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The Clean Label Movement Is A Consumer Driven Movement 

There is no standard definition for the Clean Label



Clean Label is Demanding:  High Consumer Expectations

TransparencySimplified 
Label

Fewer 
Ingredients

List

Use Of Known 
Ingredients

Minimally 
Processed

Nutrition 
Low sodium, 
Fat or Sugar

No 
Additive or 
Preservative

Nothing 
Artificial

All Natural or
Organic

Sustainability
Non GMO

Country of 
Origin

Clean Label may mean different for different consumers 



Consumer Awareness and Worries about what is on the 
Food Label is Increasing



“Consumers are demanding removal of certain
ingredients from the products which they are not
comfortable with, or perceived as unclean or
unhealthy”

Manufacturers are using these ingredients in food
to provide functional characteristics - taste, texture,
color or to improve shelf life.



What are Those Unacceptable Ingredients? Example



Taste and texture
Functionality

Consumer acceptance
Shelf-life

Removing certain ingredients from the product formulation

Negative effect on:

Each Ingredient Has A Specific Functionality Or Role



WHAT IS THE SOLUTION?
How to deliver products with 
clean-label , without affecting 

Taste, Texture and 
Functionality, consumer 

acceptability, shelf-life in a cost 
effective manner



Using Dairy Ingredients: Dairy Proteins, Fat, Minerals

Modifying Dairy Proteins to achieve desired 
functionality

Use of Alternative Processing Technology

Possible Solutions to Clean label:  Range of Possibilities 

1

2

3



So Product Developers will require 
• A clear understanding about the ingredient  they will be 

replacing from the formulation.
• A clear understanding about the functional properties and 

the role of alternative cleaner ingredients. 
• How it will appeal to the consumer.

“There Is No One To One Replacement Of 
Ingredients” 



Emulsification, Heat Stability
Meltability

Water binding, Solubility, Viscosity

Color and flavor development
Whipping and foaming

Gelation

Desired Functional Characteristics in Foods & Beverages



Functional Properties Applications

Water binding/thickening Meat products, bakery , confectionary, soups & sauces, 
chocolates and Yogurts, Soups

Emulsification Coffee whiteners, soups, sauces, Ice-creams,
confectionary, meat products

Foam & whipping Ice-cream, desserts, whipped toppings

Gelation Cheese, yogurt and bakery

Color, Flavor development Chocolate, Confectionary, bakery

Heat stability & Nutrition Recombined milk, infant and clinical nutritional meal 
replacement type products, soups, and sauces

Solubility Recombined milk and Infant and clinical formulas, 
beverage

Functional Properties of Dairy Ingredients

Huppertz and Patel (2012). Advances in milk protein ingredients. “In Innovations in Healthy and functional foods”, CRC Press publishers



Depending on the type of application, dairy ingredients 
can be selected to provide specific functional properties 

for clean label applications

Dairy Ingredients Can Offer Different 
Functionality



Whey Proteins
• Whipping/foaming
• Solubility over wide range of pH (Acidic and 

neutral pH)
• Fat emulsification
• Heat denaturation
• Gelation

Caseins
• Foaming
• Water binding (e.g. sodium caseinates)
• Fat emulsification
• Solubility at neutral pH 
• Color/opacity
• Heat stability

Whey Proteins ingredients
(WPC, WPI)
• Whipping/foaming
• Solubility over wide range of pH (Acidic and 

neutral pH)
• Heat denaturation
• Gelation

Casein based ingredients
(MPC, MPI, Micellar Caseins)
• Water binding, thickening and viscosity
• Emulsification
• Whipping/foaming
• Gelation
• Heat stability, shelf stable products
• Color/flavor development

Functional Properties of Dairy Protein ingredients



Water Binding Or Thickening

Application : Beverages, Bakery, Confectionary, 
Soups, Meat products, Batters , Ice creams and 
Custards to achieve desired water binding in 
viscous food products.

Ability to improve significantly the texture of food products due to 
its water holding capacity and can replace many functional 
ingredients in a broad variety of foods.

Milk Proteins (MPC, WPC, WPI )



Gelation and Viscosity 
Dairy ingredients play an important role in controlling the texture or 
modifying the rheological properties of foods. 
Dairy proteins have the ability to form rigid, heat-induced 
irreversible gels that hold water and fat, and provide structural 
support. 

Application: cheese, yogurt and 
reduced-fat dairy & foods 
products.



Heat stability

Milk Proteins has the ability to withstand 
UHT sterilization (140-145 C/ 4-5s) or 
retort temperatures (120 C/ 20 min) 
without coagulation,  precipitation, or 
excessive thickening / gelation /viscosity 
increase.

Applications :
Milk Proteins such as MPC, MPI  and 
Micellar caseins are excellent ingredients 
for Retort applications at pH above 6.



Emulsification: Milk protein is an excellent, clean label emulsifier

Ability to act at oil/water interfaces to form and 
stabilize emulsions. 
Whey protein, Caseins and Phospholipids present in 
the cream and butter milk .

Coffee creamer

Proteose-peptone fraction of milk has potential 
emulsifying and foaming capabilities and is very 
useful in ice cream application, without affecting the 
sensory properties. It can be a good replacement for 
commercial emulsifiers like monoglycerides & 
diglycerides.



Fat mimetics or Fat-like Attributes 

Ability to provide fat-like attributes :Whey protein concentrates  
(typically WPC34 and WPC80) has multi functional characteristics :
• efficient fat dispersion
• excellent emulsifying properties 
• high water binding and  
• gelling properties impart creaminess and a superior texture 

Application: valuable in low-fat product 
applications including soups, sauces, salad 
dressings.



Foamability/Whip ability

WPC, WPI, beta-lactoglobulin, MPC and skim 
milk powders are beneficial in the development 
of foam/ incorporation of air. e.g. during 
manufacturing of Ice cream, frozen desserts, 
whipped toppings, meringues, mousses and 
cakes. 

Both caseins and whey proteins have excellent surface 
active properties. Milk proteins can easily adsorb on fat 
globule interfaces during homogenization and to the air 
water interface during whipping. 



Color and Flavor Development
Browning is an important functional property for Baking applications.
Milk powders contribute to browning when the protein and reducing sugar lactose 
undergo Maillard browning. For example, during baking or cooking, the protein’s amine 
groups react with lactose and other reducing sugars present in formulations, delivering 
an appealing color to baked goods and sauces. 
Milk powders and whey products : provide functionalities, 
such as browning, water binding, egg replacement, fat 
replacement, nutritional enhancement and shelf-life extension 
and visual appeal to baked products.
Permeate and Sweet whey : provide Browning and caramelized 
flavor to baked products.
Gluten-free formulas and baked products are poor in proteins, so Milk 
proteins could be successfully added to gluten-free bread with beneficial 
effect. 



Both casein and whey proteins have unique functional properties  & 
can be selected for specific clean label applications. Example-

Whey Proteins
• Have a wide range of solubility 

i.e. from pH 3-7
• For Acidic  beverages (pH < 6)
• Less heat stable
• shelf-stable beverage- by Hot fill 

processing

Casein Proteins
• Caseins precipitates at 4.6 pH, 

such as cheese making 
• For low-acid beverages (pH > 6)
• Very heat stable
• UHT or Retort applications

Liquid products such as UF milk can be used to produce High Protein 
beverage. 
Hydrolyzed Lactose- provides added sweetness without added sugar.



Milk protein ingredients will act differently in different
food product applications and this is due to:

• Variations in the pH
• Salt concentration and surface tension
• Differences in the processing conditions (temperature , 

pressure and mechanical effects)

So choosing the right ingredient is very important for different 
product formulations.



Properties Applications / End uses Ingredient

Protein Fortification Energy drinks and Bars WPC, WPI

Solubility Bakery, beverages, Frozen deserts, Soups, yogurts WPC, WPI

Provides surface browning, 
Texture, volume Baked goods, confectioners WPC, WPI

Egg replacement, Adhesion Baked goods, confectioners WPC, WPI

High gelation( heat induced gel) Reduced fat meats, Beverages, Dairy WPC

Cold gelation's Salad dressings WPC

Efficient water binding Reduced and fat free salad dressings, soups and 
sauces WPC

Clarity Clean Beverages WPI

Flavor enhancement Smacks, Dairy products, Beverages, Confectioners WPC, WPI
http://www.thinkusadairy.org/products/whey-protein-and-ingredients/why-us-whey



Properties Applications / End uses Preference

Water-binding, thickening 
and viscosity

Soups and sauces, meat products, bakery products, 
confectionary, chocolate, yogurt, cheese. MPC, MC

Emulsification soups, sauces, ice cream, confectionary, meat products, 
coffee whitener MPC, MC

Foaming &  whipping Ice cream, desserts, whipped toppings MPC, MC

Gelation Cheese, yogurt, bakery, confectionary MPC, MC

Heat stability Recombined milk, soups, and sauces infant and clinical 
nutrition MC, MPC

Color/ flavor development Chocolate, Confectionary MPC

Dispersibility High protein drink mixes MC powder

Shelf stable, retort 
processed Protein fortified beverages, soups MC



•A byproduct of WPC, WPI or UF milk 
production. Also known as:
Dairy products solids, 
Deproteinized  whey , or 
Modified whey or 
Permeate

Typical composition of Food grade Permeate

Protein 3%-8%

Carbo 65%-85 %

Fat 1.5% max

Moisture 3%-5%

Ash 8%-20%

Sodium 570mg/100g

Calcium 870mg/100g

Phosphorus 720mg/100g

Magnesium 130mg/100g

Source: US Dairy Export Council

Permeates for Sodium Reduction

Permeate has codex standards and hence 
allowed to be used in Food Products.

Delactosed Permeate ( DLP) are also produced  by removing lactose.
Membrane fractionation of DLP produce an intensely salty product.

Table salt = 38758 mg/100 g, 1 tsp =2325 mg



DAIRY PERMEATE : Benefits & Application
Reduce the sodium level without affecting the 
taste

•Improves texture

•Adds volume or bulking agent

•Enhances Flavor

•Efficient browning agent and provides burnt 
sugar notes

Key Applications :

• Dairy, dry mixes
• Instant soups
• Sauces
• Seasonings
• Snacks, 
• Confectionary, 
• Bakery 
• Bulking agent

Ready to eat  food products, Soups, 
Condiments are high in sodium, so 
Permeate can be a good option to 
reduce sodium. 



Typical Composition of milk mineral

Component Percentage
Total Mineral Content 79.00%
Ash 70.00%
Calcium 25.00%
Phosphorus 14.00%
Ca/P 1.79%
Ca/PO4 0.58%
Magnesium 1.50%
Sodium 0.65%
Potassium 0.83%
Zn (mg/100g) 27.40%
Cu (mg/100g) 0.37%
Fe (mg/100g) 1.88%
Organic Mineral (citrate) 9.00%

Information courtesy of: Glanbia Foods, USA.

MILK MINERAL  : for clean label Calcium fortification



Dairy ingredient Typical calcium content (mg/100g)
Demineralized whey <100mg
Whey protein concentrate 500–700mg
Whey protein isolate 600mg
Reduced-protein (deproteinized) whey 600–700mg
Sweet whey 700–800mg
Whey permeate 800–900mg
Reduced lactose whey 800–900mg
Mineral concentrated whey >5,000mg
Whole milk powder 950–1,000mg
Skim milk powder 1,300mg
Acid whey 2,000mg
Milk minerals 23,000–28,000mg

Major U.S. dairy ingredients and their calcium content



Typical Applications : of Milk Minerals
For delivering healthy and functional nutrients

• Nutritional supplements
• Diet, sports and isotonic beverages
• Nutrition bars
• Bakery products, confectionary
• Calcium-enriched dairy products
• Infant Formulas

Having an additional calcium claim on the label translates to increased business sales           
(Euromonitor International)



MILKFAT : Opportunities & Change In Consumer Trends
Consumer Trends

Current consumer trends related to 
“clean label” are driving food 
companies to proactively move away 
from ingredients such as 
hydrogenated oils to “cleaner” 
ingredients such as butter and cream 
in their food products.



Regulatory Changes - Opportunity for dairy fat

FDA Ruling 

• On June 16, 2015, FDA provided its final 
ruling on Partially Hydrogenated Oils 
(PHOs) as not Generally Recognized as 
Safe (GRAS). 

• FDA has also set a compliance period of 
three years for food companies to either 
remove PHOs from their products and/or 
petition the FDA to permit specific uses of 
PHOs.



Unique melting and crystallization properties of Milk fat to achieve 
desired functionality and flavor in final products.   

Opportunities: 
• Baked products
• Creamers
• Nutritional products
• Sauces, gravies, or dips 
• For flavor enhancement

Milkfat provides essential vitamins, minerals 
and fatty acids for the body. Contains vitamins 
A, D, E and K.



Opportunities for Milkfat : Nutrition/ Health Benefits

Nutrition/Health
• Emerging research suggests that some fatty acids found in

dairy are linked to a “reduced risk for heart disease” and recent
evidence has also indicated that not all saturated fatty acids
are associated with risk for cardiovascular disease.

• Additionally, dairy products (including full fat) consumption has
been associated with reduced risk for type 2 diabetes.



High Protein Soup
20g of protein /serve 

Made with MPC & Micellar 
casein powder ,Without 
artificial color & flavors, 

No thickeners

Bedtime Smoothie
20g protein/serve

Clean label made with 2% 
Ultra Filtered Milk, MPI-90 , 

MC -82, No thickeners

Nutritious Pudding
14g protein/serve

made 
MPI-90 , MC -82,

Alternative processing 
technology

BBQ sauce
> 60%  reduction in 

sodium  just by 
replacing salt

with  Permeate

Some of my applications presented at IFT



Using Dairy Ingredients: Dairy Proteins, Fat, Minerals

Modifying Dairy Proteins to achieve desired 
functionality

Use of Alternative Processing Technology

Possible Solutions to Clean label:  Range of Possibilities 

1

2

3



Modifying Protein Interactions And 
Protein Functionality 

Through Application Of New Processing 
Technology : Some Examples



PHYSICAL 
MODIFICATION 
Heat treatment, 
Acidification, 
Addition of 
mineral salts, 
Homogenization, 
Shear

Modify and Enhance The Functionality Of Milk Proteins

ENZYMATIC 
MODIFICATION, 
Hydrolysis, 
Renneting & 
Transglutamination

CHEMICAL 
MODIFICATION 
Use of chemical 
agents and the 
Maillard reaction 

PROCESSING 
TECHNIQUES 
High pressure 
Processing, 
Ultrasound, 
CO2 treatment, 
Cavitation



Patented process : Patel, H.A., et.al. (2014) Method and System for Improving Yogurt Texture During 
Yogurt Manufacture 

Carbon dioxide technology : to make standard yogurt  & High protein 
Greek style yogurt or Beverages

CO2 treatment
High pressure

Smooth Yogurt
texture

Dissociation of casein micelle

casein micelle



Carbon Dioxide Treatment Of Milk Proteins

Benefits:
 Significant improvement in the yogurt texture
 Clean label: no stabilizers or emulsifiers
 Viscosity management for Greek-style yogurt
 Possibility to minimize acid whey in formulated yogurt
 Simple low cost technology
 Can be easily integrated in the existing production line 



Functional Properties of Milk Proteins and Milk 
Protein Ingredients (e.g. MPC) can be further 

improved by CO2 Treatment
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Functional MPC also offer many 
other advantages

F-MPC also has higher heat stability

F-MPC has improved solubility at room temperature

MPC With Better Emulsification Properties



Cavitation is the sudden formation and collapse of
low-pressure bubbles in flowing liquids by means of
mechanical forces, as a result of decrease and
subsequent increase in pressure.
The cavitation creates high shear and high friction

No applications in the Dairy industry before 

Cavitation Technology



How This Technology Can Be Useful To Food And Beverages

Smoothing of Greek yogurt and viscosity management in 
Beverages

Efficient Mixing and hydration applications (e.g. high protein 
powders)

Emulsion formation, high protein Desserts and Puddings

Scale-free and uniform heating of viscous liquid

Understand Microbial inactivation-vegetative cells and spores



Cavitation Technology to make Yogurt: an example  

Yogurt made with simple 
ingredients - Skim milk, Milk 
Protein & Culture

Ingredients in market Yogurt Plain Yogurt made  through cavitation 



Chocolate Pudding made using Cavitator : Uniform mixing 
& no sedimentation

Without cavitation With Cavitation



Membrane filtration Technology: for Clean Label 
Production of Milk Proteins

With the advancement in Membrane filtration
Technology, Dairy ingredients are now made
through simple filtration processes that
concentrate the proteins while removing the
lactose and minerals through their differences
in molecular weight, followed by evaporation
and spray-drying.
This manufacturing processes could be
categorized as clean label as this involves
physical separations.



Membrane filtration Technology

Works without the addition 
of chemicals
Relatively low energy 
consumption
Easy process

Whey Proteins (WPC & 
WPI) and Milk Proteins 
like MPC , MPI and 
Micellar casein are  
made through such 
process including Ultra 
filtered milk. 



Dairy has a better for you “clean image”- so it will easily 
fit with this upcoming trend 

Yes! Dairy Can Provide Clean Label Solutions To Meet 
Consumer Expectations



Thank You

Sonia Patel
Dairy Food Application Scientist 
Midwest Dairy Foods Research Center
Department of Food Science and Nutrition, University of Minnesota
Email: shpatel@umn.edu

mailto:shpatel@umn.edu
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