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Outline
• Introduction to types of milk protein 
• Introduction to milk protein ingredients 

(powders, and modified powders)
• Uses/applications of milk proteins 
• Key growth areas for use of milk proteins
– Functionality in many food applications
– Excellent nutritional quality

• Some comments on A2 milk
–What is it and what's the evidence

• Conclusions
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Types of Milk Proteins

• Caseins are those proteins that precipitate 
at pH 4.6 (~ 80% of total protein)

• Whey (or serum) proteins are those 
proteins that remain soluble (~ 20% of 
total protein)
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Types of Caseins
αs-caseins (50%)

• Very rich in 
phosphate (for 
calcium 
binding) 

• Not present in 
human milk

• Precipitates 
with acid 
(yogurt)

β-casein  (35%)

• Rich in 
phosphate (for 
calcium 
binding) 

• Two main 
genetic variants 
(A1 and A2) 

• No solid 
evidence that 
A2 genetic 
variant is 
“healthier” 

κ-casein  (13%)

• Stabilizes the 
micelle 
structure

• Hydrolyzed by 
rennet enzyme 
to start the 
cheesemaking
process

4

4



5/21/20

3

CDR
UW

Casein Micelle

aS1 b k CCPaS2

Courtesy of D. J. McMahon and W. R. McManus
Utah State University 5
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Types of Whey Proteins

β-lactoglobulin (50%)

• Excellent nutritional 
properties (rich in 
branched AA)

• Not present in 
human milk

• No clear or essential 
function

α-lactalbumin (20%)

• Required for lactose 
synthesis 

• Thus, present in 
every milk type
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Comparison of Whey Proteins and Caseins

Caseins
1. Random coil (high proline content, 

already denatured)
2. Marginal sulfur (essential) amino 

acid content
3. Normal level of branched chain 

amino acids
4. Phosphorylated (for Ca binding)
5. Colloidal suspension (casein 

micelles)
5. Slow digestion, forms a clot
6. Soluble at neutral pH but insoluble 

close to pH 4.6
7. Stable to heat (even to retort)
8. Uneven distribution of hydrophobic 

& hydrophilic amino acids
9. Non-crystalline (non-globular 

protein)

Whey proteins
1. Ordered secondary/tertiary 

structures (low proline content) 
2. Good source of essential AA 

(High in sulfur AA)
3. High content of branched chain 

amino acids (for muscles)
4. Not phosphorylated
5. Small soluble proteins (e.g. 2-3 

nm)
5. Rapid digestion in small intestine
6. Soluble over large pH range when 

they are native
7. Readily denatured by heat
8. Even distribution of hydrophobic 

& hydrophilic amino acids
9. Crystalline structures reported
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Normal

Walstra et al. 2006. Dairy Science and Technology
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Milk Protein Ingredients

Dried powders

Membrane 
filtration and 
evaporation 
(water and 

lactose removal)

Raw Material Milk or Whey

Concentration

Milk Protein Concentrate (MPC)
Milk Protein Isolate (MPI)                   

[>90% protein, low in lactose/fat] 

Whey Protein 
Concentrate (WPC)

Whey Protein Isolate 
(WPI)                            

[>90% protein, low in 
lactose/fat] 
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2018 Milk-based Dairy Ingredient 
Production (total 3.5 billion lbs) (ADPI)

NFDM
50%

SMP
16%

Dry Skim
<1%

WMP
4%

MPC/MPI
4%

Milk Permeate
2%

Buttermilk
3%

Canned milk 
4%

Condensed 
buttermilk

1%

Condensed milk
15%
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What’s Driving Current 
(and also likely Future) 

Popularity of Dairy 
Proteins?

1. Versatility in many food applications 
2. Excellent quality of dairy protein 

(superior)
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Milk Protein Concentrate  Utilization 
(Production in 2018 was 145 M pounds)

Dairy Industry
16.1% Baking 

Industry
14.8%

Mainstream 
Nutrition
24.9%

Sports 
Beverages

19.6%

All Other 
Uses

24.6%

ADPI, 2019 12
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www.usdairy.com/~/media/usd/public/mpc_tech_report_final.pdf

High Protein Ingredients Used 
in Many Food Products

13
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Product Introduction using 
MPC per Category (2018) USA

14ADPI, 2019
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Whey Protein Isolate Utilization
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2011 2012 2013 2014

Sports Bars Sports Powders Sports Beverages
Prepared Dry Mixes Infant Formulas Baking
Mainstream Nutrition Beverages Confection s
Nutraceuticals
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Concentrate Isolate Alter

WPC

WPI
Individual
Proteins

Protein
Hydrolyzed

Whey

Lactose
Hydrolyzed

Whey

Permeate Crystalline
Lactose

Reduced
Minerals

Whey

Dairy
Minerals

Reduced
Lactose
Whey

Reduce

Reduced
Fat

 Whey

Heat
Treated
 Whey

Enriched in 
One Protein

Type
Whey

Milk

MF

Cheese Derived 
Whey

Milk Derived
Whey

Approaches to Modifying Whey
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Whey Type Possible Applications
High protein WPC/WPI Sports/nutrition drinks, dry 

mixes, protein bars
Reduced fat WPC Clear protein drinks, protein 

gels for sports
Hydrolyzed whey protein Heat stabile protein drinks, 

softer protein bars
Reduced mineral whey Infant formula, improved 

heat stability
Heat treated whey Enhanced water binding for 

sauces, processed meats 
Enriched in one type of protein,
e.g., alpha-lactalbumin

Infant formula
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Concentration of Key 
Amino Acids in Dairy

18Pellegrino et al. (2013) Nutritional quality of milk proteins in Advanced Dairy Chemistry, 4th Edn
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Content of Leucine and 
Branched Chain Amino Acids

19Pellegrino et al. (2013) Nutritional quality of milk proteins in Advanced Dairy Chemistry, 4th Edn

19

CDR
UW

Key Benefits of Dairy 
Proteins

• Very rich in branched chain amino acids 
(e.g., leucine)
– Helps initiate protein synthesis
– Important for muscle recovery
– Helps with weight loss (helps maintain blood 

glucose level)
– Synergies with exercise
– Can promote healthy aging (sarcopenia)

• Protein intake also promotes satiety 
(feeling full)

20McGregor & Poppitt (2012) Nutrition and Metabolism 10:46 Cooper et al. (2016) Int. J. Dairy Tech.  69:13

20



5/21/20

11

CDR
UW

High Protein Diets
• Suggestions of getting 25-30 grams of protein 

per meal (in order to get enough leucine, 
whey protein is very rich in leucine)

21Layman (2009) Nutrition and Metabolism 6:12
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Products Using 
Milk Protein Concentrate

Abbott-PediaSure
7g protein

Sugar Free Chocolate

Macaroni and Cheese

22
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Products Using 
Milk Protein Isolate

Lactose 
sensitive Infant 

Formula

Cookies’N Cream 
Nutritional Shake –

Cytosport-21 g 
protein

Abbott-EAS Protein Bar
15 g protein

23

Thin crust pizza 
with 27 g protein
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Weight Management Drinks

24

Dairy protein for satiety and 
weight management

10 g protein

6 g protein

20 g protein

5 g protein

24
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Muscle Recovery Drinks

Whey protein for 
muscle 

protein synthesis

20g protein 20g protein

12 g protein 16 g protein

12 g protein
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Increased Domestic Production of 
High Protein Milk Products

www.usdairy.com/~/media/usd/public/mpc_tech_report_final.pdf
26
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Growing Export Opportunities for 
Dairy Protein Products (e.g., China)
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Conclusions about Future of 
Milk Proteins

• Growth in higher protein powders (less lactose)
• Diverse uses of milk proteins in many food 

products
• Many techniques to modify or improve protein 

functionality
• Increased focus on nutritional products 

(protein bars, weight management, beverages, 
infant foods, foods for seniors, supplements)

• Interest in individual proteins and their 
isolation (e.g., lactoferrin, which can cost 
>$1000 per kg depending on purity)

• Increasing export opportunities (dairy exports 
worth >$6 billion in 2019)
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What is A2 Milk?

What is the scientific evidence?

29
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• All of the main milk proteins have genetic 

variants
• Genetic variants are minor amino acid 

differences in the same protein (can be 
just 1 amino change)

• These variants occur at different 
frequencies within breeds (i.e., some are 
rare, others are common)

30
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Beta-casein A1 vs. A2
• Amino acid polymorphism in b-casein
– One amino acid difference (out of 209 

amino acids)
• b-casein makes up ~30% of cow milk 

protein
• Most breeds produce a mixture of A1 and 

A2 b-casein
• 8,000 years ago a natural single-gene 

mutation occurred in Holsteins (A1)

31
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32
Advanced Dairy Chemistry – 1 Proteins, Fox & McSweeney
3rd ed. (2003) Kluwer Academic/Plenum Publishers

Most breeds produce a mixture of A1 and A2 b-casein
US Holsteins are a mixture with substantial amounts of A1 in most herds
Guernsey almost all A2. 
Jersey and Brown Swiss have low A1.
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Tyr60-Pro61-Phe62-Pro63-Gly64-Pro65-Ile66

Beta-casomorphin-7 (BCM-7)

Digestion enzymes can potentially create this fragment or peptide
33
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BCM-7

• Exogenous opioid peptide
• Potential to elicit opioid activity on a range 

of tissues and organs via its affinity to mu-
and delta-opiate receptors
– Responses to pain and stress

• “Bioactive peptides” are physiologically 
active in our body, e.g., anti-hypertensive 
peptides
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IDF Conference (1997) 
Palmerson North, New 
Zealand was where Prof. 
Elliot first proposes his 
hypothesis that A1 milk 
was implicated in risk of 
serious diseases
• Type 1 diabetes mellitis

(DM-1)
• Coronary heart disease
• Autism
• Schizophrenia

35
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A2 Milk Company (a2MC) 
Literature

• This milk does not contain the A1 milk 
protein which some link to serious 
illnesses.

• Highlights Prof Woodford's book showing 
countries with a high intake of A1 milk 
also have a high incidence of type 1 
diabetes and heart disease.

Woodford K, (2007). Devil in the Milk: Illness, Health and Politics: A1 and A2 
Milk. Wellington New Zealand: Craig Potton Publishing.
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for any disease?
• European Food Safety Authority report: no 

evidence for a cause-effect relationship 
between A1 milk and any disease  (De 
Noni, FitzGerald et al. 2009).

From - David Dallas, Ph.D. Assistant Professor, School of Biological and Population 
Health Sciences Nutrition, Oregon State University 39
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National Dairy Council’s Chief 
Science Officer Greg Miller

https://www.foodnavigator-usa.com/Article/2018/10/23/NAD-refers-a2-
Milk-ads-to-FTC-after-NMPF-challenges-easier-on-digestion-claims
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Wisconsin Center for Dairy Research
Funded by Dairy Farmers through the 

Wisconsin Milk Marketing Board,  
Dairy Management, Inc., 

and the U.S. Dairy Industry

Center for Dairy Research “Solution Based Research Backed by Experience, Passion and Tradition”

Thank You
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