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Agenda

• Dairy Ingredient Composition
• Dairy Ingredient Functionality
• Dairy Applications

– Dairy Beverages
– Yogurt
– Frozen Desserts

• Food Applications
– Bakery
– Confections
– Nutrition bars



CDR
UW

Dairy Ingredients

• Whole Milk Powder
• Skim Milk Powder
• Milk Protein 

Concentrate
• Milk Protein Isolate
• Micellar Casein
• Milk Whey Protein

(Native Whey)

• Sweet Whey
• Whey Protein 

Concentrate
• Whey Protein Isolate
• Hydrolyzed Whey 

Proteins
• Whey Permeate
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Whey Ingredient Composition

Composition
(%)

*Dairy 
Product 
Solids

Sweet
Whey 

WPC34 WPC80 WPI

Fat 1.0 1.1 3.0 5.0 0.5

Moisture 4.0 4.0 4.0 4.0 4.0

Protein 5.0 12.9 35.0 80.0 90.0

Ash 9.0 8.5 6.0 4.0 2.0

Lactose 75.0 73.0 51.0 4.0 1.0

*Alternate names for permeate ingredients: Permeate, whey permeate, milk permeate, 
dairy product solids, modified whey, deproteinized whey, whey solids, milk solids
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Milk Protein Ingredients
Product Protein 

%
Fat 
%

Lactose 
%

Ash 
%

Moisture 
%

MPC 40 39.5 min 1.25 max 52.0 max 10.0 max 5.0 max

MPC 42 41.5 min 1.25 max 51.0 max 10.0 max 5.0 max

MPC 56 55.5 min 1.50 max 36.0 max 10.0 max 5.0 max

MPC 70 69.5 min 2.50 max 20.0 max 10.0 max 6.0 max

MPC 80 79.5 min 2.50 max 9.0 max 8.0 max 6.0 max

MPC 85 85.0 min* 2.50 max 8.0 max 8.0 max 6.0 max

MPI 89.5 min* 2.50 max 5.0 max 8.0 max 6.0 max

ADPI, 2016
(*)  Protein content ≥ 85.0% is reported on a dry basis, all other parameters are reported “as is”
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Micellar Casein
Product Protein 

%
Fat 
%

Lactose
%

Ash 
%

Moisture 
%

42 41.5 min 1.25 max 51.0 max 6.0 max 5.0 max

70 69.5 min 2.50 max 16.0 max 8.0 max 6.0 max

80 79.5 min 3.00 max 10.0 max 8.0 max 6.0 max

85 85.0 min* 3.00 max 3.0 max 8.0 max 6.0 max

90 89.5 min* 3.00 max 1.0 max 8.0 max 7.0 max

ADPI, 2016
(*)  Protein content over ≥ 85.0%  is reported on a dry basis, all other parameters are reported 
“as is” No standard ratio of casein:whey protein but typically altered from 80:20.
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Milk Whey Protein Standard

Product Protein
(%)

Fat
(%)

Lactose
(%)

Ash
(%)

Moisture
(%)

mWPC 34 33.5 min 2.0 max 55.0 max 7.5 max 6.0 max
mWPC 80 79.5* min 2.0 max 13.0 max 5.0 max 6.0 max
mWPC 90 89.5 min 1.5 max 4.0 max 4.5 max 6.0 max

Product definition: Obtained from bovine milk or skim milk by the removal 
of casein and non-protein constituents from milk so the finished dry product 
contains not less than 25% protein. It is obtained by microfiltration and/or 
chromatography of milk or skim milk and may be preceded by or followed by
utrafiltration, nanofiltration….

*Protein content > 79.5% is reported on a dry basis, all other parameters are reported “as is”

Names: milk whey protein, native whey protein, milk derived whey protein, 
milk soluble protein

ADPI, 2017
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Characteristics of Caseins and 
Whey Proteins

Caseins Whey Proteins

Random Coil Ordered structures

Reasonable essential AA content Good source of essential AA

Poor in sulfur AA High in sulfur AA

Present as colloidal suspension Soluble, globular

Very stable to heat (even boiling) Readily denatured

Non-crystalline Crystalline
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Functional Properties of Milk 
Proteins

Caseins Whey Proteins
Fat emulsification Gelation
Foaming Foaming
Soluble at pH >6 Soluble at any pH
Water binding Heat sensitive
Precipitation by Ca++

Precipitation by chymosin
Heat stable

Early. 1992. The Technology of Dairy Products
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Functional Properties of Milkfat and 
Lactose

Milkfat Lactose
Air incorporation Low sweetening power (29-37% of sucrose)
Creaming Humectant
Flavor Browning (Maillard)
Flavor Carrier Suppresses sucrose crystallization
Gloss Free flow agent
Heat transfer medium
Layering
Shortening
Anti-staling

Early. 1992. The Technology of Dairy Products
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Casein 
micelle

heat

Native whey
Protein (folded) Denatured whey protein

(unfolded)

-s-s-

Colloidal calcium 
phosphate (CCP)

-s-s-Disulfide bond

Heat-Induced Changes in Milk Proteins

Whey proteins become associated 
with casein micelles

-SH -SH

Free sulphydryl group -SH
J. Lucey
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• Hydration of Dairy Protein Ingredients is Key

‒ Should mix in WPC with a high speed mixer and allow 
30 minutes of hydration time with slow agitation to 
provide protection during heating process (temp of 
water or milk <60°C (140°F) 

‒ Mix in MPC with a high speed mixer and hydrate for 
at least 12 hours in cold temperatures or 1 hour at  
50°C (122°F) ) for MPC80 and higher

‒ Inadequate hydration will lead to loss of heat stability 
and ultimately loss of solubility

‒ Chalky mouthfeel is often a sign of inadequate 
hydration
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Hydration Profile of two MPC85
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Beverage Opportunities

• Meal Replacements
• Sports Drinks

– Recovery Drinks
– Isotonics
– Body Building/Muscle Building

• Energy Drinks
• Smoothies/Yogurt Drinks/Juice Drinks
• Waters
• Tea
• Coffee
• Carbonated drinks
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Factors that Influence the Functional 
Properties of Dairy Proteins in Beverages 
• Hydration Conditions and Time

– A well hydrated protein ingredient will have better heat 
stability and solubility

• pH
– Caseins and whey proteins will behave differently at different 

pH
• Ionic strength

– Generally the higher the ionic strength the greater the 
possibility for protein-protein interaction and loss of heat 
stability for whey proteins, divalent ions such as calcium and 
magnesium are more reactive (JL. Xiong J. Agric. Food Chem. 
1992, 40, 380-384)

• Protein concentration
– Higher concentrations of protein (>7% ) are more 

challenging
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Which Dairy Ingredient?

• Desired composition
• The choice of the protein ingredient should 

be based on the pH of the drink. 
• Remember the solubility characteristics of 

casein and whey proteins at different pH
• Consider the type of heat processing
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Low Acid Beverages

• pH 6.5-7.0, HTST, UHT or Retort
• Often a combination of milk proteins and 

whey proteins are used.
• More difficult to reach 10% protein, 

hydrolyzed whey proteins can help here 
too.

• Stabilizer choice depending on types of 
proteins and level, homogenization 
needed for higher levels of protein.

• Buffers definitely needed for UHT and 
retort conditions.
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Processing Steps 
for Neutral pH Beverages

• Mix milk protein and whey protein in water with a high 
speed mixer at 50°C (122°F).

• Add other ingredients such as sweeteners, colors, 
stabilizers and flavors and allow mix to hydrate for 1 hour 
with slow agitation.

• Add pH adjusting ingredients such as buffers to reach 
pH 6.8-7.0.

• Heat to 140°C (284°F) for 3-6 seconds
• Homogenize at 2500 psi/700 psi
• Cool product to 22°C (72°F).
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Low Acid Beverages

16g protein/240 ml

30 g protein/453 ml

20g protein/355 ml 10 g protein/300 ml

12 g protein/240 ml 20 g protein/240 ml
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Using Permeates in Beverages

• Permeate provides nutrition
– Benefits of high mineral content add an important 

source of nutrients-clean label
– Lactose provides energy

• Well suited to dry mix beverages
– Flowable
– Enhances flavor

• In RTD beverages or yogurt drinks
– Lactose can be hydrolyzed to provide sweetness 

with less added sugar



CDR
UW

Dairy Mineral Thirst Quencher

Dairy product solids, sugar,
malic acid, natural lemon flavor
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Beverages Using Permeate
(USDEC)

http://www.innovadatabase.com/search/productinformation.rails?from=export&productId=1738056&guid=10f24c6a-6b48-4b60-9aff-fac06c598a78


CDR
UW Yogurt Products
• Yogurt

– Stirred
– Set

• Natural 
• Fruit on the bottom

– Drinking
• Non-diluted
• Diluted (with juice or 

syrup)
– Greek yogurt
– Frozen yogurt 
– With functional ingredients

23
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Desired Yogurt Ingredient 
Functionality

• Low cost with high level of functionality
• Easily incorporated
• Develops viscosity/gel
• Improves texture and consistency
• Provides no off flavors
• Reduces syneresis
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Defects Caused by Poor Hydration

• Graininess
– Loss of protein solubility

• Syneresis
– Poor stabilization due to 
lack of milk and or 
whey protein functionality
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Whey or Milk Protein?

Whey Protein Milk Protein

Pros

Short hydration time
Prevent syneresis

Stabilizer
Increase firmness/viscosity

Shorter gelation time

Clean taste/flavor, color
Firmer gel

Con

Tan color
Whey flavor

Grainy & Weak if add too 
much

Takes time to hydrate or 
grainy

Too firm if add too much
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Viscosity of Yogurts with WPC and MPC 
at Different Protein Levels
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High Protein Yogurts
10% Protein

UF milk MPC MPC and WPC
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Yogurts with MPC

Mexico

Thailand

Chile

Netherlands Turkey



CDR
UW Yogurts with WPC

U.S.

South Africa
Canada

Spain Canada

http://www.innovadatabase.com/image/zoomImage?from=export&proid=2691082&guid=3ba3f749-c736-4a53-aae6-a9e8d78bd16d
http://www.innovadatabase.com/image/zoomImage?from=export&proid=2218442&guid=c8a56086-8886-48a7-a0d4-25fbedbda907
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www.ThinkUSAdairy.org
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Blue Raspberry Hydration
Yogurt Drink

Ingredient %

Reduced fat milk 91.91
Milk permeate 6.26
Milk protein isolate 1.19
N&A Blue raspberry 
flavor

0.30

Natural Blue color 0.17
Pectin 0.10
Lactase enzyme 0.05
Mild 1.0 culture-Chr
Hansen

0.02

Total 100.00
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Ice Cream
C.S. Otte,* K. Lim,** V. Jusuf,* L. Jensen,* S.A. 

Rankin*, K.E. Smith1,** 
Dept. of Food Science* and Center for Dairy Research**

University of Wisconsin, Madison 53706
Study conducted in 2011
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Mix Formulation Control 
(NFDM)

Test 1
(SWP)

Test 2
(WP)

% % %  

Cream (30% fat) 16.7 16.7 16.7
Sugar 10 10 10
NFDM 11.3 8.2 8.2
Sweet Whey - 3.1 -
Whey Permeate - - 3.1

Corn Syrup Solids 10.5 10.5 10.5
Stabilizer/Emulsifier 0.3 0.3 0.3
Water 51.2 51.2 51.2
TOTAL 100% 100% 100%
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Whey in Ice Cream 
• Ingredients: Milk, Cream, Sugar, Corn Syrup, Whey, Egg Yolks, 

Vegetable Gums (Carob Bean, Tara, Guar), Mono and Diglycerides, 
Salt, Natural Flavor, Annatto (For color)
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• MPC/MPI/Micellar casein will provide the best heat 
stability at high concentrations
– They also have very high water binding ability and 

can thicken a mix too much
– Hydration of MPC/MPI/Micellar casein ingredients is 

critical
• Remember that whey protein is not very heat stable 

– It is always better to have more casein than whey 
protein

• Keep your eye on the freezing point
– Hardness and no melt defect are common
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Using Whey Protein

5% protein 12.3% protein
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8.6% protein 9.2% protein

6.3% protein 7.8% protein
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• Whey, Permeate
– Sweet Goods
– Bread
– Crackers
– Cookies

• WPC
– Prepared mixes
– Cakes & Muffins
– Soft Cookies

• Whey Functionality
– Flavor
– Soft Crumb
– Shorter Dough Time
– Color/Appearance
– Sodium reduction

• WPC Functionality
– Crumb softening, Color, 

Flavor
– Fat or Egg replacement
– Gelation, foaming

Bakery Applications
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• Whey, Lactose,   
Permeate
– Caramels
– Toffee
– Nougat
– Compound Coating
– Icings
– Decorations

• Milk or Whey proteins
– Protein fortified 

coatings

• Functionality
– Color
– Sweetness
– Flavor
– Texture
– Foaming

Confections
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• WPC, WPI, MPC, 
MPI, Whey Protein 
Hydrolysates (WPH)
– Combinations of 

proteins better for bar 
hardening

• Functionality
– Nutrition
– Texture
– Flavor

Nutrition Bars
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Resources
www.ThinkUSAdairy.org

20122017

http://www.thinkusadairy.org/
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(www.ThinkUSAdairy.org)
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Thank You
• USDEC
• Dairy Farmers of Wisconsin
• National Dairy Council/Dairy 

Management, Inc.
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