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Internal Assessment Resource

Chemistry Level 2

	This resource supports assessment against:

Achievement Standard 91163 version 2
Demonstrate understanding of the chemistry used in the development of a current technology

	Resource title: Discovering Lactoferrin

	3 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	February 2015 Version 2

To support internal assessment from 2015

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number: A-A-02-2015-91163-02-5421

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


Internal Assessment Resource

Achievement Standard Chemistry 91163: Demonstrate understanding of the chemistry used in the development of a current technology
Resource reference: Chemistry 2.3B v2
Resource title: Discovering Lactoferrin
Credits: 3
Teacher guidelines

The following guidelines are designed to ensure that teachers can carry out valid and consistent assessment using this internal assessment resource. 

Teachers need to be very familiar with the outcome being assessed by the Achievement Standard Chemistry 91163. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.

Context/setting 

This task requires students to demonstrate their understanding of the chemistry involved in a recent (within the last twenty years) development of a material, including the history of its development. Students will research secondary information on a solid, record notes, process these notes, and prepare a report in a designated format.

A recent discovery in chemistry could include but is not limited to: nanotechnology, cosmetics, pharmaceuticals, paints, catalytic converters, fabric and fibre technology, or alloys.

Conditions

This assessment will require multiple sessions, over an extended period (approximately four weeks). Students should work individually on this assessment, in and out-of-class. Provide 2 to 3 hours of class time for research, plus some extra class time to assist students who encounter concepts beyond the normal scope of a Level 2 Chemistry programme during their research. Additional research, processing of the research data, and preparation of the report should occur independently outside of class.

Offer students an appropriate range of examples of developments or discoveries to research. Student choice is an important aspect of this task.

Students should maintain a record of their research process. The format could be, but is not limited to, a student workbook, a logbook, or a computer spreadsheet. Confirm an appropriate notes format with your students.

Confirm the format of the report with your students. The format could be, but is not limited to, a poster, a computer presentation, or a wiki.

Internal Assessment Resource

Achievement Standard Chemistry 91163: Demonstrate understanding of the chemistry used in the development of a current technology
Resource reference: Chemistry 2.3B v2
Resource title: Discovering Lactoferrin 
Credits: 3
	Achievement
	Achievement with Merit
	Achievement with Excellence

	Demonstrate understanding of chemistry used in the development of a current technology.
	Demonstrate in-depth understanding of the chemistry used in the development of a current technology.
	Demonstrate comprehensive understanding of the chemistry used in the development of a current technology.


Student instructions 
Introduction
In this assessment, you will research the development of lactoferrin in the last twenty years and prepare a report demonstrating understanding of the chemistry of the material, including the historical development of that chemistry. You will independently perform secondary research, record notes, process your data, and prepare and present a report in an agreed format, for example, an oral presentation with a poster or computer presentation. 
You will have 2 weeks to complete this assessment; your teacher will provide you with a limited amount of time to perform research in class, however, you are expected to work on your own, outside of class time, to prepare your report. 
Task 

Discoveries in chemistry often occur as a result of a mistake, hunch, or intuition. The materials we use today are the result of historical developments, planned research, accident, and economic demand. The chemistry of new materials gives them certain properties; the properties of these materials make them useful to society. 

Milk contains many different types of proteins, each with their own unique properties and economic value. Some high-value proteins like lactoferrin are only found at low concentrations in milk, but because of its antimicrobial, antioxidant, and anti-inflammatory properties, lactoferrin is of great value for human health. Lactoferrin is a functional material that has been blended into various foods in recent years.  A lot of money can be made from separating this protein from the rest of the milk proteins and selling it as a concentrate.  
Working independently, research the chemistry involved in the development of extracting lactoferrin – find out what experimentation, events and/or discoveries led to the development of this material. You will be assessed on both your report and the notes you used to produce your report. Before you begin, confirm the format for your report and how you should record your notes with your teacher. For example, your report may be an A3 poster based on notes recorded in a logbook. 
Your recorded notes should include enough information to allow you to comprehensively describe:

· the historical developments in chemistry that led to the discovery of lactoferrin (focus on those aspects which directly relate to the development of extracting lactoferrin)

· the discovery itself

· the chemistry of lactoferrin
· the chemistry of the process by which extracting lactoferrin was developed 

· the usefulness of lactoferrin to society; and 
· the research references you consulted, including web sites.

Ask your teacher for clarification if you encounter difficult or unfamiliar concepts in the course of your research.

Using only your own notes, prepare and present your report. Your report should clearly show your understanding of the chemistry in the development of extracting lactoferrin. Use appropriate chemistry vocabulary, symbols and conventions. Include in your report how the development of extracting lactoferrin relates to chemistry ideas, and how it is useful to society. Provide evidence for your conclusions, for example, quotes from your research. Hand in your notes with your report.

Suggested websites. 
· https://www.fonterra.com/nz/en/about/our+locations/newzealand/hautapu/hautapu 

· https://en.wikipedia.org/wiki/Lactoferrin  

· https://www.fonterra.com/nz/en/NZMP+Ingredients/Our+Ingredients/Specialty/Lactoferrin 

· http://www.stuff.co.nz/business/farming/4189074/Fonterra-trials-benefits-of-lactoferrin 

· http://www.ruralnewsgroup.co.nz/dairy-news/dairy-general-news/fonterra-doubles-capacity-for-lactoferrin 

· http://www.synlait.com/products/specialty/spray-dried-lactoferrin/
· http://www.webmd.com/vitamins-supplements/ingredientmono-49-lactoferrin.aspx?activeingredientid=49&activeingredientname=lactoferrin
· http://www.healthandherbs.co.nz/health-library/immune--infections--cold--flu/lactoferrin
· http://biotechlearn.org.nz/themes/marvellous_milk/extracting_milk_proteins 

· http://www.hagukumi.ne.jp/eng/products/morinagamilk/lactoferrin/lactoferrin01.shtml 

· http://biotechlearn.org.nz/themes/marvellous_milk/ion_exchange_chromatography

Assessment schedule: Chemistry 91163 Discovering Lactoferrin
	Evidence/Judgements for Achievement 
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student:

· gathers, processes and interprets teacher provided and/or other secondary source information about extracting lactoferrin and records notes appropriately

· describes the development of extracting lactoferrin
· gives an overview of the history of extracting lactoferrin
· uses chemistry vocabulary to describe the development and composition of lactoferrin 

· provides some related chemistry information about lactoferrin.

For example:

Lactoferrin is a naturally occurring iron-binding protein found in milk that has been shown to have important and diverse biological functions.  The abundance of lactoferrin in human milk is an indication of its role in infant nutrition, with human infants ingesting up to 3g of lactoferrin per day from breast milk during the first week of life.  

Lactoferrin is an important component of the immune system because of its potent antimicrobial activity that provides protection against infectious agents. It has become evident that oral administration of lactoferrin has anti-inflammatory, anti-infective, anticancer and antioxidant activities as well as enhancing iron status in vulnerable groups such as infants.  This has enlarged the application potential of lactoferrin as a food additive. 
The technology of producing lactoferrin from cow’s milk on a large scale was established over the last 20 years ago. Bovine lactoferrin has a molecular weight of 83.1 kDa and is composed of 689 amino acid residues.
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Occurrence of iron-containing red protein in bovine milk was reported as early as in 1939; however, the protein could not be properly characterised because it could not be extracted with sufficient purity. Its first detailed studies were reported around 1960. They documented the presence of two iron atoms per protein molecule. The protein was extracted from milk, contained iron and was structurally and chemically similar to serum transferrin. Therefore, it was named lactoferrin in 1961, though the name lactotransferrin was used in some earlier publications, and later studies demonstrated that the protein is not restricted to milk. The antibacterial action of lactoferrin was also documented in 1961, and was associated with its ability to bind iron.  Lactoferrin is one of the transferrin proteins that transfer iron to the cells and control the level of free iron in the blood and external secretions. It is present in the milk of humans and other mammals, in the blood plasma and is one of the major proteins of virtually all exocrine secretions of mammals, such as saliva, bile, tears and pancreas. Concentration of lactoferrin in the milk varies from 7 g/L in the colostrum to 1 g/L in mature milk.  It also plays a role in the absorption of nutrients. The protein can deliver such metal ions as iron, manganese and zinc and facilitate the absorption of sugars.
Currently, lactoferrin is separated from other milk proteins in the factory. After collection, the milk is chilled (below 5ºC) and stored on the farm for one to two days. The milk is then transported to a processing factory, where it is de-fatted and pasteurised. After all of these steps, the lactoferrin is extracted.

In the factory process, the milk is cooled to below 5ºC while it is stored. Cooling causes the life processes of microorganisms in the milk to slow down and prevents the milk from going off.  When the milk gets to the factory, it is pasteurised to kill microorganisms. Pasteurisation involves rapidly heating and cooling the milk (from 63ºC to 4–8ºC). Proteins are long chains of amino acids arranged in specific shapes. They can only function correctly when their shape is exactly right. However, most proteins are incredibly sensitive to changes in temperature, which can alter their structure.  The heating and cooling can alter the shape of the proteins (and therefore their charge) and prevent them from binding to the ion exchange resin properly. Therefore, only lactoferrin molecules that retain the right shape through these temperature changes well be extracted.
A special ion exchange resin is used to extract the lactoferrin. The resin works by selectively interacting with the lactoferrin protein at a particular pH. In factories, this process is carried out at 4–8ºC.  The extraction of lactoferrin in the factory is not very efficient and gives only low to medium yields.

The above expected learner responses are indicative only and relate to just part of what is required.
	The student:

· gathers, processes and interprets teacher provided and/or other secondary source information about extracting lactoferrin in depth and records notes appropriately

· describes the development of extracting lactoferrin in depth
· gives a detailed description of the history of extracting lactoferrin
· links the development of extracting lactoferrin to related current or historical chemistry knowledge

· uses and explains in detail the chemistry vocabulary necessary to describe the development, composition, and properties of lactoferrin.

For example:

Lactoferrin forms reddish complex with iron; its affinity for iron is 300 times higher than that of transferrin. The affinity increases in weakly acidic medium. This facilitates the transfer of iron from transferrin to lactoferrin during inflammations, when the pH of tissues decreases due to accumulation of lactic and other acids. The saturated iron concentration in lactoferrin in human milk is estimated as 10 to 30% (100% corresponds to all lactoferrin molecules containing 2 iron atoms). It is demonstrated that lactoferrin is involved not only in the transport of iron, zinc and copper, but also in the regulation of their intake.
Ion exchange chromatography is a technique used to separate and purify charged molecules such as proteins and is based on the attraction that positively or negatively charged ions and molecules have for anything with an opposite charge.  Proteins carry a charge that is dependent on the pH of the surrounding solution. Therefore, the sample must first be put into a solution that buffers the mixture at a particular pH.  An ion exchange column is composed of a gel matrix made from beads with charged functional groups. The functional group that is used will depend on the protein being targeted for separation. For example, if the molecules to be extracted from the sample have a positive charge, the functional groups in the column will have a negative charge. The sample is poured slowly into the ion exchange column. As the fluid drains through the gel matrix, the ions bind to the functional groups in the column while the rest of the solution passes through and can be collected as it exits the bottom of the column.  In order to collect the protein molecules that are bound to the column, they must first be released from the functional groups in the gel matrix. This is called elution. 
Elution can be done in one of two ways:

1. Changing the charge of the molecules in the sample – this is done by running a buffer of a different pH through the column. This affects the shape of the bound molecule and, therefore, which parts of the molecule are exposed, changing the overall charge.

2. Displacing the bound molecules with something else. If ions that are more attracted to the functional groups in the gel matrix are run through the column, they will displace the molecules already bound.

The purified protein molecule from the sample can then be collected as it comes off the matrix in the column.

Acid precipitated casein had been used as the starting material for isolation of lactoferrin from bovine milk. However, the whey fraction of milk or colostrum is better source to obtain lactoferrin on laboratory scale and cheese whey is another source used to obtain lactoferrin on a large scale.

Other methods used include affinity chromatography with immobilized materials such as heparin, blue dye, β-lactoglobulin, antilactoferrin antibody or single-standard DNA. Also, metal-chelate affinity chromatography and hydroxyapatite column chromatography have been used to purify lactoferrin.

The above expected learner responses are indicative only and relate to just part of what is required.

	The student:

· gathers, processes and interprets teacher provided and/or other secondary source information about extracting lactoferrin and records notes appropriately

· describes the development of extracting lactoferrin in depth

· gives a comprehensive description of the history of extracting lactoferrin, including reasons why extracting lactoferrin development path was pursued

· links the development of extracting lactoferrin to related current or historical chemistry knowledge

· uses chemistry symbols and vocabulary extensively to describe the development and composition of lactoferrin. 

· evaluates the discovery or development with respect to its use by society, for example, the needs met by extracting lactoferrin and the new challenges it presents.

For example:

Lactoferrin is isolated and purified on an industrial scale (approximately 20-30 tons annually worldwide) from cheese whey and skim milk. The concentration of lactoferrin in cheese whey is roughly 100 mg L-1. Since lactoferrin exists as a cationic protein (isoelectric point of lactoferrin is alkaline) in whey, it is readily adsorbed to a cation-exchange chromatography resin and then eluted using salt solutions. The eluted crude lactoferrin is desalted and concentrated using ultrafiltration and diafiltration membranes, after which it is subjected to pasteurization. Purified lactoferrin powder with a purity of 95% or higher is finally obtained by freeze-drying. In an alternative process, microfiltration and spray-drying are performed instead of pasteurization and freeze-drying, respectively. While making efforts to develop a practical method for the pasteurization of lactoferrin which is stable against heat treatment under acidic conditions while heat treatment at a neutral pH causes denaturation of the protein. It is considered that heating at a pH 4 and to a temperature of 90-100°C for 5-10 min as well as the UHT method are suitable and practical methods for the pasteurization of lactoferrin. 
A protein fractionation robot (PFR) is a machine being developed to recover high-value proteins as the milk is collected on dairy farms. The aim is to optimise protein yield and, at the same time, retain the biological integrity of these proteins. This technology also has the potential to increase a farmer’s earnings.  A PFR is placed between the milking cups and the storage vats in the milking shed, so that proteins can be extracted immediately after the milk is collected and at much the same temperature about 35ºC – the temperature of fresh milk. Therefore, a greater proportion of the proteins will have the right shape and charge to stick to the surface of the ion exchange resin. This improves the yield of lactoferrin from the milk. The average amount of protein extracted is 36 percent higher in the PFR on the farm than in the factory.  Another advantage of having a PFR on the farm is that the extraction process can easily be modified to remove other proteins from raw milk that may otherwise be destroyed by the treatment process.

Recently it has been recognised that oral administration of lactoferrin exerts various health beneficial effects such as anti-infective activities not only in infants but also in adult animals and humans and that the recombinant bovine lactoferrin is available for development into nutraceutical, preservative and pharmaceutical products. Among conditions for which the products were being investigated are: angiogenesis, bone remodelling, food preservation, infection in animals, humans, plants, neoplasia in animals, humans, inflammation in intestine, joints, wound healing as well as enhancement of antimicrobial and antineoplastic drugs and prevention of iron induced oxidation of milk formula.  
Milk proteins have many nutritional and biological functions in humans and animals and can be used in many practical applications, such as from food preservatives to health-promoting foods and supplements, infant foods, iron supplements, pharmaceuticals, sport foods, nutritional foods, chewing gums, healthcare products, such as toothpaste, mouthwashes and cosmetic. In the meat industry, lactoferrin can be used as spray applied to carcasses to decrease the growth of contaminant bacteria and to extend the shelf-life.  Lactoferrin could replace food and feed additives as a preservative, because it is a natural protein of milk. Lactoferrin has been used as a supplement in calf feed, to prevent neonatal diarrhoea and to increase weight gain. 
The continued extraction of lactoferrin will play an important part in improving human health. Lactoferrin seems to have great potential in practical medicine. Nevertheless, much research and many experiments still need to be carried out in order to obtain a better understanding of its activity and interactions and to enable the full and safe utilisation of this protein.
The above expected learner responses are indicative only and relate to just part of what is required.


Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard.
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