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  Abstract
  Growing evidence supports the conclusion that consumption of protein in close temporal proximity to the performance of resistance exercise promotes greater muscular hypertrophy. We can also state with good certainty that merely consuming energy, as carbohydrate for example, is also not sufficient to maximise muscle protein synthesis leading to anabolism and net new muscle protein accretion. Recent work also indicates that certain types of proteins, particular those that are rapidly digested and high in leucine content (i.e. whey protein), appear to be more efficient at stimulating muscle protein synthesis. Continued practice of consumption of these types or proteins after exercise should lead to greater hypertrophy. Reviews of numerous training studies indicate that studies in which milk proteins and principally whey protein show an advantage of these proteins over and above isoenergetic carbohydrate and soya protein in promoting hypertrophy. Thus, the combined evidence suggests a strategic advantage of practising early post-exercise consumption of whey protein or dairy-based protein to promote muscle protein synthesis, net muscle protein accretion and ultimately hypertrophy.
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 Human skeletal muscle protein turnover comprises the processes of both muscle protein synthesis (MPS) and muscle protein breakdown. These two processes are ongoing and simultaneous and provide for a mechanism to trim protein components and modify protein composition within muscle fibres. In fact, remodelling of the muscle proteome is the underlying mechanism of skeletal muscle plasticity in response to different loading patterns such as would occur during weightlifting, which leads to hypertrophy(Reference Burd, Tang and Moore1–Reference Rennie, Wackerhage and Spangenburg3). Thus, imbalances between MPS and muscle protein breakdown in adults dictate a net gain (i.e. hypertrophy) or loss (i.e. atrophy) of muscle fibre protein. For most adults in their third, fourth and even their fifth decade of life their muscle mass is constant and thus MPS= muscle protein breakdown. However, beyond the fifth decade of life, sarcopenic muscle loss begins to occur and muscle mass slowly declines(Reference Evans4, Reference Paddon-Jones and Rasmussen5). What has been repeatedly shown, however, is that resistance exercise can promote increases in MPS(Reference Biolo, Maggi and Williams6–Reference Phillips, Tipton and Ferrando8). A number of reviews have pointed to the fact that repeated elevations in MPS create periods of positive net protein balance that sum up to create hypertrophy(Reference Phillips2, Reference Rennie, Wackerhage and Spangenburg3). The main questions examined in this review are how the timing of protein consumption in concert with exercise affects rises in MPS, how the source of dietary protein ingested can affect rises in MPS and ultimately hypertrophy.
 Protein enhances exercise-induced rises in muscle protein synthesis: timing effects
 When protein is consumed after resistance exercise, the effects of resistance and the accompanying hyperaminoacidemia on MPS are synergistic and an even greater stimulation of MPS occurs(Reference Moore, Tang and Burd9–Reference Biolo, Tipton and Klein11). The resultant net accumulation of muscle protein is thought to sum over time to yield muscle hypertrophy(Reference Phillips2, Reference Rennie, Wackerhage and Spangenburg3). Empirical support for this thesis has been observed. For example, Wilkinson et al.(Reference Wilkinson, Tarnopolsky and MacDonald12) showed a greater acute post-exercise accumulation of muscle protein with milk v. matched soya protein consumption. This acute finding when practised chronically during a 12-week training study resulted in net greater gains in muscle fibre hypertrophy and whole-body lean mass(Reference Hartman, Tang and Wilkinson13). In the opposite direction, that is, induction of muscle atrophy, declines in acute fasted-(Reference de Boer, Maganaris and Seynnes14, Reference Glover, Phillips and Oates15) and fed-state(Reference Glover, Phillips and Oates15) rates of MPS were quantitatively predictive of changes in muscle cross-sectional area(Reference Phillips, Glover and Rennie16). Thus, acute changes in MPS, but not changes in muscle protein breakdown which are 3–5 times less than MPS during a given day, are qualitatively predictive of long-term phenotypic changes.
 The studies of post-exercise protein consumption are unequivocal in their finding of an enhanced rate of MPS after exercise(Reference Biolo, Maggi and Williams6, Reference Moore, Tang and Burd9, Reference Moore, Phillips and Babraj10, Reference Tipton, Ferrando and Phillips17). In contrast, only a few studies of pre-exercise protein(Reference Tipton, Elliott and Cree18, Reference Fujita, Dreyer and Drummond19) and amino acid(Reference Tipton, Rasmussen and Miller20) consumption have been conducted with equivocal results in terms of benefits of pre-exercise feeding on MPS. This is perhaps not overly surprising, since it appears that during exercise a low cellular energy charge(Reference Bolster, Crozier and Kimball21) or increased Ca concentration(Reference Rose, Alsted and Jensen22) appear to suppress protein synthesis. Thus, the provision of protein prior to exercise would result in a hyperaminoacidemia during exercise when the muscle would be unable to mount an anabolic response. Provision of protein during a workout would in theory be no more beneficial than pre-workout protein consumption since amino acids would, depending on the length of the workout, be appearing in the circulation when muscle is not able to make good use of them. One study has examined peri-exercise protein consumption and the subsequent response of MPS(Reference Beelen, Koopman and Gijsen23) and has shown benefits in terms of elevating post-exercise MPS. This was a rather prolonged (2 h) exercise bout and it was impossible to tell from the timing of biopsies whether the rise in MPS actually occurred during the bout or whether it occurred sometime afterward and may in fact have occurred during both periods. Nonetheless, consumption of protein and carbohydrate during the exercise bout did result in a 50% greater rise in MPS post-exercise implying that some benefit may be gained by peri-workout protein consumption.
 A consistent finding has been that post-workout protein consumption promotes increments and MPS(Reference Moore, Tang and Burd9, Reference Biolo, Tipton and Klein11, Reference Wilkinson, Tarnopolsky and MacDonald12), which ultimately sum up to yield muscle hypertrophy. The rise in MPS occurs rapidly following a maximally stimulatory bolus dose of protein(Reference Moore, Robinson and Fry24) being apparent within the first hour after resistance exercise and peaking at 3 h post-exercise(Reference Moore, Tang and Burd9). Interestingly, the dose of protein in younger men that maximally stimulated MPS was found to be approximately 20 g(Reference Moore, Robinson and Fry24), which corresponds to approximately 8·5 g essential amino acids (EAA) or 1·5 g leucine. The EAA and leucine content of the protein are mentioned because it appears that only the EAA are required to stimulate MPS(Reference Volpi, Kobayashi and Sheffield-Moore25) and leucine is a key metabolic regulator of MPS through the activation of the mammalian target of rapamycin pathway(Reference Crozier, Kimball and Emmert26, Reference Anthony, Reiter and Anthony27). The addition of carbohydrate to this dose of protein does not appear to enhance MPS further than the protein itself (AW Staples and SM Phillips, unpublished results), consistent with the concept that insulin is a permissive hormone for protein synthesis and not stimulatory(Reference Greenhaff, Karagounis and Peirce28). Thus, a prescription for optimal stimulation of MPS post-exercise would appear to encompass the following: at least 25 g high-quality protein containing at least 8–10 g EAA, higher leucine content would appear to be advantageous, delivered as soon as possible post exercise.

 Different dietary source proteins elicit different responses in muscle protein synthesis
 A number of studies have now shown that different proteins elicit different anabolic responses when consumed at both a whole-body(Reference Lacroix, Bos and Leonil29–Reference Bos, Metges and Gaudichon31) and skeletal muscle(Reference Wilkinson, Tarnopolsky and MacDonald12, Reference Tang, Moore and Kujbida32) level. What is clear is that rates of digestion of proteins, in addition to the amino acid content of the protein, will dictate the amplitude and duration of the rise of EAA and leucine, which will affect the degree of stimulation of MPS. The concept of a leucine trigger or threshold for the activation of MPS has been advanced by a number of groups based on different observations(Reference Burd, Tang and Moore1, Reference Koopman, Verdijk and Manders33–Reference Norton, Layman and Bunpo35). A notable, albeit in vitro, observation is that C2C12 myotubes in culture show activation of portions of the mammalian target of rapamycin signalling pathway in response to a number of amino acids, but only leucine triggers an increase in signalling of mammalian target of rapamycin, eucaryotic initiation factor 4E binding protein and p70S6 kinase(Reference Atherton, Smith and Etheridge36). It appears that leucine has a controlling influence over the activation but not the duration of MPS(Reference Norton, Layman and Bunpo35), but differing doses of leucine elicit a graded response in MPS in terms of feeding at rest(Reference Cuthbertson, Smith and Babraj37) and post exercise(Reference Moore, Robinson and Fry24). The role of EAA therefore in the activation of MPS is questionable and one wonders whether EAA are simply substrate and not also signalling molecules. Clearly, more work remains to be performed to ascertain the interrelated nature of leucine and EAA in activating and maintaining a robust MPS response. However, for the importance of this discussion, it would seem that high-quality proteins (i.e. protein digestibility corrected amino acid score (PDCAAS) of >1·0) that have a high leucine content would be beneficial for the stimulation of MPS. One caveat to these guidelines would be that the digestion of the protein would have to be rapid providing a peak in leucine concentration to result in leucinemia of sufficient magnitude to reach the leucine threshold and activate MPS. This is likely critically important for older subjects who show a relative resistance to hyperaminoacidemia in terms of stimulation of MPS(Reference Cuthbertson, Smith and Babraj37). In older subjects, it appears that leucinemia needs to be higher to trigger rises in MPS(Reference Katsanos, Kobayashi and Sheffield-Moore34, Reference Rieu, Balage and Sornet38, Reference Guillet, Prod'homme and Balage39), which emphasises the role of higher quality, and specifically higher leucine content, proteins in the prevention of an age-related decline in muscle mass.
 Work from our lab indicated that dairy proteins specifically those found in fluid milk were superior in eliciting acute rises in MPS than isonitrogenous and isoenergetic quantities of soya protein(Reference Wilkinson, Tarnopolsky and MacDonald12). The observation reported in that published paper was that total aminoacidemia was slower in milk than the soya-based drink(Reference Wilkinson, Tarnopolsky and MacDonald12). This reflects the fact that milk is by composition 80% casein and 20% whey and that casein is digested slowly, whereas whey is rapidly digested(Reference Boirie, Dangin and Gachon40). However, the appearance of leucine in the systemic circulation was markedly different and actually more rapid in the milk condition (Fig. 1). Thus, while the total aminoacidemia is slower with milk consumption the leucinemia is greater and more prolonged with milk consumption than soya presumably reflecting the contribution of the digestion of whey proteins within milk, which are higher in leucine than both casein and soya(Reference Wilkinson, Tarnopolsky and MacDonald12).
 
[image: ]

 
Fig. 1. Whole blood leucine concentration (μM) following resistance exercise from subjects who consumed 500 ml fluid skim (low fat) milk and an isonitrogenous and isoenergetic quantity of a soya drink (drawn with data from Wilkinson et al.(Reference Wilkinson, Tarnopolsky and MacDonald12)). AUC, area under the curve. Means with different letters are significantly different from each other (P<0·05). *Indicates a significant difference from the soya condition at the same time point or from each other in total (P<0·05). Values are means with their standard errors.


 When comparing the digestion of individual proteins contained within milk, we observed that whey, as a hydrolysed protein, resulted in a pronounced and rapid hyperaminoacidemia and leucinemia compared to both isonitrogenous quantities of soya and casein. While all of these proteins have excellent PDCAAS scores (whey=1·15, casein=1·23 and soya=1·04), and are thus considered complete, the pattern of aminoacidemia and, in particular, leucinemia affected the rise in resting and post-prandial MPS. Specifically, whey and soya promoted increases in resting MPS that were greater than soya, but increments in post-resistance exercise MPS were greater in whey than both soya and casein(Reference Tang, Moore and Kujbida32). These findings are different than those seen with whole-body measurements(Reference Boirie, Dangin and Gachon40, Reference Dangin, Boirie and Garcia-Rodenas41), but it needs to be realised that only 25% of the whole-body response is due to muscle protein and acute changes in whole-body protein turnover with feeding will reflect the much more rapidly turning over proteins of the gut(Reference Nakshabendi, Obeidat and Russell42) and not those in muscle. This is an important point and one that underpins why some have concluded that whey protein cannot sustain an anabolic response compared to more slowly digested proteins(Reference Lacroix, Bos and Leonil29) (casein or milk proteins). Recently, we reviewed the evidence for the efficacy of whey as exercise supplement in supporting resistance training-induced gains in lean mass and found that milk proteins and particularly whey were more effective than carbohydrate or soya supplements(Reference Phillips, Tang and Moore43).

 Conclusions
 Post-exercise consumption of protein is the most effective strategy to induce increments in MPS and promote muscle mass gains. The increment in MPS is maximally stimulated at a dose of protein of approximately 25 g or 10 g EAA. This rise is based solely on protein consumption and is not augmented by carbohydrate, at least when protein is adequate. Leucine plays a key role in the stimulation of MPS and appears to be a key activator in switching on MPS, which appears important in the elderly and also following resistance exercise. Thus, high-quality, rapidly digested, leucine-rich proteins such as whey protein would appear to be ideal candidates for stimulating MPS and promotion of hypertrophy.
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 Fig. 1. Whole blood leucine concentration (μM) following resistance exercise from subjects who consumed 500 ml fluid skim (low fat) milk and an isonitrogenous and isoenergetic quantity of a soya drink (drawn with data from Wilkinson et al.(12)). AUC, area under the curve. Means with different letters are significantly different from each other (P<0·05). *Indicates a significant difference from the soya condition at the same time point or from each other in total (P<0·05). Values are means with their standard errors.

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	53
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
53




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





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









Tipton, Kevin D.
2011.
Efficacy and consequences of very-high-protein diets for athletes and exercisers.
Proceedings of the Nutrition Society,
Vol. 70,
Issue. 2,
p.
205.


	CrossRef
	Google Scholar






Grounds, Miranda D.
and
Shavlakadze, Thea
2011.
Growing muscle has different sarcolemmal properties from adult muscle: A proposal with scientific and clinical implications.
BioEssays,
Vol. 33,
Issue. 6,
p.
458.


	CrossRef
	Google Scholar






Weinheimer, Eileen M.
Conley, Travis B.
Kobza, Vanessa M.
Sands, Laura P.
Lim, Eunjung
Janle, Elsa M.
and
Campbell, Wayne W.
2012.
Whey Protein Supplementation Does Not Affect Exercise Training–Induced Changes in Body Composition and Indices of Metabolic Syndrome in Middle-Aged Overweight and Obese Adults.
The Journal of Nutrition,
Vol. 142,
Issue. 8,
p.
1532.


	CrossRef
	Google Scholar






Lowery, Lonnie
Edel, James F.
and
McBride, Isaiah M.
2012.
Dietary Protein and Strength Athletes.
Strength and Conditioning Journal,
Vol. 34,
Issue. 4,
p.
26.


	CrossRef
	Google Scholar






Toedebusch, Ryan G
Childs, Thomas E
Hamilton, Shari R
Crowley, Jan R
Booth, Frank W
and
Roberts, Michael D
2012.
Postprandial leucine and insulin responses and toxicological effects of a novel whey protein hydrolysate-based supplement in rats.
Journal of the International Society of Sports Nutrition,
Vol. 9,
Issue. 1,


	CrossRef
	Google Scholar






Aragon, Alan Albert
and
Schoenfeld, Brad Jon
2013.
Nutrient timing revisited: is there a post-exercise anabolic window?.
Journal of the International Society of Sports Nutrition,
Vol. 10,
Issue. 1,


	CrossRef
	Google Scholar






Harris, Patricia A.
and
Schott, Harold C.
2013.
Equine Applied and Clinical Nutrition.
p.
272.


	CrossRef
	Google Scholar






Gleeson, Michael
2013.
The Encyclopaedia of Sports Medicine.
p.
36.


	CrossRef
	Google Scholar






Pellegrino, L.
Masotti, F.
Cattaneo, S.
Hogenboom, J. A.
and
de Noni, I.
2013.
Advanced Dairy Chemistry.
p.
515.


	CrossRef
	Google Scholar






Rodriguez, Nancy
2013.
Nutrition and the Female Athlete.
p.
51.


	CrossRef
	Google Scholar






Aragon, Alan
and
Schoenfeld, Brad
2013.
Functional Foods.
p.
65.


	CrossRef
	Google Scholar






Cholewa, Jason
Guimarães‐Ferreira, Lucas
da Silva Teixeira, Tamiris
Naimo, Marshall Alan
Zhi, Xia
de Sá, Rafaele Bis Dal Ponte
Lodetti, Alice
Cardozo, Mayara Quadros
and
Zanchi, Nelo Eidy
2014.
Basic Models Modeling Resistance Training: An Update for Basic Scientists Interested in Study Skeletal Muscle Hypertrophy.
Journal of Cellular Physiology,
Vol. 229,
Issue. 9,
p.
1148.


	CrossRef
	Google Scholar






Guimarães-Ferreira, Lucas
Cholewa, Jason Michael
Naimo, Marshall Alan
Zhi, X.I.A.
Magagnin, Daiane
Dal Ponte de Sá, Rafaele Bis
Streck, Emilio Luiz
da Silva Teixeira, Tamiris
and
Zanchi, Nelo Eidy
2014.
Synergistic effects of resistance training and protein intake: Practical aspects.
Nutrition,
Vol. 30,
Issue. 10,
p.
1097.


	CrossRef
	Google Scholar






Sousa, Mónica
Teixeira, Vítor H.
and
Soares, José
2014.
Dietary strategies to recover from exercise-induced muscle damage.
International Journal of Food Sciences and Nutrition,
Vol. 65,
Issue. 2,
p.
151.


	CrossRef
	Google Scholar






Wall, Benjamin T.
Cermak, Naomi M.
and
van Loon, Luc J. C.
2014.
Dietary Protein Considerations to Support Active Aging.
Sports Medicine,
Vol. 44,
Issue. S2,
p.
185.


	CrossRef
	Google Scholar






Williams, Clyde
and
Rollo, Ian
2015.
Carbohydrate Nutrition and Team Sport Performance.
Sports Medicine,
Vol. 45,
Issue. S1,
p.
13.


	CrossRef
	Google Scholar






Tipton, Kevin D.
2015.
Nutritional Support for Exercise-Induced Injuries.
Sports Medicine,
Vol. 45,
Issue. S1,
p.
93.


	CrossRef
	Google Scholar






van Vliet, Stephan
Burd, Nicholas A
and
van Loon, Luc JC
2015.
The Skeletal Muscle Anabolic Response to Plant- versus Animal-Based Protein Consumption.
The Journal of Nutrition,
Vol. 145,
Issue. 9,
p.
1981.


	CrossRef
	Google Scholar






Calbet, J. A. L.
Ponce‐González, J. G.
Pérez‐Suárez, I.
de la Calle Herrero, J.
and
Holmberg, H.‐C.
2015.
A time‐efficient reduction of fat mass in 4 days with exercise and caloric restriction.
Scandinavian Journal of Medicine & Science in Sports,
Vol. 25,
Issue. 2,
p.
223.


	CrossRef
	Google Scholar






Aristizabal, J C
Freidenreich, D J
Volk, B M
Kupchak, B R
Saenz, C
Maresh, C M
Kraemer, W J
and
Volek, J S
2015.
Effect of resistance training on resting metabolic rate and its estimation by a dual-energy X-ray absorptiometry metabolic map.
European Journal of Clinical Nutrition,
Vol. 69,
Issue. 7,
p.
831.


	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



[image: US]
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










	


[image: Cambridge University Press]






	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.








The science of muscle hypertrophy: making dietary protein count








	Volume 70, Issue 1
	
Stuart M. Phillips (a1)

	DOI: https://doi.org/10.1017/S002966511000399X





 








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.

 





The science of muscle hypertrophy: making dietary protein count








	Volume 70, Issue 1
	
Stuart M. Phillips (a1)

	DOI: https://doi.org/10.1017/S002966511000399X





 









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.

 





The science of muscle hypertrophy: making dietary protein count








	Volume 70, Issue 1
	
Stuart M. Phillips (a1)

	DOI: https://doi.org/10.1017/S002966511000399X





 









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.


















