal Medicine 136, 201–209.CrossRefGoogle ScholarPubMed


 
 

 Van Loo, J, Coussement, P, De Leenheer, L, Hoebregs, H, Smits, G (1995) On the presence of inulin and oligofructose as natural ingredients in the western diet. Critical Reviews in Food Science and Nutrition 35, 525–552.CrossRefGoogle ScholarPubMed


 
 

 Wrick, K, Robertson, JB, Van Soest, PJ (1983) The influence of dietary fiber source on human intestinal transit and stool output. Journal of Nutrition 113, 1464–1479.CrossRefGoogle ScholarPubMed


 
 

 Yankah, VV, Jones, PJH (2001) Phytosterols and health implications – efficacy and nutritional aspects. Inform 12, 899–903.Google Scholar




 

           



 
  
 
 



 You have 
Access
 
 	426
	Cited by


 

   




 Cited by

 
 Loading...


    


 













Cited by





	



426




	


















Crossref Citations










This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Marquart, Len
Wiemer, Kathryn L.
Jones, Julie M.
and
Jacob, Brenda
2003.
Whole grain health claims in the USA and other efforts to increase whole-grain consumption.
Proceedings of the Nutrition Society,
Vol. 62,
Issue. 1,
p.
151.


	CrossRef
	Google Scholar






Murtaugh, Maureen A.
Jacobs, David R.
Jacob, Brenda
Steffen, Lyn M.
and
Marquart, Leonard
2003.
Epidemiological support for the protection of whole grains against diabetes.
Proceedings of the Nutrition Society,
Vol. 62,
Issue. 1,
p.
143.


	CrossRef
	Google Scholar






Slavin, Joanne
2004.
Whole grains and human health.
Nutrition Research Reviews,
Vol. 17,
Issue. 1,
p.
99.


	CrossRef
	Google Scholar






Swanson, Joy E.
Parker, Robert S.
Kozubek, Arkadiusz
Lundh, Torbjörn
Vessby, Bengt
Chen, Yan
Ross, Alastair B.
Frank, Jan
Åman, Per
and
Kamal-Eldin, Afaf
2004.
Cereal Alkylresorcinols Elevate γ-Tocopherol Levels in Rats and Inhibit γ-Tocopherol Metabolism In Vitro.
The Journal of Nutrition,
Vol. 134,
Issue. 3,
p.
506.


	CrossRef
	Google Scholar






Kelly, SAM
Brynes, A
Frost, G
Lang, R
Whittaker, V
Summerbell, CD
and
Kelly, Sarah
2004.
Cochrane Database of Systematic Reviews.


	CrossRef
	Google Scholar






McKevith, Brigid
2004.
Nutritional aspects of cereals.
Nutrition Bulletin,
Vol. 29,
Issue. 2,
p.
111.


	CrossRef
	Google Scholar






Linko, Anna-Maria
and
Adlercreutz, Herman
2005.
Whole-grain rye and wheat alkylresorcinols are incorporated into human erythrocyte membranes.
British Journal of Nutrition,
Vol. 93,
Issue. 1,
p.
11.


	CrossRef
	Google Scholar






Thane, C. W.
Jones, A. R.
Stephen, A. M.
Seal, C. J.
and
Jebb, S. A.
2005.
Whole-grain intake of British young people aged 4–18 years.
British Journal of Nutrition,
Vol. 94,
Issue. 5,
p.
825.


	CrossRef
	Google Scholar






Knudsen, Knud Erik Bach
Serena, Anja
Kjær, Anna Kirstin Bjørnbak
Jørgensen, Henry
and
Engberg, Ricarda
2005.
Rye Bread Enhances the Production and Plasma Concentration of Butyrate but Not the Plasma Concentrations of Glucose and Insulin in Pigs.
The Journal of Nutrition,
Vol. 135,
Issue. 7,
p.
1696.


	CrossRef
	Google Scholar






Thompson, Lilian U.
Chen, Jian Min
Li, Tong
Strasser-Weippl, Kathrin
and
Goss, Paul E.
2005.
Dietary Flaxseed Alters Tumor Biological Markers in Postmenopausal Breast Cancer.
Clinical Cancer Research,
Vol. 11,
Issue. 10,
p.
3828.


	CrossRef
	Google Scholar






Linko, Anna-Maria
Juntunen, Katri S.
Mykkänen, Hannu M.
and
Adlercreutz, Herman
2005.
Whole-Grain Rye Bread Consumption by Women Correlates with Plasma Alkylresorcinols and Increases Their Concentration Compared with Low-Fiber Wheat Bread,.
The Journal of Nutrition,
Vol. 135,
Issue. 3,
p.
580.


	CrossRef
	Google Scholar






Redgwell, Robert J.
and
Fischer, Monica
2005.
Dietary fiber as a versatile food component: An industrial perspective.
Molecular Nutrition & Food Research,
Vol. 49,
Issue. 6,
p.
521.


	CrossRef
	Google Scholar






Suter, P.M.
2005.
Atherosclerosis: Diet and Drugs.
Vol. 170,
Issue. ,
p.
231.


	CrossRef
	Google Scholar






Priebe, MG
Vonk, RJ
de Vos, R
van Binsbergen, JJ
and
Priebe, Marion
2006.
Cochrane Database of Systematic Reviews.


	CrossRef
	Google Scholar






Franz, Mary
and
Sampson, Laura
2006.
Challenges in developing a whole grain database: Definitions, methods and quantification.
Journal of Food Composition and Analysis,
Vol. 19,
Issue. ,
p.
S38.


	CrossRef
	Google Scholar






Popkin, B. M.
Kim, S.
Rusev, E. R.
Du, S.
and
Zizza, C.
2006.
Measuring the full economic costs of diet, physical activity and obesity‐related chronic diseases.
Obesity Reviews,
Vol. 7,
Issue. 3,
p.
271.


	CrossRef
	Google Scholar






Ströhle, Alexander
Waldmann, Annika
Wolters, Maike
and
Hahn, Andreas
2006.
Vegetarische Ernährung: Präventives Potenzial und mögliche Risiken.
Wiener klinische Wochenschrift,
Vol. 118,
Issue. 19-20,
p.
580.


	CrossRef
	Google Scholar






Seal, Chris J.
2006.
Whole grains and CVD risk.
Proceedings of the Nutrition Society,
Vol. 65,
Issue. 1,
p.
24.


	CrossRef
	Google Scholar






Matsumoto, N.
Riley, S.
Fraser, D.
Al-Assaf, S.
Ishimura, E.
Wolever, T.
Phillips, G.O.
and
Phillips, A.O.
2006.
Butyrate modulates TGF-β1 generation and function: Potential renal benefit for Acacia(sen) SUPERGUM™ (gum arabic)?.
Kidney International,
Vol. 69,
Issue. 2,
p.
257.


	CrossRef
	Google Scholar






Melanson, Kathleen J.
Angelopoulos, Theodore J.
Nguyen, Von T.
Martini, Margaret
Zukley, Linda
Lowndes, Joshua
Dube, Thomas J.
Fiutem, Justin J.
Yount, Byron W.
and
Rippe, James M.
2006.
Consumption of Whole-Grain Cereals during Weight Loss: Effects on Dietary Quality, Dietary Fiber, Magnesium, Vitamin B-6, and Obesity.
Journal of the American Dietetic Association,
Vol. 106,
Issue. 9,
p.
1380.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference




Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	









	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Why whole grains are protective: biological mechanisms








	Volume 62, Issue 1
	
Joanne Slavin (a1)

	DOI: https://doi.org/10.1079/PNS2002221





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Why whole grains are protective: biological mechanisms








	Volume 62, Issue 1
	
Joanne Slavin (a1)

	DOI: https://doi.org/10.1079/PNS2002221





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Why whole grains are protective: biological mechanisms








	Volume 62, Issue 1
	
Joanne Slavin (a1)

	DOI: https://doi.org/10.1079/PNS2002221





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















