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What	
  nutri7on-­‐related	
  factors	
  are	
  
important	
  for	
  op7mal	
  recovery?	
  
  Increased	
  muscle	
  protein	
  synthesis	
  

  Repair	
  damage	
  
  Adapta7ons	
  	
  

 Muscle	
  damage/soreness	
  

  Hydra7on	
  

  Immune	
  func7on	
  

  Replenish	
  energy	
  stores	
  
  Muscle	
  glycogen	
  
  Intramuscular	
  triglycerides	
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What	
  I’ll	
  tell	
  you	
  about	
  

 Why	
  is	
  muscle	
  protein	
  synthesis	
  important	
  for	
  recovery?	
  

 Dairy	
  proteins	
  and	
  muscle	
  protein	
  synthesis	
  with	
  exercise	
  

 Dairy	
  proteins	
  and	
  muscle	
  recovery	
  from	
  intense	
  exercise	
  
 Muscle	
  func7on/soreness	
  
  Immune	
  func7on	
  

 Rehydra7on	
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The	
  metabolic	
  basis	
  for	
  repair	
  of	
  
muscle	
  proteins	
  

Muscle protein synthesis 
AND breakdown 
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PROTEIN	
  

free	
  AA	
  

Synthesis	
  Breakdown	
  

Muscle	
  proteins	
  are	
  constantly	
  ‘turning	
  
over’	
  

Muscle	
  

Blood	
  
free	
  AA	
  

Health	
  &	
  Exercise	
  Sciences	
  
Research	
  Group	
  

Kevin Tipton 2014 

The	
  metabolic	
  basis	
  for	
  changes	
  in	
  muscle	
  
proteins	
  is	
  net	
  muscle	
  protein	
  balance	
  

Protein Synthesis - Protein Breakdown = net protein balance 

PB exceeds PS = negative protein balance → protein loss 

PS exceeds PB = positive protein balance → protein gain 
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Exercise	
  results	
  in	
  increased	
  muscle	
  protein	
  
synthesis	
  and	
  breakdown	
  

Biolo	
  	
  et	
  al.	
  AJP	
  1995	
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Protein	
  increases	
  net	
  muscle	
  protein	
  balance	
  
primarily	
  thru	
  changes	
  in	
  MPS	
  

↑  net muscle protein balance 

↑ Protein synthesis 

must exceed 

↑ Protein breakdown 
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Interac7on	
  of	
  exercise	
  and	
  nutrient	
  intake	
  
results	
  in	
  op7mal	
  accre7on	
  of	
  a	
  protein	
  

B
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Time 

Meal Meal Meal 

Exe
rci

se
 

Phillips	
  et	
  al.	
  JACN	
  2010	
  

Protein consumption following exercise stimulates 
muscle protein synthesis and inhibits the exercise-

induced rise in protein breakdown 
this way muscle mass is gradually increased 
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Cell 

vein 

Proteins 

Breakdown 

Endogenous amino acids Amino acids from ingested proteins 

artery 

Breakdown and synthesis of proteins both important 
for repair and recovery from intense exercise	
  

Synthesis 

Free amino acids 

Free amino acids 

Health	
  &	
  Exercise	
  Sciences	
  
Research	
  Group	
  

Kevin Tipton 2014 

Dairy	
  protein	
  enhances	
  muscle	
  protein	
  
synthesis	
  following	
  exercise	
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The	
  anabolic	
  response	
  in	
  muscle	
  following	
  
exercise	
  is	
  greater	
  with	
  milk	
  protein	
  than	
  soy	
  

Wilkinson	
  et	
  al.	
  AJCN	
  2007	
   Hartman	
  et	
  al.	
  AJCN	
  2007	
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Incorpora7on	
  of	
  amino	
  acids	
  from	
  ingested	
  
dairy	
  proteins	
  is	
  increased	
  by	
  prior	
  exercise	
  

Pennings	
  et	
  al.	
  AJCN	
  2011	
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Whey	
  protein	
  inges7on	
  following	
  exercise	
  s7mulates	
  
muscle	
  protein	
  synthesis	
  more	
  than	
  other	
  proteins	
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Whey Cas Soy 

FSR 
(%/h) 

Mixed Muscle Protein Synthesis 

Rest Post Ex 

Tang	
  et	
  al.	
  JAP	
  2009	
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Dairy	
  Protein	
  and	
  Recovery	
  from	
  
Intense	
  Exercise	
  
  The	
  response	
  of	
  MPS	
  to	
  dairy	
  proteins	
  following	
  exercise	
  is	
  

superior	
  to	
  plant	
  proteins	
  

  Inges7on	
  of	
  dairy	
  proteins	
  protein	
  with	
  training	
  results	
  in	
  
muscle	
  protein	
  accre7on	
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Factors	
  that	
  impact	
  the	
  response	
  of	
  muscle	
  
protein	
  synthesis	
  to	
  milk	
  inges7on	
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Essen7al	
  amino	
  acids	
  (leucine)	
  are	
  the	
  key	
  for	
  
s7mula7on	
  of	
  muscle	
  anabolism	
  following	
  exercise	
  

Tipton	
  et	
  al.	
  AJP	
  1999	
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Availability	
  of	
  all	
  EAA	
  is	
  important	
  for	
  
op7mal	
  response	
  of	
  MPS	
  

Churchward-­‐Venne	
  et	
  al.	
  JPhys	
  12	
  

Leu	
  -­‐	
  6.25g	
  WP	
  +	
  Leu	
  =	
  3.0g	
  Leu	
  

Whey	
  -­‐	
  25g	
  WP	
  =	
  3.0g	
  Leu	
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FSR 
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Peak [leu] 
Leu = 550 µM/L 

Whey = 400 µM/L 
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Fat	
  seems	
  to	
  enhance	
  muscle	
  u7liza7on	
  of	
  
protein	
  ingested	
  in	
  whole	
  milk	
  

Elliot	
  et	
  al.	
  MSSE	
  2006	
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Maximum	
  response	
  of	
  MPS	
  to	
  ~20-­‐25g	
  whey	
  
protein	
  

Witard	
  et	
  al.	
  AJCN	
  2014	
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Dairy	
  Protein	
  and	
  Recovery	
  from	
  
Intense	
  Exercise	
  
 Milk	
  provides	
  the	
  essen7al	
  amino	
  acids,	
  including	
  leucine,	
  to	
  

op7mize	
  synthesis	
  of	
  muscle	
  proteins	
  following	
  resistance	
  
exercise	
  

 Milk	
  fat	
  may	
  enhance	
  u7liza7on	
  of	
  ingested	
  milk	
  proteins	
  
following	
  exericse	
  

  Approximately	
  0.25-­‐0.30	
  g	
  whey	
  protein/kg	
  is	
  maximizes	
  
response	
  of	
  MPS	
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Dairy	
  proteins	
  and	
  endurance	
  exercise	
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MPS	
  is	
  greater	
  with	
  milk	
  inges7on	
  
ader	
  endurance	
  exercise	
  

Lunn	
  et	
  al	
  MSSE	
  2012	
  

What proteins are being synthesized? 
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Metabolic	
  response	
  of	
  individual	
  proteins	
  may	
  respond	
  
differently	
  to	
  training	
  and	
  nutri7onal	
  s7muli.	
  

AMINO ACIDS 

Cell 

Blood 

Amino Acids 

Myofibrillar Proteins 

Oxidation 

Sarcoplasmic Proteins 

Mitochondrial Proteins 
PS PB 

PB PS 

PB 

PS 
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Whey protein ingestion increases muscle myofibrillar 
protein synthesis following intense cycling 
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Breen	
  et	
  al	
  JPhys	
  	
  2011	
  

What is significance of increased muscle 
myofibrillar protein synthesis following endurance 

exercise? 
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Protein	
  may	
  be	
  more	
  important	
  for	
  transcrip7onal	
  
response	
  to	
  endurance	
  exercise	
  

Rowlands	
  et	
  al	
  Phys	
  Gen	
  2011	
  

Protein	
  may	
  impact	
  transcriptome	
  later	
  than	
  4h	
  following	
  
exercise	
  

Protein	
  intake	
  enhances	
  the	
  expression	
  of	
  genes	
  involved	
  in	
  
type	
  I	
  myofibril	
  remodeling	
  and	
  enhanced	
  cellular	
  energy	
  
pathways	
  (e.g.	
  peroxisome	
  proliferator-­‐ac7vated	
  receptor	
  
gamma	
  family	
  expression)	
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Dairy	
  Protein	
  and	
  Recovery	
  from	
  
Endurance	
  Exercise	
  

  The	
  significance	
  of	
  the	
  immediate	
  transla7onal	
  response	
  to	
  dairy	
  
protein	
  inges7on	
  following	
  endurance	
  exercise	
  is	
  unknown	
  

  Dairy	
  protein	
  inges7on	
  following	
  endurance	
  exercise	
  may	
  influence	
  
transcrip7onal	
  response	
  of	
  metabolic	
  genes	
  involved	
  with	
  
adapta7on	
  to	
  training	
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Dairy	
  protein	
  and	
  recovery	
  from	
  
intense	
  exercise	
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Milk	
  inges7on	
  ameliorates	
  muscle	
  soreness	
  and	
  loss	
  
of	
  muscle	
  func7on	
  following	
  eccentric	
  exercise	
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Cockburn	
  et	
  al	
  APNM	
  2008	
  

Health	
  &	
  Exercise	
  Sciences	
  
Research	
  Group	
  

Kevin Tipton 2014 

Post-­‐exercise	
  milk	
  inges7on	
  seems	
  to	
  
be	
  most	
  effec7ve	
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Cockburn et al. APNM 2010  
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Whey	
  protein	
  inges7on	
  may	
  impact	
  muscle	
  soreness	
  
following	
  intense	
  eccentric	
  exercise	
  

WP = 2.9g/kgBM/day 
PLA = 1.5g/kgBM/day 

Jackman	
  et	
  al	
  in	
  prep	
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BCAA	
  may	
  be	
  important	
  component	
  for	
  
aienua7on	
  of	
  muscle	
  

Confidence interval based statistics: 
flexed = 96.7% beneficial effect 

Jackman	
  et	
  al	
  MSSE	
  	
  2010	
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Efflux	
  of	
  highly	
  cytotoxic	
  cells	
  to	
  peripheral	
  7ssues	
  is	
  
improved	
  by	
  high	
  protein	
  intake	
  

Witard et al in prep 

Witard	
  et	
  al	
  	
  MSSE	
  2012	
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Milk	
  for	
  rehydra7on	
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Milk	
  is	
  a	
  suitable	
  rehydra7on	
  
beverage	
  

Shirreffs	
  et	
  al.	
  	
  BJN	
  07	
   James	
  et	
  al.	
  	
  BJN	
  13	
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Summary	
  –	
  Dairy	
  proteins	
  and	
  
recovery	
  
 Milk	
  proteins	
  may	
  ameliorate	
  loss	
  of	
  muscle	
  func7on	
  and	
  

decrease	
  muscle	
  soreness	
  ader	
  muscle	
  damaging	
  exercise	
  
  The	
  physiological	
  significance	
  and	
  external	
  validity	
  of	
  these	
  results	
  needs	
  

to	
  be	
  explored	
  further	
  

  High	
  protein	
  intake	
  ameliorates	
  impaired	
  immune	
  func7on	
  ader	
  
intense	
  training	
  

 Milk	
  is	
  a	
  suitable	
  rehydra7on	
  beverage	
  


