History of Food Biotechnology

Modern biotechnology refers to various scientific techniques used to produce specific desired traits in plants, animals or microorganisms through the use of genetic knowledge. Since its introduction to agriculture and food production in the early-1990’s, biotechnology has been utilized to develop new tools for improving productivity. In 2005, twenty-one countries planted biotech crops covering a total of 222 million acres. These crops include soybeans, corn, cotton, canola, papaya, and squash that are improved versions of the traditional varieties. In addition, rapid-rise yeast and an enzyme used to make cheese are both commonly produced through biotechnology.

Biotechnology is a broad term that applies to the use of living organisms and covers techniques that range from simple to sophisticated. For centuries people have crossbred related plants or animal species to develop useful new varieties or hybrids with advantageous traits, such as better taste or increased productivity. Traditional crossbreeding produces changes in the genetic makeup of a plant or animal. The process can be very time consuming as it is necessary to breed several generations in order to not only obtain the desired trait, but also remove numerous unwanted traits.

In contrast, modern agricultural biotechnology techniques, such as genetic engineering, allow for more precise development of crop and livestock varieties.

The genes that directly express desired traits, such as agronomic performance, are identified more readily. Therefore, the genetic makeup of food-producing crops and livestock can be improved more efficiently. Gene technology not only provides the potential to select the exact characteristics desired, but it also enables us to transfer genes for desired traits more precisely.

Crop Biotechnology
There are three main categories of biotechnology-enhanced crops in use or development.

· Enhanced input traits, such as herbicide tolerance, insect and virus protection, and tolerance to environmental stressors such as drought.

· Value-added output traits, such as corn with higher amounts of lysine for animal feed, or vegetable oils with increased levels of omega-3 fatty acids.

· Crops that produce pharmaceuticals or improve the processing of bio-based fuels.

Today, crops in production are primarily those with enhanced input traits.

Animal Biotechnology
The use of genetic information to improve livestock selection and breeding, referred to as animal genomics, is an important tool in agriculture today. Genomics information can also help in determining optimum nutritional needs for animals. This aids in consistent production of high-quality meat, eggs, or milk.

Cloning is another modern technology that facilitates breeding of the healthiest and most productive livestock. The genetic makeup of the animal is not changed in any way. In fact, this form of assisted reproduction allows livestock breeders to produce an identical twin of the best available animals, which is itself used to breed future generations. As of 2005, foods produced from cloned animals or their offspring were not yet commercially available.

Genetic engineering is another potential tool being explored in breeding programs for food-producing animals. Potential benefits of such advances may include animals that mature more quickly or have enhanced nutritional characteristics, such as pigs that produce pork higher in omega-3 fatty acids. The product that would most likely be ready for commercialization in the near future is a variety of salmon, currently under regulatory review, that grows to maturity more quickly than its non-biotech counterpart.

Growth and Acceptance
According to a 2005 report by the International Society for the Acquisition of Agri-Biotech Applications (ISAAA), crops enhanced through biotechnology were planted extensively in the U.S., Canada, Brazil, Argentina, Uruguay, Paraguay, and Australia. These seven countries planted 208.7 million acres of biotech crops, or about 94 percent of the worldwide biotech crop acreage.

The second leading biotech crop producers were small-scale farms in countries that need to increase production to improve incomes in rural areas and supply growing urban populations. These countries included China, India, South Africa, Mexico, Philippines, Columbia, Honduras, and Iran, with acreage of 13.2 million. Small farms in Spain, Germany, Portugal, France, Czech Republic, and Romania accounted for an additional 350,000 acres of biotech crops in 2005.

Farmers have embraced biotechnology because it provides agronomic (agricultural) benefits. The precise agronomic performance of a given variety depends on the growing location, weather, and other factors. Fortunately, the positive impact of biotechnology on crop performance translates into benefits for the environment.

The National Center for Food and Agricultural Policy (NCFAP) found that in 2004, compared to 2003, the combined impact of the 11 biotech crops used in the U.S. resulted in 62 million fewer pounds of pesticides used. According to a recent, peer-reviewed study by PG Economics, biotech crops have created significant economic and environmental benefits since they were introduced in 1996. Moreover, biotech crops have reduced pesticide applications by 379 million pounds – an amount that could fill a 15-mile train of railcars. NCFAP also found that planting herbicide-tolerant crops allowed farmers to conserve soil by avoiding tilling (plowing) the soil frequently. The study by PG Economics also found that biotech crops allowed farmers to reduce tractor usage for tilling the soil, due to more effective weed control. This change in procedure saved 464 million gallons of diesel fuel and decreased greenhouse gas emissions (carbon dioxide) by 22 billion pounds. The reduction of greenhouse gas emissions is equivalent to taking five million cars off the road for a full year.

Moreover, crop performance and pest management, benefits of biotechnology, translate into economic benefits for farmers, as well as environmental benefits.

According to PG Economics, net income for farmers growing biotech crops increased by more than $27 billion globally over the period 1996-2004. U.S. farmers have planted more acres of biotech crops than any other country and consequently have received the largest additional income benefits, amounting to nearly $11 billion.

Consumer Acceptance
According to IFIC’s quantitative survey of US consumers (2006), overall, awareness of food biotechnology seems to incline consumers to be more, not less, favorably disposed to the technology. Specifically, these consumers are more likely to know these foods are in stores today, state likelihood to purchase the foods, and expect benefits from the technology.

Consumer opinion is split in regard to animal biotechnology. However consumers are more favorable once they understand “why” the technology is being utilized. For example, sixty percent of consumers confirm that the potential benefit of animal biotechnology improving “the quality and safety of food” would positively impact their impression of the technology. Furthermore, favorability may increase slightly with FDA assurances of safety of food produced using animal biotechnology.

An important aspect of the survey is that food safety and labeling concerns are solicited from consumers on an open ended basis, thereby allowing consumers to volunteer unprompted, top-of-mind concerns. On an open-ended basis, only one percent name biotechnology as a labeling issue. A majority of consumers state that there is no information that they would like to see added to food labels. Furthermore, more than half of consumers said they support the FDA’s current labeling policy for foods produced through biotechnology.

Food biotechnology meets with greater concern in some other world regions. Improved access to science-based, consumer-focused information about biotechnology is important in order to ensure that the global community realizes the benefits.

Regulation and Oversight
Three federal agencies share the regulatory oversight of biotechnology in the United States. Regulation is coordinated among the U.S. Department of Agriculture (USDA), Food and Drug Administration (FDA), and Environmental Protection Agency (EPA), according to the intended use of the products. Throughout the regulatory process, each agency provides several opportunities for public comment.

Within USDA, the Biotechnology Regulatory Service (BRS), of the Animal and Plant Health Inspection Service (APHIS), regulates field testing, movement, and importation of biotech crops and seed. BRS assesses agricultural and environmental safety of newly developed varieties during field-testing and prior to commercialization.

The EPA regulates the safe use of pesticides in agriculture, including pest-protection properties of plants developed using biotechnology. Therefore, EPA oversees field testing, as well as sale and distribution, of such crops in order to ensure safety for the environment and human health.

FDA has primary responsibility for ensuring safety and appropriate labeling of plant-derived foods and feed, including those developed using biotechnology. Developers of bioengineered foods consult with FDA on a voluntary basis prior to commercialization. During a consultation, FDA evaluates safety and nutritional information provided by the developer, including information on the food safety of any newly expressed compounds, and any changes in the levels of important nutrients, endogenous allergens, and natural toxicants. FDA considers a consultation complete once all safety and regulatory issues have been addressed.

FDA does not require labeling to indicate whether a food or food ingredient is a bioengineered product, just as it does not require labeling to indicate which conventional breeding techniques were used in developing a food plant. Rather, any significant differences in the food itself have to be disclosed on the label.

Regulation of meat, dairy, and eggs produced through biotechnology is in development. There is strong indication, as of 2005, that regulation will be handled differently for foods derived from cloned versus genetically engineered animals.

Around the world, biotech crops and foods are regulated everywhere they are grown and/or consumed. Additionally, the Organization for Economic Cooperation and Development and the United Nations’World Health Organization have put forth statements of support and guidance for individual governmental bodies that are developing regulations to improve consistency throughout the global community.

Bridging to the Future
Biotechnology is making a significant impact on food production, with great potential for future advancements. A strong regulatory system is in place in the U.S., based on the broad consensus regarding safety among the scientific community. Public debate continues, as with any new technology. Of course, consumers want to know what biotechnology will mean for the food we eat. Therefore, the international scientific community continues to assess and challenge biotechnology’s role in improving the food supply by addressing safety concerns and seeking a variety of solutions to our evolving agricultural, food production, food enjoyment, and human health needs.

Timeline-

This timeline includes significant events that have led to the current use of gene technology in food technology. It also shows some predictions about future developments in the application of gene technology to food production.

	 

	Year
	Discovery

	6000 BC
	Yeast used by Sumerians and Babylonians to make beer.

	4000 BC

 
	Egyptians discover how to make bread using yeast. In China, other fermentation processes are discovered, such as the use of lactic acid bacteria to make yoghurt and moulds to produce cheese, and the use of fermentation to make vinegar, soy sauce and wine.

	1300 AD
	Aztecs harvest algae from lakes as a food source.

	1673

 

 
	Francesco Redi uses an experiment to compare two competing ideas that sought to explain why maggots appear on rotting meat. He observes that meat covered to exclude flies does not develop maggots, while uncovered meat did. This is regarded as one of the first uses of a controlled experiment.

	1724
	Anton van Leeuwenhoek uses his microscopes to make discoveries in microbiology. He is the first scientist to describe protozoa and bacteria and to recognise that micro-organisms might play a role in fermentation.

	1852
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Cross-fertilisation in corn discovered.

	1863
	Paris hosts an international ‘Corn Show‘, featuring corn varieties from many countries, including Syria, Portugal, Hungary and Algeria.

	1871
	Louis Pasteur invents the process of pasteurisation, heating wine sufficiently to inactivate microbes and prevent spoilage, but not ruining the flavour of the wine.

	1871
	Ernst Hoppe-Seyler discovers invertase, an enzyme that cuts the disaccharide (sugar made of two molecules) sucrose into glucose and fructose. The enzyme is still widely used today in making sweeteners.

	1879
	In the USA, William James Beal develops the first clinically-controlled crosses of corn in search of higher yields.

	1884
	Gregor Mendel dies. Mendel spent 41 years studying the ‘heredity‘ factors of pea plants. Having received no scientific acclaim during his lifetime, not long before his death he says, “My time will come”.

	1897
	Eduard Buchner demonstrates that fermentation could occur with an extract of yeast in the absence of intact yeast cells. This is a founding moment in biochemistry and enzymology.

	1935
	Andrei NikolaevitchBelozersky isolates pure DNA for the first time.

	1953
	James Watson and Francis Crick propose the double helix structure of DNA and their paper is published in Nature. They achieve this discovery with the help of Rosalind Franklin and Maurice Wilkins.

	1962
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Planting of high-yield wheat varieties (later known as ‘Green Revolution‘ grains) begins in Mexico. 

	1973
	Scientists successfully create a recombinant organism for the first time by transferring viral DNA into a bacterium. The biotechnology revolution arrives.

	1980
	First biotechnology patent granted. US researchers awarded a US patent that allows them to make human insulin from genetically modified bacteria.

	1982
	Researcher Steven Lindow requests US Government permission to test genetically engineered bacteria to control frost damage in potatoes and strawberries.

	1983
	US patents awarded to companies producing genetically engineered plants.

DrKary Mullis invents the polymerase chain reaction (PCR), used to multiply DNA sequences.

	1984
	Dr Alec Jeffries invents the technique of DNA fingerprinting.

	1985
	The first deliberate release experiment is conducted by the firm Genetic Sciences who inject genetically engineered microbes into trees growing on the company's roof.

	1986
	The US Environment Protection Authority approves the release of the first genetically engineered crop – a GM virus resistant tobacco plant.

	1987
	Calgene Inc. receives a patent for the tomato polygalacturonase DNA sequence, used to produce an 'anti-sense' RNA to extend the shelf-life of fruit. Advanced Genetic Sciences Inc. conducts field trial of a recombinant organism, a frost inhibitor, on a strawberry patch in the USA.

At the Waite Institute in Adelaide scientists modify a type of soil bacteria which causes Crown Gall (a disease that damages the roots of stone fruits) by removing the disease-causing gene and replacing it with a gene that protects the plant from Crown Gall. The GM bacteria is successfully tested on almond seedlings.

In the UK, genes are added to potato plants to make them produce more protein and increase their nutritional value. Research into other foods included removing allergy-causing proteins from peanuts.

	1988
	Beginning of Human Genome Project in the UK and the USA with the aim of sequencing the full DNA of humans.

	1990
	The first successful field trial of GM herbicide tolerant cotton is conducted in the USA.

The first food products modified by biotechnology, an enzyme for cheese production and a yeast for baking, are approved in the USA and UK, respectively. GenPharm International creates the first GM dairy cow for production of human milk proteins for infant formula.

	1994
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The first genetically engineered food product, the FlavrSavr® tomato, receives US Food and Drug Administration approval.

	1995
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Florigene Ltd

Australian Genetic Manipulation Advisory Committee (GMAC) allows unrestricted, commercial release of a GM blue carnation in Australia.

	1996
	Ingard® insect resistant (Bt) cotton is grown commercially in Australia.

	1997
	Researchers at Scotland's Roslin Institute clone a sheep named Dolly, from an udder cell of an adult ewe.

	1998
	Scientists in Japan clone eight identical calves using cells from a single adult cow.

40 million hectares of GM crops are planted globally, predominantly soy, cotton, canola and corn.

	1999
	In response to the exponential growth in discoveries and applications for the use of gene technology, Australia conducts its first ever Consensus Conference on gene technology in the food chain.

	2000
	Australia’s first cloned cows – Suzi and Mayzi – are produced

Arabidopsis thaliana becomes the first entire plant genome to be sequenced. ‘Golden rice‘, a genetically modified variety with genes added which produce a vitamin A precursor, is created.

The genetic code of fruit fly Drosophila is published. Drosophila is the ‘lab rat’ of the genetics world and is used in experiments to investigate genes and gene function.

The Australian Federal Government passes the Gene Technology Act in December to regulate the research, use and release of GMOs in Australia.

	2001
	

Genetic Savings and Clone / Texas A&M University

The human genome is sequenced in draft form and announced jointly by the private company Celera Genomics and a public consortium comprising the US National Institute of Health, Sanger Institute UK and other international research teams.

A single gene from Arabidopsis is inserted into tomato plants to create the first crop able to grow in salty water and soil.

The Commonwealth Gene Technology Act 2000 (Cth) takes effect from 21 June. In July GMAC becomes the Gene Technology Technical Advisory Committee.

First cloned cat, called carbon copy or CC.

	2002
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Janine Young

Researchers sequence the DNA of rice, the main food source for two-thirds of the world's population. It is the first crop plant to have its genome decoded.

Dolly is put down on 14 February 2003 after it is determined she is suffering from a progressive lung disease. She is subsequently prepared and placed on display in the Scottish National Museum.

Office of the Gene Technology Regulator approves commercial release of GM cotton in Australia.

Australia passes two pieces of federal legislation to regulate cloning and embryonic stem cell research. The first, the Prohibition of Human Cloning Act 2002, (Cth), outlaws any form of human cloning, whether it be to generate tissues (somatic cell nuclear transfer, or therapeutic cloning) or a new human being (reproductive cloning). The second, the Research Involving Human Embryos Act 2002 (Cth), allows researchers to access surplus human embryos (to obtain stem cells, under strict conditions.

	2003
	Scientists unveil the final draft of the human DNA sequence

Office of the Gene Technology Regulator approves commercial release of herbicide tolerant GM canola crops.

UK approves its first commercial biotech crop in eight years, a GM herbicide-resistant corn used for cattle feed.

US Environmental Protection Agency approves the first transgenic rootworm-resistant corn.

The banteng, an endangered species of cattle, is cloned for the first time in the USA. 2003 also brought several other cloning firsts, including donkeys, horses and deer.

Japanese researchers develop a biotech coffee bean that is naturally decaffeinated.

	2004
	

In Australia, despite regulatory approval for GM canola, most state governments place moratoria on growing GM canola in response to consumer concerns.

Australian researchers use gene mapping techniques to identify genes for tenderness and toughness in beef, allowing breeders to select stocks containing the ‘tender‘ gene.

CSIRO develops a test to distinguish between different strains or forms of the avian flu virus, and to provide early warning of the emergence of potentially lethal strains in chicken farms.

	2005
	Review of stem cell and cloning legislation and the Gene Technology Act 2000 (Cth)

	2005 and beyond:
	CSIRO researchers are working on alternatives to antibiotics to protect livestock against bacterial infections. By selecting animals with genes resistant to infection or using gene therapy, scientists hope to help producers reduce or eliminate their use of antibiotics.

Within the next twenty years a second generation of GM crops is expected with properties that have more direct consumer benefit such as elimination of allergens in food, increased nutritional content, and lower fat and oil levels.

Third generation GM crops may have properties like salt tolerance, drought resistance, drugs and vaccines within them, and plastic starter chemicals to create bioplastics.


