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How much protein?
What kinds of protein?
What forms of protein?
What other ingredients?

What benefit claims?



4 Key Takeaways …
• Most structure-function claims for protein foods formulated for athletes and 

active consumers are well supported by competent science.

• Plant and animal proteins, protein blends, protein hydrolysates, and amino-acid 
mixtures in solid or liquid form are effective in increasing muscle protein synthesis 
provided there is …

• A sufficient quantity of rapidly digested/absorbed, high-quality protein rich in 
leucine and other essential amino acids.

• The scientific link between increased dietary protein content and improved sports 
performance (via increased muscle mass and strength)—although intuitively 
reasonable—remains to be consistently verified by research.



What benefit claims are 
currently being made?



• Reduces soreness, revitalizes and regenerates muscle

• Repair, rebuild, and maintain lean muscle and body tissue

• Built to help you rebuild

• Helps your muscles rebuild

• Builds lean muscle

• Supports workout recovery

• Helps support muscle rebuilding

• Help kickstart your recovery

• High-quality protein to support muscles

• Energizing protein to fuel your day

• Grow and recover

• Build lean muscle and optimize performance

• Helps your body build and maintain muscle

Current Benefit Claims



What is the evidence that these claims 
are truthful and not misleading?



Hawley JA et al. Nutritional modulation of training-induced skeletal muscle adaptations. J App Physiol. 2010.
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• Glycogen breakdown
• Ca2+ release
• Metabolite accumulation
• Mitochondrial redox
• Muscle damage

Recovery
• Fuel store resynthesis
• Free radical quenching
• Damage repair
• Electrolyte/Fluid rebalance
• pH restorationGene Expression

Sports Nutrition Paradigm

• Contractile proteins
• Mitochondrial proteins
• Structural proteins
• Aerobic/Anaerobic enzymes
• Mass, Strength, Speed, Power, Endurance

Enhanced



Protein Training
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LBM

Strength

Performance

Protein Paradigm



What is the evidence that protein intake 
enhances MPS, LBM, strength, and 

performance?



Tipton KD et al. Ingestion of casein and whey proteins result in muscle anabolism after resistance exercise. Med Sci Sports Exerc. 2004;36(12):2073-2081.

Elliot TA et al. Milk ingestion stimulates net muscle protein synthesis following resistance exercise. Med Sci Sports Exerc. 2006;38(4):667-674.

Wilkinson SB et al. Consumption of fluid skim milk promotes greater muscle protein accretion after resistance exercise than does consumption of an 
isonitrogenous and isoenergetic soy-protein beverage. Amer J Clin Nutr 2007;85(4):1031-1040.

Farnfield MM et al. Whey protein ingestion activates mTOR-dependent signalling after resistance exercise in young men: a double-blinded 
randomized controlled trial. Nutrients. 2009;1(2):263-275.

Tang JE et al. Ingestion of whey hydrolysate, casein, or soy protein isolate: effects on mixed muscle protein synthesis at rest and 
following resistance exercise in young men. J Appl Physiol. 2009;107(3):987-992.

Hulmi JJ et al. Effect of protein/essential amino acids and resistance training on skeletal muscle hypertrophy: A case 
for whey protein. Nutr Metab. 2010;7:51.

Pennings B et al. Whey protein stimulates postprandial muscle protein accretion more effectively than do casein and casein hydrolysate in older men. 
Amer J Clin Nutr. 2011;93(5):997-1005.

Josse AR, Phillips SM. Impact of milk consumption and resistance training on body composition of female athletes. Med Sport Sci. 2012;59:94-103.

Pennings B et al. Amino acid absorption and subsequent muscle protein accretion following graded intakes of whey protein in elderly men. 
Amer J Physiol Endocrin Metab. 2012;302(8):E992-999.

Yang Y et al. Resistance exercise enhances myofibrillar protein synthesis with graded intakes of whey protein in older men. Brit J Nutr. 2012:1-9.

Reidy PT et al. Protein blend ingestion following resistance exercise promotes human muscle protein synthesis. J Nutr. 2013;143(4):410-416.

Volek JS et al. Whey protein supplementation during resistance training augments lean body mass. J Am Coll Nutr. 2013;32(2):122-135.

Reidy PT et al. Soy-Dairy Protein blend and whey protein ingestion after resistance exercise increases amino acid transport and 
transporter expression in human skeletal muscle. J Appl Physiol (1985). 2014.

Volterman KA et al. Effects of postexercise milk consumption on whole body protein balance in youth. J Appl Physiol (1985). 2014;117(10):1165-1169.

Witard OC et al. Myofibrillar muscle protein synthesis rates subsequent to a meal in response to increasing doses of whey protein at rest and after 
resistance exercise. Amer J Clin Nutr. 2014;99(1):86-95.

Training + Protein Intake = ↑MPS



↑MPS = ↑LBM = ↑Strength

Morton RW et al. A systematic review, meta-analysis and meta-regression of the effect of protein supplementation 
on resistance training-induced gains in muscle mass and strength in healthy adults. Brit J Sports Med. 2018.

Meta-analysis
• 49 studies
• 1863 subjects
• ↑ LBM 

- 0.3 kg overall; 0.75 kg in trained
• ↑ 1RM 

- 2.49 kg overall



↑MPS = ↑LBM = ↑Strength

Baar K. Nutrition and the molecular response to strength training. Sports Sci Exchange. 2014.



↑Strength = ↑Performance

• Berryman N et al. Strength training for middle- and long-distance performance: a meta-analysis. Int J Sport Physiol Perform. 2018.
• Buckner SL et al. Resistance exercise and sports performance: The minority report. Med Hypoth. 2018.
• McGuigan MR, Wright GA, Fleck SJ. Strength training for athletes: does it really help sports performance? Int J Sport Physiol Perform. 2012.
• Mujika I, Ronnestad BR, Martin DT. Effects of increased muscle strength and muscle mass on endurance-cycling performance. Int J Sport Physiol Perform. 2016.

Intuitively reasonable.
Not clear-cut.

Difficult to study.
Depends on the performance metric.

Unlikely to be challenged.



All things considered …



• Reduces soreness, revitalizes and regenerates muscle

• Repair, rebuild, and maintain lean muscle and body tissue

• Built to help you rebuild

• Helps your muscles rebuild

• Builds lean muscle

• Supports workout recovery

• Helps support muscle rebuilding

• Help kickstart your recovery

• High-quality protein to support muscles

• Energizing protein to fuel your day

• Grow and recover

• Build lean muscle and optimize performance

• Helps your body build and maintain muscle

Current Benefit Claims



How can the science of protein metabolism
inform product development?



• 70-kg body weight

• 12-kg total body protein

• 250-g total body free amino acids

• 120-g amino-acid pool in muscle

• Muscle is only ~30% of WBPS

• 20% of RMR

Muscle Protein Basics



from Wagenmakers AJM. Protein and amino acid metabolism in muscle. In, ACSM’s Advanced Exercise Physiology, 2nd edition, 2012.

Fractional Synthetic Rate 
(% per day)
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Mixed muscle
Mitochondria
Liver
Plasma albumin
VLDL apo-B100

Muscle Contractile Proteins Turn Over Slowly

Muscle protein turnover = ~1 g/kg/d



What is the amino-acid pool?

Dietary 
Proteins

Amino-Acid 
Pool

Proteins in 
muscle 

(tendon, ligament, bone, 
cartilage, menisci)

urea, NH3, CO2

Turnover 
Growth 
Repair

Cachexia
Sarcopenia

urea, NH3, CO2

90% used by tissues 
other than muscle

10% of ingested 
amino acids are used 

by muscle

Stokes T et al. Recent perspectives regarding the role of dietary protein for the promotion of muscle hypertrophy with resistance 
exercise training. Nutrients. 10(2): 1-18. 2018.



How does eating affect 
Muscle Protein Synthesis?



Normal diurnal cycling = net protein balance 

+ 20%

Protein 
Synthesis 
+ 1-3 oz

Breakfast

Lunch
- 20%

Protein 
Synthesis 
+ 1-3 oz

Protein 
Breakdown 

- 1-3 oz

Muscle Protein Synthesis - Without Exercise



Adapted from Churchward-Venn TA et al. Nutritional regulation of muscle protein synthesis with resistance exercise: strategies to enhance anabolism. Nutr Metab. 2012.
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Tang JE et al. Ingestion of whey hydrolysate, casein, or soy protein isolate: effects on mixed muscle protein synthesis at rest and 
following resistance exercise in young men. J App Physiol. 2009.
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• Whey hydrolysate
• Soy isolate
• Micellar casein 



How does eating protein 
actually increase MPS?



The Protein - Performance Connection
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What influences MPS?



What is the time course?

Muscle 
contraction 
produces 
signals 

Signals 
activate 

transcription  
pathways

Increased 
contractile, 
structural, 

regulatory, and 
mitochondrial 

proteins

seconds minutes hours / days weeks/months

Transcription 
results in 
protein 

translation



How much protein is needed to
maximize the increase in MPS?



MPSmax = 1.6 g/kg/day         (60 -
160+ g/day)

for example …

0.25 – 0.40 g/kg/meal or snack (10 
- 40+ g/serving)
every 3-4 hours

and …

0.5 g/kg before sleep             (20 -
50+ g/serving)

How much protein is needed to
maximize the increase in MPS?

Zbinden H et al. Nutrition for strength adaptations. Nutrition and Enhanced Sports Performance, 2nd Edition. 345-357, 2019.



Plant vs 
Animal Protein?
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Gorissen SHM, Crombag JJR, Senden JMG, et al. Protein content and amino acid composition of 
commercially available plant-based protein isolates. Amino Acids. 2018;50(12):1685-1695.

BCAA and LEU Content of 
Various Plant Concentrates and Animal Protein 
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• Males and females respond similarly (maybe)
• Plant and animal proteins, protein blends, protein hydrolysates, and 

amino-acid mixtures (e.g., EAAs, BCAAs) 
• Solid or liquid form
• Rapid absorption (liquid > solid)
• All essential amino acids
• Rich in leucine (di-leucine?) 
• Leucine 2-4 g/serving appears optimal but any is better than none
• Complementary nutrients include carbohydrates, fats, beta-alanine, 

vitamin C, creatine, collagen, carnitine, omega-3 fats
• Aging = anabolic resistance = increased need

• Devries MC. et al. Leucine, not total protein, content of a supplement is the primary determinant of muscle protein anabolic responses in 
healthy older women. J Nutr. 2018.

• Paulussen K. et al. Dileucine ingestion is more effective than leucine in stimulating muscle protein turnover in young males: a double blind 
randomized controlled trial. J App Physiol. 2021.

• Zbinden H et al. Nutrition for strength adaptations. Nutrition and Enhanced Sports Performance, 2nd Edition. 345-357, 2019.

Other things to keep in mind …



And so …



4 Key Takeaways …
• Most structure-function claims for protein foods formulated for athletes and 

active consumers are well supported by competent science.

• Plant and animal proteins, protein blends, protein hydrolysates, and amino-acid 
mixtures in solid or liquid form are effective in increasing muscle protein synthesis 
provided there is …

• A sufficient quantity of rapidly digested/absorbed, high-quality protein rich in 
leucine and other essential amino acids.

• The scientific link between increased dietary protein content and improved sports 
performance (via increased muscle mass and strength)—although intuitively 
reasonable—remains to be consistently verified by research.



Thank you

bob@sportsscienceinsights.com

mailto:bob@sportsscienceinsights.com
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