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Unit plan: Mining milk for casein
Overview


Secondary students compare three methods of separating casein proteins out of milk.

Purpose


To model a bioprocessing system that extracts casein from milk, which fulfils the functionalities (characteristics) identified by the consumer. To show the dimensions of the system, for example the chemical process, the needs of the client and evidence that environmental issues have been considered.

Background

Suggestions for a scenario

Your research lab has been given the contract to extract casein from milk. Your job is to evaluate the different techniques that can be used to do this, and to develop some specifications for potential customers (see Hub for examples). Your evaluation of the processes need to take into account different milks, time factors, functionality of the products (ability to perform a function), environmental issues and acceptability of the process to consumers.

Where's the Biotechnology?

Milk is a protein rich food. One of the most important proteins in milk is caseinogen (casein). It has many uses in the food industry, for example it increases viscosity, can act as a stabiliser or an emulsifier. It can provide a source of easily absorbed digested protein components for specialised diets. Casein can be separated from milk by precipitation (making it insoluble) by adding acid to milk or by introducing a bacteria culture that converts lactose (milk sugar) into lactic acid. This makes the acidity rise (lower pH) and the casein appears as curds. Casein can then be made soluble (re-solubilised) so that its suitability (functionality) for different purposes can be tested. In addition, casein can be broken down by enzymes for particular diets and functions.
Curriculum focus

Technology

Bioprocessing utilises scientific and engineering principles in a system that is designed to fulfil particular requirements (specifications). Any bioprocessing system requires the developer to take into account environmental factors (i.e. processing of by-products as well as the acceptability of the process to consumers). Bioprocessing involves many processes with a range of experts working together as a team.

Science

Understanding the nature and properties of substances, the role of enzymes and their safe and appropriate application.

Focus of skill & strategy

Technology focus

· Bioprocessing of milk must take into account the specifications as identified by the consumer, the acceptability of the process to the public and consumer, as well as the environmental effects of the process and the by-products.

· Bioprocessing involves a range of processes that are integrated into a system.

Science focus

· Milk is a complex substance containing many dissolved molecules in solution, as well as milk solids that are suspended in the solution.

· Milk can be separated into many components that have unique functions.

· Enzymes are specific. They work within a narrow range of conditions and can be used to enhance the hydrolysis (breakdown) of complex molecules.

Health and Safety

This unit focuses on the development of an understanding of the properties of casein so that functionalities can be identified. This is not a unit that involves the preparation and consumption of a product.
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	Suggested learning intentions


	Suggested learning experiences

The following learning experiences will provide you with starting points for an exploration of this topic.  You may decide to narrow your focus to one component, or include most of the ideas in a unit that incorporates science and/or technology themes. 


	Possible teaching/assessment activities



	
	Introduction – What’s in milk?  

Carry out an investigation on milk. Choose the following tests that are appropriate for your class level: 

Appearance, density (hydrometers), food tests for example glucose, fats, proteins (dipsticks can be used to indicate protein and glucose), percentage milk solids, freshness (smell) and bacterial activity (Methylene Blue, Resazurin test, plating milk cultures). (Making Sense of the Material World Levels 1-4, MoE, 1998, p.47-48).


	

	Milk can be described, tested and characterised. 

The method of casein extraction is determined by the specifications set by the client.


	Developing expertise

This section can be as large or specialised as you wish.  For example the ‘mining’ technique can be a narrow focus (A), or the process can include testing the functionality of the end product (B) or the development of a system that produces a particular product (C).   


	Develop a chart to characterise a range of milks. For example, test for appearance, density, pH, food components (glucose, protein), % milk solids, %water and freshness.



	
	(A) Producing casein using different methods
Three methods for extracting casein from milk can be tested.  The recipes are given so that students can vary the process as well as investigate the versatility of the process by considering, for example, different milks, time frames involved, quantities of casein produced, requirements for upscaling, and equipment. 

Evaluate the different techniques with reference to the focus of your technological solution. 

· Which process produces the most casein?

· Select a process and test its applicability for different milks

· Which process is the quickest?

· Which process is environmentally friendly, and why?


	Develop a table of answers to the questions posed in (A). Prepare a brief (taking into account client specifications).  For example: Which process produces the most casein? [for a client that has an organic focus]. Which casein extraction process is the quickest for all milks? [A process that requires bulk production that will be processed and refined at a later date]. 



	The bioprocess used will be determined by the requirements of the user, the limitations of the process and the acceptability of the process and by-products.
	(B) Examining the functionality of casein.

This section provides information about casein-based food additives i.e. its presence and function in foods.  Once this has been established, test the properties of the extracted casein to identify if it possesses any of these characteristics (functionalities).

Examples of activities that could be carried out: 

· What’s in our food?  Examine the occurrence of additives in foods (stabilisers, emulsifiers, heat stability). 

· Compare the functionality (properties) of a range of bought additives (casein, lecithin, gelatine, gums and alginate from health shops) on instant milk puddings by testing whipping levels, dripping potential, pouring rates, stability of the product over 24 hours. (The additives are added in addition to the milk). 

· Develop a process for converting insoluble casein into soluble caseinate [monitor with pH meter, Universal Indicator]. 

· Compare the functionality (properties) of caseins that have been produced from the different processes (in A above). 


	A chart that identifies the additive and the role of that additive in the food product is developed.  

Describe a process for converting insoluble casein into soluble casein.

Prepare a table that identifies the functionalities of your extracted casein.  



	Casein functionality can be identified via a series of tests.  For example heat stability, shelf life, pouring rate, drip rate, whipping ability. 

The functionality of casein can contribute to the properties of a particular food product. For example, as an emulsifier.

Insoluble casein can be hydrolysed and its functionalities can be identified (whether it can be whipped and stay stable, how it contributes to the stability and thickness of a mixture). 


	(C) Explore the feasibility of hydrolysing casein to produce specialised diet components

Develop a system to produce hydrolysed casein products that have the potential for inclusion in specialised diets. (Level 4 and above).

· Identify a range of naturally occurring proteases that could be used to hydrolyse casein proteins (eg. from kiwifruit, paw-paw, pineapple).

· Demonstrate protein digestion and develop standards against which products can be compared. (Uristix reagent strips, protein tests, colourimeter, cloudiness, pH).

· Compare reaction rates against casein source (different milks or processes), temperature range, pH.  

· Identify the end point of the reaction and the optimum time range.

· Establish the functionality of your casein hydrolysis product


	Identify the potential of a naturally occurring protease to hydrolyse casein (what are the optimum conditions for carrying out this reaction, for example pH, temperature?) 

Prepare a case for a particular method of hydrolysing casein that fulfils a particular need.  For example, a casein product that will pass through dialysis tubing and therefore be easily absorbed into the blood system. 



	
	Each of the components (A) to (C) could provide the basis of a unit or provide the framework for a biotechnology unit that involved the class with different groups being responsible for different components of the unit.  The class could follow the following route through the process or each group could work on a particular section and develop their brief for that part.  

Introduction to the scenario or particular part of the scenario with brief development

For example, Section A: Identify the most adaptable method of extracting casein from a variety of milks.  The specifications would need to include the minimum amount of casein per volume of milk, consistency of casein and time.

Developing expertise
Accessing the Community of Practice (Hub site as well as dietitians, food technologists, food manufacturers). 

Planning for practice

Developing a plan that identifies the components, time frame, individual roles, outputs, presentation of data and planning for presentation.
Developing and modifying system/process

Providing an opportunity to monitor the adaptations, record changes and replan the process.

Presentation of solution and evaluating against brief.

Presentation of the solution to the client and evaluation against brief.  For example, is the volume of casein consistent for each milk type; what type of milk was the most problematic?
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