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Abstract

Introduction:

High-protein food is widely recommended in sports dietetics as a key component to support
muscle hypertrophy. More products with higher amounts of protein in the ingredients are
being introduced to the market. Among the products that are available there are both animal
and plant-based products, including dietary supplements, fermented milk drinks, protein bars
and other high-protein snacks. The diversity of forms, flavour profiles and nutritional
composition of these products allows them to be customised to meet individual dietary needs,
consumer preferences and varying dietary patterns.

Materials and Methods:

This article presents a review of scientific studies from the years 2015-2025 available in the
PubMed database on the effectiveness of protein supplementation for muscle mass gain in
physically active individuals and athletes.

Research Objective:

The aim of this review is to bring together the current knowledge on the role of higher protein
intake and supplementation in the diet. Particular attention is paid to the quantity and quality
of protein intake, types of supplements, biochemical mechanisms determining hypertrophy

and potential side effects of excessive protein supply.



Results and Conclusions:
Protein supplementation combined with customized physical activity is needed to accelerate
muscle tissue growth. Further research on protein supplementation is needed, as current

findings do not yet allow definitive conclusions.

Key words:
protein, muscle hypertrophy, protein supplementation, high protein product, resistance

training, plant proteins, animal proteins

1. Introduction

Proteins play a key role in the human organism, performing a variety of functions
necessary for its proper functioning [1]. They are the basic component of the intracellular and
extracellular matrix; they build enzymes that catalyse a number of biochemical reactions,
hormones that regulate endocrine balance and receptors that initiate cellular responses; they
are part of the molecules that transport various components; they have the ability to bind and
retain water in their structures; they regulate pH, being responsible for maintaining acid-base
balance; they protect the body against infections by fighting pathogens; they are the main
component of muscles, being responsible for contractility and movement. [2]

An adequate supply of protein is essential for the body to function properly. Dietary
protein is a source of the amino acids necessary for the synthesis of the organism's own
proteins. In terms of the content of individual amino acids and their proportions to each other,
we divide proteins into complete and incomplete proteins. The former are mainly of animal
origin and provide all amino acids in the right proportions. The latter are so-called incomplete
proteins which are of plant origin and do not contain the full set of amino acids, often lacking
or having insufficient quantities of amino acids such as lysine, tryptophan, methionine and

valine [3]. A protein that contains a complete and optimal amino acid profile for the human



organism is a reference protein, which does not exist in nature. It provides a reference point
for assessing the nutritional value of other proteins by comparing their amino acid
composition with the reference protein. Egg white is the nearest in composition to the
reference protein and is therefore considered the reference protein in many publications [4,5].
The minimum recommended intake of protein in the human diet is 0.8 g per kilogram of body
weight per day [6], while in the Polish population the standard is 0.1 g/kg higher and amounts
to 0.9g/kg body weight per day. This value has been established on the basis of studies
determining the amount of protein required to maintain nitrogen balance, and it is assumed
that this amount of dietary protein will meet the needs of approximately 97.5% of the healthy
adult population [7].

Results from global studies indicate that almost all populations of the world achieve
protein intake levels equal to or above the minimum recommended values in the dietary
standards. This means that the average daily protein intake in most societies is sufficient to
cover the basic needs of the organism [8]. Therefore, this article discusses in detail the various
dietary styles that place particular emphasis on increased dietary protein supply.

The aim of this article is to provide a comprehensive review of the scientific literature on the
impact of protein intake above the Recommended Dietary Allowance (RDA) on human health.
It will analyse both the potential benefits of higher protein intake, maintenance of muscle
mass, improvement of metabolic parameters and bone health, and the possible risks associated
with an excessive supply of this macronutrient. The article aims to assess the current state of
knowledge in this area, to draw conclusions on the validity of recommending higher-than-
standard amounts of protein in the diets of different population groups and to assess the

validity of the present trend of popularising high-protein products.

2. Biochemical mechanisms

In the human body, a dynamic process called protein turnover is constantly taking
place, which includes both protein synthesis and protein degradation. Every day,
approximately 1-2% of proteins are degraded and replaced by newly synthesised proteins.
This continuous cycle allows adaptation to changing conditions and repair of damaged protein
structures [9].

Skeletal muscle is the largest tissue in the human body, accounting for approximately
30-40% of total adult body weight [10, 11]. The main mechanism underlying muscle
hypertrophy is the predominance of muscle protein synthesis (MPS muscle protein synthesis)

over muscle protein degradation (MPB, muscle protein breakdown). Both of these processes



are necessary for the proper development of muscle tissue and must remain in balance with
each other. Potentially, it could appear that a complete inhibition of MPB will accelerate the
MPS process, as it reduces the body's expenditure of time and energy in breaking down
muscle fibres. The incorrectness of this assumption has been proven in animal models, in
which genetic interference blocked the proteolysis of muscle proteins in the complete absence
of interference in the mechanisms responsible for muscle synthesis. Such genetically modified
rodents exhibited poorer exercise tolerance and lower single muscle fibre volume [12].
Skeletal muscle tissue is characterised by a high sensitivity to nutrients supplied with
food. It accurately reads the changes that occur in the body during digestion and absorption of
food, e.g. changes in insulin concentration and the composition of supplied substrates, and on
the basis of this analysis it initiates the process of muscle fibre synthesis or degradation.
Usually these processes occur simultaneously and, depending on which one predominates,
muscle tissue expansion or atrophy occurs [13]. Exogenous amino acids, especially leucine,
are key stimulators of MPS as they stimulate muscle synthesis in a dose-dependent manner
through direct activation of mTORCI (mammalian target of rapamycin complex 1).
MTORCI is a signalling protein that is located in myocytes and is responsible for the
adaptation of muscle to resistance training through the synthesis of new muscle myofilaments
[12]. Studies have shown that the ingestion of at least 20-40 g of high-quality protein after

resistance training significantly stimulates MPS [14,15].

3. The role of the amount and type of protein

The synthesis and expansion of new muscle fibres depends primarily on the amount
and quality of externally supplied protein. Adequate intake of complete protein is the basis for
building muscle mass. Protein intake recommendations for active people are higher than the
recommended intake for the general population and range from 1.4 to 2.0 g/kg body
weight/day. A higher protein intake above the dietary norms is not recommended, as it does
not provide additional benefits in terms of accelerated muscle hypertrophy. Even for athletes
using resistance training, a protein intake reaching the upper end of the range of the stated
norm is sufficient [16].

It is noteworthy that, of the protein consumed, only a small proportion, approximately
one fifth, of the total amino acids that enter the organism is allocated to skeletal muscle
protein synthesis, while the rest serves as a substrate for the synthesis of other proteins or
undergoes catabolism [13]. This is why the type of protein chosen for supplementation is so

important. In terms of muscle mass development, animal proteins such as whey protein, milk



protein or beef protein compare favourably, significantly increasing the postprandial MPS
response compared to plant proteins [17]. However, diets rich in animal protein often contain
higher amounts of saturated fat, which can raise the level of LDL cholesterol in the blood,
increasing the risk of cardiovascular disease [18] and deficiencies in other essential nutrients
and fibre [19].

Among animal proteins, whey protein deserves special attention. Comparative studies
indicate that it has a higher anabolic potential than other protein sources such as soya or
casein [20], due to its high bioavailability, favourable amino acid profile - rich in branched-
chain amino acids (BCAA) especially leucine - and faster digestion time [21].The most
commonly used dietary supplement containing whey protein is whey protein concentrate
(WPC). This product is made by the ultrafiltration of dairy whey, a by-product of cheese
production. WPC is characterised by a high protein content of 70% to 80% of the weight of
the product, with the remainder consisting of carbohydrates (mainly in the form of lactose)
and fats [22]. A kind of exception among animal proteins is collagen. In its natural form, it is
difficult to digest and has a low bioavailability due to its specific structure and limited
nutritional value [23]. It is avoided in the production of nutritional supplements influencing
muscle development, while it is successfully used in supplements for the skin, joints and
bones [24, 25].

The above-mentioned plant proteins, despite showing a number of health benefits,
such as supporting the prevention of cardiovascular and metabolic diseases, positive effects
on healthy ageing and mental health [26, 27], they are less effective than proteins of animal
origin in the context of muscle tissue expansion and are often omitted in the diet. Soy proteins
are characterised by a lower content of essential amino acids, especially leucine. In addition,
their bioavailability and biological value are lower compared to animal proteins, which may
limit maximisation of muscle mass gain [5]. However, appropriately composed blends of
plant proteins, enriched in leucine, can approach the effectiveness of animal proteins [28],
providing an alternative for people who wish to avoid animal products in their diet and
promote a sustainable diet [29]. It is surprising that leucine from rice protein has a unique
absorption kinetics, reaching peak blood concentrations more rapidly than leucine from whey
protein. In a study in which participants followed a resistance training programme for eight
weeks while taking high, identical doses of rice or whey protein, it was shown that rice
protein supplementation led to comparable effects on body composition changes and muscle
adaptations as whey protein supplementation [30]. However, plant-derived proteins are

associated with high levels of phytoestrogens, which inhibit mTOR expression in skeletal



muscle which reduces the effectiveness of muscle adaptations in response to resistance

training [31].

4. Protein consumption time

Randomised controlled trials show that protein supplementation significantly
accelerates muscle hypertrophy when combined with resistance training. This raises the
question about the optimal timing of protein intake in the context of muscle mass gain. This
issue is still under discussion and the research that is being conducted in this area requires
further experiments. It was once thought that protein intake in the so-called narrow anabolic
window, defined as the first 45 min to 1 hour after training, maximises the MPS process [32],
but the current analyses claim that protein intake both before and after training leads to similar
effects on muscle strength, hypertrophy and body composition. This means that there are no
significant differences depending on whether protein is consumed before or after training, in
both cases it can positively affect muscle hypertrophy [33]. There is growing evidence in the
scientific literature to support the validity of protein supplementation before bedtime as a
strategy to support the anabolic processes occurring in skeletal muscle during overnight
recovery. Studies show that overnight protein supplementation promotes the maintenance of a
positive nitrogen balance, which is beneficial for training adaptation [34]. It has been shown
that consuming 30-40 g of casein within 30 minutes before sleep can increase MPS rates and
improve strength and muscle growth [35]. Therefore, protein supplementation before bed may
be considered an effective dietary intervention in the context of optimising muscle recovery
and hypertrophy [36].

However, long-term research indicates that the superior strategy to influence muscle
tissue development is to ensure that daily protein intake is within the defined normal range.
Ensuring a positive protein balance is far more effective than trying to find the right time to

consume protein [5].

5. Potential side effects:
5.1 Renal function at higher protein intakes than the RDA
It is a popular myth that increased dietary protein intake reflects negatively on kidney
function [37]. Obviously, a high protein diet increases the blood flow and pressure in the
glomerulus, resulting in increased filtration, but this is a phenomenon that is an adaptation to
increased protein supply [38]. Most randomised clinical trials have been conducted on

participants with already reduced renal function; in such individuals, even short-term



increases in filtration negatively affect renal function, hence a low-protein diet is reasonable
in such individuals [39]. It is an error to assume that the kidneys of healthy people are
affected to the same extent by hyperfiltration as the kidneys of people with pre-existing
disease. In practice, transient hyperfiltration is a physiological phenomenon that does not
adversely affect or cause deterioration of function or initiation of renal disease in a healthy

person [38].

5.2 Bone metabolism function at a higher protein intake than the RDA

A second equally frequently raised issue in the context of the use of protein
supplements is their alleged negative impact on bone health [40]. It has been noted that a
protein-rich diet causes a decrease in pH in the body. To counteract this, the organism
increases the concentration of alkaline minerals such as calcium. It was erroneously thought
that the mobilisation of this element occurs from the bones, in fact its reserves came mainly
from increased intestinal absorption [41], therefore there is no sufficient evidence that higher
protein intake, with a normal dietary calcium supply, causes bone decalcification, leading to
osteopenia or osteoporosis. It is worth noting that an increase in muscle mass translates
indirectly into an increase in IGF-1 level, which has an anabolic effect on bone tissue cells [42,
43]. To conclude, in individuals following a proper balanced diet, protein intake higher than

1.4 - 2.0 g/lkg/day is not harmful [16].

6. Conclusion

Using high-protein products is an effective strategy to support muscle mass gain in
physically active individuals. In particular, supplements containing whey protein are
recommended, while dairy and vegetable proteins may be less optimal, and collagen proteins
should usually be avoided due to their limited nutritional value. Adequate protein intake and
high bioavailability of the protein source is more important than the timing of the protein
intake. In trained individuals, the recommended amount is approximately 1.6-2.0 g/kg body
weight/day. Further research could focus on the long-term effects of protein on body

composition and individual metabolic differences.

Statement of the authors' contribution
Conceptualization: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta
Szymura, Mateusz Paniak, Mateusz Romaniuk, Michal Krawczyk, Oliwia Woszczynska,

Pawet Rycabel, Wojciech Sowinski



Methodology: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta Szymura,
Mateusz Paniak, Mateusz Romaniuk, Michat Krawczyk, Oliwia Woszczynska, Pawet Rycabel,

Wojciech Sowinski

Software: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta Szymura,
Mateusz Paniak, Mateusz Romaniuk, Michat Krawczyk, Oliwia Woszczynska, Pawet Rycabel,

Wojciech Sowinski

Check: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta Szymura, Mateusz
Paniak, Mateusz Romaniuk, Michat Krawczyk, Oliwia Woszczynska, Pawel Rycabel,

Wojciech Sowinski

Formal analysis: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta
Szymura, Mateusz Paniak, Mateusz Romaniuk, Michal Krawczyk, Oliwia Woszczynska,

Pawet Rycabel, Wojciech Sowinski

Investigation: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta Szymura,
Mateusz Paniak, Mateusz Romaniuk, Michat Krawczyk, Oliwia Woszczynska, Pawet Rycabel,

Wojciech Sowinski

Resources, data curation: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta
Szymura, Mateusz Paniak, Mateusz Romaniuk, Michal Krawczyk, Oliwia Woszczynska,

Pawet Rycabel, Wojciech Sowinski

Writing - rough preparation: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska,
Marta Szymura, Mateusz Paniak, Mateusz Romaniuk, Michal Krawczyk, Oliwia

Woszczynska, Pawet Rycabel, Wojciech Sowinski
Writing - review and editing: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska,

Marta Szymura, Mateusz Paniak, Mateusz Romaniuk, Michal Krawczyk, Oliwia

Woszczynska, Pawet Rycabel, Wojciech Sowinski

10



Visualization: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta Szymura,
Mateusz Paniak, Mateusz Romaniuk, Michat Krawczyk, Oliwia Woszczynska, Pawet Rycabel,

Wojciech Sowinski

Supervision: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta Szymura,
Mateusz Paniak, Mateusz Romaniuk, Michat Krawczyk, Oliwia Woszczynska, Pawet Rycabel,

Wojciech Sowinski

Project administration: Agnieszka Markiewicz, Marek Molenda, Maria Wachowska, Marta
Szymura, Mateusz Paniak, Mateusz Romaniuk, Michal Krawczyk, Oliwia Woszczynska,

Pawet Rycabel, Wojciech Sowinski

All authors have read and agreed with the published version of the manuscript.

Funding Statement

The study did not receive special funding.
Institutional Review Board Statement
Not applicable.

Informed Consent Statement

Not applicable.

Conflict of Interest Statement

No conflict of interest.

References:

[1] Proteins: Sustainable Source, Processing and Applications: Books google [Internet]. [cited
2025 Apr 24]. Available from:
https://books.google.pl/books?hl=pl&lr=&id=leGaDwAAQBAJ&oi=fnd&pg=PP1&ots=gQqi
JedeDn&sig=3MGrL42yE8Ggq40mpliwbAOK2Fo&redir _esc=y#v=onepage&q&f=false

[2] Bankowski E. Biochemia podrecznik dla studentéw uczelni medycznych, wydanie IV.
Wroctaw. Wydawnictwo: Edra Urban & Partner. Rok wydania: 2020. 35-36 p.

[3] Berrazaga I, Micard V, Gueugneau M, Walrand S. The Role of the Anabolic Properties of
Plant- versus Animal-Based Protein Sources in Supporting Muscle Mass Maintenance: A

Critical Review. Nutrients. 2019; 11(8):1825. https://doi.org/10.3390/nul 1081825

11


https://books.google.pl/books?hl=pl&lr=&id=IeGaDwAAQBAJ&oi=fnd&pg=PP1&ots=gQqiJedeDn&sig=3MGrL42yE8Ggq40mpliwbAOK2Fo&redir_esc=y
https://books.google.pl/books?hl=pl&lr=&id=IeGaDwAAQBAJ&oi=fnd&pg=PP1&ots=gQqiJedeDn&sig=3MGrL42yE8Ggq40mpliwbAOK2Fo&redir_esc=y
https://doi.org/10.3390/nu11081825

[4] Protein and amino acid requirements in human nutrition (WHO Technical Report Series
No. 935). [Internet]. [cited 2025 Apr 28]. Available from:
https://iris.who.int/bitstream/handle/10665/43411/WHO_TRS 935 eng.pdf

[5] Jager R, Kerksick CM, Campbell BI, Cribb PJ, Wells SD, Skwiat TM, Purpura M,
Ziegenfuss TN, Ferrando AA, Arent SM, Smith-Ryan AE, Stout JR, Arciero PJ, Ormsbee MJ,
Taylor LW, Wilborn CD, Kalman DS, Kreider RB, Willoughby DS, Hoffman JR,

Krzykowski JL, Antonio J. International Society of Sports Nutrition Position Stand: protein
and exercise. J Int Soc Sports Nutr. 2017;14:20. Published 2017 Jun 20.
https://doi.org/10.1186/s12970-017-0177-8

[6] EFSA sets population reference intakes for protein. [Internet]. [cited 2025 Apr 28].

Available from: https://www.efsa.europa.eu/en/press/news/120209

[7] Do you know how much protein you need? [Internet]. [cited 2025 Apr 28]. Available from:

https://ncez.pzh.gov.pl/wp-content/uploads/2021/03/broszura_bialko.pdf

[8] Ranganathan J, Vennard D, Waite R, Dumas P, Lipinski B, Searchinger T. Shifting diets
for a sustainable food future. Washington, DC: World Resources Institute; 2016.
DOI:10.13140/RG.2.1.2667.0484

[9] Recommendations for protein supply to maximise muscle protein synthesis among athletes
performing resistance training. [Internet]. [cited 2025 Apr 29]. Available from:

https://www.wspolczesnadietetyka.pl/dietetyka-sportowa/rekomendacje-dotyczace-podazy-

bialka-w-celu-zmaksymalizowania-syntezy-bialek-miesniowych-wsrod-sportowcow-

wykonujacych-trening-o

[10] Frontera WR, Ochala J. Skeletal muscle: a brief review of structure and function. Calcif

Tissue Int. 2015;96(3):183-195. https://doi.org/10.1007/s00223-014-9915-y

[11] Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and distribution in
468 men and women aged 18-88 yr [published correction appears in J Appl Physiol (1985).
2014 May  15;116(10):1342]). J  Appl  Physiol  (1985). 2000;89(1):81-88.
https://doi.org/10.1152/jappl.2000.89.1.81

[12] Stokes T, Hector AJ, Morton RW, McGlory C, Phillips SM. Recent Perspectives

Regarding the Role of Dietary Protein for the Promotion of Muscle Hypertrophy with
Resistance Exercise Training. MNutrients. 2018;10(2):180. Published 2018 Feb 7.
https://doi.org/10.3390/nu10020180

[13] Groen BB, Horstman AM, Hamer HM, de Haan M, van Kranenburg J, Bierau J, Poeze M,
Wodzig WK, Rasmussen BB, van Loon LJ. Post-Prandial Protein Handling: You Are What

12


https://iris.who.int/bitstream/handle/10665/43411/WHO_TRS_935_eng.pdf
https://doi.org/10.1186/s12970-017-0177-8
https://www.efsa.europa.eu/en/press/news/120209
https://ncez.pzh.gov.pl/wp-content/uploads/2021/03/broszura_bialko.pdf
http://dx.doi.org/10.13140/RG.2.1.2667.0484
https://www.wspolczesnadietetyka.pl/dietetyka-sportowa/rekomendacje-dotyczace-podazy-bialka-w-celu-zmaksymalizowania-syntezy-bialek-miesniowych-wsrod-sportowcow-wykonujacych-trening-o
https://www.wspolczesnadietetyka.pl/dietetyka-sportowa/rekomendacje-dotyczace-podazy-bialka-w-celu-zmaksymalizowania-syntezy-bialek-miesniowych-wsrod-sportowcow-wykonujacych-trening-o
https://www.wspolczesnadietetyka.pl/dietetyka-sportowa/rekomendacje-dotyczace-podazy-bialka-w-celu-zmaksymalizowania-syntezy-bialek-miesniowych-wsrod-sportowcow-wykonujacych-trening-o
https://doi.org/10.1007/s00223-014-9915-y
https://doi.org/10.1152/jappl.2000.89.1.81
https://doi.org/10.3390/nu10020180

You Just Ate. PLoS One. 2015;10(11):e0141582. Published 2015 Nov 10.
https://doi.org/10.1371/journal.pone.0141582
[14] Moore DR, Robinson MJ, Fry JL, Tang JE, Glover EI, Wilkinson SB, Prior T,

Tarnopolsky MA, Phillips SM. Ingested protein dose response of muscle and albumin protein
synthesis after resistance exercise in young men. Am J Clin Nutr. 2009;89(1):161-168.
https://doi.org/10.3945/ajcn.2008.26401

[15] Macnaughton LS, Wardle SL, Witard OC, McGlory C, Hamilton DL, Jeromson S,

Lawrence CE, Wallis GA, Tipton KD. The response of muscle protein synthesis following
whole-body resistance exercise is greater following 40 g than 20 g of ingested whey protein.
Physiol Rep. 2016;4(15):¢12893. https://doi.org/10.14814/phy2.12893

[16] Campbell B, Kreider RB, Ziegenfuss T, La Bounty P, Roberts M, Burke D, Landis J,

Lopez H, Antonio J. International Society of Sports Nutrition position stand: protein and
exercise. J Int Soc  Sports  Nutr. 2007;4:8. Published 2007 Sep 26.
https://doi.org/10.1186/1550-2783-4-8

[17] van Vliet S, Burd NA, van Loon LJ. The Skeletal Muscle Anabolic Response to Plant-
versus  Animal-Based Protein  Consumption. J  Nutr. 2015;145(9):1981-1991.
https://doi.org/10.3945/jn.114.204305

[18] Maki KC, Dicklin MR, Kirkpatrick CF. Saturated fats and cardiovascular health: Current
evidence and controversies. J Clin Lipidol. 2021;15(6):765-772.
doi:10.1016/j.jacl.2021.09.049

[19] Kappagoda CT, Hyson DA, Amsterdam EA. Low-carbohydrate-high-protein diets: is
there a place for them in clinical cardiology?. J Am Coll Cardiol. 2004;43(5):725-730.
https://doi.org/10.1016/j.jacc.2003.06.022

[20] Tang JE, Moore DR, Kujbida GW, Tarnopolsky MA, Phillips SM. 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 (1985). 2009;107(3):987-992.
https://doi.org/10.1152/japplphysiol.00076.2009

[21] Plotkin DL, Delcastillo K, Van Every DW, Tipton KD, Aragon AA, Schoenfeld BJ.

Isolated Leucine and Branched-Chain Amino Acid Supplementation for Enhancing Muscular
Strength and Hypertrophy: A Narrative Review. Int J Sport Nutr Exerc Metab.
2021;31(3):292-301. https://doi.org/10.1123/ijsnem.2020-0356

[22] Amador-Espejo GG, Ruiz-Lopez II, Gibbens-Bandala PJ, Delgado-Macuil RJ, Ruiz-

Espinosa H. Thermosonicated whey protein concentrate blends on quality attributes of

13


https://doi.org/10.1371/journal.pone.0141582
https://doi.org/10.3945/ajcn.2008.26401
https://doi.org/10.14814/phy2.12893
https://doi.org/10.1186/1550-2783-4-8
https://doi.org/10.3945/jn.114.204305
https://doi.org/10.1016/j.jacc.2003.06.022
https://doi.org/10.1152/japplphysiol.00076.2009
https://doi.org/10.1123/ijsnem.2020-0356

reduced fat Panela cheese. Ultrason Sonochem. 2021;76:105621.
https://doi.org/10.1016/j.ultsonch.2021.105621
[23] Osawa Y, Mizushige T, Jinno S, Sugihara F, Inoue N, Tanaka H, Kabuyama Y.

Absorption and metabolism of orally administered collagen hydrolysates evaluated by the
vascularly perfused rat intestine and liver in situ. Biomed Res. 2018;39(1):1-11.
https://doi.org/10.2220/biomedres.39.1

[24] Campos LD, Santos Junior VA, Pimentel JD, Carregd GLF, Cazarin CBB. Collagen

supplementation in skin and orthopedic diseases: A review of the literature. Heliyon.
2023;9(4):e14961. Published 2023 Mar 28. doi:10.1016/j.heliyon.2023.e14961

[25] Czajka A, Kania EM, Genovese L, Corbo A, Merone G, Luci C, Sibilla S. Daily oral
supplementation with collagen peptides combined with vitamins and other bioactive
compounds improves skin elasticity and has a beneficial effect on joint and general wellbeing.
Nutr Res. 2018;57:97-108. https://doi.org/10.1016/j.nutres.2018.06.001

[26] Glenn AJ, Wang F, Tessier AJ, Manson JE, Rimm EB, Mukamal KJ, Sun Q, Willett WC,

Rexrode KM, Jenkins DJ, Hu FB. Dietary plant-to-animal protein ratio and risk of
cardiovascular disease in 3 prospective cohorts. A4m J Clin Nutr. 2024;120(6):1373-1386.
doi:10.1016/j.ajcnut.2024.09.006

[27] Ardisson Korat AV, Shea MK, Jacques PF, Sebastiani P, Wang M, Eliassen AH, Willett
WC, Sun Q. Dietary protein intake in midlife in relation to healthy aging - results from the
prospective Nurses' Health Study cohort. Am J Clin Nutr. 2024;119(2):271-282.
https://doi.org/10.1016/j.ajcnut.2023.11.010

[28] Lim C, Janssen TA, Currier BS, Paramanantharajah N, McKendry J, Abou Sawan S,

Phillips SM. Muscle Protein Synthesis in Response to Plant-Based Protein Isolates With and
Without Added Leucine Versus Whey Protein in Young Men and Women. Curr Dev Nutr.
2024;8(6):103769. Published 2024 May 10. doi:10.1016/j.cdnut.2024.103769

[29] Perignon M, Vieux F, Soler LG, Masset G, Darmon N. Improving diet sustainability
through evolution of food choices: review of epidemiological studies on the environmental
impact of diets. Nutr Rev. 2017;75(1):2-17. https://doi.org/10.1093/nutrit/nuw043

[30] Joy JM, Lowery RP, Wilson JM, Purpura M, De Souza EO, Wilson SM, Kalman DS,

Dudeck JE, Jager R. The effects of 8 weeks of whey or rice protein supplementation on body
composition and exercise performance. Nutr J. 2013 Jun 20;12:86. doi:10.1186/1475-2891-
12-86.

[31] Cederroth CR, Vinciguerra M, Gjinovci A, Kiihne F, Klein M, Cederroth M, Caille D,
Suter M, Neumann D, James RW, Doerge DR, Wallimann T, Meda P, Foti M, Rohner-

14


https://doi.org/10.1016/j.ultsonch.2021.105621
https://doi.org/10.2220/biomedres.39.1
https://doi.org/10.1016/j.nutres.2018.06.001
https://doi.org/10.1016/j.ajcnut.2023.11.010
https://doi.org/10.1093/nutrit/nuw043

Jeanrenaud F, Vassalli JD, Nef S. Dietary phytoestrogens activate AMP-activated protein
kinase with improvement in lipid and glucose metabolism. Diabetes. 2008;57(5):1176-1185.
https://doi.org/10.2337/db07-0630

[32] Ivy JL, Ferguson-Stegall LM. Nutrient Timing: The Means to Improved Exercise
Performance, Recovery, and Training Adaptation. American Journal of Lifestyle Medicine.
2013;8(4):246-259. https://doi.org/10.1177/1559827613502444

[33] Schoenfeld BJ, Aragon A, Wilborn C, Urbina SL, Hayward SE, Krieger J. Pre- versus

post-exercise protein intake has similar effects on muscular adaptations [published correction
appears in Peer]. 2017 Aug 1;5:e2825/correction-1. doi: 10.7717/peerj.2825/correction-1.].
PeerJ. 2017;5:¢2825. Published 2017 Jan 3. doi:10.7717/peerj.2825

[34] Snijders T, Res PT, Smeets JS, van Vliet S, van Kranenburg J, Maase K, Kies AK,
Verdijk LB, van Loon LJ. Protein Ingestion before Sleep Increases Muscle Mass and Strength
Gains during Prolonged Resistance-Type Exercise Training in Healthy Young Men. J Nutr.
2015;145(6):1178-1184. https://doi.org/10.3945/in.114.208371

[35] Kerksick CM, Arent S, Schoenfeld BJ, Stout JR, Campbell B, Wilborn CD, Taylor L,
Kalman D, Smith-Ryan AE, Kreider RB, Willoughby D, Arciero PJ, VanDusseldorp TA,
Ormsbee MJ, Wildman R, Greenwood M, Ziegenfuss TN, Aragon AA, Antonio J.

International society of sports nutrition position stand: nutrient timing. J Int Soc Sports Nutr.

2017;14:33. Published 2017 Aug 29. https://doi.org/10.1186/s12970-017-0189-4

[36] Trommelen J, van Loon LJ. Pre-Sleep Protein Ingestion to Improve the Skeletal Muscle
Adaptive Response to Exercise Training. Nutrients. 2016;8(12):763. Published 2016 Nov 28.
https://doi.org/10.3390/nu8120763

[37] Brenner BM, Meyer TW, Hostetter TH. Dietary protein intake and the progressive nature
of kidney disease: the role of hemodynamically mediated glomerular injury in the
pathogenesis of progressive glomerular sclerosis in aging, renal ablation, and intrinsic renal
disease. N Engl J Med. 1982;307(11):652-659. doi:10.1056/NEJM198209093071104

[38] Martin WF, Armstrong LE, Rodriguez NR. Dietary protein intake and renal function.
Nutr Metab (Lond). 2005;2:25. Published 2005 Sep 20. https://doi.org/10.1186/1743-7075-2-
25

[39] Ko GJ, Obi Y, Tortorici AR, Kalantar-Zadeh K. Dietary protein intake and chronic
kidney  disease. @ Curr Opin  Clin  Nutr  Metab  Care.  2017;20(1):77-85.
doi:10.1097/MC0.0000000000000342

[40] Barzel US, Massey LK. Excess dietary protein can adversely affect bone. J Nutr.
1998;128(6):1051-1053. https://doi.org/10.1093/jn/128.6.1051

15


https://doi.org/10.2337/db07-0630
https://doi.org/10.1177/1559827613502444
https://doi.org/10.3945/jn.114.208371
https://doi.org/10.1186/s12970-017-0189-4
https://doi.org/10.3390/nu8120763
https://doi.org/10.1186/1743-7075-2-25
https://doi.org/10.1186/1743-7075-2-25
https://doi.org/10.1093/jn/128.6.1051

[41] Dolan E, Sale C. Protein and bone health across the lifespan. Proceedings of the
Nutrition Society. 2019;78(1):45-55. doi:10.1017/S0029665118001180

[42] Sale C, Elliott-Sale KJ. Nutrition and Athlete Bone Health. Sports Med. 2019;49(Suppl
2):139-151. doi:10.1007/s40279-019-01161-2

[43] Bonjour JP. The dietary protein, IGF-I, skeletal health axis. Horm Mol Biol Clin Investig.
2016;28(1):39-53. doi:10.1515/hmbci-2016-0003

16



	The Effectiveness of using High Protein Products i
	Abstract
	1. Introduction
	2.Biochemical mechanisms
	3.The role of the amount and type of protein
	4.Protein consumption time
	5.Potential side effects:
	5.1 Renal function at higher protein intakes than 
	5.2 Bone metabolism function at a higher protein i
	6.Conclusion

	Statement of the authors' contribution
	References:


