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Introduction 
The beef and dairy industries in Australia operate 
across a diverse range of land conditions.  All states 
have cattle, ranging from large cattle stations in the 
north with low stocking densities on native pastures 
to intensively managed systems on fodder and 
introduced pasture varieties in the eastern and 
southern states.  Pasture and cattle management/ 
production are interlinked – the drive for better beef 
and milk quality and values leads to the creation of 
better pasture varieties that allow for greater 
production values. 
  
The population of Australia is projected to increase 
to between 36.8 and 48.3 million people by 2061, 
and to between 42.4 and 70.1 million people by 
2101 (Australian Bureau of Statistics, 2013).  At the 
same time global population growth and prosperity 
will drive global food demand up.  There will be 
significant challenges and opportunities for beef and 
dairy producers to meet this demand in a 
sustainable, clean and healthy way.   

The current methods of production will not be 
sufficient to keep up with this rapidly increasing 
demand.  
 
Biotechnology and innovation in pasture and cattle 
management will become increasingly more 
important in both industries as the demand for 
sustainable beef and dairy products increases. 
 

Summary/Conclusion 
This report examines several current and emerging 
biotechnology applications for the cattle industry 
and finds that biotechnology and its application have 
a major role to play in the future of these cattle 
based industries. 
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Biotechnology has a broad meaning. Stated 
simply, it means the manipulation of biological 
organisms to alter their characteristics.  In 
agriculture this includes methods that increase 
productivity of plants and animals, improves 
their resistance to pests and diseases and alters 
their ability to cope with various environmental 
conditions as well as many other modifications.  
The techniques include traditional plant and 
animal breeding through to genetic 
modification (GM) and genome mapping.  
This report evaluates some key biotechnology 
applications for the beef and dairy sectors in 
Australia. 
 
Artificial Insemination 
The cattle industry in Australia has already 
developed several biotechnology systems.  
Artificial Insemination (AI) of cows has been 
undertaken in Australia since 1945 using chilled 
and frozen semen.  This process allows for a 
single bull with desired characteristics to sire 
thousands of progeny in a single year increasing 
the genetic gain of a farmer’s herd and 
potentially that of the national herd.  Producers 
can access the genetics of a bull from across the 
world and improve herd efficiency without the 
inherent dangers of transport and physical 
mating. 
 
According to Senger (2005), artificial 
insemination is the single most important 
physiological technology ever devised for 
accelerating genetic improvement. However 
important the technology is, it comes with 
drawbacks that need to be considered.  A 
technical report by a Joint FAO/IAEA Division 
(2014) states that; 

‘increasing the number of offspring per male has 
selective advantages only if the best males can 
be accurately determined.’ 

While the number of offspring a bull can 
produce is only limited by the number of sperm 
produced, Raadsma and Tammen (2005) state 
that the rate-limiting step to the distribution of 
elite germplasm has largely been on the female 
side where traditionally a relatively small 
number of progeny per lifetime are released. 

Heat Detection 
The success of AI relies on an understanding of 
heat detection and therefore the correct 
insemination timing.  Historically, the use of tail 
paint and the producer’s expert eye have been 
the benchmarks for when a cow is ready for 
insemination but the need for an improvement 
in submission rates has seen technological 
innovation.  Gallagher Animal Management 
(GAM) has produced a product called The 
Flashmate Electronic Heat Detector.  Gallagher 
states that; 

‘The easy-to-use device utilises technology 
similar to the touch screen on a smartphone, 
which is coupled with an intelligent microchip to 
look for specific patterns of riding activity, 
including the frequency, number and length of 
contact. Flashmate detects an extremely high 
percentage of cows in heat, including those very 
difficult to detect using tail paint alone’ (GAM, 
2016). 

This innovation will allow producers to decrease 
production costs and improve the rate of 
successful pregnancies.  
 
Oestrus synchronisation 
Oestrus synchronisation is a biotechnology 
created to improve artificial insemination rates.  
Synthetic hormones are administered to a herd 
of cows causing heat synchronisation.  This 
reduces the number of days needed to 
inseminate the group and often simplifies heat 
detection (Bourdon, 2000).   
 
Vaccines 
Cattle diseases and parasitic infestations are a 
major concern to both producers and end users 
of livestock products.   Diseases such as 
Leptospirosis and Tetanus are zoonotic in 
nature, meaning that they can affect both cattle 
and humans.  Therefore, management and 
control are vital to protect both the herd, the 
producer and the end user of the product. 
 
Clostridial diseases such as Black Leg and Pulpy 
Kidney (Enterotoxaemia) can be fatal to cattle if 
not controlled, leading to potentially major 
losses for the producer. 
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Vaccines are used to prevent the spread of 
parasites and disease within and between herds 
but must be used appropriately.  Education in 
the correct use of veterinary drugs is essential 
in promoting their long term effectiveness.   
Manufacturers and researchers are constantly 
working to create newer and safer vaccines.  
Singh et al (2014) write that; 

‘Development of resistance towards 
chemotherapeutic agents has forced the 
scientist to discover some alternative for control 
of parasitic diseases. Recent advances in 
immunology and biotechnology have sensitized 
the scientists or researchers to develop the 
newer and safer vaccines for control of parasitic 
diseases.’ 

 
Pasture nutritional improvement through 
varietal selection  
Nutrition has a major role to play in livestock 
production systems.  An animal will only reach 
its genetic potential if it has access to quality 
feed that is high in Crude Protein (CP) and low 
in Non-Detergent Fibre (NDF).  Traits such as 
these are being bred into plant varieties for use 
on cattle properties.  Pasture varieties can be 
selected based on geographic location, rainfall 
zone, soil type and longevity.  Selection of 
improved pasture species that suit a producer’s 
specific microclimate allows that producer to 
improve meat or milk through refined pasture 
selection and management.   
 
Plant breeding to address endophyte toxicity 
in cattle 
An endophyte is a fungus that is found in many 
grass species.  It has a symbiotic relationship 
with the plant.  Wild endophyte infection on 
perennial ryegrass causes ryegrass staggers.  
This is caused by lolitrem B, a neurotoxin that 
causes tremors, head nodding and marked 
incoordination.  The mortality rate is generally 
low (zero to five per cent) and deaths are 
usually accidental, often by drowning when 
drinking from ponds or streams, or due to the 
inability to forage for food and water (Simpson 
2013).  However, the production loss to the 
animal’s ability to do well can be high.  Pasture 

grass varieties are now being developed with 
novel endophytes.  AR1 and AR37 are new 
endophyte fungi that have been adapted for 
use in pasture sowing.  Specifically bred to 
reduce the levels of lolitrem B and ergovaline (a 
vaso-constrictor), these endophytes will have a 
direct benefit to producers by preventing loss of 
production through ryegrass staggers. 
 
Developing and breeding endophytes into 
pasture grasses is costly and takes many years 
of development.  This has a flow on effect to 
the cost of seed for the livestock producer.  
Pasture renovation is a major part of farm 
management costs therefore producers must 
decide if this cost is outweighed by the farm 
gate value of the meat and milk produced.  
Endophytes also provide pasture grasses with 
protection from insect damage, giving longer 
lasting feed to cattle.  A study by Saikkonen et al 
in 2013 showed that endophytes also help to 
prevent invasive weed species, reducing the 
amount of chemical control needed and 
increasing the profit margin of a pasture. 
 
Genome Mapping 
In 2009, the complete bovine genomic 
sequence was published by the Bovine Genome 
Sequencing and Analysis Consortium.   The 
Consortium (2009) state that the cattle genome 
contains a minimum of 22, 000 genes with over 
14, 000 that are shared across seven 
mammalian species.  Mapping of the sequence 
is an important step in understanding the 
evolution of mammals and will provide key 
knowledge into the improvement of livestock 
genetics.   
As more information is discovered about the 
genetic makeup of cattle, scientists using DNA 
marker assisted breeding and working in 
conjunction with producers may be able to 
breed animals that have uniformly desirable 
traits such as increased productivity as well as 
improved attributes to the meat and milk, such 
as marbling levels in beef and protein levels in 
milk. 
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Cloning 
Cloning of animals with preferred genetic traits 
may lead to better performance and production 
standards.  Carcass wastage could be reduced 
and costs such as feed input will lower and 
animals with higher feed conversion rates could 
be bred.  However, a cloned herd may be a 
higher risk to the producer – if all animals have 
the same genetic makeup then all the animals, 
for example, will have the same inherent 
predisposition to disease.  Consequently, 
exposure to a disease could potentially affect 
the entire the group with devastating 
consequences. 
 
DNA markers 
Genetic modification by using DNA markers of 
cattle for the poll gene sequence has the 
potential to improve the safety of both the 
animal and the farmer.  Cattle that have horns 
pose a risk  to the economic returns of an 
operation as $30M of value is lost by carcass 
damage at the point of slaughter, with horns 
identified as the major cause (CSIRO 2015).  
Research by the CSIRO has identified the marker 
for polledness.  The current Australian poll gene 
marker test is used to determine if an animal is 
'true polled', that is, it carries two copies of the 
polled gene, and naturally lacks horns. Initially 
developed for use in Brahmans, the test can 
now be used with a high degree of confidence 
across a range of tropical and temperate cattle 
breeds enabling breeders to reduce horns in 
subsequent generations (CSIRO 2015).  
 
Conclusion 
Biotechnology development and uptake by the 
Australian cattle industries involves 
participation from all stakeholders including the 
pharmaceutical companies and publicly funded 
research organisations who develop veterinary 
technology, private and public sector pasture 
geneticists who develop new varieties, beef and 
dairy farmers, value chain operators such as 
dairy companies and meat wholesalers and the 
consumers of beef and dairy products.  All have 
a role to play in setting the priorities in 
biotechnology research and determining the 
acceptability of those technologies to famers, 

processors and consumers.  If food supply is to 
meet the increased global demand for high 
quality food associated with the rising and 
increasingly more affluent global population, 
innovation and biotechnology in particular are 
essential. 
 
The future of biotechnology rests on acceptance 
by the general public.  If the end purchasers do 
not understand how or where their food is 
produced they will avoid it and buy from a 
different source.  Misunderstanding and fear of 
the science behind the technology are 
widespread, largely due to media 
misconception.  Hoban (1997) states that the 
best way to reach consumers is by educating 
opinion leaders.  These include the media, 
scientists, health professionals, industry 
advocates, consumer groups, government 
officials and food industry leaders.  
The use of gene technology in particular will 
provide increased productivity and reduced 
costs but will need to be tempered by the 
scientists’ attention to development of 
safeguards on animal health and welfare, 
environmental impacts and consumer safety. 
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