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Dietary proteins are built from amino acids. The 20 proteino- 
genic amino acids are classified in 9 essential amino acids hu-
man body cannot synthesise and 11 dispensable amino acids 
that may become essential under certain circumstances (ill-
ness, intense physical training…). Besides being a building block 
for protein synthesis, each amino acid has its own metabolic 
pathway. For example, glutamine and glutamate are precursors 
of Krebs cycle components and constitute an energy substrate 
for various cells like in the small intestine endothelium.

Protein requirements are generally estimated as to achieve 
body nitrogen equilibrium during energy balance. On this 
basis, average requirements in adults were estimated around 
0.66g protein/kg body weight per day, and thus an intake of 
0.83g protein/kg body weight should meet the needs of 97.5% 
of the healthy sedentary adult population [1]. According to a 
recent opinion from the EFSA, this population reference intake 
is applicable to high quality proteins but also to European diets 
composed of mixed sources of proteins [2]. 
Protein requirements for infants and children are defined on 
a minimum intake to achieve nitrogen equilibrium plus the 
needs associated with tissue deposition consistent with growth 
and good health [3]. As proteins are, in addition to calcium, one 
of the main bone components and are also necessary for the 
development and maintenance of muscles, nitrogen balance, 
and thus dietary protein requirements, are mostly associated 
with these two parts of the body. These requirements may vary 
upon age and physical activity as illustrated in Figure 1.

Dietary proteins constitute the nitrogen and amino-acid source for the body.

Proteins: an essential nutrient

Proteins 
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After water, proteins are the main constituent of the body 
(around 17%) and are mainly located in the skin, muscles, 
skeleton, nerves, and blood. Proteins can be structural, and 
contractile, transporters of other nutrients or an enzyme. In 
the muscles and the skeleton (bone, joints, and tendons), pro-
teins are one of the main structural components. Thus, these 
two parts of the body are greatly influenced by protein inges-
tion.

Figure 1 - Protein consumption (orange) versus recommended 
reference protein intake according to population (yellow)  
in France (2001) [4].
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sufficient ingestion of dietary proteins is a prerequisite for muscle mass maintenance  
and normal function. Protein intake can influence the balance between muscle protein 
synthesis and breakdown.

Skeletal muscles account for about 50% of total body mass 
and are therefore one of the major contributors to whole-body 
metabolic rate. Whereas proteins constitute a minor source of 
energy for muscles (less than 3% during exercise), they are 
essential constituents: myosin and actin are the two filament 
proteins of muscle fibres allowing them to contract.

Muscle mass development results from a balance between 
muscle protein synthesis (MPS, also known as anabolism) and 
muscle protein breakdown (MPB) in favour of MPS. During the 
day there is an “alternation” between these two phenomena 
in parallel with food intake. After eating, the balance is in fa-
vour of muscle protein synthesis whereas there is generally a 
loss of muscle mass when in fasting state. Several phases of 
muscle mass development can be identified during the course 
of life as illustrated in Figure 2. Early life is a period of sharp 
development of muscle mass and strength whereas adulthood 
is a period of stability and older life is associated with a loss of 
muscle mass. Environmental factors such as physical activity, 
diet or hormonal status can also alter muscle protein turnover. 
In that context, protein intake is crucial for specific populations 
such as athletes and elderly people, who have specific nutritio-
nal requirements. 
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Due to their intense physical activity, athletes have higher protein requirements  
compared to sedentary people.

Major anabolic influences on muscles are contractile activity 
(resistance exercise) and feeding (especially dietary proteins). 
For that reason, several experts recommend increasing the 

level of protein requirements for athletes to 1.0 – 1.4g/kg body 
weight/day [4, 6] versus 0.83g/kg body weight/day for sedentary 
adults.

Proteins anD Muscle Mass DeveloPMent

Figure 2 - Muscle mass development during life, adapted from 
sayer [5]
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Proteins are especially interesting for post-exercise nutrition aiming at reconstituting 
muscle glycogen stores (muscles’ energy stores) and helping muscles to recover  
and grow.

During exercise, the energy stored in the form of glycogen within 
skeletal muscles and the liver is used for muscle contraction. 
After exercise, muscle glycogen stores have to be repleted in 
a short period of time in order to allow consecutive bouts of 
exercise. Compared to carbohydrates or proteins alone, com-
bined intake of carbohydrates and proteins demonstrates better 
potency to improve use of blood glucose by the muscles to 
synthesise glycogen by playing on the insulinotropic response. 

Several studies evaluated the benefit of adding proteins (e.g. 
milk proteins) to carbohydrate foods and/or drinks in order to 
enhance glycogen storage in muscles during the recovery period. 
It appears that additional proteins are efficient for post-exer-
cise ingestion of carbohydrates below 0.8g/kg of body weight 
per hour [7-9] but not when carbohydrates are provided at an 
equivalent dose of 1.2g/kg of body weight per hour [10].

During exercise, both muscle synthesis and muscle degra-
dation are observed. Thus, in order to maintain or develop 
muscle mass, this equilibrium should be in favour of muscle 
synthesis, also called muscle anabolism. Whereas ingestion 
or co-ingestion of proteins with carbohydrates during endu-
rance-type exercise has a limited impact on muscle protein 
synthesis [11], post-exercise protein and/or amino-acid intake 
reduces protein breakdown in muscles and stimulates muscle 
protein synthesis (Figure 3) [11-15]. This is particularly more 
efficient when proteins are ingested within 3 hours after the 
end of the bout of exercise [13]. 

Proteins 
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Figure 3 - effect of protein intake level after exercise: low (0.9g/
kg body weight), moderate (1.4g/kg body weight) or high (2.4/kg 
body weight) on total protein synthesis in resistance exercise-
trained athletes [14].
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the source of dietary proteins, but also the length of protein molecules may have  
an impact on muscle mass development in athletes.

Both animal and vegetable dietary proteins can be used to 
enhance muscle protein synthesis during recovery after exer-
cise, as the protein source seems to have a limited impact on 
muscle anabolism [16, 17]. However, protein hydrolysis prior 
to ingestion may improve nutritional efficiency. Ingestion of a 
protein hydrolysate, compared to an intact protein, accelerates 

the protein digestion and absorption from the intestine as it can 
be directly absorbed while long peptides will first be further 
hydrolysed by enzymes located in the gut epithelium (Figure 4). 
Thus, postprandial amino-acid availability is increased, which 
in turn enhances the incorporation rate of these dietary amino 
acids into skeletal muscle proteins [18].

Figure 4 - absorption of proteins, small peptides, and amino acids in the small intestine
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several studies show that wheat proteins and hydrolysed wheat proteins are efficient 
to stimulate muscle build up and recovery. their high glutamine content is  
particularly interesting for over-trained athletes.

Wheat proteins are rich in branched-chain amino acids (BCAA) 
such as leucine, isoleucine, and valine, as their concentration 
would allow, if consumed as a single protein source, to meet 
at least 122% of the requirement pattern in those amino acids 
in adults [3]. BCAAs represent around 35% of amino acids in 
muscles, therefore an appropriate BCAA intake is essential to 
reduce muscle damage after exercise and stimulate muscle 
protein synthesis [19].

Wheat proteins are also particularly rich in readily available 
glutamine in comparison to other dietary proteins (Table 1). 
L-glutamine is the most abundant amino acid in blood and 
muscles and becomes an essential amino acid in case of high 
intensity training. Indeed, muscular glutamine level is sharply 
decreased after training and needs some time to replenish. A 
dietary supplementation with glutamine is needed to accele-
rate muscular repletion of this amino acid and support natural 
defences impaired in case of glutamine deficiency.

Protein source Glutamine content 
(protein %)

Wheat gluten 36

Hydrolysed wheat protein  
(Meripro® 500/810)

41

Pea protein isolate 10-17

Soy protein 17-20

Whey protein 5-10

Casein 10-12

table 1 - relative percentage of glutamine in various sources  
of dietary proteins
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Muscle anabolism and protein efficiency to enhance it may be decreased in elderly, 
resulting in muscle mass loss called sarcopenia.

After reaching a peak in early adulthood, the skeletal muscle 
mass loss is progressive (Figure 2) and consequently, muscle 
strength falls, which is called sarcopenia. This phenomenon is 
possibly due to lower protein efficiency and anabolic response 

of muscle in older adults [5]. Advanced sarcopenia implies 
physical frailty and increased likelihood of falls. It has been 
estimated 8 to 40% of people over 60 years may suffer from 
sarcopenia [21].

increasing the protein intake amount and grouping daily intake help in counteracting 
sarcopenia in elderly.

Based on evidence showing that dietary proteins may play a 
role in preventing and managing sarcopenia [22, 23], some 
French experts recommend increasing daily protein intake to 
1g/kg body weight in elderly people versus 0.8g/kg body weight 
for younger adults [4]. From an observational study carried out 
in France to evaluate the coverage of protein requirements for 
different categories of the population, it appears that 3 to 5% 
of healthy elderly people may not consume enough proteins to 
cover their needs [4]. 

Timing of high protein feeding also appears to be an impor-
tant parameter of muscle anabolism in older adults. A 14-day 
study demonstrated that grouping around 80% of the protein 
daily intake in a single meal was more efficient than splitting 
this intake over 4 meals in women with an average age of 68 
years [24]. Besides, in elderly people as in young people, there 
is a particular benefit of dietary protein intake after exercising 
in order to allow greater use of dietary protein-derived amino 
acids for de novo muscle protein synthesis [25]. 

there is evidence showing that wheat protein intake, in particular hydrolysed wheat 
proteins, may be of interest to secure the elderly’s nutritional needs in proteins, 
hence promoting muscle mass maintenance.

Consuming hydrolysed wheat proteins can contribute to cover 
the specific needs of elderly people. First, hydrolysed wheat 
proteins can cover around 200% of the needs in sulphur 
amino acids and tryptophan [3]. Indeed, the elderly may have 
increased requirements in specific amino acids including sul-
phur amino acids (methionine and cysteine), lysine and trypto-
phan [4]. An addition of lysine might be necessary depending 
on the other source of dietary proteins. Secondly, as more rapi-
dly digested proteins seem more efficient to stimulate muscle 
protein synthesis in the elderly than slower digested proteins 
[26], wheat protein hydrolysis will provide additional benefits.

Practical guidelines
Protein drink for the elderly: formulation  
and mode of use
• At least source of protein (12% energy from protein)
• Preferably containing hydrolysed protein
•  Rich in sulphur amino acids, lysine, leucine,  

and tryptophan
• To be given as a single daily bolus
• Preferably after physical exercise

Practical guidelines 
sports recovery drink: formulation and mode of use
•  Contains glycaemic carbohydrates (glucose, maltodextrins…)
• 6 – 18% of carbohydrates in solution
• Contains protein hydrolysates or amino acids (1-4%)
• Contains up to 1.200mg/L of sodium chloride
• Good taste 
• To be consumed within 3 hours after exercise

Hydrolysed wheat proteins have particularly been investiga-
ted. A recent study in half-marathon athletes confirmed they 
could help in reducing injury of active muscle fibres after exer-
cise [20]. One hour after completing the race, young athletes 
were randomly assigned to consume 0, 10, or 20g of hydro-
lysed wheat protein. It was shown that hydrolysed wheat pro-
tein could dose-dependently reduce plasma activity of creatine 
kinase. This latter is an intramuscular protein and its circu-
lation in the blood constitutes a marker of muscle injury. The 
mechanism remains unknown but may be related to a unique 
combination of BCAA and glutamine concentration that is par-
ticularly high in hydrolysed wheat protein. 
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Making part of the skeleton, bones are dynamic tissues in a 
continuous process of formation and resorption. Diet, hor-
mones, and physical activity can influence this balance. They 
mainly consist of mineral salts (mostly calcium and phospho-
rus), organic matter (mostly in the form of a protein called col-
lagen), and water. Bones form during foetal life, start their os-
sification and growth after birth until reaching a peak between 
35 and 44 years of age.  

Proteins 

Figure 5 - evolution of bone mass throughout life cycle
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to ensure their specific bone growth, infants and children have higher protein needs 
than adults. Protein consumption can influence bone growth and bone mass.

In addition to maintenance requirements, infants and children 
have additional protein needs  for them to grow. These requi-
rements, which are particularly high in infants, are decreasing 
thereafter and become close to basal requirements by the age 

of 18 (Figure 5) [3]. These needs are related to bone modelling 
and remodelling that are illustrated by much higher concentra-
tions of bone turnover markers in serum.

bone health anD Proteins

Figure 6 - additional protein requirements for growth in infants and children [3].
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As reviewed in the EFSA’s opinion on a health claim related to 
protein and bone growth [27], several observational studies 
have shown a relationship between total protein consumption 
(either of animal or vegetal origin) and normal bone growth in 
children. 
Dietary proteins provide the amino acids used for bone matrix 
formation and allow the production of insulin-like growth hor-
mone I (IGF-1) that is partly responsible for bone mass develop-
ment. Whereas total protein intake seems positively correlated 
with bone mineral content in children [28, 29], different pro-
tein sources may involve various regulation mechanisms. Milk 
proteins, and especially casein, may promote bone anabolism 
through increased serum IGF-1 [30, 31] whereas meat proteins 
would rather be positively associated with higher serum bone-
specific alkaline phosphatise (BAP) [30]. The role of serum BAP 
is not clearly understood but seems to be related to bone for-
mation. 

The effects of dietary proteins on bone mineral mass can also 
be influenced by physical activity and mineral intake during 
childhood. For example, it was shown that a low calcium intake 
during peri-adolescence can interfere with the beneficial effect 
of protein intake on bone mineral content in young adults and 
especially in women [32]. Like for muscle mass development, 
there is an interaction between protein intake and physical acti-
vity. Indeed, high protein diet was shown to enhance the positive 
impact of physical activity on bone mineral content, especially 
for femoral neck bone mineral content, in pre-adolescent boys 
[33]. 

in the elderly, as in muscles, bone anabolism and protein efficiency may be decreased 
leading to bone alteration. this disease is called osteoporosis and drastically  
increases fracture risks. 

In elderly people, there is some evidence showing that the 
anabolic response of bone to dietary proteins is attenuated 
and can result in osteoporosis, which is characterised by bone 
mass loss and accompanied by microarchitectural bone tissue 
deterioration (Figure 7), resulting in an increased fracture risk 

[34]. This is a degenerative disease frequently associated with 
ageing: about 75 millions people in the USA, Europe and Japan 
are affected by osteoporosis; 1 in 3 women and 1 in 5 men over 
the age of 50 years will suffer from osteoporosis-related frac-
tures [35]. 
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Figure 7 - Microachitecture of a healthy bone and an osteoporotic bone 
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increasing the protein intake amount may delay the appearance of osteoporosis  
in the elderly.

As a result, the protein amount needed to achieve bone anabo-
lism may be greater in the elderly than in younger adults. Some 
studies showed that high protein diets might increase bone mi-
neral density (BMD) particularly after menopause when grea-
ter bone loss occurs and in late life when dietary protein intake 
might be otherwise low. These beneficial effects were observed 
with at least 1g of proteins/kg body weight/day, suggesting that 
the Recommended Dietary Allowance of dietary proteins should 
be increased to 1.0–1.2 g/kg body weight per day in the elderly 
[37, 38].

Several potential mechanisms are proposed to explain the 
beneficial effects of high protein diets on bone health (Figure 
8) [35]. Production of IGF-1 is increased by high protein diets, 
and may promote bone formation in the elderly as in children. 
Secretion of parathormone (PTH), which increases bone re-
sorption (i.e., bone degradation), is suppressed with high pro-
tein diets, thus preserving bones. Furthermore, several studies 
suggested that dietary proteins work best in the presence of 
calcium sufficiency [38, 39]. 

High protein diets
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Figure 8 - Potential mechanisms explaining the beneficial effects of high protein diets

High-protein diets may be beneficial in increasing bone mass, 
nevertheless their effects are modest and depend on interac-
tions with calcium and other nutrients such as vitamin D [37, 
38]. Currently, there is not enough evidence to suggest that 

animal proteins are superior or inferior to vegetable proteins, 
or milk or soy proteins are more favourable than other protein 
sources to enhance bone health in the elderly [38]. 
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Regulation (EC) n°1924/2006 sets the provisions relating to nu-
trition and health claims, and establishes rules governing the 
Community’s authorisation about health claims on foods.

As general principle, health claims are authorised after the 
specific food/health relationship was scientifically assessed. 
This assessment, managed by the European Food Safety Agency 

(EFSA), is basically supported by generally accepted scientific 
evidence and focuses on the cause and effect relation between 
food consumption and the claimed effect.

Within this regulatory framework, the EFSA gave positive opi-
nions on the health benefits of proteins on bone and muscle 
mass:

reGulatory FraMe oF health claiMs in euroPe

nutrient, substance, 
food or food category claim target population & conditions of use references

Protein (animal  
or vegetal origin)

“Protein contributes to  
the growth or maintenance 
of muscle mass” *

• General population
•  The food should be at least 

source of protein  
(12% of energy from protein)

[17]

nutrient, substance, 
food or food category claim target population & conditions of use references

Protein (animal  
or vegetal origin)

“Protein contributes to the 
maintenance of bone” *

• General population
•  The food should be at least 

source of protein (12% of energy 
from protein)

[17]

Protein (animal  
or vegetal origin)

“Protein is needed for nor-
mal growth and development 
of bone in children”

• Children aged 3 to 18 years old
•  The food should be at least 

source of protein (12% of energy 
from protein)

[27] [40]

Muscle mass growth or maintenance

normal bone development or maintenance 

(*) The EFSA proposed wording in relevant opinion

(*) The EFSA proposed wording in relevant opinion

On the basis of the normal procedure, the EFSA proposes spe-
cific wording for the claims in its opinions in order to reflect the 
scientific evidence. Then, the Commission is to decide – with 
the official publication of regulations – on the authorisation and 

exact wording of health claims taking into account the opinion 
delivered by the EFSA. As reported above, today, some health 
claims are already authorised by the Commission regulation.
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regulatory definition of proteins
In the European food legislative framework, proteins are 
considered as ingredients and the following definitions 
apply:
•  in Directive 90/496/eec: 

"Protein" means the protein content calculated with the 
formula: protein = total Kjeldahl nitrogen × 6.25

•  in regulation (ec) 41/2009: 
"Gluten" means a protein fraction from wheat, rye, barley, 
oats or their crossbred varieties and derivatives thereof, 
to which some persons are intolerant and which is 
insoluble in water and 0.5 M sodium chloride solution

labelling of proteins on end products
To ensure consumers receive adequate information, 
proteins must meet the general and nutrition labelling 
provisions applying to foodstuffs, respectively in frame 
Directive 2000/13/EC and Directive 90/496/EEC.

conclusions

• Proteins constitute an essential nutrient.

•  Robust scientific evidence proved the beneficial effect of proteins to ensure muscle  
and bone mass development, in children, athletes and elderly people.

•  The beneficial effects of proteins on muscle mass growth or maintenance and on normal 
bone development or maintenance are today officially recognised by the competent European 
authorities.

•  Wheat proteins and especially hydrolysed wheat proteins have several beneficial effects, 
particularly in athletes, to stimulate muscle build up and recovery, and in the elderly,  
to promote muscle mass maintenance. 
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