
Introduction
This scientific review aims to concentrate all of the research on protein and its effect in muscle growth across 
a variety of conditions. 

Conclusions

Protein consumption increases protein synthesis and reduces breakdown, but its more profound effect is in 
synthesis. 

20 grams of protein is sufficient to largely increase protein synthesis rates in cells, and consuming double 
only slightly increase synthesis rates further (10-20% increased boost). 

Other details not mentioned here are in the body of the review. 
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1

Muscle is constantly turning over (replacing the proteins within the cells), requiring the 
consumption of new protein from food to do so. If breakdown of old functional proteins 
within the muscle cells exceeds the replenishment of these proteins, the muscle cell 
shrinks. 

One exercise session excites protein synthesis rates and muscle breakdown, but more so 
on the protein synthesis. Protein consumption excites protein synthesis (muscle functional 
protein production), and inhibits muscle breakdown. 

Amount of protein, type, and timing of consumption all play as factors (among others, like 
what the protein is paired with. 

1.

2

There is a dose response relationship with protein and muscle protein synthesis - using 
egg protein/complete protein, there is an increase in muscle synthesis up to 20 grams of 
protein, then only a 10% further increase up to 40 grams. 

^ This was confirmed with whey protein - same effect. 

Other studies have shown a 20% increase from the 20 gram mark by consuming 40 
grams. 

2.

Plant based proteins are considered less efficient for muscle protein synthesis. It is 
believed to be due to lower essential amino acids, lower digestibility, and higher 
splanchnic extraction (which means that less amino acids are deposited into the blood, but 
rather, those amino acids end up used by the intestines or excreted). 

3.
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3

Plant based proteins are considered less efficient for muscle protein synthesis. It is 
believed to be due to lower essential amino acids, lower digestibility, and higher 
splanchnic extraction (which means that less amino acids are deposited into the blood, but 
rather, those amino acids end up used by the intestines or excreted). 

Some plant based proteins lead to no increase in muscle protein synthesis at levels 
around 35 grams consumed, but do show an effect at 60 grams. 

However, using a variety of plant proteins can lead to increases in muscle protein 
synthesis beyond the same amount of a single plant protein. 

3.

4

4

Whey protein is quickly absorbed and leads to a rapid rise in blood amino acids 
(protein constituent parts). Casein, on the other hand, is a slower digesting protein, 
leading to a more sustained rise in amino acids. Overall, whey still stimulates muscle 
protein synthesis more than casein, likely because if its higher leucine content. Whey 
can also be spread out, allowing for a sustained effect, as well. 

It also seems that more of the slower digesting casein is necessary to generate a 
muscle protein synthetic response over hours (especially in sleep over 7-8 hours) -
something like 40 grams is effective, but 30 grams is not. 

4.
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5

Mixed meals (with carbohydrates or fats) change the digestion of protein. 
Carbohydrates slow the digestion and absorption of protein. Fat consumption does 
not seem to impact protein digestion and absorption like carbohydrates do, except 
potentially in high amounts of fat consumption.

It is also thought that micronutrients increase muscle protein synthesis response to 
protein. Usually concentrations found in food helps, but over consumption, like from a 
concentrated vitamin, may be detrimental to muscle protein synthesis. 

5.
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6

Alcohol reduces muscle synthesis signaling, as assessed in binge drinking (not sure about 
single drink, but likely has a minor effect). 

6.

7

Overfeeding (consuming more calories than you need) is thought to promote muscle 
protein synthesis, but the studies on that have yet to be conducted in earnest. Calorie 
deficit, especially severe, can lead to muscle loss from reduced muscle protein synthesis, 
which is combated by resistance training and a high protein diet. 

People consuming 1.6 and 2.4 grams per kilogram of bodyweight a day in a severe calorie 
deficit (40%) were able to maintain their muscle protein synthesis ability. Interestingly, 
when they were back on a maintenance diet (no calorie restriction), these same people 
consumed 0.8 grams per kilogram and 1.6 grams per kilogram experienced increases in 
muscle protein synthesis, but did not get more muscle protein synthesis from 2.4 grams 
per kilogram. 

7.
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8

Omega-3 fats increase muscle protein synthesis when amino acids are present from 
protein, but has no effect if the amino acids saturate (reach their ceiling in their ability to 
maximize muscle protein synthesis). So, it may be helpful if less than an ideal amount of 
protein is consumed (say, 15 grams instead of 25 grams). 

8.
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Exercise increases the peak of muscle protein synthesis (MPS), but also the duration of 
MPS. 

Inactivity from an active state leads to reduced muscle protein synthesis rates which 
cannot be compensated for by consuming more amino acids/protein. Still, the loss of 
muscle may be worsened by not consuming enough protein, so one should at least 
maintain high protein consumption to blunt the reduced MPS effect, even if it doesn't 
rescue it. 

9.

10

Aging leads a reduction in muscle mass, but not from a reduction in protein consumed 
induced muscle protein synthesis, which stays the same across age. However, the 
initiation of muscle protein synthesis takes more protein than in younger individuals - this 
is known as "anabolic resistance". It may be necessary to consume 1.5 times to double, if 
not more, of protein if you are older (say, 60 years or older). So, a younger person (20s, 
30s) would consume 20 grams of protein to achieve maximal MPS, and an older individual 
might need 30 or 40 grams of the same protein. 

10.

11

Men have more muscle, but that is not due to higher muscle protein synthesis rates at rest, 
post-protein consumption, or post-exercise. It is believed to be due to a spike in testosterone in 
puberty that allows more muscle mass (not sure I believe this, considering muscle cells are 
determined in-utero and testosterone is consistently much higher in men, so why would this 
one spike lead to more muscle mass? I think there may be some developmental differences. 

Women and men maintain their muscle mass for decades (into middle age), and with age can 
begin experiencing loss, with women having a lower muscle protein synthetic ability from 
protein consumption which might be attenuated by simply consuming a bit more protein. 

11.
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12

Lipid/fat nutrient/molecule given intravenously reduces the muscle protein synthesis 
capabilities. So, possibly, consuming high dietary fat may blunt muscle protein 
synthesis, but this has not been evaluated in exercising individuals. 

12.

13

Muscle protein breakdown does not change as readily as muscle protein synthesis. Food 
consumption reduces muscle protein breakdown through its stimulation of insulin -
however, on a small rise in insulin is necessary to get the maximal inhibition on muscle 
protein breakdown. Maximal protein breakdown is around 50% reduced from basal levels. 
Protein alone stimulates enough insulin release to reduce muscle protein breakdown 
maximally, with no added benefit of co-ingestion of carbohydrates. 

Muscle protein breakdown has an important role in muscle remodeling and removal of 
non-functional proteins within the musculature. Knocking out (eliminating via genetic 
engineering) protein breakdown molecules leads to lowered muscle quality. 

13.
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