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Synthetic Foods
https://www.mpgfoodtech.co.nz/food-for-thought/synthetic-foods

Animal product analogues have been around for a while. [image: A group of glass jars with different types of food
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AI-generated content may be incorrect.] Alternative Dairy products, extracted from vegetables include soy, oat and almond milks.

Similarly, meat analogues have been made using vegetable proteins including gluten and soy, in combination with other ingredients to provide tastes, textures and visuals that are often designed to mimic those of meat products including bacon, sausages, meat patties etc.
Most of these products were intended to either provide vegan / vegetarian “alternatives”, and for some to avoid dairy allergen or lactose intolerance.
Increasingly environmental sustainability has become a driver for moving away from products derived from intensive livestock farming to production of synthetic ingredients and food:  dairy proteins, cultured meat and novel cellular proteins for example.
Farming of cattle, sheep, pigs and poultry results in high emissions of greenhouse gasses directly from the animals as well as from the husbandry practices (fuel for farming and transport and feed production).  Emissions of nitrogen into soils and waterways is also a feature of pastoral agriculture.  For many the desire for synthetic food products also includes elimination of animal welfare concerns associated with traditional farming and harvesting practices.
Many synthetic foods will require raw material inputs from agriculture with the associated environmental costs of inputs but with the anticipated benefits of:
· Better conversion rate of feeds to product outputs (only the edible part is produced – no organs, bones, fur, feathers or scales)
· Significantly reduced water use
· Limited discharges of nitrogen to soils and waterways 
· Significantly lower overall requirement for agricultural land reducing the need for ongoing destruction of natural ecosystems, and allowing land to be returned to nature
Today, the direct dollar costs of producing many synthetic foods are generally orders of magnitude higher than that of traditional agriculture.  However, as these new technologies mature, costs will come down.
The ultimate in minimising environmental impact is represented by systems that utilise minimal inputs – gases from the air (such as nitrogen, carbon dioxide and oxygen), water and a small amount of nutrients, driven using renewable electricity.  However, many will still require huge investment and traditional agriculture (typically plant based) to produce inputs (sugars, amino acids and lipids) for the growth media in sufficient purity and quantity.
A range of different synthetic food production technologies are discussed below.
 
Cell Culture:
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AI-generated content may be incorrect.]Growing foods in bioreactors or fermentation vessels provides the opportunity to greatly reduce the physical space required for food production, whilst simultaneously moving to a more sustainable future.

There are two key areas currently being explored intensively with the target of reducing humanities reliance upon traditional agriculture.  It may be considered that cell culture is at the heart of these technologies.
The first is to grow animal cells to replicate the flesh of farm animals, fish and poultry: cultivated meat.  
The second is to utilise fermentation: either directly as foodstuffs (Biomass Fermentation), or to produce specific compounds to be used as functional ingredients in foods (Precision Fermentation).
There are challenges to commercialising synthetic foods, though there are numerous governments, research facilities, and companies working in this space.  Requirements for commercial success of such products include having:
· the technical capability to produce the foods economically
· sufficient customers willing to purchase and consume the food 
· legislation allowing these novel foods to be traded 

Cell-cultured meat:
From the first synthetic meat made in 2013 in a Dutch laboratory, to commercial sale of synthetic chicken in Singapore in 2021, the scale and diversity of cultured meat continues to expand.  However, it remains a drop in the proverbial ocean of global meat consumption.
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AI-generated content may be incorrect.]Work is being done creating meat from a range of farm animals (beef, pork and chicken) and fish species (including eel, bluefin tuna and carp).  Other companies are working on providing meat from “exotic” species: products people wouldn’t ordinarily consume, but the novelty factor adding “value”.
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The starting point for this process is typically stem cells that are extracted from live animals.  The stem cells, in an appropriate environment, will multiply and differentiate into muscle cells, collagen and fatty tissue, producing structures very similar to skeletal muscles from farmed animals.  The nutritional characteristics are equivalent to those of the parent animal.
Many companies are operating in this space, though few are producing products for commercial sale.
Singapore is seeking to reduce its reliance on imported foods and their government has legislated accordingly.  Singapore became the first country in which cultured meat was permitted to be sold to consumers – in the form of cultured chicken nuggets briefly in 2021, and currently cultured chicken via a Butchery & Bistro.  Only very limited quantities of cell cultured chicken are available.
The US approved 2 companies for sale of cell cultured meat in mid-2023 – to be sold as “cell-cultivated chicken”.  Very small quantities are available to the public via restaurants the businesses have partnered with.
Although widely anticipated to have a significantly lower environmental impact than traditional farming, different studies have produced vastly different outcomes in terms of environmental impacts.  Only as the cultivated meat industry scales up will compelling data become available.
In order for cell cultured meat to scale to a level that has a meaningful impact on global food supply, the following developments are required:
· Growth Media:  This is essentially the equivalent of blood plasma – providing the environment for cellular growth.  Traditionally Foetal Bovine Serum has been used at key stages culture, but this is both extremely expensive and requires beef processing at scale to produce it.  Developing an animal free culture medium is high on the priority list for most organisations involved.  However, the components must be of very high quality and purity to avoid contamination (microbiological and chemical).  Preparing the perfect balance of sugars, amino acids lipids and growth factors requires a whole suite of inputs and manufacturing processes.  It is unlikely these materials will be easy to produce at scale, or cheap to ramp up.
· Meat Structure:  For many potential consumers, having products that replicate the products they are used to is critical.  Fermenters can produce tissue cells – akin to sausage meat in structure once separated from the culture media.  A range of technologies are being developed to provide either bio-scaffolding or other means to encourage growth in natural meat like portions containing muscle, collagen, and fat tissues in appropriate proportion and structure.
· Scaling up:  To displace an appreciable volume of meat sourced currently from agricultural practices, huge volumes of meat will need to be cultivated.  Currently the bioreactors are relatively small and conducted in conditions suitable for pharmaceutical grade products.  The cells being cultured have no immune system, so rely upon the culture environment and all inputs being free of microbes – viruses, bacteria, yeast.  All phases of cell culture will need to remain free from biological contamination throughout the process.  So, not only will the scale need to become vast to bring down costs, but to maintain the required hygiene the infrastructure and inputs will need to be “sterile”.
· Regulatory Considerations:  Only two countries have regulatory environments that permit the sale of cultured meat – Singapore and the US.  Issues that currently arise in many jurisdictions include the use of hormone growth promoters which is banned in the EU and many other areas.  The definition of these products needs to be settled in most countries, and this includes the naming – is it meat or muscle.  How the food safety hazards are addressed also needs to be determined be each country.  Finally, several countries have banned cell cultured meat!

Fermentation:
Bacteria, algae and fungi have been used for millennia to produce foods and beverages.  However, in relation to synthetic foods most applications would produce novel products.
· Biomass Fermentation:  Utilises the whole organism, typically protein rich, as the foodstuff.  Species are selected based on the characteristics desired.  Some sources in addition to providing excellent amino acid profile, also offer modest amounts “healthy” lipids, fibre and nutrients such as vitamins and minerals. Genetic modification may be used to enhance the nutritional profile of the organism, or the substrates from which it is cultured.  Biomass fermentation probably offers the most significant opportunity for the reduction of resources used to create synthetic foods in comparison to traditional farming.  Many companies are currently using fermented biomass to produce “meat-like” analogues and provide viable alternatives to animal based agricultural products.
· Precision Fermentation:  Utilises microorganisms to produce functional products – typically proteins (including enzymes), but possibly also lipids and vitamins.  This technique has been used for decades to produce Insulin for diabetics, and rennet for cheese making – pharmaceuticals and high value food components.  Most applications rely upon gene manipulation (genetic engineering) to produce the intended product efficiently.  The target genetic material is inserted into a host organism which operates as a “cellular factory” churning out the target material in large quantity very efficiently.  Current food focussed developments include:
· milk proteins (casein, lactoferrin)
· meat proteins (myoglobin, collagen)
· egg proteins
· Lipids
These technologies may allow the transition from dairy cow based human infant nutrition to utilisation of human identical milk components.
Precision fermentation products are likely to contribute to improving the nutritional profile, taste and texture of non-animal foods to provide more “authentic” meat analogues.  This may also play a significant role in providing components for the growth media for cell-cultured meat.
One significant issue associated with precision fermentation is the “unnaturalness” of such materials.  Genetic modified organism foods are currently highly controlled in many countries and avoided by many consumers.
 
Outlook:
Biomass fermentation is in widespread use in the production of food alternatives to traditional animal farming and will continue to increase its market share as new technological developments are made.
Similarly, precision fermentation has been used for decades to produce high value proteins, enzymes, vitamins and food colours.  Advancements in gene manipulation technologies has opened the door to wide ranging advancements in this field.  These will be cheaper to produce and utilise significantly fewer resources than those from traditional sources.  New products will increasingly be available improving nutritional values.  
The most challenging technology to commercialise in a meaningful way will be cell-cultured meat.  Costs have reduced by several orders of magnitude from the initial successes a decade ago.  However, significant developments are required to allow cost parity with traditional agriculture.  Hurdles that need to be overcome include sourcing culture media that is not from animal source and scaling up to very high-volume production.
The synthetic food sector is moving at pace and one of the greatest limitations is the regulatory environment which typically does not keep pace with science and technology.


Questions
1. Investigate and predict the possible impacts that synthetic food technologies could have on an identified business.

2. What would the consequences be of these impacts on the business? 



Answer
This answer is based on Fonterra
1. Investigate and predict the possible impacts that synthetic food technologies could have on Fonterra.
Fonterra is a global leader in dairy production, processing, and export. The rise of synthetic food technologies, particularly precision fermentation and plant-based milk alternatives, poses several direct and indirect challenges to its business model. Based on the article, here are the predicted impacts:

· Disruption to traditional dairy markets - Precision fermentation can produce milk proteins (like casein and lactoferrin) without cows, meaning products like cheese, yogurt, and infant formula could eventually be made without any dairy farming.  This undermines Fonterra’s value proposition as a producer of traditional dairy ingredients and branded products.
· Consumer behaviour shift - Increasing consumer preference for environmentally sustainable and animal-free products may lead to a decline in demand for animal-based dairy, especially in key export markets (e.g. Europe, Asia).  Fonterra could lose market share to synthetic dairy producers and plant-based brands.
· Regulatory changes - If synthetic dairy gains regulatory approval globally, Fonterra could face new competitors with lower production costs and better environmental profiles.  Trade agreements and labelling laws may evolve in ways that favour these newer technologies.
· Environmental accountability pressure - Traditional livestock farming (including dairy) is a major contributor to GHG emissions and nitrogen pollution, which is under increasing scrutiny.  Synthetic dairy offers a “cleaner” alternative.  Fonterra could be seen as part of the problem unless it shifts practices or diversifies.
· Potential innovation opportunity - Fonterra could invest in or partner with synthetic dairy innovators using its expertise in milk protein science and global distribution.  It may shift to becoming an ingredient supplier for precision fermentation or develop hybrid dairy-synthetic products.

2. What would the consequences be of these impacts on the business? 
· Economic Consequences
· Revenue loss over time from decreased demand for animal-sourced dairy ingredients and products.
· Increased research and development costs if Fonterra chooses to adapt or pivot into alternative protein markets.
· Risk of stranded assets (e.g., dairy processing plants, supply chains) if synthetic foods displace traditional dairy faster than anticipated.
· Market position
· Fonterra’s position as a premium dairy exporter could be challenged by lab-grown or fermented proteins marketed as cleaner, more ethical, and more sustainable.
· Loss of access to some markets that may ban or heavily tax high-emission animal agriculture products.

· Reputation and brand
· The company may face reputation damage if perceived as ignoring sustainability concerns or resisting change.
· Conversely, early adoption or investment in alternative protein could enhance brand equity among younger, sustainability-conscious consumers.
· Operational changes
· Fonterra may need to diversify its operations to include:
· Partnerships with biotech firms
· Research and development into fermentation or hybrid products
· Supporting farmers to shift toward more environmentally sustainable farming practices
· Possible restructuring of its farmer co-op model to support new business units or phase out declining dairy operations.
· Strategic decisions ahead
· Decisions to embrace versus resist synthetic food innovation will significantly affect Fonterra’s future relevance and competitiveness.
· Failure to adapt could result in long-term decline, while strategic innovation and sustainability leadership could open new revenue streams and maintain Fonterra’s influence in global food systems.
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