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Introduction

Livestock production is growing rapidly as a result of the increasing demand for animal products. A joint IFPRI/FAO/ILRI study: Livestock to 2020: The Next Food Revolution (Delgado et al., 1999), suggests that global meat production and consumption will rise from 233 million tonnes (2000) to 300 million tonnes (2020), and milk from 568 to 700 million tonnes over the same period. Egg production will also increase by 30%
. These predictions show a massive increase in animal protein demand, needed to satisfy the growth in the human population. 

Over the last few decades, the increasing demand has been largely met by the world wide growth in intensive livestock production, particularly poultry. This is expected to continue as real income grows in the emerging economies. 

Intensive livestock production

Intensive livestock production is very efficient in using feed. Broiler feed conversions rates of 1.8-1.9 are possible. Feed conversion for layers is now below 1.65 kg/dozen eggs. But production relies heavily on grain, soya, fishmeal and other feeds which frequently need to be imported into developing countries. 

Feed grains are thought to compete directly, or in the use of land, with grains for human consumption and livestock are often blamed for inefficient use of feed and energy. Indeed, in some systems, e.g. beef feedlots, energy and nitrogen conversion is poor. However, if efficiency is seen over the entire production chain, and expressed as input of edible human food/output in human edible food, the view of animal production is more positive. If it is assumed that all 1000 million tonnes of cereals, roots and tubers used for livestock are edible for humans (in practice, they are not) then livestock use 80-100 million tonnes edible protein. On the positive side, the 233 million tonnes meat, 568 million tonnes milk and 55 million tonnes eggs produced globally contain 65 million tonnes of protein. So while input is higher than output, if improved protein quality on the output side is considered, a reasonable balance emerges.

A recent FAO study (1996) shows that the increasing use of feed grains has not had an adverse effect on the provision of cereals for human consumption. Indeed, many argue that the production of cereals for feed acts as a global buffer and therefore has a positive effect on global food security.

Industrial livestock production depends on external inputs. Technology, capital and infrastructure requirements are based on large economies of scale and labour efficiency, which may or may not be seen as positive in developing countries. One person can operate a unit of 10-12,000 laying hens and 35-40,000 broilers, 6.5 times per year. Hence industrialisation requires less labour than traditional systems. However, given the rapid increase in demand, there is additional employment above the current level and further jobs are created in the supply and processing industries. And as a way of providing eggs, poultry meat and pork at competitive prices, it has been successful in meeting the escalating demands for low cost animal products in rapidly growing urban centres of the developing world. 

The industrial system is also associated with environmental problems. Industrialisation implies large numbers, large volumes of wastes, animal and human health risks, and poor animal welfare. Waste products are often dumped without accounting for the environmental costs. Manure storage and disposal is one of the main problems of large industrial operations. Pigs and poultry excrete some 65 and 70 percent, respectively, of their nitrogen and phosphate intake. Nitrogen, under aerobic conditions, can evaporate in the form of ammonia with toxic, eutrophic and acidifying effects on ecosystems. Nitrous oxide, a greenhouse gas, is formed as part of the denitrification process with particularly harmful effects on the environment. Nitrates are leached into groundwater posing human health hazards, and run-off and leaching of nitrogen directly lead to eutrophication and bio-diversity loss of surface waters and connected ecosystems. Phosphorus, on the other hand, is rather stable in the soil, but, when P saturation is reached after long term high level application of manure, leaching occurs and this also causes eutrophication or rivers and lakes.

To control the undesirable effects of industrial livestock production, The Livestock and Environment authors proposed:

· to establish zoning for industrial production systems; 

· to bring animal densities in line with the absorptive capacity of land and water, through quota systems, as already imposed in many parts of the world; and 

· to prescribe regulations for waste control from processing and industrial production units, and use of noxious substances, management practices, and labelling. 

They also point out that there may be environmental benefits of industrial production systems. Firstly, the rapid development of pig and poultry systems helps to reduce total feed requirements of the global livestock sector to meet a given demand. The shift from red to white meat (i.e., ruminants to monogastrics) implies a great improvement in feed conversion efficiency. It may therefore alleviate pressures for deforestation and degradation of rangelands, such as is happening in parts of Latin America and Asia, thus saving land and preserving biodiversity. Secondly, the feed-saving technologies developed for this system can be effective at any scale and therefore can be successfully transferred to smaller farming systems. Thirdly, waste management and treatment technologies have been developed which may convert it into valuable organic fertilizer and energy in the form of biogas or electricity
.

More benign development of pig and poultry production systems requires attention to national and local government policy to promote and encourage effective solutions.

Modern milk production

The majority of dairy animals produce at far below the genetic potential that is achievable using known technologies. Herd averages of more than 12000 litres per cow (over 60 litres per cow at peak lactation) are achieved in several regions of the world. A South African report refers to a cow, Patrysvlug Frost Erika giving 18827 kg of milk at 3.36% BF and 3.12% protein in her 5th lactation. Such production systems invariably use large Holstein cows and depend on high levels of concentrate feeding, again based on corn, soya and other high quality and expensive feeds. This can be quite efficient and economic (depending on local milk prices and marketing conditions) with 2-3 litres of milk produced per kg of concentrates. Good results have also been obtained with the use of high quality forages such as maize silage. 

Modern dairy production is again associated with large units and high inputs. Capital and variable costs are high and labour requirements are low. In almost all cases, intensification of milk production has led to a reduction in the number of producers. But there is undoubtedly a great increase in demand for milk and dairy products in the emerging economies, especially in the cities, which favours the establishment of large, dedicated dairy units near to these centres.

On the other hand, attempts to apply such technology, based on imported Holstein cattle, on traditional farms in developing countries have invariably been unsuccessful. Commonly, breeding problems, long calving intervals and greatly reduced longevity have given results far below expectations. 

Dairy cows also produce large quantities of manure and the associated environmental problems, like those described above, are as bad or worse than with pigs and poultry. While 'modern' milk production can be efficient and highly productive, it again requires the appropriate infrastructure and policy instruments.

The Indian Perspective

Indian meat consumption is relatively low but is expected to rise from the present 4.8 million tonnes to 6.3 million tonnes in 2020, and milk consumption (which is higher in India than in other developing countries like China) will rise from 73 million tonnes to 96 million tonnes. Egg production will rise by nearly 40% in India, from 1.8 to 2.5 million tonnes. Chicken meat was historically around 4% of total meat supply before 1980 but is now around 12% (575,000 MT in 2000)) and set to rise to around 15% in 2020 (756,000 MT) if the trend continues (all data from FAOSTAT
).

The Indian Poultry Sector
The poultry sector India is among one of the fastest growing sectors in the country. Commercial poultry, mainly egg production, began in the 1960s. Broilers became popular during the '70s. India is now the fourth largest producer of eggs and eighth largest producer of broilers in the world. Seventy-five per cent of egg production and nearly all broiler production is in urban areas. 

India's broiler industry is less advanced in North India, but in South India the players of the industry have come together in integrated operations. The Venkateshwara Hatcheries Group, started by Dr B.V. Rao, provides total support to the industry, including small farmers, and now has a market share of 85% of the layer business and 60-65% of the broiler business (FAO, 2001).

Of the total production of eggs and broilers, the states of Karnataka, Kerala, Andra Pradesh, Tamil Nadu and the western region of Maharashtra account for more than 56% of total national egg production and 60% of total broiler production in the country. Tamil Nadus' Coimbatore region alone accounted for more than 30% of the total broiler production in 2000. 

The poultry sector requires investment capital but it starts giving returns in a very short time period. It is suggested that the poultry sector has the potential to grow at 20% per annum over the next 10 years. With per capita poultry consumption in India at less than 1 kg per year, as compared to consumption levels of even neighbouring developing countries like Pakistan (2.3 kg), China (4 kg), Thailand (9 kg) and a developed country like US with 44 kg, the potential for growth is considerable. A similar situation exists for the egg industry (India Infoline, 2001).

The authors of the FAO report cited above note that only 25% of eggs are now produced in rural areas, where consumption is only 10 eggs per caput per annum. They stress the need to find a suitable marketing system and technologies to meet village needs and indicate that a new approach is required. They suggest that this could be based on developing egg production for supplemental income rather than as an occupation.

The Indian Dairy Sector

The Indian dairy sector is rather unique. The preferred dairy animal in India is the buffalo, unlike the majority of the world market which is dominated by cow milk. As high as 98% of milk is produced in rural India, which accounts for 72% of the total population, whereas the urban sector with 28% population consumes 56% of the milk produced. Even in urban India, as high as 83% of the consumed milk comes from the traditional sector. 

In India, about 46 per cent of the total milk produced is consumed in liquid form and 47 per cent is converted into traditional products like cottage butter, ghee, paneer, khoya, curd, malai, etc. Only 7 per cent of milk goes into the production of western products like milk powders, processed butter and processed cheese. The remaining 54% is utilized for conversion to milk products. Among the milk products manufactured by the organized sector are ghee, butter, cheese, ice creams, milk powders, malted milk food, condensed milk infants foods etc. Of these ghee alone accounts for 85%. 

It is estimated that around 20% of the total milk produced in the country is consumed at producer-household level and remaining is marketed through various cooperatives, private dairies and vendors. Also, of the total production. more than 50% is procured by cooperatives and other private dairies.

The transition of the Indian milk industry from a situation of net import to that of surplus has been led by the efforts of National Dairy Development Board's Operation Flood. programme under the aegis of the former Chairman of the board, Dr. Kurien. Launched in 1970, Operation Flood has led to the modernization of India's dairy sector and created a strong network for procurement, processing and distribution of milk by the co-operative sector. Per capita availability of milk has increased from 132 g. per day in 1950 to over 220 g. per day in 1998. The main thrust of Operation Flood was to organize dairy cooperatives in the villages, and to link them to the four Metro cities, which are the main markets for milk. The efforts undertaken by NDDB have not only led to enhanced production, improvement in methods of processing and development of a strong marketing network, but have also led to the emergence of dairying as an important source of employment and income generation in the rural areas. It has also led to an improvement in yields, longer lactation periods, shorter calving intervals, etc., through the use of modern breeding techniques. Establishment of milk collection and chilling centres has enhanced the life of raw milk and minimized wastage due to spoilage of milk. Operation Flood has been one of the world's largest dairy development programmes and looking at the success achieved in India by adopting the co-operative route, a few other countries have also replicated the model of India's White Revolution.

Over 50% of the milk produced in India is buffalo milk, and 45% is cow milk. The buffalo milk contribution to total milk produce was expected to be 54% in 2000. Buffalo milk has 3.6% protein, 7.4% fat, 5.5% milk sugar, 0.8% ash and 82.7% water whereas cow milk has 3.5% protein, 3.7% fat, 4.9% milk sugar, 0.7% ash and 87% water. While, in 2000, the price of buffalo milk was $ 261-313 per MT, that of cow milk was $ 170-267 per MT. Fresh pasteurized milk is available in packaged form but a large part of milk consumed in India is not pasteurized and is sold in loose form by vendors.

There is development in the milk processing industry and milk products. India’s dairy sector is expected to triple its production in the next 10 years in view of expanding potential for export to Europe and the West. Moreover, with WTO regulations expected to come into force in coming years, all the developed countries which are among the big exporters today will have to withdraw support and subsidies to their domestic milk products sector. India today is the lowest cost producer of milk in the world, at 27 cents per litre, compared with the U.S. 63 cents, and Japan’s 2.8 dollars. Also, to take advantage of this lowest cost of milk production and increasing production in the country, multinational companies are planning to expand their activities here. Some of these milk producers have already obtained quality standard certificates from the authorities. This will help them in marketing their products in foreign countries in processed form. 

In India, milk production, although forage based, requires inputs of concentrates based on grains and proteins, or their by-products (bran and oilcakes). Manure disposal can be a serious problem, if not associated with land and crops.

The Indian Feed Industry

The Indian feed industry is about 35 years old. It is mainly restricted to dairy and poultry feed manufacturing; the beef and pork industry is almost non-existent. The quality standards of Indian feeds are high and up to international levels. Raw materials for feed are adequately available in India (there is the advantage of a successful soyabean industry with some 5.7 million hectares in production). The industry's production is about 3.0 million tonnes, which represents only 5 percent of the total potential, and feed exports are not very high. The feed industry has modern computerized plants and the latest equipment for analytical procedures and least-cost ration formulation, and it employs the latest manufacturing technology. In India, most research work on animal feeds is practical and focuses on the use of by-products, the upgrading of ingredients and the enhancing of productivity (Vaidya, 2001).

The projected increase in the demand for livestock products has important implications for the livestock feed industry, and the demand for energy and protein raw materials. At present rates of growth, it is projected that production will have reached 5 million tonnes by 2020.

Production of Compound Livestock Feeds By CLFMA Members 
(All figures in 000 tonnes) 

PRIVATE
Year 
Cattle Feeds 
Poultry Feeds 
Other 
Total 

1964 
25.00 
14.40 
- 
39.40 

1974 
275.40 
164.60 
- 
440.00 

1985 
867.30 
502.80 
- 
1370.10 

1990 
1324.50 
833.70 
- 
2158.20 

1994-95 
1446.20 
1074.60 
18.90 
2539.70 

1999-00 
1500.00 
1700.00 
25.00 
3225.00 

Source: Poultry Times of India (2000).

Alternative production systems

Sustainable agriculture, integrated systems and organic farming methods have been promoted by development agencies for many years, and yet their real impact is very small. 

Over the last 30 years, FAO has worked in the field to develop technologies for integrated farming systems appropriate to small producers, particularly in the tropics. For ruminant livestock, urea treatment of straw and the use of multi-nutrient blocks have been shown to greatly improve nutrition of animals fed on low quality roughage diets. The use of sugarcane and its by-products has been demonstrated in many countries, including the feeding of pigs on sugarcane juice and molasses while ruminants consume the pressed cane stalk or bagasse. Legumes and tree forages have also provided needed protein inputs into cattle, sheep and goat production systems, while benefiting the environment through nitrogen fixation and organic matter. Attention has been paid recently to the use of mulberry, Morus alba, as a high quality forage for cattle. Finally, the use of water plants (Azolla, Lemna, etc.) has been shown to provide good DM production and animal performance in studies in Latin America and Asia. 

These technologies have been combined into integrated farming systems for the small producer that are biologically sustainable and achieve high levels of production, with minimal environmental problems as the manure is recycled or used for biogas production.

Much of this work is described in publications by T.R. Preston, of which one is cited here.

Undoubtedly, the technologies have contributed to the improvement of income and lifestyle of small farmers and represent an effective approach to sustainable development and poverty alleviation. But the approach has been divorced from the parallel growth of intensive systems and industrial livestock throughout the world, which can be seen as providing the bulk of supply to meet the demand.

The challenge is to enable small producers (who are usually the ones applying the more sustainable technologies and integration of farming activities) to have access to a wider market - termed Ruralizing the Livestock Revolution. There is also a need and demand for low cost and simple technologies for livestock  and product processing.  All too often, the middle-men or traders take the greatest share of the profit because they have the means, the knowledge and the access to the consumer market.  Emphasis needs to be given to the development of small-scale and village-level processing, including equipment, training, distribution and marketing.  India already has an advantage in this area.

Medium sized and small cooperative livestock systems

India's very positive experience with the NDDB and milk production could have important lessons for the development of other parts of the livestock sector. If the cooperative system and organized marketing is applied more to the poultry sector, there is enormous potential for expanded production in rural areas, supplying the cities. The authors of the FAO report suggest that backyard production could be coordinated through local units, given that the scavenging hen produces the cheapest eggs. But this may not be the most effective method to advance production and supplies to meet the demand. It may be better to develop medium sized cooperative commercial units which are more susceptible to technological improvement and sustained supply. Such systems would not be the very small, backyard operations but medium sized village cooperatives of say 10000 to 50000 birds. The advantages of such development would include:

· Ownership remains with village people 

· Enterprise is larger and enjoys some economy of scale

· Some of the technical advantages of industrial systems compared to backyard farming

· A small but viable feed mill can be operated

· Management is more efficient: breeding, feeding, veterinary treatment, etc.

· Extension work is facilitated

· Can still be less capital intensive than industrial units

· Labour is reduced and allows for secondary employment/income

· Marketing is more efficient: regular supply, increased scale, improved standards possible...

· More people participate and benefit from the market

· Easier to apply Good Agricultural Practices than either industrial or backyard farming

· Environmental and ethical advantage over industrial units could be exploited for added value

Given the potential market for an additional million tonnes each of eggs and poultry meat, the is considerable opportunity for participation in this expanding sector. It also implies more than 2-3 times the required capacity for poultry feed production, preferably in small integrated units.

The implications for local feed production are that these small units (10,000 layers/35,000 broilers) would need 1-2 tonnes per day of poultry feed. This might be further integrated, particularly in the states of Karnataka, Kerala, Andra Pradesh, Tamil Nadu and Maharashtra, with soya bean production and small-scale processing. 

Such vertical integration, albeit on a relatively small scale, is desirable and appears feasible with these numbers. Cooperative marketing is required to ensure the scale needed to supply the cities.

Unfortunately, experience in the Indian poultry industry has been mixed with wide shifts in prices and failures of companies as a result. There is suspicion of the present 'integrators' and a need for a more organized and sustainable system to develop the sector effectively.

Potential problems of the animal feed and livestock industries

The above analysis highlights the potential for livestock production globally and in India particularly. However, there are serious concerns about food safety and the environment associated with the growth of intensive, commercial livestock which need to be addressed if the livestock sector is to develop in a sustainable way, satisfying the more exacting demands of the consumer and world markets.

In recent years and in many countries, public concern about the safety of foods of animal origin has heightened due to problems that have arisen with bovine spongiform encephalopathy (BSE), dioxin contamination, outbreaks of foodborne bacterial infections, as well as growing concern about veterinary drug residues and microbial resistance to antibiotics. These problems have drawn attention to feeding practices within the livestock industry and have prompted health professionals and the feed industry to closely scrutinise food quality and safety problems that can arise in foods of animal origin as a result of animal feeding systems.

Some of the potential problems are as follows:

Bacteria, viruses and other infectious agents

Some foodborne diseases have recently become more common. For example, outbeaks of salmonellosis have been reported for decades, but within the past 20 years the disease has increased in incidence on many continents. In the Western hemisphere and in Europe, Salmonella enteritidis (SE) has become the predominant strain. Investigations of SE outbreaks indicate that its emergence is largely related to consumption of poultry or eggs. In 1994, there was a nationwide outbreak of salmonellosis in the United States as a result of contamination of pasteurized ice cream during transport in lorries that had previously carried nonpasteurized liquid eggs containing Salmonella enteritidis. It is estimated that 224,000 persons were affected by the outbreak. 

Other foodborne pathogens are increasing in prevalence because they are new microorganisms or because the role of food in their transmission has been recognized only recently. Infection with Escherichia coli serotype O157:H7 (E. coli) was first described in 1982. Subsequently, it has emerged rapidly as a major cause of bloody diarrhoea and acute renal failure. The infection is sometimes fatal, particularly in children. Outbreaks of infection, generally associated with beef, have been reported in Australia, Canada, Japan, United States, in various European countries, and in southern Africa. In 1996, an outbreak of Escherichia coli O157:H7 in Japan affected over 6,300 school children and resulted in 2 deaths. This is the largest outbreak ever recorded for this pathogen.

Listeria monocytogenes (Lm) is considered emerging because the role of food in its transmission has only recently been recognized. In pregnant women, infections with Lm can cause abortion and stillbirth, and in infants and persons with a weakened immune system it may lead to septicemia (blood poisoning) and meningitis. The disease is most often associated with consumption of foods such as soft cheese and processed meat products that are kept refrigerated for a long time because Lm can grow at low temperatures. Outbreaks of listeriosis have been reported from many countries, including Australia, Switzerland and the United States. Two consecutive outbreaks of Listeria monocytogenes in France in 1992 and 1993 were caused by contaminated pork tongue and potted pork.

In 1997, there was an outbreak of avian influenza type H5N1 in Hong Kong which killed 6 people. This was thought to come from contaminated poultry in the market, perhaps imported. It led to the slaughter of the entire population of 1.4 million birds. A further outbreak occurred in 2001.

Bovine Spongiform Encephalopathy (BSE) arose in the UK in the 1980s and spread to the rest of Europe in the 1990s. It has had a disasterous impact on the beef industry and caused widespread alarm because of the relationship with the human prion disease, new variant Creuzfeldt-Jakob disease (vCJD). BSE has been associated with the feeding of Meat and Bone Meal (MBM) to cattle and the transfer of the BSE agent, called a prion, which is not destroyed by the rendering process. FAO examined the trade in MBM and live cattle and found that these had been traded from Europe to over 100 countries during the '80s and '90s. While the epidemic is declining in the UK and Europe, a few cases are beginning to appear outside, notably two in the Czech Republic in 2001. (India is considered to be at relatively low risk because MBM has not been fed to dairy animals, although it has been used for poultry.)

New foodborne disease threats occur for a number of reasons. These include international travel and trade, microbial adaptation and changes in the food production system, as well as human demographics and behaviour. The World Health Organization (WHO, 1996) notes the following reasons for the increased prevalence of emerging foodborne diseases: 

· The globalization of the food supply. 

· Travellers, refugees, and immigrants exposed to unfamiliar foodborne hazards while abroad. International travellers may become infected by foodborne pathogens that are uncommon in their countries. It is estimated that about 90% of all cases of salmonellosis in Sweden are imported.

· Changes in microorganisms. Changes in microbial populations can lead to the evolution of new pathogens, development of new virulent strains in old pathogens, development of antibiotic resistance that might make a disease more difficult to treat, or to changes in the ability to survive in adverse environmental conditions.

· Change in the human population. The population of highly susceptible persons is expanding world-wide because of ageing, malnutrition, HIV infections and other underlying medical conditions. Age is an important factor in susceptibility to foodborne infections because those at the extremes of age have either not developed or have partially lost protection from infection. Particularly for the elderly, foodborne infections are likely to invade their blood stream and lead to severe illness with high mortality rates. People with a weakened immune system also become infected with foodborne pathogens at lower doses which may not produce an adverse reaction in healthier persons. Seriously ill persons, suffering, for example, from cancer or AIDS, are more likely to succumb to infections with Salmonella, Campylobacter, Listeria, Toxoplasma, Cryptosporidium, and other foodborne pathogens. In developing countries reduced immunity due to poor nutritional status render people, particularly infants and children, more susceptible to foodborne infections.

· Changes in lifestyle. Greater numbers of people go out and eat meals prepared in restaurants, canteens, fast food outlets, and by street food vendors. In many countries, the boom in food service establishments is not matched by effective food safety education and control. Unhygienic preparation of food provides ample opportunities for contamination, growth, or survival of foodborne pathogens.

Animal feed may be the source of a limited number of infections for farm animals that could lead to human illness on consumption of foods of animal origin. These include Salmonella enterica, Bacillus anthracis, Toxoplasma gondii, Trichinella spiralis and the agent of bovine spongiform encephalopathy (BSE). 

Mycotoxins

Mycotoxins are secondary metabolites produced by fungi of various genera when they grow on agricultural products before or after harvest or during transportation or storage. Mycotoxins are regularly found in feed ingredients such as maize, sorghum grain, barley, wheat, rice meal, cottonseed meal, groundnuts and other legumes. 

Veterinary drugs 

Veterinary drugs may be administered in animal feeds for livestock and aquaculture.  If good veterinary practices are employed then Maximum Residue Limits (MRLs) should not be exceeded, however, if Good Veterinary Practice (GVP) is not adhered to, residues in foods of animal origin may exceed MRLs. Antimicrobials are used for therapeutic, prophylactic or growth purposes, and in the latter case they are added to feed and/or water. The assessment and containment of public health risks associated with the use of antimicrobials in livestock is a matter of priority. The matter of antimicrobial resistance is actively being considered by the Office International des Epizooties (OIE), which has set up an ad hoc expert group on the topic.  Among other issues, this group will consider the development of technical guidelines on the prudent use of antimicrobials and the monitoring of quantities of antimicrobials used in animal husbandry. The ad hoc expert group called upon FAO to take up the role of coordinator with regard to the use of antibiotics as growth promoters.
Agricultural and other chemicals

Potential contaminants in feedstuffs include excessive residues of pesticides and fungicides, or other environmental contaminants such as the polychlorinated biphenyls (PCBs), dioxins and heavy metals including mercury, lead, or cadmium. 

Control of feedborne hazards

Given the direct links between animal feed and the safety of foods of animal origin, it is essential that feed production and manufacture be considered as an integral part of the food production chain.  Feed production must therefore be subject, in the same way as food production, to quality assurance including food safety systems based on the Hazard Analysis and Critical Control Point (HACCP) system. 

Applying HACCP ensures that all potential safety hazards are thoroughly analysed and assessed, that critical limits are established for all points along the chain that must be controlled to avoid occurrence of safety hazards, that effective systems for monitoring the critical control points are in place, and that plans for corrective action are established in the event of problems within the production chain.  Processors and handlers of animal feed must further ensure that adequate documentation is maintained to demonstrate their adherence to HACCP principles.

A good example of an effective (if complex) feed assurance scheme is the UKASTA Code of Practice for the Manufacture of Safe Compound Animal Feedingstuffs (UKASTA, 2000). This covers feed ingredients, manufacturing, storage, transport and quality control, including training of personnel, documentation and traceability.

In addition, international organizations are concerned to provide standards for chemical and biological contaminants and codes of practice for feed and food products. The Joint FAO/WHO Codex Alimentarius Commission develops and publishes international standards, guidelines and codes of practice related to food quality and safety. Codex Alimentarius standards are recognised in the WTO SPS Agreement as the bench marks for food safety.  Several existing Codex standards, guidelines and recommendations include provisions relating to the quality and safety of animal feeds and food of animal origin
.  

These standards, codes of practice and guidelines relate to the quality and safety of the animal origin products resulting from methods and procedures utilized in, and including feeding of, production animals.

There are several issues currently being considered by Codex which are directly related to the safety of feedstuffs.  The Codex Ad Hoc Intergovernmental Task Force on Good Animal Feeding is addressing all issues relating to animal feeding.  The first session of this task force was held in Copenhagen from June 2000 and again in March 2001. 

Increasing quality of livestock products

Fulfilment of consumer demand is not only quantitative but also qualitative.  Livestock products must be produced from disease-free animals and under hygienic conditions.  We must also question the use of additives that 'improve' production but are unacceptable to the consumer. At the policy, producer and processor level, the provision of safe and wholesome food must be recognised as the cornerstone to sustainable livestock and product development. 

FAO is engaged in developing Codes of Good Production Practices (both in the feed industry and from 'farm to fork') that go beyond Codex standards, and which will support Quality Assurance schemes that address issues of human health, animal health and the environment.  

Veterinary Treatment

All medications given to production livestock are potential sources of chemical residues if the appropriate procedures are not followed. Producers must adhere to withdrawal periods before the livestock or livestock food product is sent to the food processor. This implies proper dosage, type, administering technique and withdrawal times to avoid chemical residues in meat as a result of treatment from water, injection, intra-mammary infusion, oral administration or topical application. All veterinary drugs should be prescribed by a qualified veterinary surgeon and used in accordance with instructions.

Animal Feeds

Good Manufacturing Practices will seek to minimize chemical and biological contaminants in livestock feeds and prevent them from entering the food chain. These include industrial chemicals, infectious agents (Salmonella, E. coli, Campylobacter, viruses, the BSE agent, etc.) and parasites. Medications and other chemicals given in feeds are a source of residues if proper precautions are not taken to insure that the right feed is produced for the right livestock with medications at the right dosage. Improper processing/mixing of feeds could contain improper levels of chemicals (including medications) and minerals. Improper maintenance of processing and measuring equipment could result in feed residues. Improper distribution and cross-contamination between batches of feedstuffs and handling equipment that could result in feed residues.

Ingredient specifications are important to quality assurance in defining the quality of the feedstuffs to be accepted by the processor when the raw materials are received for processing. The formulation of the finished feed, including any added medications, should meet the regulatory requirements of the government as well as satisfy the animal production objectives of the customer. Other quality assurance factors involve the manufacture and distribution of the feed. Key elements in effective quality assurance at the feed production facility should include proper sampling, laboratory testing and microscopy, in-plant quality control, control of drug carry-over, plant sanitation and integrated pest management, plant cleanliness, the receiving area, and storage. Quality assurance procedures must be clearly documented and records maintained.
Animal Welfare

Livestock producers should always be looking for ways to develop production systems that utilise management practices that promote the health and welfare of livestock. This will result in a product of higher quality, greater safety and lower cost. A producer should strive to use management practices that will eliminate or reduce the need for medications. For example, proper drainage and properly designed watering facilities will reduce the incidence of foot rot, the need for treatment and the subsequent possibility of chemical residues in beef. Another example, is the use of antibacterials in livestock feeds. Frequently, this use can be reduced by properly managing the environment where livestock are produced.

The welfare of animals extends to the operations of transport and slaughter of animals. These practices are periods of stress for the animals but are also times when biological and other contaminants are likely to enter the food chain.

Manure handling and storage
Animal manure management is defined as a decision making process aiming to combine profitable agricultural production with minimum nutrient losses from manure, for the present and in the future. Good manure management will minimize the negative and stimulate the positive effects on the environment. Gas emission and leaching of nutrients, organic matter and odour have undesirable effects onto the environment. The contribution of manure to plant nutrition and build up of soil organic matter is considered to have a positive effect. 

Good Agricultural Practice requires the evaluation of the land base requirements of the livestock production unit to ensure there is sufficient land available to utilise the livestock wastes that are produced and produce the required feed, if it is to be produced on-farm. When land application of manure is relied upon, this can be an important consideration when selecting a site. There should be sufficient land available to handle the manure output from the livestock operation. Manure is considered as an organic fertiliser for crop production and efforts should be made to use it wisely.

Sanitation and pest control

Manure must be prevented from contaminating any of the inputs used in livestock production or any of the livestock products produced by the operation. Nearly every process or procedure in livestock production could be a potential source of biological or chemical hazards. This will include the entry of new livestock to the farm, feeding, treating and disposal of all waste products produced by the livestock operation. In dairy and laying hen operations, there are also sanitation procedures that need to be observed in the handling of livestock products such as milk and eggs. Good sanitation practises also include drainage or other control procedures on pasture to prevent water contamination from organisms like Giardia and Cryptosporidium. Water quality and safety can also be considered as a good sanitation practice. While some diseases can be controlled through vaccination programs, many diseases, especially diseases of the intestinal tract, can best be controlled through effective sanitation programs. Good sanitation practises will reduce the need for livestock treatment procedures and the subsequent risks of residues that could be found in livestock food products.

Insects are pests and are present in most livestock production areas. Fly and mosquito control can be difficult at some times of the year, but when in place they can help to reduce insect populations. Insects can serve as vectors for disease. Rodents have the potential to be a source of biological hazards that may be transmitted in livestock food products. There are numerous diseases that can be transmitted by rodents such as Salmonella, Trichinella in pork, pathogenic coliforms, tuberculosis and Brucellosis. Although federal programs will largely control Brucellosis and tuberculosis, they will not control other diseases. Diseased and dead livestock handling procedures including their disposal should be fully and adequately described. 
Gender and social considerations

Good Agricultural Practice pays attention to health and social and economic welfare of the farm workers and their local communities.  Farming sustains the local economy and environment. Good Agricultural Practice includes employing safe work procedures; and paying reasonable wages and not exploiting workers, especially women and children.

Wildlife and landscape management

Farms accommodate a diverse range of animals, birds, insects, wild flowers, and trees.  Much public concern about modern farming is directed at the loss of some of these species from the countryside, especially birds, because their habitats have been destroyed.  Good Agricultural Practice seeks to manage and enhance these wildlife habitats while keeping the business economically viable. 
Conclusions 

FAO data show that livestock production, and demand for animal products, will grow rapidly in the next 20 years. These predictions show a massive increase in animal protein demand, needed to satisfy the growth in the human population. Consumption of livestock products, with the associated demand for feed grains and the environmental effects of this pressure, will grow even faster in some countries. It is predicted that there will also be a greater concentration and associated problems of livestock in the cities and peri-urban areas. These problems will include environmental pollution and, not least, the increasing risks of zoonotic diseases affecting humans. 

The big increase in animal protein demand over the last few decades has been largely met by the world wide growth in intensive livestock production, particularly poultry. This is expected to continue as real income grows in the emerging economies. Industrial production relies heavily on grain, soya and fishmeal, and has a high cost in terms of fossil fuel consumption. The concentration of animals, disassociated from land and crops, presents alarming problems of waste disposal. Technologies are needed to make use of the waste as fertilizer and fuel.

Sustainable agriculture, integrated systems and organic farming methods have been promoted by development agencies for many years, and yet their real impact is very small. The challenge is to enable small producers to have access to a wider market. There is also a need and demand for low cost and simple technologies for livestock  and product processing. Emphasis needs to be given to the development of small-scale and village-level processing, including equipment, training, distribution and marketing.  

It may be better to develop medium sized cooperative commercial units which are more susceptible to technological improvement and sustained supply. If the cooperative system and organized marketing is applied to the poultry sector, there is enormous potential for expanded production in rural areas, supplying the cities. The advantages of such development are: ownership remains with village people;  enterprise is larger and enjoys some economy of scale; some of the technical advantages of industrial systems compared to backyard farming; a small but viable feed mill can be operated; regular supply, increased scale, improved standards possible; more people participate and benefit from the market; its is easier to apply good agricultural practices than either industrial or backyard farming; and there are environmental and ethical advantage over industrial units that could be exploited for added value.

Fulfilment of consumer demand is not only quantitative but also qualitative.  Livestock products must be produced from disease-free animals and under hygienic conditions.  We must also question the use of additives that 'improve' production but are unacceptable to the consumer. At the policy, producer and processor level, the provision of safe and wholesome food must be recognised as the cornerstone to sustainable livestock and product development. 

FAO is engaged in developing Codes of Good Agricultural Practices (both in the feed industry and from 'farm to fork') which will support Quality Assurance schemes that address issues of human health, animal health and the environment.  
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Appendix 1.

World: Livestock Primary Production

Year

Milk,Total
Buffalo Milk
Cow Milk, Whole, Fresh
Meat, Total
Poultry Meat
Eggs Primary

World








1961

344188598
17858061
313628329
71186853
8948908
15138220

1970

391810642
19593886
359299964
100435844
15084497
20415980

1980

465684799
27525084
422417703
136526557
25999107
27421467

1990

542595325
44088622
479169455
179597944
40865141
37552973

2000

568486839
61912893
484895261
233217843
66510499
54727602

2010
*
644785048
68614162
552252913
266991918
74485237
60430815

2020
*
705936662
80163978
599357198
308199606
88915977
70289730

Developed Countries








1961

276832651
93981
271407064
51496353
6758376
11383231

1970

311325406
72281
306649474
69920910
11218524
14974216

1980

353222647
96759
348605113
89660447
17985405
18081943

1990

382692469
64142
377351880
104579222
25662611
19109413

2000

344050820
169352
338571134
104426392
31786878
18328530

2010
*
395694956
143367
390337529
126590952
38318069
21811476

2020
*
416523868
158154
411082695
140877625
44907234
23635641

Developing Countries








1961

67355947
17764080
42221265
19690499
2190531
3754989

1970

80485236
19521605
52650490
30514934
3865973
5441764

1980

112462152
27428325
73812590
46866110
8013702
9339524

1990

159902856
44024480
101817575
75018723
15202530
18443560

2000

224436019
61743541
146324127
128791452
34723621
36399072

2010
*
249090092
68470794
161915384
140400968
36167168
38619338

2020
*
289412793
80005824
188274503
167321983
44008744
46654089

India: Livestock Primary Production

Year

Milk, Total
Buffalo Milk
Cow Milk, Whole, Fresh
Meat, Total
Poultry Meat
Eggs Primary

1961

20375000
11087000
8753000
1687250
68998
170000

1970

20800000
11440000
8736000
2003088
81000
290000

1980

31560000
17358000
13255000
2607702
113040
583000

1990

53678000
29057000
22240000
3899971
342000
1161000

2000

73100000
39000000
30900000
4826700
575100
1782000

2010
*
82200499
44041639
34454459
5499859
625742
2047845

2020
*
96394425
51576283
40386559
6337079
756518
2467524

Source: FAOSTAT.

* 2010 and 2020 figures by extrapolation.

Appendix 2.

Paragraph contributed by P. Steele, FAO-AGSI, Rome.

Energy from Poultry Wastes
Waste poultry litter is a by-product of the broiler industry worldwide. In Britain, for example, industrial poultry produce of the order 1.5 million tonnes of litter each year. This is a mixture of woodshavings and/or straw and other suitable bedding materials, and poultry droppings. This mixture has half the calorific value of coal and is an excellent fuel for electricity generation. Work in the UK has been pioneered by the Fibrowatt Group during the past 11 years.


Dedicated poultry litter burning power generation plants have been established at Thetford and near Eye in East Anglia and at Glanford in North Lincolnshire. The Thetford plant burns more than 400,000 t of poultry litter per year and produces of the order 38.5 MW of electricity, sufficient to supply of the order 67,000 homes (three times the size of Thetford Town). The Thetford plant is the largest supplier of electricity from renewable energy resources in Europe, and the largest project financed within the UK Government's Non-Fossil Fuels Obligations - which provide support for renewable electricity generation; part of the worldwide shift of recent years to come to terms with global climate change and the control of greenhouse gas emissions from the use of fossil fuels. The total cost of the Thetford plant was of the order US$110 million.


Poultry litter is collected from surrounding farms and plants by specially designed trucks and transported into enclosed storage areas at the power plant. Stores maintain a negative pressure to prevent odours escaping. At the plant the poultry litter is burned at temperatures in excess of 850 degC, and used for the production of steam which drives a turbine linked to an electricity generator. This is exported to local and regional communities, and the steam condensed into water, cooled and recirculated back to the boiler. 


There are no waste products within the process. Ash and emissions are captured. An environmentally benign fertiliser rich in potash and phosphates is produced and marketed under a proprietary brand name. 


Power generation from poultry litter has advantages of disposal and value; a product that was previously difficult to store and had to be incorporated into the soil during time of soil cultivation at year end can now be used throughout the year. The litter is covered at all times, and no longer presents a hazard to health. Residues from the power plant provide a N-free and P- & K-rich fertiliser. Added values are high. Emissions from the plant are cleaner than those from conventional thermal plants (there is less SO2 and NO). The poultry farm-power plant system reduces the nuisance value of traditional boiler production - less noise, odour and traffic. Employment is created in rural areas - areas that have traditionally been under pressure for out-migration. Of the order 200-400 people are employed for construction of the plant and 20-40 are required for on-site work after commission. The development of additional technical and transport services in communities close by increases the numbers employed.

Further information of the work of the company can be found at http://www1e.btwebworld.com/fibrowatt
� The Livestock to 2020 study used base figures for 1993 and these have been recalculated for the year 2000 based on FAOSTAT data. See Appendix 1.


� See Appendix 2.


� See Appendix 1.


� These include:


Codex General Standard for Contaminants and Toxins in Food (Codex Stan 193-1995)


List of Codex Maximum Residue Limits (MRLs) for Pesticides and Codex Extraneous Maximum Residue Limits (EMRLs) (General Text, Volume 2A and MRLs, Volume 2B)


List of Codex Maximum Residue Limits (MRLs) for Veterinary Drugs (Volume 3)


Recommended International Code of Practice for Control of the Use of Veterinary Drugs (CAC/RCP 38-1993, Volume 3) 


Code of Practice for the Reduction of Aflatoxins in Raw Materials and Supplemental Feeding Stuffs for Milk Producing Animals (CAC/RCP 45-97)


Codex Standards for Processed Meat and Poultry Products (Part 1 Volume 10-1994)


Codes of Practices and Guidelines for Processed Meat and Poultry Products (Part 2 Volume 10 - 1994)


Meat Hygiene Codes (Part 3 Volume 10 –1994)
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