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What is casein protein?

Casein proteins, in their native form of casein micelles, 

account for about 80% of the total protein found in cow’s 

milk1. Whey proteins make up the other milk protein fraction 

(20%).  However, casein and whey proteins have distinct 

physical-chemical properties. Most striking is the lack of a 

globular structure for casein proteins, explaining their high-

heat stability.

One crucial difference is that casein proteins are not acid 

soluble and will therefore precipitate in acidic conditions.2  

These properties are the basis for their separation during 

the refinery process, resulting in caseinates. Conversely, 

whey proteins are not heat stable and will aggregate and gel 

upon heat treatment3, limiting their use in ambient-stable, 

high protein Ready-to-drink (RTD) applications, for example.

Extracting casein protein

Using milk as a starting point, there are three ways to 

separate its two main protein fractions, leveraging the 

different physical-chemical properties of casein and whey 

proteins. This can be achieved via renneting (cheese-making 

process), acidification (caseinate process) or filtration 

(micellar casein isolate process).4 In renneting and filtration, 

the micellar structure of casein is kept intact whereas 

caseinate manufacturing has an extra acidification step, 

which causes the casein micelles to separate into their 

natural protein building blocks: caseinates. 

Nutritional value of a casein protein 

Casein protein is a high-quality protein, which means it 

contains all nine essential amino acids needed to make 

proteins found in the human body.5 Essential amino acids 

(EAAs), also known as indispensable amino acids, cannot be 

synthesised from metabolic intermediates by humans and 

other vertebrates. These amino acids must therefore be 

supplied from an exogenous diet.6  

For muscle protein synthesis to occur, sufficient levels of 

all EAAs must be present. When one essential amino acid 

is limited or not available, new tissue cannot be completely 

built, as depicted by the Liebig barrel diagram (figure 1). 

Processing and storage can also impact the bioavailability 

of essential amino acids, particularly lysine. In fact, some 

high-protein products available today experience protein 

glycation during processing and storage, which is the 

first step of what’s known as the Maillard reaction.7 This 

impacts the availability of essential amino acids, such 

as lysine, for protein synthesis – an important factor in 

many nutritional products aimed at muscle development 

and maintenance.8,9,10 Thanks to the low lactose content 

of FrieslandCampina Ingredients’ Excellion® range of 

caseinates, the risk for glycation is low.

Casein Proteins - A Brief Introduction
This brochure will give you a comprehensive overview of casein protein, including the 
versatility of casein and how its functional and nutritional properties make it the ideal 
ingredient for the performance nutrition market. 

Figure 1: Liebig barrel demonstrating how sufficient levels of all EAAs must be 

present to build muscle.
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Figure 2: Whey protein is absorbed more quickly than casein.
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Interestingly, ingestion of a calcium caseinate 

protein, combined with several weeks of endurance 

training, has also been shown to significantly 

increase exercise capacity and reduce overall body 

fat mass.26

FrieslandCampina Ingredients has the experience and 

knowledge, backed by science, to help our customers 

deliver tailored communications and applications with 

micellar casein and caseinates, to meet consumers’ 

evolving needs. 

More recently, studies show that the sustained release of 

amino acids enables muscle synthesis to be stimulated for 

an extended period during the day.21 This study, performed 

in healthy young individuals following exercise, showed that 

consuming large doses of a protein powder containing 80% 

casein (and 20% whey) could stimulate protein synthesis 

rates for at least 12 hours after ingestion. This was 

surprising, since ingesting more than 25 grams of protein 

resulted in a greater stimulation of protein synthesis rates, 

and for a longer period than was previously believed.22

Previous studies also highlighted the benefits of consuming 

casein proteins separately or in combination with whey 

protein on fat-free mass, after multiple weeks of resistance 

training and supplemental protein ingestion.24,25 The 

outcome of these studies may be due, in part, to the 

combined availability of amino acids released in a more 

sustained manner from protein compared to only whey 

protein.

In recent years, there has been growing interest in protein 

sources with a sustained release of amino acids. Casein 

protein, for example, has been linked to overnight recovery. 

With the right nutrition strategy, it is possible to extend 

muscle recovery during the night to maintain muscle mass. 

Figure 3 clearly shows the decrease of muscle protein 

synthesis during sleep, while muscle protein breakdown 

appears to be stable: a period called the ‘protein feeding 

opportunity’.16

Studies show that protein ingested before sleep is properly 

digested and absorbed, resulting in muscle protein 

accretion overnight.17,18 When athletes were provided with a 

single dose of 40 grams of casein protein prior to sleep, 

muscle protein synthesis was significantly higher (about 

22%) compared to the placebo drink as seen in figure 4.19

This highlights the opportunity to better use the overnight 

recovery period.

Why use casein proteins in performance 
nutrition?

In sports nutrition, there are many protein sources and blends for consumers to choose 
from, each providing unique benefi ts, such as enhanced recovery, increased muscle mass 
and improved muscle strength. The performance nutrition market is mainly dominated 
by whey protein: a protein source that increases muscle protein synthesis more than 
soy or casein protein.11  

Figure 4: Rate of whole body protein breakdown, synthesis and oxidation rate 

and net protein balance in the protein (PRO) and placebo (PLA) experiments 

measured during 7.5 h of overnight recovery.19
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Figure 3: Schematic overview of muscle protein synthesis (MPS) and 

muscle protein breakdown during the day (MPB).16

Casein protein has its own benefits; it is a 

high-quality protein source, with a unique 

digestion profile and mineral binding ability.

Digestion speed of casein: benefi tting consumers 
night and day

Casein and whey protein have distinct anabolic properties, 

which are attributed to differences in digestion. Whey 

protein is a soluble protein, leading to fast intestinal 

absorption. Casein on the other hand, clots in the stomach 

due to the acidic environment, which results in delayed 

gastric emptying [figure 2].12,13

  

Whey protein is known as an easily digested, 

high-quality protein source, while casein protein 

is considered a high-quality, bioavailable 

protein source, with a sustained amino acid 

release profile14,15  



Ready-to drink (RTD) 

Consumer demand for protein drinks is still on the rise, 
but there is still plenty of opportunity to create better 
tasting on-the-go formats, with a superior nutritional 
composition.28 A high-protein RTD beverage should be 
carefully formulated to meet these evolving needs. With 
a protein content ranging between 5 to 12%, RTDs are 
heat-treated to guarantee a shelf life of up to 12 months, 
ensuring freshness and convenience, without compromise.  

Excellion® Calcium Caseinate S makes great-tasting, 
stable UHT drinks, since it is very heat stable and does 
not denature, aggregate or flocculate during heat 
treatments. It also provides a milky appearance in end 
applications. Designed to offer low sediment during shelf 
life, it also reduces chance of spoilage due to a very strict 
microbiological specification. Thanks to its neutral taste 
profile, Excellion® Calcium Caseinate S enables ultimate 
flavour flexibility.

Yoghurt

A high-protein yoghurt contains approximately 15 to 20 
grams of protein per serving: much more than the 6 to 8 
grams usually found in traditional yoghurt. High-protein 
yoghurts not only support muscle growth and recovery, 
but also helps consumers feel fuller for longer. Caseinates 
are ideal for formulating in yoghurt and other fermented 
products. Adding a limited percentage of caseinates to 
milk prior to fermentation greatly enhances the firmness 

Ready-to-mix

Popular for their easy-to-use format, high-protein Ready-
to-mix are still dominating the performance nutrition 
market. Here, protein sources can easily represent 50% to 
99% of the total powder formulation as single ingredients 
or as a blend of different protein types. Therefore, the 
sensory profile and quality of the protein source will 
strongly influence the end application characteristics – and 
possible consumer acceptance. 

As more consumers discover the performance and 
active nutrition market, taste is becoming 
increasingly important. Developing a successful 
high-protein shake today not only requires a good 
nutritional profile, but even more importantly, it 
must deliver excellent taste, along with good 
dispersibility and solubility of the powder.

FrieslandCampina Ingredients offers Excellion® Calcium 
Caseinate I, an ideal powdered ingredient in high-protein 
shakes, thanks to its excellent neutral taste, milky 
appearance, pleasant mouthfeel, high nutritional profile 
and fast dispersibility. It provides consumers with a rich 
and appealing shake.

High protein bars 

Whether it’s for athletic recovery, a quick snack or 

something to keep you going until the next meal, high-

protein bars continue to grow in popularity. They are also 

an easy way to get nutrients and energy in a convenient 

format on the go. 

A recent study showed that consuming a high 

protein bar containing FrieslandCampina 

Ingredients’ solutions triggered a plasma amino 

acid response that mirrored the results obtained 

from drinking a high protein shake with identical 

properties.27

There can be challenges when formulating high-protein 

bars, such as ensuring the dough structure has a good 

taste, texture and mouthfeel, while avoiding hardening of 

the bars during shelf life, all while maintaining low sugar 

content. 

FrieslandCampina Ingredients offers a range of bar 

solutions tailored to match your consumers’ needs. 

Excellion® EM9 and Excellion® Textpro reduces the 

stickiness, hardness and dryness of high protein bars, 

while improving bite and chew. Both ingredients are easy 

to formulate with other proteins in our portfolio.

FrieslandCampina Ingredients: 
a caseinates powerhouse

FrieslandCampina Ingredients is proud to be a leading caseinates producer, supplying 
Excellion® to the global nutrition industry. Our Excellion® caseinates range enables you 
to provide high-quality proteins and essential amino acids in a range of formats – from 
from bars to Ready-to-drink (RTD) and Ready-to-mix (RTM). With a vast product 
portfolio, we focus on innovation and nutritional research of casein protein, to unleash 
its unique power.  

of set yoghurt and the viscosity of stirred yoghurt. The 
combination of caseinates and selected whey proteins also 
enables you to tailor the smoothness, thickness and shine 
of yoghurt products.  

Excellion® Calcium Caseinate S provides a pleasant 
mouthfeel which is smoother and less ‘dry’ compared to 
other milk proteins or regular (strained) Greek-style 
yoghurts. Plus, it creates viscosity and creaminess in stirred 
yoghurt, while providing good firmness in set yoghurt. 

FrieslandCampina Ingredients

At FrieslandCampina, we are proud to have more 
than 150 years of milk processing heritage. Milk from 
our own dairy farms is processed into a variety of 
fresh products but it also contains other valuable 
components, such as caseinate, which is used as an 
ingredient in many applications. As a dairy co-
operative, we have a unique opportunity to control 
the complete value chain, ‘from grass-to-glass’, 
ensuring the highest level of quality and 
sustainability for our customers across the globe. 

Let's connect

For more information, please visit our website or 

contact your FrieslandCampina Ingredients 

representative. 



References 

Follow us on LinkedIn
for latest trends  

and insights
      FrieslandCampina Ingredients

Latin America
Rua Fradique Coutinho
30 – 6̊  – Cj. 61
Condomínio Edifício WinWork
Pinheiros
05416-000 Sãn Paulo, Brasil
Tel: +55 11 2395-1700

North America
61 S. Paramus Road, Suite 535
Paramus, NJ 07652, USA
Tel: +1 551 497 7300

China
2506, West tower of Twin Towers
B12 Jianguomenwai Ave,  
Chaoyang Dist.
Beijing 100022 China
Tel: +86 10 6566 6099

The Netherlands
Stationsplein 4
3818 LE Amersfoort
The Netherlands
Tel: +31 (0)33 713 33 33

Asia-Pacific
50 Raffles Place, #24-03/05
Singapore Land Tower
Singapore 048623

Please visit www.frieslandcampinaingredients.com or email info@frieslandcampinaingredients.com
Follow us on LinkedIn: FrieslandCampina Ingredients

© September 2024 FrieslandCampina Ingredients

Potential consumer benefits are not to be considered as health claims. They should be considered as potential leads that might be developed 
into health claims complying with the local legal requirements. The information contained herein is, to the best of our knowledge, correct. The 
data outlined and the statements are intended only as a source of information. No warranties, expressed or implied, are made. On the basis of 
this information it is suggested that you evaluate the product on a laboratory scale prior to use in a finished product. FrieslandCampina is not 
liable for any IP infringement resulting from the use of the information contained herein.

1. J Hoffman and M Falvo (2004) Protein – which is best? J Sports Sci Med., 3(3), 118-130.

2. Kim, J (2020). Pre-sleep casein protein ingestion: new paradigm in post-exercise recovery   

nutrition. Phys Act Nutr, 24(2): 6-10.

3. Wijayanti, HB, Bansal, N, Deeth HC (2014). Stability of Whey Proteins during Thermal 

Processing: A Review. Comprehensive Reviews in Food Science and Food Safety, 13(6). 

4. Hamouda, M, Salunke, P (2024). Changes in Milk Protein Functionality at Low 

Temperatures and Rennet Concentrations. Foods, 13(3):447. 

5. Lopez MJ, Mohiuddin SS. (2023) Biochemistry, Essential Amino Acids. StatPearls 

Publishing, Treasure Island (FL);. PMID: 32496725.

6. Van Vliet S, Burd NA, van Loon LJ. The Skeletal Muscle Anabolic Response to Plant- versus 

Animal-Based Protein Consumption. J Nutr. 2015 Sep;145(9):1981-91.

7. Rufián-Henares JA, Delgado-Andrade C, Jiménez-Pérez S, et al. (2007) Assessing 

nutritional quality of milk-based sport supplements as determined by furosine.  

Food Chem 101, 573–578.

8. Krause, R.; Knoll, K.; Henle, T. Studies on the formation of furosine and pyridosine during 

acid hydrolysis of different Amadori products of lysine. Europ. Food Res. Technol. 2003, 

216, 277-283.

9. Pahm, A. A.; Pedersen, C.; Stein, H. H. Application of the reactive lysine procedure to 

estimate lysine digestibility in distillers dried grains with solubles fed to growing pigs. J. 

Agric. Food Chem. 2008, 56, 9441-9446

10. Xiao, C, Hendry, A, Kenney, L, Bertinato, J (2023). L-Lysine supplementation affects dietary 

protein quality and growth and serum amino acid concentrations in rats.  

Nature 13(19943): 2447. 

11. Tang, J.E., & Phillips, S.M. (2009) Maximizing muscle protein anabolism: The role of protein 

quality. Curr Opi Clin Nutr Met Car, 12(1), 66-71.

12. Astrid M. H. Horstman & Thom Huppertz (2023) Milk proteins: Processing, gastric 

coagulation, amino acid availability and muscle protein synthesis, Critical Reviews in Food 

Science and Nutrition, 63:30, 10267-10282, DOI: 10.1080/10408398.2022.2078782

13. Boirie Y, Dangin M, Gachon P, Vasson MP, Maubois JL, Beaufrère B. Slow and fast dietary 

proteins differently modulate postprandial protein accretion. Proc Natl Acad Sci U S A. 

1997 Dec 23;94(26):14930-5. doi: 10.1073/pnas.94.26.14930. PMID: 9405716; PMCID: 

PMC25140.

14. Astrid M. H. Horstman & Thom Huppertz (2023) Milk proteins: Processing, gastric 

coagulation, amino acid availability and muscle protein synthesis, Critical Reviews in Food 

Science and Nutrition, 63:30, 10267-10282, DOI: 10.1080/10408398.2022.2078782

15. Gorissen SHM, Trommelen J, Kouw IWK, Holwerda AM, Pennings B, Groen BBL, Wall BT, 

Churchward-Venne TA, Horstman AMH, Koopman R, Burd NA, Fuchs CJ, Dirks ML, Res PT, 

Senden JMG, Steijns JMJM, de Groot LCPGM, Verdijk LB, van Loon LJC. Protein Type, 

Protein Dose, and Age Modulate Dietary Protein Digestion and Phenylalanine Absorption 

Kinetics and Plasma Phenylalanine Availability in Humans. J Nutr. 2020 Aug 1;150(8):2041-

2050. doi: 10.1093/jn/nxaa024. PMID: 32069356; PMCID: PMC7398787. 

16. Trommelen, J & Van Loon, L. (2016). Pre-Sleep Protein Ingestion to Improve the Skeletal 

Muscle Adaptive Response to Exercise Training, Nutrients. 8(12). 

17. Res P.T., B. Groen, B. Pennings, M. Beelen, G.A. Wallis, A.P. Gijsen, J.M. Senden, and L.J. van 

Loon (2012). Protein ingestion prior to sleep improves post- exercise overnight recovery. 

Med. Sci. Sports Exerc. 44:1560-1569.

18. Groen B.B., P.T. Res, B. Pennings, E. Hertle, J.M. Senden, W.H. Saris, and L.J. van Loon 

(2011). Intragastric protein administration stimulates overnight muscle protein synthesis in 

elderly men. Am. J. Physiol. 302: E52-60.

19. Res P.T., B. Groen, B. Pennings, M. Beelen, G.A. Wallis, A.P. Gijsen, J.M. Senden, and L.J. van 

Loon (2012). Protein ingestion prior to sleep improves post- exercise overnight recovery. 

Med. Sci. Sports Exerc. 44:1560-1569.

20. Res PT, Groen B, Pennings B, Beelen M, Wallis GA, Gijsen AP, Senden JM, VAN Loon LJ. 

Protein ingestion before sleep improves postexercise overnight recovery. Med Sci Sports 

Exerc. 2012 Aug;44(8):1560-9. doi: 10.1249/MSS.0b013e31824cc363. PMID: 22330017.

21. Trommelen J, van Lieshout GAA, Nyakayiru J, Holwerda AM, Smeets JSJ, Hendriks FK, 

van Kranenburg JMX, Zorenc AH, Senden JM, Goessens JPB, Gijsen AP, van Loon LJC. 

The anabolic response to protein ingestion during recovery from exercise has no upper 

limit in magnitude and duration in vivo in humans. Cell Rep Med. 2023 Dec 19;4(12):101324. 

doi: 10.1016/j.xcrm.2023.101324. PMID: 38118410; PMCID: PMC10772463.

22. Trommelen J, van Lieshout GAA, Nyakayiru J, Holwerda AM, Smeets JSJ, Hendriks FK, 

van Kranenburg JMX, Zorenc AH, Senden JM, Goessens JPB, Gijsen AP, van Loon LJC. 

The anabolic response to protein ingestion during recovery from exercise has no upper 

limit in magnitude and duration in vivo in humans. Cell Rep Med. 2023 Dec 19;4(12):101324. 

doi: 10.1016/j.xcrm.2023.101324. PMID: 38118410; PMCID: PMC10772463.

23. Adapted from figure 6. Trommelen J, van Lieshout GAA, Nyakayiru J, Holwerda AM, 

Smeets JSJ, Hendriks FK, van Kranenburg JMX, Zorenc AH, Senden JM, Goessens JPB, 

Gijsen AP, van Loon LJC. The anabolic response to protein ingestion during recovery from 

exercise has no upper limit in magnitude and duration in vivo in humans. Cell Rep Med. 

2023 Dec 19;4(12):101324. doi: 10.1016/j.xcrm.2023.101324. PMID: 38118410; PMCID: 

PMC10772463.

24. 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 

Jun;145(6):1178-84. doi: 10.3945/jn.114.208371. Epub 2015 Apr 29. PMID: 25926415.

25. Kerksick CM, Rasmussen CJ, Lancaster SL, Magu B, Smith P, MeltonC, Greenwood M, 

Almada AL, Earnest CP, Kreider RB. The effects of protein and amino acid 

supplementation on performance and training adaptations during ten weeks of resistance 

training. J Strength Cond Res 2006;20:643–53.

26. Knuiman P, van Loon LJC, Wouters J, Hopman M, Mensink M. Protein supplementation 

elicits greater gains in maximal oxygen uptake capacity and stimulates lean mass 

accretion during prolonged endurance training: a double-blind randomized controlled trial. 

Am J Clin Nutr. 2019 Aug 1;110(2):508-518. doi: 10.1093/ajcn/nqz093. PMID: 31240303.

27. van Lieshout GAA, Trommelen J, Nyakayiru J, van Kranenburg J, Senden JM, Verdijk LB, 

van Loon LJC. The Postprandial Plasma Amino Acid Response Does Not Differ Following 

the Ingestion of a Solid Versus a Liquid Milk Protein Product in Healthy Adult Females. Int 

J Sport Nutr Exerc Metab. 2023 Jul 13;33(5):247-254. doi: 10.1123/ijsnem.2023-0038. PMID: 

37348850. 

28. Euromonitor, 2024.


