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Introduction
Traditional commodity products have long been the mainstays of dairy production systems in New Zealand and worldwide. In the future, it is likely that these types of products, such as cheese, milk powders and butter, will continue to provide a major source of revenue for the New Zealand dairy industry. For many commodity foods there is a consistent worldwide trend for higher yields, greater efficiency of production, increased supply and declining prices. Coupled with this is a trend for greater consumer preference towards healthier (e.g. lower fat) convenience foods. 

The dairy industry has acknowledged it must continue to make gains in productivity efficiency to offset the decline in real milk prices for commodities and stay ahead of its competitors. The 4% challenge set out by the industry leaders in the industry strategic plan embodies this strategy. Increasing the efficiency with which commodity milk is produced on-farm will contribute to this goal. Adding value to milk and dairy products will also increase productivity through an increase in value of outputs. An obvious example of the industry's success in adding value is Anlene, the high calcium skim milk powder sold predominantly in Asia that has proved highly successful, establishing a dominant market position in a rapid timeframe.

In practice, value-added products can be manufactured from modifications of commodity milk of standard composition, or from specialist “tailor-made” milk produced on the farm especially for a designated product (e.g. the Stollait hyper-immunised milk produced in the Waikato). The decision about which route is taken to produce value-added products (i.e. from manipulations of standard milk behind the factory door versus from tailor-made milk produced on the farm) may ultimately come down to two main factors:

· Availability of technology to produce tailor-made milk on-farm

· Costs of producing tailor-made milk on-farm versus costs of post-harvest 

modifications behind the factory door.

Although most value-added dairy products are currently produced after milk leaves the farm gate, future technologies are likely to increase the number and economics of value-added products that are produced directly from tailor-made milk made on-farm. This paper broadly considers some of the likely scenarios for milk production systems of the future, with special emphasis on production of tailor-made milk containing high-value components. The major thrust of value-added dairy products is to enhance nutritional well-being and human health. Therefore, examples of likely consumer benefits of such dairy products will be given. 

Finally, opinions expressed in this paper are that of the author and have been developed through experience gained while studying in the US and through his own personal research interests. The views do not necessarily reflect those held by the New Zealand dairy industry. 

Some of the “goodies” in milk - new opportunities

As a food, milk provides excellent sources of protein, fat, carbohydrate and minerals. Milk also contains a large number of bioactive components that have various biological functions that impact on human nutrition and health. From an evolutionary perspective, many of these components are likely to aid in postnatal development and disease prevention in suckling infants. Besides strengthening the perceived nutritional value of milk, these components may also provide opportunities to extract greater returns from the dairy business. Table 1 provides examples of several of these milk components; the list is by no means comprehensive, however, it does demonstrate several of the exciting benefits these components have on human nutrition and health.

Table 1: Examples of milk components and associated health benefits. 

Nutrient class
Components
Claimed health benefits

Fat
CLA, phospholipids, butyric acid, (-linolenic acid, milkfat globule membrane protein
· Cancer prevention, 

· Diabetes prevention

· Immune enhancement

· Promote of bone growth

· Reduce blood clotting

· Promote cardiovascular 

          health



Proteins + enzymes
Immunoglobulins, lactoferrin, transferrin, folate binding protein, lactoperoxidase, TGF-(, IGF-I, lysozymes.
· Immune enhancement

· Antibacterial activity

· Pre-biotic properties

· Aids in iron transport

· Cancer prevention

· Growth promotion





Minerals + vitamins
Calcium, niacin, magnesium, phosphorous, vitamin D, riboflavin
· Bone formation

· Slow bone mass loss

· Antibacterial activity 

· Prevent gum disease

· Heart health

Note: The majority of evidence for the reported health benefits above are derived from studies with animals (Parodi, 1997: Parodi 1998: Ip et al. 1999: Pariza, et al. 2000: Claire and Swaisgood, 2000).

The whey fraction (the fraction left over after cheese making) in milk contains many of these naturally occurring “bioactive” components, although others are found in the fat fraction. The range of biological effects these milk components have is diverse, including antibacterial activity, pre-biotic properties, iron transport, immune enhancement, and cancer prevention (Table 1).

One of the most promising bioactive components in milk is called conjugated linoleic acid (CLA). CLA is a fatty acid that can inhibit cancer (skin, forestomach, hindgut and mammary), promote the immune system, reduce the effects of type-II diabetes, promote bone growth, and reduce blood clotting in laboratory animals. Milk and dairy products are the major sources of CLA in the human diet because CLA and its precursor (trans vaccinic acid) is formed in the rumen of the cow during bacterial fermentation. After leaving the rumen, CLA is absorbed by the cow and transferred to milk or body fat (Bauman and Griinari, 1999). 

A US study found butter made from milk containing increased levels of CLA reduced the risk of breast cancer in rats (Ip et al. 1999). Milk with high CLA levels was collected from cows at Cornell University following dietary manipulation and was made into butter; regular butter was also made. The CLA concentrations for the two butters were 4.2 and 0.5 mg/g fat, respectively. Juvenile rats were fed either regular or high CLA butter diets for a period of one month during maturation and were then treated with a carcinogen to induce mammary cancer.

Only 50 percent of the animals fed the high CLA butter developed mammary tumours when given high doses of carcinogen. By comparison, 93 percent of the animals that were fed regular CLA butter developed breast tumours (Ip et al. 1999: Figure 1). This laboratory animal model suggests that high CLA butter could be beneficial in reducing the risk of breast cancer in humans. Further indirect evidence to support this suggestion comes from Finnish researchers who found a strong correlation between increased consumption of dairy products and reduced risk of breast cancer in women (Knekt et al. 1996). French researchers also found women whose risk of breast cancer was lower had higher levels of CLA in the fat deposits of their breasts 

(P. Bougnoux and F. Lavillonniere, unpublished data). 
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New Zealand has a natural advantage because milk from pasture-fed cows contains more than double the CLA in milk from cows fed TMR (Kelly et al. 1998: Figure 2). The CLA programme at Dairying Research Corporation is part of an overall effort to enhance the healthiness of milk on-farm. The strategy involves exploiting already high levels of CLA in New Zealand dairy fat by further enhancing CLA levels to create healthier dairy products. Such milk could be processed to make a range of products with increased CLA content providing benefits to both consumers and producers. 

Bioactive components can also be formed in milk after harvest

It is important to note that the bioactive components listed in Table 1 refer to those components that exist naturally in milk. However there are many bioactive components that are derived from milk components (milk proteins are the main precursors) after the milk has been harvested. These components may occur naturally through action of digestive enzymes in our digestive system on milk proteins, or artificially through enzymatic action in the processing plant. For example, a potent blood pressure reducing agent called an ACE inhibitor, results from breakdown of specific milk proteins (Claire and Swaisgood, 2000). While these compounds have great potential for developing new and novel products from milk, it is important to realise that they may not be directly manipulated on-farm. Instead, it is the components that are naturally present in milk that will be the target for on-farm manipulation.

Milk production systems of the future - the options
Commodity milk production is likely to continue to underpin future dairy production systems in New Zealand. As outlined above, however, milk contains many high-value components. This may provide opportunities for farms to become product specific. Some possible scenarios for milk production systems of the future are listed here:

1. Commodity milk system

· Low input / low intervention / low cost




· High input / high tech

2. Organic dairy systems

3. Specialist farm systems for tailor-made milk

· Non-GM approaches







· GM approaches

Commodity milk systems

Emphasis will be on maximising milksolids produced for the lowest cost (Penno and Kolver, 2000). The two routes to achieve this could be through the traditional low input approach or the high tech approach. The latter option will emerge as a system over the next 

10-20 years and may involve new technologies such as robotic milking, bST and other treatments, and genetic modifications (GM) such as transgenic plants and animals for production traits. Cloning technology, for example, offers great potential in this type of system. Cows of exceptional production traits could be duplicated through this technique to produce a herd of cows that are highly efficient at turning pasture into milksolids. 

Farm systems with lactation lengths in excess of 365 days might be possible through development of transgenic pasture plants that grow evenly across the typical seasonal range in temperatures and through transgenic cows that do not undergo typical rates of mammary involution. 

Another likely scenario for this high-tech system could involve insertion of additional copies of casein genes to produce milk that gives exceptionally high yields per litre of milk, for casein-based products such as cheese and caseinates; this particular project is being undertaken in New Zealand by AgResearch (L’Huillier, 2000). Other biotechnology options such as marker-assisted selection may aid in these systems without involving genetic modification of the cow, simply through more rapid gains in genetic worth.

Organic dairy systems

These systems have recently received considerable attention and many exponents tout organic dairying as the saviour system of the future. In comparison to commodity milk, organic milk is likely to attract a premium, although productive yields per ha are often lower than conventional non-organic systems (Dave Clark pers.comm. 2000). Organic systems could provide an exciting alternative to traditional approaches, however, market size and the willingness of consumers to pay premiums for organic dairy products are likely to limit the supplier potential of this option. Interestingly, when bST was introduced in the US in 1994, the total sales of milk from cows that had not been treated with bST of total fluid milk sales rose to a peak of 2% in the North Eastern States. This type of milk currently accounts for just over 1% of all sales (Bauman, 1999). In other words, when given the choice and the price differentials between regular treated and non-treated milk, the overwhelming majority of consumers in the US will purchase the cheaper regular milk.

Tailor-made milk systems

This option offers a whole range of systems for producing specialist milk, perhaps on product-specific farms. The tailor-made milk system could use two broad approaches: GM and non-GM technologies. 

Non-GM approaches to produce tailor-made milk

The Stollait milk project run in the Waikato where cows are vaccinated fortnightly to produce milk containing beneficial antibodies is probably the best current example of how this type of system may work. Another current example of a non-GM approach used in the NZ industry is the traditional breeding approach used with suppliers of the Kaikoura Dairy Co-op. Bulls are selected to produce offspring of the (-lactoglobulin BB variant, which gives higher cheese-yielding capacity (Boland et al. 1999). Special feed additives and enzymes may also provide options for producing tailor-made milk. For example, high CLA milk can be made from inclusion of vegetable oils in the diet of cows (Bauman et al. 2000: Dhiman et al. 2000). Other examples that may be possible through feeding include spreadable butter (Thomson and MacGibbon, 2000) milk with an enhanced ratio of unsaturated:saturated fatty acids (Murphy et al. 1990), and low fat milk (Chouinard et al. 1999) directly from the cow. Currently, there are more non-GM options available to manipulate fat composition in milk than for milk proteins.

 Overall this approach of using non-GM technologies to produce tailor-made milk may prove more appealing to the consumer, but the range of available options is limited at present. It is likely that these technologies will be limited to producing milk for functional foods only.

GM approaches to produce tailor-made milk

This technology will provide a wide range of options to produce milk for functional food and pharmaceutical applications (Murray and Maga, 1999: L’Huillier, 2000). Genetic modification of dairy cows offers the potential to greatly modify the concentrations of components naturally present in milk. For example, cows may be identified that have exceptionally high levels of high-value components such as CLA, phospholipids, immunoglobulins or lactoferrin, or conversely, low concentrations of allergens such as 

(-lactoglobulin in their milk. Using cloning techniques, these cows may be duplicated to form a special herd producing milk for functional or designer dairy foods. Cows with special milk characteristics can also be produced by inserting additional copies of genes, deleting genes, or down-regulating expression of genes (Murray and Maga, 1999).

GM technology may also be used for pharmaceutical applications for example, to insert proteins that are not found in milk. In this situation, often referred to as “biopharmaceutical” production, dairy cows carrying genes for specific proteins could provide a cost-effective source of complex drug molecules. Gala design (http://www.gala.com) based in Wisconsin, USA, is a transgenics company dedicated to the production of recombinant products in milk (Bremel, 1997). This company claims that the cost of producing proteins by this route is far lower than more traditional pharmaceutical production methods, using large culture vessels or bioreactors (Homan, 1998). 

Gala design has developed two methods of producing special proteins from dairy cattle; transomatics™ and transgametics.™ The first method involves introduction of genes for specific proteins directly into the udder of cows using a defective viral vector. These genes make their way inside the mammary secretary cells where they cause the expression and production of the special protein they are coded for. The second technique transgametics™ produces transgenic offspring by inserting special genes into unfertilised eggs of cattle, using a non-replicating gene-transfer vector (Chan et al. 1998). Embryos derived from this promising technique are then transferred to surrogate mother cows resulting in the birth of several transgenic offspring, which will ultimately produce milk containing the special protein of interest (Chan et al. 1998). In New Zealand, AgResearch uses microinjection and nuclear transfer (cloning) techniques to introduce new genes into cattle to allow production of special proteins in milk (L’Hullier, 2000). AgResearch scientists plan to undertake work to produce a special protein in milk called human myelin-basic protein, which aids in preventing multiple sclerosis. Other examples of projects involving transgenic livestock for pharmaceutical applications are targeted towards providing proteins that assist in conditions such as haemophilia, cancer and cystic fibrosis (L’Hullier, 2000). 

Transgenic cows could also be used to produce proteins for industrial applications. Examples include a high-intensity sweetener that is 2000 times sweeter than sucrose, a protein that recognises solid tumours (Bremel, 1997), and a spider silk for use in surgical stitching (L’Huillier personal communication, 2000).

Emerging biotechnologys such as transgenics and genetic modifications are a great source of contention and debate in our society. It is not the purpose of this paper to discuss pros and cons of transgenic approaches other than to say that farmers will also need to carefully consider and evaluate the benefits and risks associated with any options available to them in the future. Furthermore, public opinion will play a large role in determining the application of GM technologies in New Zealand agriculture. Even though the potential of non-GM technologies currently appears more limited, current public perception is likely to favour this approach to producing tailor-made milk.

Producing tailor-made milk on the farm - examples

The following future scenarios provide examples of how product-specific farms for 

tailor-made milk might look in the future:

 The healthy milkfat farm using non-GM technologies

· Objective to produce milk with healthy fat containing enhanced concentrations of 



CLA, omega-3 fatty acids and mono-unsaturated fatty acids, and low saturated 

fatty acid content.

· The farmer purchases a franchise licence to produce this type of milk. 

· The technology used is a feed additive containing a mix of rumen-protected and 

rumen-unprotected vegetable and marine oils.

· The farmer drenches cows with an oil mixture - this practice is incorporated into 

regular drenching routines at milking for bloat or facial eczema etc.

· Alternatively, a concentrate containing the desired mix of oils is fed.

· Milk is picked up in a special tanker and transported to the processing plant where 

                    it is combined with milk from other “healthy milkfat” farms for production of fat-

                    based products such as butter or cheese.

· Products are sold as functional foods. These products command premiums, which 

                    are returned to the farmer to exceed the additional costs of production and justify 

                    the return on investment.

· Milk testing schemes are required to reimburse farmers for meeting required milk 

                    specifications.

The pharmaceutical dairy farm using GM technologies

· Objective: on-farm pharmaceutical production of a particular milk component (e.g. 

a potent blood-clotting factor used for haemophiliacs).

· The farmer purchases a franchise licence to produce this protein. As with any 

franchise arrangement, rules and regulations must be adhered to.

· The mammary gland is used as a bioreactor to produce large quantities of this 

specific blood-clotting protein.

· Cows are modified through transgenics to produce milk that contains the blood-

clotting factor.

· The farm only produces milk for harvesting this single protein, to minimise risk of 

contamination and mistakes.

· The cows are contained within a biosecurity compound and a special breeding 

programme involving cloning of established cows produces replacements for the

herd. 

· The herd is monitored for genetics and breeding, transgene stability and 

expression, animal health, feed inputs, viral loads etc.

· The farm has only 50 GM cows that provide enough of this protein to supply the 

entire market.

· Cows are fed total mixed rations to avoid variation in diet quality associated with 

pasture.

· Special tankers collect milk and transport it to designated extraction plants where 

the special protein is salvaged. The remaining milk is discarded or used for other 

non-food applications (e.g. extraction of other minor components).

· The farmer incurs higher costs than the average commodity farm, but the returns 

from this pharmaceutical operation are very high.

· Milk testing methods may be required to reimburse farmers for meeting required 

milk specifications, particularly if management practices affect the concentration of 

the blood-clotting protein in the milk.

Harvesting high-value components from bulk milk

This option is already utilised to some extent in our industry, although the range of options available for extracting various components will continue to increase with technological advances. This approach does not necessarily require product specific farm production as it relies on extracting or harvesting the high-value components from a large volume of milk and using the resulting milk for regular products. A current success story is the use of colostrum in the Waikato to produce a range of health supplements. Farmers are paid 80c/litre for colostrum milk over the first few milkings (New Zealand Dairy Exporter, May 2000). 

The development of product-specific dairy production systems will depend on a range of factors such as the availability, cost and consumer acceptance of various technologies. If any of these factors prohibit on-farm specialisation, this approach of harvesting from bulk milk may prove to be the method of choice used by an industry that deals with very large volumes of milk.

Conclusions

· Commodity milk production will continue to underpin the New Zealand dairy 

industry. If, however, the New Zealand dairy industry is to grow and compete with 

other large multinationals more commodity milk must in future be used to 

manufacture value-added products.

· Most value-added products are currently produced by modifications/additions to 

milk at the factory.

· In the future, factors such as cost, consumer acceptance and availability of 

techniques will determine which strategy is used to produce value-added products 

(i.e. producing tailor-made milk on-farm versus post-harvest modifications of   

standard commodity milk behind the factory door).

· There will be an increase in the number of farms that produce tailor-made milk 

especially suited for the manufacture of specific products.

· On-farm research programmes will need to address the unique requirements of the 

various dairy production systems and the greater complexities in management they may bring.

· Future work in the Milk Characteristics team at Dairying Research Corportation            

                    will focus on developing on-farm non-GM techniques that allow enhancement of    

                    levels of several high value bioactive components in milk.
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Workshop summary

Speaker’s summary

Commodity milk will continue to underpin the industry. Value added strategy will move on farm. On-farm versus off-farm changes will depend on economics. Some farms will sell milk made by non GM or GM means.

Altering milk composition

·  Conjugated linolenic acid (CLA) ‑ found in the fat fraction has been found to have     

                  health benefits (studies on lab animals). Benefits are they inhibit cancer, promote the  

                  immune system and promote bone growth. CLA is increased in milk with pasture fed    

                  cows and when fed oil.

·  Milk fat % can be reduced. Milkfat is the most expensive component for a cow to

                  produce. 

Discussion Summary

Conjugated linolenic acid 

· There are seasonal and stage of lactation effects on CLA production. 

· Silage and maize silage, have no effect, but turnips slightly reduce CLA levels. 

· Research in New Zealand has started on CLA at DRC. As CLA is found in fats, consumer perception of dairy fats may change. The aim is to increase the CLA levels per kg milkfat, so consumers will get the benefits without eating any more milkfat and lower levels of milkfat will need to be eaten.

Future milk production systems


Tim's opinion is farmers will be doing one of the following options:

· Commodity milk ‑low input versus high tech.

· Organic milk.

· Tailor‑made milk ‑ Non Genetic Modified (GM) or GM.


    GM ‑ greater opportunities with this approach, but more controversial.

Questions raised

· How will dairy companies process the small amounts of tailor-made milk (under the mega‑site scenario) for some products, and how will farmers be paid? 

· How will extra wealth be distributed between the individual farmers who produce the milk versus all members of the co‑operative company?

· Will it be more profitable to produce tailor-made milk on the farm or alter milk in the factories?

· Transgenics ‑ long‑term, how will consumers accept this practice? Will it be more acceptable for pharmaceutical products rather than functional foods?
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Figure 1: Effect of butter type on percentage of rats with mammary tumours (Ip et al. 1999).








Figure 2: Effect of diet type on CLA concentrations in milkfat (Kelly et al. 1998).
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