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The main aim of this dissertation was to investigate the anabolic properties of plant-derived 
proteins, and to evaluate how they compare with animal-derived proteins in their capacity 
to stimulate muscle protein synthesis. This thesis extends on previous work reporting on the 
inferior anabolic properties of soy protein isolate ingestion when compared with animal-
derived protein in humans [1-3]. This dissertation evaluated the plasma amino acid profiles 
and muscle protein synthesis rates following ingestion of wheat, corn, pea, and potato 
derived protein in comparison to animal-derived milk protein in healthy, young men. The 
amino acid profiles following ingestion of 30 g of the selected plant-derived proteins 
showed lower plasma essential amino acid availability, when compared to the ingestion of 
the same amount of milk-derived protein, especially for leucine, lysine, and methionine. 
Despite a lower essential amino acid provision, muscle protein synthesis rates were strongly 
increased following ingestion of the selected plant-derived protein sources. Importantly, this 
muscle protein synthetic response did not differ when compared to the ingestion of the 
same amount of milk protein. Similar results were observed when potato protein isolate was 
ingested during recovery from exercise. Furthermore, we presented data on the anabolic 
properties of protein blends, in which different plant-derived proteins are combined, with or 
without animal-derived protein. We showed that despite lower plasma essential amino acid 
availability, the ingestion of the selected protein blends increased muscle protein synthesis 
rates, which was not different from the increase observed following ingestion of milk protein. 
Lastly, we reported that ingestion of a lysine enriched plant-based meat substitute, consisting 
of wheat- and chickpea-derived protein, increases muscle protein synthesis rates to an extent 
not different from chicken breast filet, when both provide 40 g protein. Collectively, we can 
conclude, that ingestion of an ample amount of plant-derived protein (i.e. ≥30 g) stimulates 
muscle protein synthesis to an extent not different from ingesting the same amount of animal-
derived protein in healthy, young men.

Stimulating muscle protein synthesis is fundamental for maintaining muscle health and 
support the exercise induced muscle reconditioning response [4]. When protein is ingested 
in close proximity to physical activity or exercise, the increased muscle protein synthetic 
response is greater and prolonged, when compared with the stimulation observed following 
exercise or protein ingestion only [5-8]. However, it is important to note that not all proteins 
are the same and do not have the same potential to stimulate muscle protein synthesis rates 
[9, 10]. Therefore, this thesis provides valuable information outlining the anabolic properties 
of various plant-derived proteins, their protein blends, and a plant-based meat substitute. 
The impact of this dissertation, as well as the implications for translation into practice will be 
discussed below.

Scientific relevance 
This thesis broadens our understanding of the anabolic properties of plant-derived proteins. 
We have made substantial contributions to the scientific field, to better understand the 
important factors impacting the anabolic response following protein ingestion. Early studies 
on protein quality identified three main factors that would determine protein quality, and 
the subsequent anabolic response: 1) essential amino acid composition, 2) leucine content, 
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Iand 3) protein digestion and amino acid absorption of the specific protein or protein source 
[10]. Given that on all these factors plant-derived proteins are subpar when compared to 
animal-derived proteins, plant-derived proteins have traditionally been considered to exhibit 
a lower capacity to increase muscle protein synthesis rates [11]. This assumption was primarily 
based on earlier studies evaluating the anabolic properties following ingestion of soy protein 
isolates [1-3, 12]. Several, of these studies showed that soy protein ingestion stimulates muscle 
protein synthesis to a lower extent when compared to the ingestion of dairy-derived proteins, 
both at rest and during post-exercise recovery [1-3]. There are, however, many different plant 
protein sources with each holding their own unique properties [9, 10]. This thesis expands 
our knowledge by investigating the anabolic properties of wheat, corn, pea, and potato 
protein, protein blends, and a plant-based meat substitute in vivo in humans. The current 
work clearly shows that low essential amino acids contents of plant-derived proteins do not 
necessarily compromise the acute anabolic response when a sufficient amount of protein 
(i.e. ≥30 g) is ingested in healthy, young men. Therefore, neither protein characteristics, 
such as essential amino acid composition, nor the availability of essential amino acids in 
the circulation following ingestion, predict the muscle protein synthetic response following 
protein ingestion. Hence, statements on the anabolic properties of a specific protein can only 
be sustained when muscle protein synthesis rates have been assessed directly following the 
ingestion of that specific protein in vivo in humans.

With the work presented in this thesis we have substantially contributed to the current 
knowledge on the anabolic properties of plant-derived proteins and have provided many new 
directions for future research. It would be of interest to evaluate the muscle protein synthetic 
response of the selected proteins in older individuals. Given that older individuals suffer from 
anabolic resistance [13], it is of substantial interest to determine how plant-derived proteins 
compare with animal-derived proteins in stimulating muscle protein synthesis rates in this 
population. Secondly, the amount of protein ingested is of key importance to consider when 
evaluating plant-derived protein sources, particularly in older adults [14, 15]. A key question 
that should be addressed is whether older individuals need to ingest more plant-derived 
protein to elicit a similar anabolic response when compared with the ingestion of animal-
derived protein. Furthermore, as discussed in chapter 9, there is a need to transition towards 
assessing the anabolic response following ingestion of whole foods and more complex 
meals, to take into account all interactions between foods and nutrients on protein digestion, 
amino acid absorption, and anabolic signaling originating from all other foods components 
besides protein.

Target groups and societal relevance
There is a global transition towards the consumption of more plant-derived proteins, which 
will become more important to attain future global protein needs [16-18]. Plant-derived 
proteins are considered to be a more sustainable protein source as production requires less 
water, land, and energy resources when compared to animal-derivedproteins [19]. Given the 
essential role of dietary protein in the maintenance of muscle health, it is key to understand 
the anabolic properties of plant-derived proteins.
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The work in this thesis shows that wheat, corn, pea, and potato-derived protein isolates may 
potentially be used as effective alternative protein sources when transitioning towards more 
plant-based protein consumption in young, healthy individuals. In addition, we show that 
plant-derived protein blends, and plant-based meat substitutes, may also be considered 
as alternative protein sources when transitioning towards the consumption of more plant-
derived proteins. This provides direction and opportunities for industry for the development 
of plant-derived protein rich products and meat substitutes, i.e. the type and amount of 
protein to be used to ensure an anabolic response similar to the ingestion of an equivalent 
amount of animal-derived products. We identified potato protein concentrate as an effective 
protein source to stimulate muscle protein synthesis rates at rest and during recovery from 
exercise. This is of special interest, since potato protein concentrate is produced from the 
waste product of potato starch extraction. Hence, this not only shows that plant-derived 
proteins can support the transition towards a more plant-based diet, but also supports the 
current drive towards a more circular economy. The studies presented in this thesis have been 
performed within a public-private partnership, in which a collaboration is found between the 
Dutch government, university and industry to perform pre-competitive research. Beside the 
financial support to perform independent scientific research studies, such a public-private 
partnership facilitates the translation of scientific discoveries into practical applications 
and products. Private (industry) partners generally have expertise in commercialization and 
manufacturing, and distribution which is key to bridge the gap between research findings 
and real-world implementation. This dissertation capitalizes on this collaboration by direct 
utilization of the results and products used by the private partners in the development of 
their consumer products.

In the athletic community there is an increasing interest towards specific plant-derived sports 
nutrition products to support athletes adhering to a vegan and vegetarian diet [20]. More 
than 80% of the sports nutrition market sales originates from protein products, including 
powders, bars, and drinks [21]. Given the combined interest towards plant-derived proteins 
and the continuously growing sports nutrition market, the application of plant-derived 
proteins in sports nutrition will substantially increase in the years to come. This dissertation, 
provides key knowledge in this transition by showing that potato-derived protein can 
effectively support post-exercise muscle protein synthesis rates, and thereby support muscle 
recovery and remodeling following exercise. Like in athletes, skeletal muscle recovery and/or 
reconditioning is of equal importance in many clinical situations. The loss of skeletal muscle 
mass and function is a well-known phenomenon during hospitalization [22, 23]. Apart from the 
negative effects of physical inactivity, the loss of muscle mass observed during hospitalization 
may be attributed to an insufficient protein intake as a direct consequence of the lower 
energy intake [24, 25]. Within the field of clinical nutrition there is equal interest in the use 
of more sustainable protein sources [26]. In addition, there will be a need to accommodate 
future patient choices to consume a more plant-based diet. Therefore, it is key to evaluate 
the anabolic responses of plant-derived protein administration in frail and older individuals, 
to support optimal recovery with the use of both animal as well as plant-derived protein.
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ITranslation into practice 
In today’s society, there is a lot of information available and accessible to every individual, and 
people share their thoughts and opinions with the world by just a few clicks on social media. 
On the flipside, there is a large spread of misinformation, hype, and very narrow perspectives 
without scientific rigor. Especially when considering food supplements and diets excluding 
certain foods or food groups, it is important to elucidate the potential health consequences 
in an evidence-based manner. Throughout the completion of this dissertation we have not 
only provided scientific reports and presentations at scientific conferences, but also actively 
incorporated results in lectures in nutrition and exercise physiology educational courses. 
Outside the academic world we have, and still see an increasing interest in the transition 
towards the consumption of more plant-derived proteins, in which we are being approached 
to translate our knowledge to be applied by e.g. sports nutrition companies and the military. 

The transition towards incorporation of more plant-derived protein in our diet, seems 
inevitable from both a consumers’ choice as well as a sustainability perspective, to meet 
future global protein demands. Therefore, it is important to not only address the potential 
shortcomings in the anabolic response of plant-derived proteins, but to also give directions 
towards potential solutions. The scientific field should not be blinded by the initial studies 
showing a lower anabolic response following soy vs dairy protein ingestion [2, 3], but should 
rather support this transition by providing directions towards potential solutions. In chapter 
2 we have given potential solutions to the lower quality of plant-derived proteins, i.e. 1) 
providing protein isolates, 2) fortifying the protein source with its limiting amino acids, 3) 
providing protein blends, and 4) consuming more of a lower quality protein. Future research 
should focus on translating these findings even further, by investigating the clinical relevance 
of the potential differential anabolic response between plant- and animal-derived proteins. 
Lastly, the knowledge obtained from plant-derived protein isolates and meat substitutes, 
requires further translation towards whole meals in the everyday kitchen. 



Impact

268

REFERENCES
1. 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. Journal of applied physiology (Bethesda, Md : 1985). 
2009;107(3):987-92; https://doi.org/10.1152/japplphysiol.00076.2009.

2. Wilkinson SB, Tarnopolsky MA, Macdonald MJ, Macdonald JR, Armstrong D, Phillips SM. 
Consumption of fluid skim milk promotes greater muscle protein accretion after resistance 
exercise than does consumption of an isonitrogenous and isoenergetic soy-protein beverage. Am 
J Clin Nutr. 2007;85(4):1031-40; https://doi.org/10.1093/ajcn/85.4.1031.

3. Yang Y, Churchward-Venne TA, Burd NA, Breen L, Tarnopolsky MA, Phillips SM. Myofibrillar 
protein synthesis following ingestion of soy protein isolate at rest and after resistance exercise in 
elderly men. Nutr Metab (Lond). 2012;9(1):57; https://doi.org/10.1186/1743-7075-9-57.

4. Wilkinson SB, Phillips SM, Atherton PJ, Patel R, Yarasheski KE, Tarnopolsky MA, et al. Differential 
effects of resistance and endurance exercise in the fed state on signalling molecule phosphorylation 
and protein synthesis in human muscle. J Physiol. 2008;586(15):3701-17; https://doi.org/10.1113/
jphysiol.2008.153916.

5. Tipton KD, Ferrando AA, Phillips SM, Doyle D, Jr., Wolfe RR. Postexercise net protein synthesis 
in human muscle from orally administered amino acids. Am J Physiol. 1999;276(4 Pt 1):E628-34; 
https://doi.org/10.1152/ajpendo.1999.276.4.E628.

6. Biolo G, Tipton KD, Klein S, Wolfe RR. An abundant supply of amino acids enhances the metabolic 
effect of exercise on muscle protein. American Journal of Physiology-Endocrinology And 
Metabolism. 1997;273(1):E122-E9; https://doi.org/10.1152/ajpendo.1997.273.1.E122.

7. Howarth KR, Moreau NA, Phillips SM, Gibala MJ. Coingestion of protein with carbohydrate during 
recovery from endurance exercise stimulates skeletal muscle protein synthesis in humans. J Appl 
Physiol. 2009;106(4):1394-402; https://doi.org/10.1152/japplphysiol.90333.2008.

8. Breen L, Philp A, Witard OC, Jackman SR, Selby A, Smith K, et al. The influence of carbohydrate-
protein co-ingestion following endurance exercise on myofibrillar and mitochondrial protein 
synthesis. The Journal of Physiology. 2011;589(16):4011-25; https://doi.org/10.1113/
jphysiol.2011.211888.

9. Gorissen SH, Crombag JJ, Senden JM, Waterval WH, Bierau J, Verdijk LB, et al. Protein content 
and amino acid composition of commercially available plant-based protein isolates. Amino Acids. 
2018;50(12):1685-95; https://doi.org/10.1007/s00726-018-2640-5.

10. 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):1981-91; https://doi.org/10.3945/jn.114.204305.

11. Lim MT, Pan BJ, Toh DWK, Sutanto CN, Kim JE. Animal protein versus plant protein in supporting 
lean mass and muscle strength: A systematic review and meta-analysis of randomized controlled 
trials. Nutrients. 2021;13(2):661; https://doi.org/10.3390/nu13020661.

12. Churchward-Venne TA, Pinckaers PJM, Smeets JSJ, Peeters WM, Zorenc AH, Schierbeek H, et 
al. Myofibrillar and mitochondrial protein synthesis rates do not differ in young men following 
the ingestion of carbohydrate with whey, soy, or leucine-enriched soy protein after concurrent 
resistance- and endurance-type exercise. J Nutr. 2019;149(2):210-20; https://doi.org/10.1093/jn/
nxy251.

13. Wall BT, Gorissen SH, Pennings B, Koopman R, Groen BBL, Verdijk LB, et al. Aging is 
accompanied by a blunted muscle protein synthetic response to protein ingestion. PLoS One. 
2015;10(11):e0140903; https://doi.org/10.1371/journal.pone.0140903.

14. Witard OC, Jackman SR, Breen L, Smith K, Selby A, Tipton KD. Myofibrillar muscle protein synthesis 
rates subsequent to a meal in response to increasing doses of whey protein at rest and after 
resistance exercise. Am J Clin Nutr. 2014;99(1):86-95; https://doi.org/10.3945/ajcn.112.055517.



Impact

269

I15. Moore DR, Churchward-Venne TA, Witard O, Breen L, Burd NA, Tipton KD, et al. Protein ingestion 
to stimulate myofibrillar protein synthesis requires greater relative protein intakes in healthy 
older versus younger men. Journals of Gerontology Series A: Biomedical Sciences and Medical 
Sciences. 2015;70(1):57-62; https://doi.org/10.1093/gerona/glu103.

16. Brink E, Van Rossum C, Postma-Smeets A, Stafleu A, Wolvers D, Van Dooren C, et al. Development 
of healthy and sustainable food-based dietary guidelines for the netherlands. Public Health Nutr. 
2019;22(13):2419-35; https://doi.org/10.1017/s1368980019001435.

17. Aiking H. Protein production: Planet, profit, plus people? Am J Clin Nutr. 2014;100 Suppl 1:483S-
9S; https://doi.org/10.3945/ajcn.113.071209.

18. Aiking H, de Boer J. The next protein transition. Trends in Food Science & Technology. 
2020;105:515-22; https://doi.org/10.1016/j.tifs.2018.07.008.

19. Pimentel D, Pimentel M. Sustainability of meat-based and plant-based diets and the environment. 
Am J Clin Nutr. 2003;78(3 Suppl):660S-3S; https://doi.org/10.1093/ajcn/78.3.660S.

20. López-Martínez MI, Miguel M, Garcés-Rimón M. Protein and sport: Alternative sources and 
strategies for bioactive and sustainable sports nutrition. Front Nutr. 2022;9:926043; https://doi.
org/10.3389/fnut.2022.926043.

21. Arenas-Jal M, Suñé-Negre JM, Pérez-Lozano P, García-Montoya E. Trends in the food and sports 
nutrition industry: A review. Crit Rev Food Sci Nutr. 2020;60(14):2405-21; https://doi.org/10.1080
/10408398.2019.1643287.

22. Kouw IWK, Groen BBL, Smeets JSJ, Kramer IF, Van Kranenburg JMX, Nilwik R, et al. One week of 
hospitalization following elective hip surgery induces substantial muscle atrophy in older patients. 
J Am Med Dir Assoc. 2019;20(1):35-42; https://doi.org/10.1016/j.jamda.2018.06.018.

23. Van Ancum JM, Scheerman K, Jonkman NH, Smeenk HE, Kruizinga RC, Meskers CGM, et 
al.Change in muscle strength and muscle mass in older hospitalized patients: A systematic review 
and meta-analysis. Exp Gerontol. 2017;92:34-41; https://doi.org/10.1016/j.exger.2017.03.006.

24. Weijzen MEG, Kouw IWK, Geerlings P, Verdijk LB, Van Loon LJC. During hospitalization, older 
patients at risk for malnutrition consume <0.65 grams of protein per kilogram body weight per 
day. Nutr Clin Pract. 2020;35(4):655-63; https://doi.org/10.1002/ncp.10542.

25. Weijzen MEG, Kouw IWK, Verschuren AAJ, Muyters R, Geurts JA, Emans PJ, et al. Protein intake 
falls below 0.6 g·kg-1·d-1 in healthy, older patients admitted for elective hip or knee arthroplasty. 
J Nutr Health Aging. 2019;23(3):299-305; https://doi.org/10.1007/s12603-019-1157-2.

26. Saldivar B, Al-Turk B, Brown M, Aggarwal M. Successful incorporation of a plant-based 
menu into a large academic hospital. Am J Lifestyle Med. 2022;16(3):311-7; https://doi.
org/10.1177/15598276211048788.




