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Glossary & Abbreviations



CAFO



Concentrated animal feeding operation. The term is primarily used in the US and has been coined by the US Environmental Protection Agency. CAFO is defined as a facility with more than 1000 animal units confined on a site for more than 45 days. Animal equivalents for 1000 Animal Units are: beef – 1000 head; dairy – 700 head; swine – 2500 pigs weighing more than 55 lbs; poultry – 125,000 broilers or 82,000 laying hens or pullets (EPA).



CHD



Coronary heart disease.



CI



Confidence interval, statistical standard measure of an interval estimate of a population parameter.



CIWF



Compassion in World Farming, an NGO for welfare of farm animals.



EF – Ecological A measure of human demand on the earth's ecosystems. Footprint



It compares human demand with planet earth's ecological capacity to regenerate (also see chapter 2.3).



EFSA



European Food Safety Authority



FAO



Food and Agriculture Organization of the United Nations



GHG



Abbreviation for greenhouse gas.



GMO



Genetically modified organism whose genetic material has been altered using genetic engineering techniques.



GWP



Global warming potential, the GWP is defined as the



cumulative radiative forcing between the present and some chosen time in the future (per definition 100 years) caused by a unit mass of gas emitted now relative to the effect of the same mass of CO2 over the same time period. CO2 is assigned a GWP of 1 by definition. Methane (CH4) has a GWP of 21, thus being a 21 times more potent GHG compared to the same mass of CO2. Nitrous oxide (N2O) has a GWP of 310. H5N1



A subtype of the Influenza A virus. A bird-adapted strain of H5N1, called HPAI A(H5N1) for "highly pathogenic avian influenza virus of type A of subtype H5N1". It is the causative agent of H5N1 flu, commonly known as "avian influenza" or "bird flu".



HPAI



Highly pathogenic avian influenza



LCA



Life Cycle Assessment, a technique to assess all (environmental) impact associated with every stage of a process from cradle-to-grave. See chapter 2.2.



MRSA



Methicillin-resistant



Staphylococcus



aureus,



or



also:



Multidrug-resistant Staphylococcus aureus. MRSA is a bacterium responsible for several difficult-totreat infections in humans. NASA



National Aeronautics and Space Administration of the United States government, responsible for the nation's space programs and research.



OIE



Office International des Epizooties, World Organisation for Animal Health.



PDCAAS



Protein Digestibility Corrected Amino Acid Score (PDCAAS) is a method of evaluating the protein quality based on both the amino acid requirements of humans and their ability to digest it (see chapter 7.5.2).



Prospective



An analysis of risk factors which is done by following



cohort studies



groups of people (cohorts). A cohort is a group of individuals



that



share



a



common



behaviour,



characteristic or experience within a defined period (e.g. diet patterns). A prospective cohort study monitors several cohorts who differ with respect to the factors under study over a certain period of time. The goal is to find out how these factors influence the rates of a certain issue under investigation (e.g. the effect of diet patterns on certain forms of cancer). SCP



Single Cell Protein. SCP is protein that has been extracted from pure or mixed cultures of yeasts, fungi, bacteria or algae. SCP is commonly grown on wastes from agriculture or food production. SCP can be used as protein supplement for human and animal nutrition. Quorn is an example of a SCP (see chapter 9.1.6).



Vegan diets



Vegan diets are often defined as exclusively plant based diets. Given the artificially produced or mineral food ingredients, a more exact definition of a vegan diet is the leaving out all animal products in nutrition, including meat and meat products, milk and dairy products, egg and egg-products, gelatine, honey and so on.



Vegetarian diet



In this dissertation, the term "vegetarian" is used for all kind of diets that leave out products from dead animals, such as meat, meat products, fish or gelatine. The consumption of milk and dairy products, egg and egg products or honey is possible, but optional. A vegan diet is a special form of such a vegetarian diet, other forms are ovo-lacto vegetarian diets (including eggs and dairy products) or lacto-vegetarian diets (including dairy products, but not eggs).



WHO



World Health Organization, an agency of the United Nations specialized on public health issues.
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Chapter 1



Introduction



At the beginning of 2010, an estimated 27 billion animals were being kept as livestock globally, with 66 billions slaughtered each year around the globe (Schlatzer, 2010). This exceeds the number of human inhabitants on the globe almost by an order of magnitude. Global meat production has doubled between 1980 and 2007 from 136.7 to 285.7 million tons, egg production rose by 150 percent from 27.4 to 67.8 million tons, and milk production has risen from 465 to 671.3 million tons (FAO, 2009b). Pork accounts for 40 percent of the global meat production, poultry for 30 percent and beef for 22 percent, and 55 percent of the global pig production, 61 percent of the global egg production and 72 percent of the global poultry meat production takes place in industrial systems (FAO, 2009b), where feed production often occurs far away from the livestock facilities. If no provisions are undertaken to avoid further growth in the livestock sector, meat production is forecasted to rise to 465 million tons by 2050 and milk production to 1043 million tons (Steinfeld et al., 2006), due to a growth of global population as well as a forecasted increase of per capita consumption of meat and milk. Nutritional transitions in developing countries and especially emerging markets, such as China towards much higher intakes of animal derived foods (Popkin, 2001; Popkin, 2004) aggravate the global problems associated with these increases in the demand for livestock products.



This present dissertation can be separated into 3 main sections •



The chapters 2 to 5 summarize the huge negative effect of the mass production of animal products and the breeding of more than 65 billion animals annually on the environment, on human health, on world nutrition and on the animals themselves.
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Chapter 1



•



Introduction



In chapter 6 ethical evaluation methods for foods are summarized and also adapted and refined to be applied to the alternatives to livestock products that are presented in the last chapters. Chapter 7 presents major success criteria for such new alternative foods and based on this, chapter 8 presents economical evaluation methods for foods with further elaboration done on existing models for applying them to alternatives to livestock products.



•



Chapters 9 to 11 give an overview of the wide variety of existing alternatives to meat, egg products and dairy products globally, with some of them evaluated by applying the methods elaborated on in the preceding chapters. Chapter 12 invites the reader to journey to a possible future by presenting the status quo of the plans to produce actual meat in vitro without the use of animals (and not "just" products which are copies of meat). These final chapters, 9 to 12, have a journalistic touch, presenting a global overview of remarkable developments and trends in the market and in science



Before we start to explore the effects of livestock on the world and their alternatives, Table 1.1 gives an overview of world production figures of various food categories. It is important to note that livestock affects many categories, e.g. a third of the global cereal production (FAO, 2008b) or approximately 85 percent of the global soy production (Pachauri, 2008; WWF, 2008) is consumed by livestock animals and not by humans directly. In this case, the calories are converted by the animals to meat-, milk- or egg-calories, and due to the natural conversion losses within the metabolism of each animal, a big share of calories is lost for human nutrition when cereals, soy or
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other plant products are fed to animals and not to humans directly. The total expenses for feed, including cereals, pulses, bran, fish meal and oils, made up around 1300 million tons by 2008 (FAO, 2009b).
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Chapter 1



Cereals



Introduction



Global annual



Main exponents



Animal feed



production



of this category



share



2 182



Maize: 826



overall 754



(USDA, 2011)



Wheat: 683



(FAO, 2008b)



Rice: 686 all (FAOSTAT, 2009)



Oilseeds



447



Soya: 231



Very relevant,



(USDA, 2011)



(FAOSTAT, 2009)



especially for soya,



Rapeseed: 59



where approx. 85 %



Peanuts: 35



is used for animal



Sunflowerseed: 31



feed (WWF, 2008)



all (USDA, 2011)



Vegetables



~ 900



Potatoes: 325



(Fruit-Inform-Project, 2007)



Tomatoes: 136 all (FAOSTAT, 2009)



Fruits (incl. nuts)



~ 500



Apples: 70



(Fruit-Inform-Project, 2007)



Grapes: 67 all (FAOSTAT, 2009)



Meat (products)



> 261



Pig meat: 106



Parts reused as



(FAOSTAT, 2010),



Chicken meat: 80



animal feed (meat



B10+B11



Cattle meat: 62



and bone meal)



Sheep and goat: 13 all (FAOSTAT, 2010), B10+B11



Fish/sea food



142



Fish total: 110



Parts (re)used as



(FAOSTAT, 2010), B14



Molluscs: 16



animal feed (fish



Crustaceans: 11



meal)



all (FAOSTAT, 2010), B14



Cow + buffalo milk



668



Cow milk: 579



and dairy products



(FAOSTAT, 2009)



Buffalo milk: 89 all (FAOSTAT, 2009)



made from these Hen eggs



61 (FAOSTAT, 2009)



Tab 1.1: Global production figures of agricultural products (in million tons).
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Chapter 2



2.1



Meat Production (Livestock) and the Environment



Overview



The production of meat, milk and eggs through the use of animals puts far more strain on the environment than other kinds of food production, as the use of animals to produce food is rather inefficient. Due to the fact that most feed for livestock is used up by the animal’s metabolic processes as well as for bone growth and so on, only a small proportion of the feed is transformed into muscle tissue i.e. meat, and respectively eggs or milk. This leads to a much higher demand for land to produce the same amount of e.g. beef calories when compared to e.g. soy-calories for direct human consumption. The Worldwatch Institute points out the following environmental problems caused by livestock (Worldwatch-Institute, 2004): •



deforestation,



•



grassland destruction,



•



fresh water usage,



•



waste (excrement) disposal and water pollution,



•



high energy consumption,



•



global warming and



•



biodiversity loss and threat of extinction.



Other papers, e.g. (Steinfeld, Gerber et al., 2006) add the following to this list: •



land degradation and loss of fertile land generally and



•



air pollution generally.



The Intergovernmental Panel on Climate Change IPCC also mentions nitrous oxide (N2O) not only as a greenhouse gas, but also as a contributor to the ozone destruction in the stratosphere (IPCC, 2001). Jungbluth (2000) adds problems like the turnout of pesticides, over-fertilization with nitrogen, phosphor or potassium (more details in (Taylor, 2000) and acidification, with
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Bouwman et al. (2006) emphasizing that terrestrial and marine biodiversity is threatened by over-fertilization and turnouts of toxic substances.



Jungbluth (2000) also adds the enormous land use by livestock to the list of the most serious issues. Deforestation due to livestock or feed production is especially dominant in the valuable Latin American rainforests and contributes significantly to the global GHG-emissions (Smith et al., 2007; Greenpeace-International, 2009; McAlpine et al., 2009)



The United Nations Environment Programme (UNEP) concluded in 2010 that "impacts from agriculture are expected to increase substantially due to population growth, increasing consumption of animal products. Unlike fossil fuels, it is difficult to look for alternatives: people have to eat. A substantial reduction of impacts would only be possible with a substantial worldwide diet change, away from animal products" (Hertwich et al., 2010). Other papers come to a similar conclusion, that "reining in growth of the livestock sector should be prioritized in environmental governance" (Pelletier, 2010). According to Dutch investigations, the global food system covers three future priority areas: Food, water and energy, it consumes 30 percent of all ice-free land, 70 percent of available freshwater and 20 percent of energy, with animal protein production having a disproportionate impact as the conversion of plant nutrients to animal food wastes 85 percent of proteins (Aiking, 2011).



As of 2000, the livestock sector is estimated to have contributed 63 percent of reactive nitrogen mobilization (Pelletier, 2010) and has consumed 58 percent of directly used human-appropriated biomass generally (Krausmann et al., 2008).
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The following chapters highlight some of these aspects in detail. Figure 2.1 shows the significant contribution of animal products on the so called Environmentally weighted Material Consumption (see description in van der Voet et al. (2005)), especially due to its outstanding land use share, but also its significant contribution to global warming.



Fig. 2.1: Relative contribution of groups of finished materials to total environmental problems (total of 10 material groups set at 100 %). The analysis was commissioned by the European Commission, DG Environment for the EU-27 plus Turkey in 2000. Source: van der Voet, van Oers et al (2005) resp. Hertwich, van der Voet et al (2010). The leading role of animal products in global land use and global warming and thus in the integrated measurement “Environmentally weighted Material Consumption” becomes apparent.
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Meat Production (Livestock) and the Environment



Life Cycle Assessment methodology



Life Cycle Assessment (LCA) is a methodology focusing on the complete life cycle of a product, starting with resource extraction or raw material acquisition, followed by steps such as transformations, transports, distribution and use and finally by recycling, incineration or landfilling steps. An LCA quantifies these steps with regard to aspects such as climate change impacts of the product, energy or water consumption, eutrophication and so on. To make these effects for different products comparable, the effects have to be expressed in connection with a certain amount of end product, the so called functional unit, e.g. 1 kg of beef or 1 kg of beef protein. Product losses should also be taken into account in a LCA, e.g. some of the milk produced will be lost in supermarkets or with the end-consumer due to passed expiration dates. Another difficulty with LCAs is assigning the environmental effects to a product at a certain stage of production, when this production stage supplies other products too, and not just the one examined in our LCA. For example, a formula must be found to divide the environmental effects of a dairy cow farm between the various end products like milk and dairy, beef or leather. In the following chapters 2.3 to 2.6, the LCA methodology is often used, although sometimes not mentioned explicitly by the quoted authors. More detailed definitions and standards for LCAs can be found in various publications (Curran, 1993; Hendrickson et al., 1998; Guinee et al., 2002; International Dairy Federation, 2009). LCAs are the leading method for the environmental impact of systems or products (Fritsche and Eberle, 2007) and can assist in finding ways to improve the environmental performance of products throughout their lifespan. The LCA approach has even been



20



Chapter 2



Meat Production (Livestock) and the Environment



standardized by the International Organization for Standardization (ISO 14040 and 14044, see ISO (2006)).



2.3



Land usage / Ecological Footprint



Globally, 38 percent of total land area can be used for agriculture, almost 5 billion ha totally. Approximately 69 percent of this land, 3.4 billion ha, is used as grazing land (pasture) whereas 1.4 billion ha (28 percent of total) is cropland and 0.138 billion ha is used for permanent crop (e.g. apples, grapes, some sort of nuts). Eighty percent of the total agricultural area is used for livestock, in addition to pasture, one third of cropland is also used for this purpose. This 80 percent of area usage is accompanied by a share of only 17 percent of calories, that animal products contributed in 2003 to global food supply (FAOSTAT, 2008; Ramankutty et al., 2008). The 38 percent of total land used for agriculture is by far the largest use of land on the planet and much of the rest is unsuitable land for agriculture as it is covered by deserts, ice, mountains, tundra or cities (Ellis et al., 2010). Table 2.1 shows the area demand of various food products for New York State. Animal derived foods require much more land to produce a certain amount of food energy than plant based foods (Peters et al., 2007).
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2



Area demand (m /1000 kcal) Animal products Beef



31.2



Poultry



9.0



Pork



7.3



Eggs



6.0



Whole milk



5.0



Plant based products Oleiferous fruit



3.2



Fruit



2.3



Pulses



2.2



Vegetables



1.7



Cereals



1.1



Tab 2.1: Area demand of various food categories to deliver 1000 kcal of dietary energy per year, based on crop yields in New York State, USA. Cropland and pastures are included in the figures for animal products. Source: Peters, Wilkins et al (2007).



Table 2.2 shows further results of area requirements calculated by De Vries and De Boer (2010), who compared 16 studies. Table 2.3 shows area requirements for various products as determined by Blonk et al. (2008).



Product



2



2



Area demand (m /kg



Area demand (m /kg



product)



protein in product)



Beef



27 - 49



144 - 258



Pork



8.9 – 12.1



47 - 64



Poultry



8.1 – 9.9



42 - 52



Milk



1.1 – 2.0



33 - 59



Eggs



4.5 – 6.2



35 - 48



Tab 2.2: Area demand for producing 1 kg of various animal products per year. Survey of 16 studies, summarized by De Vries and De Boer (2010). The right hand column shows the adjustments of the area demands to 1 kg of protein in the product, where all animal products show very similar area requirements, only beef being an outlier.
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2



2



2



Total area (m /kg)



Pasture (m /kg)



Cropland (m /kg)



Beef Brazil



420.2



420.2



0



Beef Ireland



60.3



54.6



5.7



Beef Cattle NL



14.7



1.4



13.3



Dairy Cattle NL



7.3



4.7



2.6



Pork NL



7.7



0



7.7



Broiler Brazil



7.3



0



7.3



Broiler NL



4.6



0



4.6



Milk NL



0.9



0.6



0.3



Eggs NL



3.8



0



3.8



Soy milk NL



0.6



0



0.6



Tofu NL



3.0



0



3.0



Tempeh NL



2.3



0



2.3



Quorn



1.2



0



1.2



Animal products



Plant based products



Tab 2.3: Area demand of various food categories to produce 1 kg of product annually. For comparison, some plant based meat and dairy alternatives are shown (chapters 9 and 11 present more details about these products). For all products, the distribution of areas to pasture and cropland is shown. Source: Blonk, Kool et al. (2008).



If merely cropland (in contrast to pasture land/grassland) is surveyed, a switch from ruminant meat to vegetarian meat alternatives like tofu or Quorn can increase the need for (arable, not overall) land. On the other hand, substituting milk with dairy analogues not only reduces overall area demand substantially, but also the demand for arable(-forage) land. These scenarios were modelled for the UK in Audsley et al. (2009).
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Fig. 2.2: The Ecological Footprint and its schematic distribution into various fields. With credits to Joe Ravetz, University of Manchester.



A tool for an extended measurement of the effects of consumption on the capacity of the earth is the so called Ecological Footprint (EF), first published by Rees and Wackernagel (Rees, 1992; Wackernagel, 1994). The Ecological Footprint is a measure of human demand on the earth's ecosystems. It compares the human requirements for resources with the regenerative ecological capacity of the earth. It represents the amount of biologically productive land and sea area needed to regenerate the resources a human individual or the population consumes on the one hand, and the area required to absorb and render innocuous the accumulating waste on the other hand. By using this model, it is possible to calculate how much of the earth (or "how many earths") it would take to fulfil the needs of humans if everybody lived a lifestyle under investigation. The methodology for the EF-calculations has been refined perpetually over the years, a detailed description of the theoretical basics used for the calculations in 2008 can be found in Ewing et al.
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(2008) and Kitzes et al. (2008). Currently, humans produce an average EF of 2.2 global hectares per person annually. The sustainable value for the EF would be an average of 1.8 gha per person. People in different world regions produce strongly disproportionate values for the EF, as seen in Figure 2.3. A case study for the town of Cardiff in Wales showed that nutrition is responsible for 25 percent of total EF, with animal products being responsible for 61 percent of this footprint (Collins and Fairchild, 2007).



Fig. 2.3: Ecological Footprint (EF) per person in different regions of the world in global hectares. The available biocapacity per person shows the ecologically compliant value which is currently 1.8 gha. Source: WWF (2005) and von Koerber et al.(2008).



Comparing the whole production chain of 1000 kg of pork protein with 1000 kg of protein of a vegetarian meat product based on peas, and converting the results to land- and water-usage shows the inefficiency of the pork chain. The pork chain requires 12.4 ha land, the pea based vegetarian meat chain only 1.3 ha (Aiking, Helms et al., 2006).
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Energy usage for the production of various foods



Measuring the energy input to produce 1 kg of protein of different foods is another approach used for comparing their environmental impact. Fig. 2.4 shows results of such an approach (Seiler, 2006).



Fig. 2.4: Energy input in MJ to produce 1 kg of protein, for soy beans, maize, SCP, eggs, fish, milk, pork and beef. Source: Seiler (2006).



The International Dairy Federation found that the production of 1 kilogram of cheese requires 41 MJ and 1 kilogram milk requires 8 MJ (International Dairy Federation (2009), see Fig. 2.5). As milk contains approximately 3.5 percent protein, this results in roughly 230 MJ per kilogram milk protein and is much lower than the 585 MJ per kilogram milk protein found by Seiler (2006).
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Fig. 2.5: Energy input in MJ to produce 1 kg of milk, cheese, yoghurt, cream, butter and milk powder. Totals of energy consumption are also broken down into the contributions of the various life cycle steps for milk and cheese. Source: International Dairy Federation (2009).



De Vries and De Boer (2010) compared 16 studies, and found energy demands for beef ranging between 34 and 52 MJ/kg, for pork between 18 and 45 MJ/kg and for poultry between 15 and 29 MJ/kg.
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2.5



Climate impact of food production / livestock



2.5.1



The Global Warming Potential definition



A definition of the Global Warming Potential (GWP) can be found in IPCC (2001), a summary of which is as follows: GWPs are relative index based factors based upon the radiative properties of different GHGs to estimate the integrated future climate impacts of emissions of these GHGs in a relative sense. The GWP has been defined as "the ratio of the time-integrated radiative forcing from the instantaneous release of 1 kg of a trace substance relative to that of 1 kg of a reference gas" (IPCC, 2001):



with TH



time horizon to be considered (e.g. 100 years)



ax



radiative efficiency due to a unit increase in atmospheric abundance of the substance in question (in Wm-2 kg-1)



[x(t)] time-dependent decay release of the substance



in



abundance



of



the



instantaneous



the corresponding quantities for the reference gas are in the denominator (IPCC, 2001). Table 2.4 shows the global warming potential of the main greenhouse gases emitted by livestock enterprises, CO2 (carbon dioxide), CH4 (methane) and N2O (nitrous oxide).
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Gas



GWP



GWP



for 20 years time horizon



for 100 years time horizon



CO2



1



1



CH4



72



25



N2O



289



298



Tab 2.4: Global warming potential (GWP) of the 3 relevant greenhouse gases (GHGs) in agriculture. The GWP is defined as the cumulative radiative forcing between the present and some chosen time in the future (20 years and 100 years) caused by a unit mass of gas emitted now relative to the effect of the same mass of CO2 over the same time period. CO2 is assigned a GWP of 1 by definition. Methane (CH4) has a GWP of 25 on a 100 years scale, thus being a 25 times more potent GHG over this period compared to the same mass of CO2, nitrous oxide (N2O) has a GWP of 298 over a 100 years period. The GWP is used to convert the contributions of various GHGs into CO2-euqivalents. Source: Forster and Ramaswamy.



2.5.2



Livestock’s climate impact



Agriculture and livestock in particular also contribute significantly to the anthropogenic greenhouse gas effect due to emissions of greenhouse gases (GHGs), mainly carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). The increasing levels of these greenhouse gases in the atmosphere due to anthropogenic activities raise global surface temperatures, a fact which is now commonly accepted and seen as one of the major threats for the future of humanity, although the models of how much temperatures will rise in the following decades in various areas differ significantly. This chapter summarizes the contribution of livestock to the anthropogenic portion of the greenhouse effect. Many papers refer to the extensive investigation carried out by the FAO and presented as a report entitled "Livestock’s long shadow": When emissions from land use and land use change are included, the livestock sector accounts for 9 percent of CO2, for 65 percent of human-related nitrous oxide, and for
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respectively 37 percent of all human-induced CH4. Applying a 100 year time horizon to the GWP-conversions to CO2-equivalents, livestock accounts for 18 percent of the total human related greenhouse gas emissions globally. In absolute numbers these are annual global GHG-emissions of 7.1 billion tons of CO2-equivalents including emissions from land use and land use change or 4.6 billion tons of CO2-equivalents excluding these emissions (Steinfeld, Gerber et al., 2006). The different shares of various sectors on the global GHG emissions are shown in Figure 2.7. Land use changes (especially destruction of rainforests) are the primary source of livestock related CO2-emissions, fertilizers the primary source of N2O-emissions, ruminant digestion the primary source of CH4 and manure another important CH4 and N2O-source (see Figure 2.6). Livestock is responsible for almost 80 percent of the total emissions from the global agricultural sector (Steinfeld, Gerber et al., 2006; McMichael et al., 2007).
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Fig. 2.6: Relative contributions along the food chain of animal based foods to GHG emissions globally, according to the FAO (Steinfeld, Gerber et al., 2006). The biggest contributors are deforestation (primarily emitting CO2), enteric fermentation (primarily producing CH4) and manure (primarily contributing N2O). With credits to Henning Steinfeld, FAO.



In some countries, the agricultural sector is the largest contributor to national GHG emissions, in New Zealand it accounts for about 70 percent of national emissions (International Dairy Federation, 2009). In Germany, the agricultural sector accounts for 13 percent of national GHG-emissions, but some emissions are "exported" when feed is produced elsewhere and imported to Germany, these emissions are not included in the 13 percent (Hirschfeld et al., 2008). In Brazil, the cattle sector is the key driver of deforestation in the Brazilian Amazon, responsible for an estimated 80 percent of all deforestation in the Amazon region (Chomitz and Thomas, 2001; Grieg-Gran, 2006) and thus a key driver in GHG emissions. The cattle sector in the Brazilian Amazon alone is
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responsible for 14 percent of the world’s annual deforestation (GreenpeaceInternational, 2009).



Waste handling Land use Industry



Energy production



4 3 21



7 Habitation / households



10



Non livestock agriculture



GHGemissions of different sectors



12



12 Retrieval of fossile engergy



18



Livestock



14 Traffic



Fig. 2.7: Assignment of global greenhouse gas emissions to sectors in percent. Rounding differences lead to a total of 101 %. Source: Fiala (2009).



The general problem of LCAs is that generalisations of GHG-emission-values for products such as beef are problematic. First of all, a cow is not only used for the production of beef, but also for milk/dairy, leather, gelatine and much more. It is not obvious how the climate impact of the cow has to be split and distributed among these products. An even bigger problem arises from massively varied production methods. Cattle grazing in Austrian alps without much additive feeding and without being fed any imported concentrated feed can have a much more favourable CO2-balance than those being fed with imported feed, especially from former rainforest areas destroyed for the
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purpose of feed crop production, although the methane balance might be similar in both cases. In spite of these pleas that can be raised against generalised CO2-figures for various foods, such average figures can be found in many publications, e.g. in Pendo Verlag (2007) as shown in Table 2.5



Product Group



Product



CO2-equ. emissions in g per kg of the product



Meat / sausage



Other animal products



Fruits and vegetables



Beef



13300



Uncooked sausages



8000



Ham (pork)



4800



Poultry



3500



Pork



3250



Butter



23800



Hard cheese



8500



Cream



7600



Eggs



1950



Curd



1950



Cream cheese



1950



Margarine



1350



Yoghurt



1250



Milk



950



Apples



550



Strawberries



300



Tomatoes



140-200



Avg. value for frozen vegetables



400



Avg. value for tinned vegetables



500



Brown bread



750



White bread



650



Pasta



700-900



French fries, deep frozen



5700



Tab 2.5: A showcase attempt to quantify CO2-emissions per kg of various food products. Source: Pendo Verlag (2007).
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At least some of these shortcomings can be overcome if LCA is applied to a comparison of foods produced in the same, delimited region. Tables 2.6 and 2.7 show results of an LCA analysis for major production systems in England and Wales according to the proportions of production systems in 2006 there (Williams et al., 2006). Again, in general animal products contribute considerably more to global warming than their plant based counterparts.



Tab 2.6: The main burdens and resources used for field and protected crops in England and Wales (using LCA). Note a: To calculate the land use, the yields were calculated for an average classified land of grade 3a (a British measurement for agricultural land classification). Note b: Abiotic resource use (ARU): Method for aggregating the use of natural resources. Many elements and natural resources are put onto a common scale that is related to the scarcity of the resources. It is quantified in terms of the mass of the element antimony (Sb), which was an arbitrary choice. This data includes most metals, many minerals, fossil fuels and uranium for nuclear power. Note c: In this model, tomatoes were partly produced in heated greenhouses to extend the growing season. Source: Williams, Audsley et al. (2006).



Tab 2.7: The main burdens and resources used for field and protected crops in England and Wales (using LCA). Also see comments in Table 2.6. Source: Williams, Audsley et al. (2006).
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The following Figures 2.8 to 2.10 show GHG-emissions for 1 kg of different animal foods taken from various investigations in different countries globally.



For poultry meat, Williams, Audsley et al. (2006) calculated 4.58 kg CO2eqivalents per kg meat (assuming a meat yield of 70 percent of live weight) and Hirschfeld, Weiß et al. (2008) summarise existing literature showing a range from 1.66 to 4.6 kg CO2-eqivalents per kg live weight. The biggest share of energy usage and GHG-emissions occur at the farm level, nevertheless the retail market is responsible for 20 percent of energy usage (instore cooling systems etc.) and 9 percent of GHG-emissions in poultry production (Katajajuuri, 2008).



A few papers have also calculated GHG emissions using LCA for relatively protein rich meat alternatives like tofu, tempeh and Quorn (for definition, see chapter 9.1.6). In the Netherlands and Belgium the production of 1 kilogram of tofu leads to emissions of approximately 2 kg CO2-eq, for 1 kilogram of tempeh of 1.1 kg CO2-eq and for 1 kilogram of Quorn (including 4 percent egg white and produced in Great Britain) of 2.6 kg CO2-eq (Blonk, Kool et al., 2008).
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Fig. 2.8: GHG-emissions for 1 kilogram of milk, taken from various papers. The values range from 0.78 to 1.5 kg CO2-eq/kg milk. The values (in kg CO2-eq / kg milk) are taken from the following papers: Conventional milk production: Haas et al. (2001) 1.3 Cederberg (2004) 0.9 Casey and Holden (2005) 1.3 Williams, Audsley et al. (2006) 1.06 Forster et al. (2006) 1.14 Pendo Verlag (2007) 0.95 Thomassen et al. (2007) 1.4 Hirschfeld, Weiß et al.(2008) 0.85 International Dairy Federation (2009) 1.2 Extensive conventional milk production: Haas, Wetterich et al. (2001) 1.1 Cederberg (2004) 1.0 Organic milk production: Haas, Wetterich et al. (2001) 1.3 Cederberg (2004) 0.9 Williams, Audsley et al. (2006) 1.23 Thomassen, van Calker et al. (2007) 1.5 Hirschfeld, Weiß et al. (2008) 0.78 Global average values by FAO (Gerber et al., 2010)*: Global average: 2.4* Grassland systems global 2.72* Mixed farming systems 1.78* * Global average measured per kg of “fat and protein corrected milk”, which is milk corrected for its fat and protein content to a standard of 4 % fat and 3.3 % protein. This is a standard used for comparing milk with different fat and protein contents.
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Fig. 2.9: GHG-emissions for 1 kilogram of beef, taken from various papers. The values show a massive range of between 8.40 and 36.4 kg CO2-eq/kg of beef. The highest value given by Ogino et al. (2007) can partly be explained by the high share of imported feed in Japan and relatively low assumed meat yield of only 40 % of the live weight of the cattle. The values (in kg CO2-eq / kg beef) are taken from the following papers: Conventional beef production: Williams, Audsley et al. (2006) 15.8 Bulls from calves out of milk prod. systems Williams, Audsley et al. (2006) 25.3 Bulls from calves from suckler cows. In the



paper, a meat yield of 55 % of the live weight is estimated Calculated from 13 kg CO2-eq/kg live weight assuming 55 % meat yield



Casey and Holden (2006)



23.6



Ogino, Orito et al. (2007)



36.4



In the paper, a meat yield of 40 % of the live weight is estimated.



Pendo Verlag (2007)



13.3



The book does not specify the meat yield which is used for calculations. Bulls from calves out of milk prod. Systems. In the paper, all emissions for cattle/beef are calculated per kg carcass weight,



Hirschfeld, Weiß et al. (2008)



8.4



Hirschfeld, Weiß et al. (2008)



16,76



Organic beef production: Cederberg and Stadig (2003)



22,3



The paper does not specify the meat yield which is used for calculations.



Williams, Audsley et al. (2006)



18,2



In the paper, a meat yield of 40 % of the live weight is estimated.



Casey and Holden (2006)



20,2



Calculated from 11.1 kg CO2eq/kg live weight assuming 55 % meat yield



Hirschfeld, Weiß et al. (2008) Hirschfeld, Weiß et al. (2008)
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Fig. 2.10: GHG-emissions for 1 kilogram of pork, taken from various papers. The values show a massive range of between 2.07 and 6.4 kg CO2-eq/kg of pork. The low values found in Hirschfeld, Weiß et al. (2008) can be explained by the fact that forest clearances for feed production are not included in these figures. And while Williams, Audsley et al. (2006) assign emissions from pig manure to pork production, Hirschfeld, Weiß et al. (2008) assign it to plant products as part of the manuring strategy within plant production. The values (in kg CO2-eq / kg pork) are taken from the following papers: Conventional pork production: Williams, Audsley et al. (2006) 6.4 In the paper, a meat yield of 77 % of the live weight is estimated.



Pendo Verlag (2007)



3.25



The book does not specify the meat yield which is used for calculations.



Hirschfeld, Weiß et al. (2008)



3.07



In the paper, a meat yield of 79 % of the live weight is estimated.



Organic pork production: Hirschfeld, Weiß et al. (2008)



2.07



In the paper, a meat yield of 79 % of the live weight is estimated.



Fig. 2.11 shows the GHG-emissions of the total lifecycle for 1 kg of various products. By way of comparison the emissions of 1 litre fuel and diesel are also displayed. In a Japanese analysis, the life cycle of 1 kg of beef leads to GHGemissions of 36.4 kg CO2-equivalents, equivalent to the use of nearly 14 litres of diesel or nearly 16 litres of fuel or driving an average European car 250 kilometres (Ogino, Orito et al., 2007).
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Fig. 2.11: GHG-emissions for 1 kilogram of different food products in CO2-equivalent. By way of comparison the CO2-emissions of the burning of 1 litre of fuel and diesel are also displayed. Sources: For milk, an average value for conventional milk from Fig. 2.8 is taken as well as a global average value from the FAO (Gerber, Vellinga et al., 2010), for cheese and yoghurt values are taken from the International Dairy Federation (2009), for beef, a minimum value from Hirschfeld, Weiß et al. (2008) and a maximum value from Ogino, Orito et al. (2007) is shown.



Using LCA methodology, the largest contributor to GHG emissions in dairy production is the dairy farm and feed production with 80 percent of GHG emissions. Dairy end product manufacturing, packaging, retail, transport and usage by the consumer altogether account for just a fifth of the effect (International Dairy Federation, 2009).



2.5.3



Climate effect of certain diets



Another shortcoming of many climate impact calculations of foods is that foods are compared simply by their weight in kilograms and not by the much
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more significant energy of these foods in calories or maybe by other nutritional values such as the protein contents and its biological value.



Based on data from Defra (Williams, Audsley et al., 2006) and FAOSTAT, a British calculation compared a typical UK diet with 30 percent of calories originating from animal products with a UK diet typically found among vegans. The results showed savings of 74 percent in the annual water consumption (535 versus 140 m3), 67 percent in land use (0.195 versus 0.065 ha), 55 percent in the use of arable land only (0.143 versus 0.065 ha) and of 69 percent in the annual CO2-eq emissions (1088 versus 332 kg CO2-eq), based on a 100 year timeframe for GWP conversions of the various greenhouse gases (Walsh, 2009). An LCA of the average Spanish diet including the impact of human excretion showed that feeding an average Spanish citizen for a year contributes 2.1 tons CO2-eq to the overall GHG-emissions. This figure is dominated by the food production stage. Highlighted contributions are those by meat products and dairy with 54 percent of the total GWP for food production (Muñoz et al., 2010). Geophysicians from the University of Chicago state that the average American diet requires the production of an extra ton and a half of carbon dioxideequivalent annually, in the form of actual carbon dioxide as well as methane and other greenhouse gases compared to a strictly vegetarian diet (Eshel and Martin, 2005). These 1500 kilograms of extra CO2-equivalents are, by comparison, the same as burning 650 litres of fuels per year. Carlsson-Kanyama and Gonzalez (2009) compared three meals for their climate effect: The first containing soybeans, apples, wheat and carrots leads to
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only 0.42 kg CO2-eq/kg food. The second consisting of pork, potatoes, beans and oranges, adds up to 1.3 kg CO2-eq/kg, with pork contributing 0.94 kg CO2eq to the result. And the third including beef, tropical fruits, rice and cooked deep-frozen vegetables adds up to 4.7 kg CO2-eq/kg food, with beef contributing 3 kg CO2-eq, the tropical fruits 1.1 kg CO2-eq. Comparing two "endpoint-scenarios" to achieve the United States Department of Agriculture (USDA) recommendations for kilograms of dietary protein consumption per capita and year shows that the meat/eggs/dairy livestockscenario produces impacts higher by one or two orders of magnitude compared to the other extreme, a pure soybean-scenario for the following environmental issues: GHG emissions, biomass appropriation and reactive nitrogen mobilization (Pelletier, 2010). Case studies from Sweden and Spain have shown that diets replacing pork based meals with pea based burger meals can reduce the global warming potential by around 50% as well as the eutrophication potential by more than half. The case studies also showed markedly reduced land use but, similar energy-use for the pea burger meal compared to the pork based meals (Davis et al., 2010).



A multidisciplinary study by the Netherlands Environmental Assessment Agency (PBL) from 2008 investigated the effect of carbon sinks that could be established if croplands and pastures could be abandoned through changes in diet. PBL focussed on livestock in their climate change mitigation models due to it accounting for 18 percent of greenhouse gas emissions and 80 percent of total anthropogenic land use. Up to 2700 Mha of pasture and 100 Mha of cropland could be abandoned if the global population shifted to a low-meat
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diet – defined as 70 grams of beef and 325 grams of chicken and eggs per week. Vegetation growing on this land would mop up carbon dioxide. Of the climate stabilisation costs that are required to achieve a 450 ppm CO2 equivalent concentration in the atmosphere by 2050, around 50 percent could be saved by such a low-meat diet model compared to a reference case, that is a saving of no less than US$ 20 trillion or US$ 20000 billion. For the reference case, data from OECD, IEA and the FAO was used. PBL also calculated alternative diet models and their effect on climate stabilisation costs. A "no animal product"-model was also calculated, assuming that the global population would switch to a vegan diet containing no animal products at all. Mitigation costs in this model would be reduced by 80 percent by 2050, from a total of US$ 40 trillion (Stehfest et al., 2009). Figure 2.12 shows some of the effects of the different scenarios over the years until 2050.



To illustrate these figures: These climate cost savings of US$ 32 trillion would be enough to build more than 200 million one-family houses at the cost of US$ 150 000 each. Assuming that an average of 4 people lived in such a house, this would be enough to build houses for the whole population of Europe, including the whole of Russia, and in addition, for all inhabitants of Australia and Canada. The authors accredit these enormous figures mainly to the huge carbon sink achieved by regrowing forest vegetation on parts of the abandoned pastures and croplands and also to the reduced CO2-, CH4 and N2O-emissions achieved by reducing the number of farmed animals globally (Stehfest, Bouwman et al., 2009).
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Fig. 2.12: Land use CO2-emissions in Gtonne C per year. Comparison of 5 scenarios: Reference scenario (predicted animal consumption per capita and predicted population growth), NoRM-scenario (no ruminant meat eaten globally), NoM-scenario (no meat eaten globally), NoAP-scenario (no animal products eaten globally: Vegan diet) and LowM-diet (low meat diet globally which is defined by 70 g beef, 70 g pork and 325 g chicken meat and eggs per week and per capita globally). The NoRM-, NoM-, NoAP- and LowM-scenarios have been designed in such a way that the shifts in diet start in 2010 and are completed in 2030. The animal products mentioned are replaced by plant proteins in these scenarios. All scenarios except the reference scenario show the appearance of a huge carbon-sink which could bind CO2 from the atmosphere. Source: Stehfest, Bouwman et al. (2009). Note: This effect would bind CO2 from the atmosphere and mitigate climate stabilisation costs particularly in a period when fossil fuels are still available and their usage producing CO2. Prognoses for availability of fossil fuels can be found in Bräuninger and Matthies (2005).



Comparing emissions and resource use indicators for pork and pea based vegetarian meat products shows that pork contributes 61 times more to acidification, measured in NH3 equivalent, 6 times more to eutrophication, measured in N equivalent and 6.4 times more to global warming, measured in CO2 equivalent (Zhu and Van Ierland, 2003). Another Dutch investigation showed that meat protein requires 6–17 times more land compared to processed protein food based on soybeans. The analogous relative factors for
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water consumption are 4.4–26, for fossil fuel requirements 6–20 and for the emission of acidifying substances a factor > 7 (Reijnders and Soret, 2003). More recent Dutch investigations show that a totally vegan diet, compared to a classical omnivore diet, in the Netherlands saves per day: 0.46 kg CO2-eq by replacing dairy products with products based on soy, 0.53 kg CO2-eq by replacing meat with vegetarian meat alternatives, 0.12 kg CO2-eq by replacing fish and 0.06 kg CO2-eq by replacing eggs. The summed daily alimentary emissions are 1.46 kg CO2-eq for a classical Dutch omnivore diet, 1.06 kg CO2eq for a Dutch ovo-lacto vegetarian diet (assuming an increased intake of dairy products to replace the meat) and 0.51 kg CO2-eq for a Dutch vegan diet (Blonk, Kool et al., 2008).



A calculation of the greenhouse gas emissions within the European Union for consumption, including foods and beverages showed that, of the overall 31.1 percent share that nutrition contributes to greenhouse gas emissions, three quarters are caused by animal products (Tukker et al., 2006, page 111).



2.5.4



General note on CO2-equivalents



In most of the studies, the GWPs used to convert the effect of CH4 into CO2equivalents are the values for a time horizon of 100 years. When calculating short term climate effects, e.g. for the next 20 years, CH4 becomes much more influential on global warming as its GWP is about three times higher on the 20 years time scale compared to the commonly used 100 years, leading to a much higher CO2-equivalent value. As CH4-emissions are coupled closely with livestock, it can be stated that on a 20 years horizon livestock plays an even
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larger part in global warming than stated in the research results in chapter 2.5.2.



Including the "missed potential carbon sink" of land occupation



2.6



to LCAs In the course of writing this doctoral thesis, a new concept of integrating land occupation as a "missed potential carbon sink" into LCAs, leading to the integration of the concepts of LCA and the ecological footprint was formed. This new, more complete LCA concept led to a paper submitted by myself together with the Dutch scientist Elke Stehfest, that has by the beginning of 2012 not yet been released (Schmidinger and Stehfest, submitted). This chapter gives a short overview of this new concept.



As seen in the previous chapters, there are several different approaches to measuring the climate impact of livestock products or products in general, here are three of them:



•



The classical LCA, measuring the emissions during the life cycle of a product in kg CO2-equivalent per kg of a product.



•



The approach used by Stehfest, Bouwman et al. (2009) that emphasizes the potential of carbon sinks in climate stabilisation, if areas can be freed up by reducing the production and consumption of animal products globally. These carbon sinks are caused by the regrowth of natural vegetation on these freed up areas. The result is not expressed in kg CO2-equivalent per kg product, but in reduced climate stabilisation costs (in trillion US$).



45



Chapter 2



Meat Production (Livestock) and the Environment



In LCAs, land use changes, due to higher feed demands as a result of increased meat production, start to become adopted. The same applies for opportunity costs (Garnett, 2009; Nguyen et al., 2010). But land use change effects have to be differentiated from land occupation effects: Land occupation is independent of recent changes in land use whereas land use change only covers the climate effects of agricultural areas that were just established on land that was covered by natural vegetation until the recent past. •



The Ecological Footprint approach measures the impact of the production in areas, global hectares, or virtual "earths".



More recent papers on LCAs of agricultural products either recognize land use change as a relevant issue, but do not integrate it in the LCA results (Hirschfeld et al., 2008) or they integrate historic changes in land use into LCA (e.g. Gerber et al. (2010) for FAO). But the pure occupation of land for the production of agricultural goods and its consequence of being a missed potential carbon sink, as it prevents natural vegetation from regrowing on this area and by this absorbing CO2 from the atmosphere, has de facto not yet been addressed. An exception is a recent paper that presents a general methodology on how to include carbon emissions from land conversion and land occupation into LCAs (Müller-Wenk and Brandão, 2010). The authors suggest a method to calculate a delayed uptake of CO2 due to land occupation and add this to LCAs. But, it does not provide information of how to add this new summand to the overall LCA result, instead keeping transformation and occupation separated. The CO2 implications of land transformation for agricultural use in
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a particular year are described as CO2 emissions from conversion, which is followed by a carbon uptake of the natural vegetation, which starts to regrow directly in the following year. Thus an average stay of additional CO2 from land transformation is computed, depending on how fast the regrowth takes place in a certain ecosystem and area. Continued land use (land occupation) leads to a delayed carbon uptake, resulting in an additional 1 year stay of CO2 in the atmosphere. But as mentioned, the authors do not provide a final formula of how to incorporate these occupation effects into an overall LCA result (Müller-Wenk and Brandão, 2010).



This chapter presents a different model of integrating land occupation or a missed potential carbon sink (in contrast to the "delayed carbon sink" in MüllerWenk and Brandão (2010)) in a Life Cycle Assessment of livestock products to derive total GHG emissions per kg product. It contains the result according to the standard LCA approach, and then adds a further amount of "potential" CO2-eq to the production of 1 kg of a product. This second amount represents the area that the production of this (food) item occupies, the area that therefore cannot fulfil its potential as a carbon sink to mitigate GHG concentrations in the atmosphere. Other influences of land occupation on the climate are not yet part of the new method: Nitrous oxide and methane emissions might be affected



by



these



land



conversions



or



occupations



as



well



as



evapotranspiration and the albedo of the land. These effects go beyond the scope of the method presented here.



The result of the new, "enriched" LCA is based on the standard LCA results for a certain food item (the summand is called GHGLCAstandard), expressed in kg CO2-
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eq / kg of the product. The innovation is that a second summand called GHGmissedPotentialCarbonSink is added. This second summand represents the carbon uptake (carbon sink) that natural vegetation could accomplish if the land that is used for the production of the food item was freed up. Or alternatively, this can be seen as the missed carbon uptake (carbon sink) if the land is further used for the production of the food item.



GHG.total= GHG LCAstaandard + GHGmissedPotentialCarbonSinkk



The following steps show a way of calculating the new summand GHGmissedPotentialCarbonSink to achieve more comprehensive LCA calculations for future use:



2.6.1



How to calculate the new summand GHGmissedPotentialCarbonSink



For the calculation of the new summand GHGmissedPotentialCarbonSink, the following formula is established:



GHG.missedPotentialCarbonSink = 1 / timehorizon *



L,R



∑ Area



l =1, r =1



l ,r



* (CarbonSinkl , r ,t )



with Area l,r representing the agricultural area [m2] of land use l (crop or grassland) in region r, required per unit of product [m2 / kg product], and CarbonSink l,r is the carbon sink [kg CO2/m2] that occurs in region r when land use l (crop or grass) is regrowing to natural vegetation (e.g. forests, or tundra) during t years. The "region" represents a geographic unit involved in the production process having a characteristic current carbon content and potential carbon sink. The
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granularity (size) can be selected according to the data quality available, from world regions down to small grid cells. This "region" allocation is very relevant, as the carbon stocks, and thus, potential sinks differ significantly across ecosystems. Furthermore, the potential carbon sink also depends on the initial form of land use, with grassland often already containing more carbon than cropland. Additionally, the time t during which the carbon uptake is accumulated has to be defined. The CO2 fixation is higher in the initial phases when the vegetation starts to grow again, and declines when the forests approach maturity. And, on the other hand, the time horizon over which the missed potential carbon uptake is added to the products GHG balance must also be defined. For both these time horizons the same value should be applied, simply called time horizon here. A time horizon of 100 years could be adequate, as by then the regrowing vegetation is approaching its equilibrium state (e.g. Mila i Canals et al. (2007) mention such a relaxation time). For biofuel studies the time horizon used for to apply emissions from land use change to the products is often set to 30 years (IPCC, 2006; Searchinger et al., 2008). Thus, in the pending paper on how to include the missed potential carbon sink to LCAs (Schmidinger and Stehfest, submitted), these time horizons of 30 and 100 years are used for the model calculation examples. Based on area requirements as well as the standard LCA results taken from Blonk, Kool et al. (2008) and on the potential carbon sink data for different regions taken from MNP (2006), sample calculations have been made. For the 100 years time horizon and, even more so, the 30 years time horizon the results show that the missed potential carbon sink for livestock products (GHGmissedPotentialCarbonSink) is in the same order of magnitude or higher than the standard LCA results GHGLCAStandard
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(Schmidinger and Stehfest, submitted). This reveals or at least indicates that current LCAs conceal at least half of the climate relevant effects of agricultural production. Some results are shown in Figure 2.13.



Fig. 2.13: Results of LCA for the various products, using a 30 year time horizon. The chart shows the standard LCA results and the LCA result for the missed potential carbon sink as well as the totals. Source: Schmidinger and Stehfest (submitted).
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Short discussion



Whether agricultural production requires a lot or little land has major implications for the climate balance of the products, but – unlike emissions – has de facto been ignored in LCAs so far. This reveals a major loophole in hitherto existing LCAs, which is especially relevant for agricultural products, as these consume huge areas (see chapter 2.3). The integration of missed potential carbon sinks due to land occupation to LCAs will lead to a more realistic and holistic climate balance: Products that consume a lot of land for their production will have additional CO2-eqivalents added to their LCA balance as the occupied land and its related missed potential as a carbon sink is now also taken into account. It might be argued that not only reforestation of abandoned cropland can bind CO2, but the crops on the cropland as well: The crucial difference here is, that the breathing of humans or animals when fed with the crops on the one hand, and the growth of the crops on the other, form a carbon balance, an equilibrium, a zero sum game. Reforestation contrariwise is a huge net carbon sink, as carbon is stored in the forests and also in produced soil in forests permanently.



2.7



Water usage for the production of various foods



70 percent of the global withdrawals of water from rivers, lakes, and groundwater is used for agriculture, 20 percent for industrial purposes and 10 percent is consumed by municipalities (IWMI, 2007; Hertwich, van der Voet et al., 2010). The water use for the production of different foods is sometimes hard to estimate, and can differ greatly for different regions or production methods.
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Also, the same amount of water used in a very humid region can have a negligible effect on the environment compared to water used in an arid region. Nevertheless, this chapter presents some calculations of water usage for the production of some animal products.



When the whole production chain of 1000 kg of pork protein is compared with the production of 1000 kg of protein of a vegetarian meat product based on peas, the pork chain requires 11345 m3 water, the pea based vegetarian meat chain only 177 m3 (Aiking, Helms et al., 2006). The discrepancy in such estimations can be seen in Renault (2003), who estimates the virtual water demands for pork or chicken in Californian production sites as being both slightly above 4 m3 per kg, and for various plant based products between less than 0.1 and almost 2 m3 per kg (with rice and wheat showing the highest values, potatoes and tomatoes the lowest). The International Dairy Federation calculated that 1 kg of milk requires 1000 litres, 1 kg of cheese 5000 litres and 1 kg of milk powder 4600 litres of water (International Dairy Federation, 2009).



The term "water footprint" has been introduced by Hoekstra and Chapagain (2006) and has been further specified in Hoekstra et al. (2009). It expresses the personal water usage in relation to consumption. Food consumption patterns, especially the level of meat consumption, are a key driver of the water footprint of a nation. The amount of water that is used in the process of producing goods, for example food, is called "virtual water". While the amount of drinking water consumed per capita and day is between 0.05 and 0.15 m3, the virtual water for
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food consumption is much higher and varies between 1 m3/capita/day for a survival diet and more than 5m3/capita/day for a typical US meat based diet. A vegetarian diet requires 2.6 m3/capita/day of virtual water (Manning, 2008).



2.8



"The smaller evil" – organic or industrial livestock farming?



The previous chapters 2.1 to 2.7 showed, that plant based foods can ecologically outperform animal based foods by far. But if it is not possible to substitute animal products completely by plant based products in industrial countries, due to general political or societal conditions, then it is still interesting to answer the question of whether organic livestock farming or industrial livestock farming is "the smaller ecological evil", and which one of these antagonists has more potential to at least mitigate the negative effects of the production of animal products on the environment.



Some authors emphasize, that industrial livestock farming is more efficient than traditional livestock practices. Compared to 1944, the US dairy production in 2007 only required 21 percent of animals, 23 percent of feedstuff, 35 percent of water and 10 percent of land for the same amount of milk, according to Capper et al. (2009). Manure has been reduced to 24 percent, CH4 to 43 percent and N2O to 56 percent compared with the values from 1944. Average milk yield per cow has increased from 2074 kg/year to 9193 kg/year in this period. Aspects such as animal health are not discussed here, but German Holstein cows in 2006 for example have only an average of 2.9 lactations in their life (Eilers, 2007). Capper et al. (2009) claim that many characteristics of the 1944 livestock system are similar to those of modern organic systems. Nevertheless, Seemüller (2001) claims that only 24 percent more area than is
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now being used would be required if the total German food demand were to be supplied by organic farming practices. This shows that modern organic farming does not inherit disadvantages of traditional livestock practices, even if both share some characteristics with free range systems.



Eberle and Reuter (2005) emphasize the advantages of organic farming in terms of reduced pollutions, preservation of flora and biodiversity due to the reduced applications of N-fertilizers and the waiving of herbicides and genetically modified seeds



A detailed comparison of the burdens of producing various animal products in organic and conventional systems in England and Wales is shown in Tables 2.8 to 2.11 providing a heterogeneous picture of merits and drawbacks of both systems (Williams, Audsley et al., 2006).



Tab 2.8: Comparison burdens of production of some alternative beef systems (per tonne). Source: Williams, Audsley et al. (2006). Note: EP is eutrophication potential, AP is acidification potential, ARU is abiotic resource use, see comment in table 2.6.



54



Chapter 2



Meat Production (Livestock) and the Environment



Tab 2.9: Comparison burdens of production of some alternative pork systems (per t). Source: Williams, Audsley et al. (2006).



Tab 2.10: Comparison burdens of production of some alternative poultry meat systems (per t). Source: Williams, Audsley et al. (2006).



Tab 2.11: Comparison burdens of production of some alternative milk production systems (per 10,000 l milk). Source: Williams, Audsley et al. (2006).
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The extensive German survey conducted by the Institute for Ecological Economy Research (IÖW) investigated climate impacts of food production and also compared organic farming practices with conventional ones. It shows similar, but, overall more favourable results for the organic farming practices. Organic farming benefits from much lower levels of used nitrogenous fertilizers (leading to lower N2O-emissions), but suffers from a higher areademand. These advantages of organic products over their conventional counterparts are usually more distinctive with plant based products than with animal products (Hirschfeld, Weiß et al., 2008). Similarly Fritsche and Eberle (2007) report small savings in GHG-emissions for organic pork (5 percent) or beef (15 percent). Another important aspect is that organic farming often leads to topsoil composition whereas conventional farming to topsoil losses. As topsoil represents carbon storage this would change a climate balance including carbon sink (carbon storage) of soils in favour of organic farming (Hülsbergen and Küstermann, 2007; von Koerber et al., 2007). This sometimes leads to the misunderstanding that grazing livestock would perform as a carbon sink, when organic farmed grazing land is compared by mistake to intensively cultured land instead of natural vegetation when the land use effect of farming is examined in terms of climate balances. This is an example of choosing a totally wrong reference. A comparable fallacy would be when people think that the more they drive in a fuel saving car the more they are protecting the climate, using the rational that the emissions are lower than from driving a conventional car and not being able to see that driving any kind of car produces greenhouse gases. Actually, no form of agricultural land use represents a carbon sink. Instead, agricultural activities represent a missed
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carbon sink when compared to natural vegetation, showing lower carbon stocks than natural vegetation, which it pushes aside. For extensively or organic farmed areas this missed carbon sink per given area might be smaller, but on the other hand, the required areas are usually much larger. The predominating effect of these two decides whether organic or conventional farming practices are better or worse in terms of land use related GHG balances (also see chapter 2.6 for more information on missed potential carbon sinks).



For cropped soils, there is still potential to mitigate greenhouse gas emissions. Reducing fertilizers results in lower N losses, but also reduced crop yields. Use of techniques like nitrification inhibitors and split fertilizer applications as well as renouncing tillage operations can reduce GHG emissions by 50 percent while slightly increasing crop yields (Del Grosso et al., 2009).



2.9



Ecological aspects of fish production



Two general methods can be distinguished, farmed fish and traditional fishing methods. Traditional fishing requires high energy inputs and thus leads to relevant GHG emissions. Other problems include overfishing and bycatch, the latter making up over 8 percent of the total catch globally (Ellingsen, 2009).



Farmed fish also require high energy inputs. Escape of farmed fish, the spreading of pathogens or vermin and the usage of antibiotics are among the most relevant ecological considerations involved (Ellingsen, 2009).
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Current LCAs do not cover overfishing or other relevant problems with fish production on the ecological system in the sea, as they have been designed for land based systems initially. Nevertheless, there have been a few LCAs in the recent years on the GHG effect of fish: Farmed Norwegian salmon shows results of between 2.3 and 3.0 kg CO2-eq/kg (Ellingsen, 2009). Pelletier and Tyedmers (2007) calculated between 1.2 and 2.7 kg CO2-eq/kg for farmed salmon in Canada depending on the feeding strategies, and Ellingsen and Aanondsen (2006) 1.3 kg CO2-eq/kg for wild caught cod. This means that the GHG emissions from fish production are relevant, even though they are smaller than livestock production on land.
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World nutrition – facts and forecasts



World nutrition and world hunger are complex subjects, and the causes of malnutrition and their solutions are highly controversial. According to UNICEF, more than 8000 children die of starvation each day, around 3 million per year (UNICEF, 2007). Low personal incomes, wars and political disturbances are main causes of missing food security for humans (Schmidhuber, 2005), but the rapid growth of the livestock sector is also a factor, because it raises the prices of staple foods by competing for land and other resources (FAO, 2009b). Political stability and education are often seen as main strategies out of malnutrition. Some scientists and industries emphasize genetic engineering in agriculture as a solution while opponents to genetic engineering see the solution in organic farming. In this chapter the frequently emphasized nexus between different livestock methods, consumption of animal products and global nutrition is investigated. Is it true that "the cattle of the rich eat the bread of the poor"?



1969-71*



1999/01*



2015**



2050**



Sub-Sahara Africa



2100



2194



2420



2830



Northern Africa / Middle East



2382



2974



3080



3190



Latin America



2465



2836



2990



3200



Southern Asia



2066



2392



2660



2980



East Asia and Southeast Asia



2012



2872



3110



3230



Transition countries



3323



2900



3020



3270



Industrial countries



3046



3446



3480



3540



Tab. 3.1: Average available food energy in different world regions (in kcal per person and per day). Source: FAO (2006). * Average values for the time span. ** Estimations
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The average availability of food calories has seen improvements in the last decades, as shown in Table 3.1. And the FAO assumptions show a further increase in food availability for all regions globally, but it should be noted, that access to food can be very biased within a society for different social groupings (FAO, 2006).



Advances made in crop genetics, inorganic fertilizers and many other realms have resulted in a corn grain yield increase from 2071 kg/ha to 9484 kg/ha and a soybean yield increase from 1264 kg/ha to 2804 kg/ha between 1944 and 2003 in the USA (USDA/NASS, 2003). On the other hand, other authors emphasize that soil quality has declined and will continue to decline in the future (Bouma et al., 1998). Organic farming systems could be an alternative approach, reducing this loss of soil: After evaluating 293 studies, Badgley et al. (2007) state that organic farming also has the potential to nourish the global population. Focusing on the 23 most important food crops in terms of food energy, Balmford et al. (2005) try to project plausible values for 2050 for population size, diet, yield, and trade, and then look at their effect on the area needed to meet demand for the 23 crops, for the developing and developed worlds in turn. The calculations suggest that across developing countries, the area for these crops will need to increase very considerably by 2050 (by 23 percent under intermediate projections). By contrast, cropland area in developed countries is likely to decrease slightly by 2050 (by 4 percent under intermediate projections for these 23 crops), and will be less sensitive to variation in population growth, diet, yield or trade. Generally, the expansion
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of arable land globally is very limited, as only 11 percent of the land surface is potentially arable (Pimentel et al., 1976).



3.2



Livestock’s role in world nutrition – facts and forecasts



Table 3.2 shows historical data and future prognoses from FAO demonstrating a dramatic increase in consumption of animal products. With such anticipated increases in per capita consumption of animal products as well as in global human population and including other factors like loss of fertile soils it is not evident that global food security can be maintained or even improved.



1969-



Meat



Dairy products



(kg per person per year)



(kg per person and year)



1999/01*



2030**



2050**



71*



1969-



1999/01*



2030**



2050**



71*



Developing countries



10.7



26.7



38



44



28.6



45.2



67



78



Transition countries



49.5



44.4



59



68



185.7



160.2



179



193



Industrial countries



69.7



90.2



99



103



189.1



214.0



223



227



World Total



26.1



37.4



47



52



75.3



78.3



92



100



Tab. 3.2: Usage of meat, milk and dairy products in developing countries, transition countries and industrial countries. Source: FAO (2006). * Average values for the time span. ** Estimations



The principle characteristic of eating meat is that it lengthens the food chain between plants and humans. This way of producing food by adding another "link" to the chain, i.e. animals, represents a loss of nutrients for humans due to the use of a huge portion of the food for the metabolism of animals. The latter makes the animal an inefficient calorie converter, as a big portion of feed calories is converted to excrement, skin, bones, feathers and the like, and only a rather small portion to meat, milk or eggs. Table 3.3 shows typical
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conversion losses for various livestock species. Protein losses due to the food chain extension in livestock vary between 80 and 96 percent (Smil, 2002). Although animal protein often shows higher biological values than plant protein, this disadvantage of many plant based proteins could be overcome by plant breeding (see chapter 7.5.2) or other measures. Pimentel (2004) states that 1 kg of protein from farm animal meat requires 6 kg of plant based protein.



Feed requirements (kg / kg live weight) Typical yield of edible



Chicken



Pig



Cattle



2.5



5



10



(1.7-4)



(2.4-5.9)



(5-13)



55



55



40



4.5



9



25



11



9



3



20



10



4



meat (% of live weight) Feed requirements (kg / kg edible meat) Energy conversion efficiency (% of input gross energy) Protein conversion efficiency (%)



Tab. 3.3: Typical feed demands and efficiency of various species in livestock systems in the conversion of feed energy and feed protein (Smil, 2002). The figures show that the extension of the human food chain by eating meat from farm animals is ineffective, with chicken showing the smallest losses in energy and protein. The numbers in brackets in the feed requirements section per kg live weight (first row) show ranges from different analyses (Caspari et al., 2009; Garnett, 2009).



The WHO showed that one hectare land per year can feed 19 humans on the basis of rice, 22 humans on the basis of potatoes, but only 2 humans on the basis of lamb and 1 human on the basis of beef (WHO, 2008) For more details on area demands for food products also see 2.3. If people in developing countries ate the same amount of meat as those in industrial countries, the global agricultural area demands would increase by two thirds (Naylor et al., 2005). Using a pictorial metaphor, industrial livestock practices resemble "a
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malignant tumour that selfishly grasps all the nutrients and resources for itself, leaving the rest of the host undernourished, and then driving the entire system to failure" (Chiu and Lin, 2009).



The exception to the rule of animals being highly inefficient and huge "calorie annihilators" can be ruminants grazing on pastures which cannot be used as croplands. In this case, these ruminants, mostly cattle or sheep, can produce edible meat and milk on an area that does not provide food for direct human consumption, acting as "calorie creators". Grazing cattle and other ruminants are thus generally capable of producing food for human nutrition on areas not suitable for cropland, albeit less efficiently than if they were kept intensively and fed with cereals or pulses (Galloway et al., 2007). But in the latter scenario they act as a food competitor to humans, making this system problematic for world nutrition as shown in this chapter. In the extensive grazing systems, ruminants do not compete for food with humans. But cattle in extensive grazing systems show the worst climate balance (see chapter 2.5.2), especially if the missed potential carbon sink of the vast grazing areas is taken into account (see chapter 2.6 and Stehfest et al. (2009)), which cannot fulfil climate mitigation tasks. Therefore, and even more so for the limited areas and the rather inefficient production methods, such extensive systems are not expected to expand, their share in global meat production is rather declining (Schlatzer, 2010). Currently, the share of meat from animals that act as food competitors to humans and cannot be used on pastures, i.e. poultry and pigs, is globally 70 percent, and from the remaining share of ruminants, many are also fed with cereals or crops and thus also act as food competitors to humans (Schlatzer,
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2010). So, the "calorie creators" only produce a smaller fraction of the global meat compared to the "calorie annihilators", and this gap is widening.



The "calorie creator" model presented above makes it clear that extensive livestock production in developing countries can have positive effects on the nutritional state of people there. Results for Kenya and Egypt (representing developing countries) demonstrate the negligible competition between livestock and people for food resources as only marginal lands and crops are used for livestock feed and forage. Under current, largely extensive livestock production systems, particularly those practised by the poor, livestock can offer an efficient utilization of resources that would otherwise go unexploited, such as the use of organic wastes to feed livestock in urban areas (Randolph et al., 2007). It must be emphasized once again, that this only applies to extensive, small scale livestock methods. The introduction of intensive livestock systems on the other hand would clearly lead to a massive competition between livestock and people for food resources, as can be seen in industrialised countries.



In their comments on agricultural sustainability, Maynard and Nault (2005) state that achievements in the last 20 years remain elusive. The authors emphasize that sustainable future livestock systems have to ensure soil quality, addressing depletion of organic matter and minimising soil erosion or water conservation (Maynard and Nault, 2005). But can these and other measures overcome the problem for world nutrition that arises from the fact that most farm animals act as "calorie annihilators", as food competitors to humans? The FAO figures for 2008 show that from 2120 million tons of cereals
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produced globally, 754 million tons were used as feed for livestock while "only" 100 million tons of cereals were lost for human nutrition because of the production of biofuels (FAO, 2008b). The latter was blamed for being a major cause of food shortage in that year, whereas the usage for livestock received much less attention from the media, even though approximately 85 percent of the global soy production is used for animal feed (WWF, 2008). The total expenses for feed, including cereals, pulses, bran, fish meal and oils, made up around 1300 million tons by 2008 (FAO, 2009b). Shifting 16 major crops to 100 percent human food could add over a billion tons to global food production, which is a 28 percent increase, or the equivalent of 3 x 1015 food kilocalories, which is a 49 percent increase. Only one other measure, closing yield gaps by bringing them to within 95 percent of their potential for 16 important food and feed crops, could have a greater potential with 2.3 billion tons of food that could be added to the global supply (Foley et al., 2011). But bringing all global agricultural land to its full yield potential can be accompanied by the negative side-effects already shown by the intensification of agriculture (water usage and pollution, intensive fertilizing, monocultures and loss of biodiversity to name but a few of those negative side-effects detailed in chapter 2), and would require a high economical and market development of the whole world.



To avoid shortages and to meet the demands of livestock production, which is forecast to double again by 2050 if no measures are undertaken to restrict such a growth, the global supply for cereals has to be raised by 50 percent to 3 billion tons – a demand that is not safeguarded (Schlatzer, 2010).
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To sum up, extensive livestock production of ruminants on pastures can make sense from a world nutrition point of view, but relevant expansions of such systems are neither expected nor possible due to limited areas. Besides, beef from extensively kept cattle shows the worst climate balances as shown in chapter 2.5. In very small niches, livestock systems with monogastrics (e.g. pigs and chicken) could still make sense in terms of gaining food calories, as long as the animals are fed kitchen slops only. But such practices are currently prohibited in many areas globally, e.g. within the EU (EU, 2002) to avoid hygiene risks. In all other livestock systems - and that is the vast majority in global livestock production - animals act as food competitors to humans, losing food calories on the way between plants and humans to the animals’ metabolism, in enormous amounts on a global scale, as shown in this chapter.
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In chapters 3 and 4 the mainly negative effects of livestock production on the world’s ecology as well as on world hunger issues have been shown. The present chapter investigates the effects of livestock production and the consumption of animal products on the health of human individuals.



The International Food Policy Research Institute summarises the benefits and risks of livestock for human health as follows (Catelo, 2006): •



Especially for people in poor countries livestock products offer high quality protein and highly bioavailable micronutrients, such as iron, zinc, vitamin A or calcium.



•



Diseases that can be transmitted from livestock to humans, such as salmonellosis, swineherds’ disease, BSE and bird flu caused by the H5N1 virus threaten human health.



•



Environmental pollution from livestock facilities can harm human health, too. Untreated and ill-disposed hog waste can become airborne and waterborne, leading to health effects such as gastrointestinal diseases, respiratory ailments primarily caused by inhalation of noxious gases such as hydrogen sulfide, methane, and ammonia, skin irritation, blue baby syndrome and cognitive impairments due to the growth of pfiesteria in the air and water at high nitrate concentrations.



•



Foodborne diseases and risks are to be considered as well. Several deadly bacteria are associated with the consumption of ill-prepared livestock products, notably Campylobacter, Salmonella, E. coli O157:H7, and Enterococcus. Strains of resistant pathogens due to the overuse of antibiotics in industrial livestock facilities are another risk.
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And finally, the excessive consumption of livestock products can lead to obesity, cardiovascular disease, some forms of cancers, diabetes and other health problems. Societies in developing countries adopting the typical western animal based diets high in saturated fats, are experiencing rapid increases in obesity and chronic diseases. Worldwide, 1.6 billion people are overweight or obese, compared to 1 billion people who are undernourished (WHO, 2006; FAO, 2009a).



This overview (Catelo, 2006) allows the assumption that benefits or risks of livestock for human health vary between intensive farming methods and small scale livestock units. Intensive, industrialised livestock methods are responsible for BSE, antibiotic resistance of bacteria (see chapter 4.3) and highly pathogenic strains of Avian Influenza (Greger, 2007). Many surveys and papers show, that the health benefits of consuming animal products are reversed in an affluent society, although they can be substantiated in malnourished humans (see chapter 4.4).
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Diseases transmitted from livestock to humans



The Food and Agriculture Organization of the United Nations (FAO) states that animal diseases endanger human health. With more than 70 percent of all emerging infectious diseases which affect humans originating in the animal kingdom and with global livestock production gradually shifting from North to South and into areas of high human density, animal-related public health risks are being viewed with increasing urgency and importance. This disease emergence is very closely linked to changes in the livestock production environment and in sector structure, including: •



increased animal densities in warm, moist and changing climates,



•



increased mobility of people,



•



increased movements of animals and animal products,



•



and inadequate public investments in services and institutions (FAO, 2008a).



This is in accordance with the findings that three out of four new pathogens affecting humans in the decade before 2001 originated from animal products or animals (Taylor et al., 2001). Almost ten years later, things have hardly changed , as the FAO states in 2009 that 75 percent of newly occurred diseases in the decade preceding 2009 that affected humans have been induced by animals or animal products (FAO, 2009b). The three human influenza pandemics of the last century were caused by new strains of influenza A viruses (Spanish flu 1918, Asian flu 1957 and Hong Kong flu 1968), and all showed an avian origin. Since 2000 there has been a sharp increase in the number of outbreaks of avian influenza in poultry, compared with the previous 40 years (Capua and Alexander, 2006).
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Increased specialisation can be found in many livestock sectors, such as using different facilities for pig breeding and pig fattening. This creates new potential paths for disease transmission. High stocking densities of the animals within the pens in industrial livestock systems can also raise the prevalence of various influenza viruses (Maes et al., 2000). The population densities of poultry, pigs and humans, are also likely factors affecting the evolution of these viruses (Webster and Hulse, 2004).



Fig. 4.1 shows the geographic distribution of poultry and pigs globally. It can be seen that – except the absence of pigs in Muslim countries – there is a large coincidence, and there are certain hotspot areas where these animals are concentrated. This has potential consequences for the development and transmission of zoonotic disease agents. Furthermore, confined animals produce large quantities of waste that needs to be disposed of. Most of this waste, that may contain large amounts of pathogens, is disposed of on land, posing an infection risk for wild living animals (Otte et al., 2007).
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Fig. 4.1: Global overview of poultry stocking densities (upper picture) and hog stocking densities (lower picture). Source: FAO (2007).



Industrial farms have introduced measures to prevent the spread of pathogens. These are termed biosecurity. Biosecurity combines the two strategies bioexclusion and biocontainment. Bioexclusion describes measures to prevent pathogens entering a livestock facility, whereas biocontainment
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describes actions that are implemented after introduction of such pathogens to a certain livestock unit. Biocontainment measures are used to prevent pathogens spreading within the animal units of a farm or being released from the farm (Dargatz et al., 2002). Nevertheless, livestock farms are open to incoming animals from other farms, hatcheries and livestock markets (an example of the latter can be found in Gibbens and Wilesmith (2002)), and incoming feed and water. They also produce huge amounts of excrement and deliver animals to other farms, markets or slaughterhouses. All these are potential routes for pathogens to or from farms. Insects are another option for pathogens to enter or leave livestock units, such as poultry farms (Sawabe et al., 2006). Data reported to OIE show that large industrial livestock units appear to be overrepresented in the list of HPAI H5N1 outbreaks with 40 percent of such outbreaks in domestic poultry being reported between late 2005 and early 2007 from poultry units with 10000 birds or more, although even in countries like Germany, France, the UK or Belgium, less than 10 percent of flocks consist of more than 10000 birds. Even if this overrepresentation of large livestock units in reported outbreaks can partly be explained by such cases being more likely to be detected in bigger animal units, it nevertheless shows that bioexclusion measures seem to be insufficient to protect against H5N1 incursions. The lower probability of infections in small flocks suggests that commercial transactions are a major route for the spread of diseases between livestock units (Otte, Roland-Holst et al., 2007).
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Environmental pollution and its effects on human health



Besides being a potential source of (new) diseases, livestock facilities can also directly harm the human population in their vicinity. A Dutch report shows the direct influence of emissions of pathogens on humans living near (industrial) livestock units. Pathogenic germs often adhere to particulate matter and thus spread around such farms. In addition, increased values of endotoxines (toxic decomposition products of certain bacteria) as well as certain livestock specific MRSA (multidrug-resistant Staphylococcus aureus) bacteria that can cause infections in humans that are hard to treat have been detected within a radius of up to 1000 meters around such facilities (Heederik and IJzermans, 2011).



4.3



Antibiotic resistance and foodborne diseases



A report sponsored by the Pew Charitable Trusts found that drug resistant bacteria caused by the rampant use of antibiotics on feedlots threaten human health and the economy. Probably the biggest share of US antibiotics is used for animals. The Food and Drug Administration and other agencies, even regulators, can only estimate how many drugs are being used in livestock facilities. With thousands of animals kept in confined conditions, diseases spread quickly. To prevent some of these outbreaks or only to spur faster growth of the animals, industrial livestock farms routinely treat animals with antibiotics, according to The Pew Charitable Trusts (2008). The European Food Safety Authority states that ceasing to use a special kind of effective antibiotic in livestock, i.e. cephalosporins of the 3rd and 4th generation, has been found to be a highly effective control option to avoid E. coli and non-typhoidal Salmonella germs becoming resistant against these antibiotics (EFSA, 2011).
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Consumption of livestock products and health



In recent decades a few prospective cohort studies have been conducted to compare vegetarian lifestyles in western countries with common meat based diets. Mortality and health conditions have been measured. Some of these studies have tried to eliminate the effects of other health risk or health benefit factors aside from diet, such as smoking or sports habits, alcohol consumption, age, gender and social state and have tried to extract the effect of a vegetarian diet as effectively as possible. These papers, which are presented in this chapter, show benefits of an ovo-lacto vegetarian lifestyle over meat-based diets. Exclusively plant based diets, so called vegan diets, have not been the examined in most of these prospective cohort studies, either because veganism has not been the research objective of the studies, or because the lack of people following such a diet made it impossible to compile a statistically relevant cohort of vegan subjects. Therefore, based on such cohort studies, as yet, no reliable statement can be made for vegan nutrition.



Prospective mortality studies do not allow conclusions on the effect of single nutrition factors or foods, but they give an overall picture of different forms of nutrition on health (Hoffmann and Wittig, 2011). It should be noted that almost all of these studies have been carried out in industrialised countries with people much more likely to be suffering from supernutrition than from malnutrition. Animal-source foods could be appropriate for combating malnutrition and a range of nutritional deficiencies with poor, undernourished people (Randolph, Schelling et al., 2007). Research has indicated that for the diets typical of most people living in poverty in developing countries the beneficial role of meat can outweigh the associations with cancer or
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cardiovascular disease (Glew et al., 2001; Biesalski, 2002). On the other hand, it is likely that plant-based protein rich foods such as vegetarian meat products (see chapter 9) could have a similar beneficial effect especially on undernourished humans, and it is not meat by itself, but the nutrient density that leads to health benefits under such circumstances. This hypothesis opens up an interesting field for future studies.



In general, results from prospective cohort studies carried out in Europe and the USA cannot be transferred to malnourished people and vice versa. But for well-nourished people they reveal strong evidence that vegetarian lifestyles bring positive health effects.



4.4.1



Overview of large prospective studies on vegetarian diets (with focus on general mortality and coronary heart disease)



One of the largest prospective studies ever undertaken is the Seventh-Day Adventist-study in the 1970s. In this 6-year prospective study of 24044 Californian Seventh-Day Adventists coronary heart disease (CHD) mortality was investigated. The authors concluded that "the risk of fatal CHD among nonvegetarian Seventh-Day Adventist males, aged 35 to 64, was three times greater than among vegetarian Seventh-Day Adventist males of comparable age, suggesting that diet may account for a large share of their low risk. This differential was much smaller for older males and Seventh-Day Adventist females". The authors considered other CHD risk factors, which were more frequent among non-vegetarians, but summarized that "a significant differential persists even after adjustment for each of six other CHD risk factors" (Phillips et al., 1978).
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Another extensive prospective study with approximately 11000 participants (6000 vegetarians and 5000 meat eaters in the UK) being surveyed over 12 years is the Oxford Vegetarian Study. The authors concluded that "after adjusting for smoking, body mass index and social class, death rates were lower in non-meat-eaters than in meat eaters for each of the mortality endpoints studied". The relative risks and 95 percent CIs were 0.80 (0.65 respectively 0.99) for all causes of death. They were 0.72 (0.47 respectively 1.10) for ischemic heart disease, and 0.61 (0.44 respectively 0.84) for all malignant neoplasms (cancers). The authors also found that meat eaters had a double risk compared to non-meat-eaters of requiring an emergency appendectomy (Appleby et al., 1999 ). After compiling results of 3 prospective studies in the UK, namely the Health Food Shoppers Study, the Oxford Vegetarian Study and the EPIC-Oxford, the differences between vegetarians and non-vegetarians were not significant. Mortality for major causes of death was not significantly different between vegetarians and non-vegetarians after adjustment for age, sex and smoking. Nevertheless, a non significant reduction in mortality from ischemic heart disease among vegetarians remained (Key et al., 2003). In 2004, a further investigation on a cohort of 11000 subjects in the UK showed that relative risk in vegetarians compared with non-vegetarians for colorectal cancer was 0.85, the and 95 percent CIs being 0.55 respectively 1.32 (Sanjoaquin et al., 2004).



The Greek European Prospective Investigation into Cancer and nutrition (EPIC) prospective cohort study investigated the effects of a Mediterranean diet on more than 23000 participants. Stricter adherence to a Mediterranean diet was associated with a significant reduction in total mortality.
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Mediterranean



diets



were



defined



as



including



moderate



ethanol



consumption, low consumption of meat and meat products and high vegetable, fruit and nut consumption (Trichopoulou et al., 2009).



4.4.2



Results of smaller scale studies and of summarizing studies



Leitzmann (2005) summarises scientific results and concludes that in most cases vegetarian diets are beneficial in the prevention and treatment of certain diseases, such as cardiovascular disease, hypertension, diabetes, cancer, osteoporosis, renal disease and dementia, as well as diverticular disease, gallstones and rheumatoid arthritis. Ströhle et al. (2006a) investigated existing results of studies and showed that high consumption of fruits, vegetables, whole grains and nuts can lower the risk for several chronic diseases. The chief dietary advisor of former US president Bill Clinton, Dean Ornish, also conducted a prospective trial and showed that a low-fat vegetarian diet, no smoking and stress management training can lead to regressions of even severe coronary atherosclerosis within a year. Drawbacks of this trial were the small number of 48 patients participating and the multiple measures that could have led to these health benefits, somewhat concealing the dietary impact (Ornish, 1990).
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Historical results from Denmark



A historical, involuntary large scale experiment with 3 million "participants" was carried out in Denmark during World War I. Due to food shortage in 1917 the Danish physician and nutritionist Mikkel Hindhede convinced the Danish committee in charge of proportioning the crops between people and animals, to put the major part of the population on a vegetarian diet. This diet consisted mostly of milk, vegetables and bran. Alcohol production was also massively restrained, as cereals and potatoes were required for human nutrition instead of being used by distillers.



1900



1901



1902



1903



1904



1905



1906



1907



1908



1909



All diseases



152



151



131



142



137



148



144



145



152



142



Epidemic diseases and



46



41



30



34



36



41



33



31



35



31



Other diseases



106



110



109



108



101



107



111



114



117



111



Ratio, compared to



97



101



100



99



93



98



102



105



107



102



1910



1911



1912



1913



1914



1915



1916



1917



1918



All diseases



135



148



138



130



133



134



145



123



93



Epidemic diseases and



26



32



30



28



27



26



35



33



27



Other diseases



109



116



108



102



106



106



110



90



72



Ratio, compared to



100



106



99



94



97



97



101



83



66



tuberculosis



avg. 1900 - 1916 (=100)



tuberculosis



avg. 1900 - 1916 (=100)



Tab. 4.1: Results of the Danish “vegetarian experiment” starting in 1917. Results from Copenhagen for men aged between 25 and 65 years, death rates between 1900 and 1918 per 10000 persons (Hindhede, 1920). Food restriction began in 1917, and death rates from non-epidemic diseases fell to 66 % of former figures in 1918.



The results are shown in Table 4.1 (Hindhede, 1920). Comparing the death rates of men in Copenhagen, and placing the average for the period from 1900 to 1916 at 100, the variation (ratio) is small, from 93 to 107, until food
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regulation began. During the year of severe regulation, it fell to 66, a decrease of 34 percent. It is likely that the vegetarian diet as well as alcohol restrictions caused this effect.



4.4.4



Animal products and cancer



In recent decades various studies have been conducted on the relationship between consumption of animal products and various forms of cancer. In this chapter, studies that specifically focused on this relationship are presented. In a case study with over 88000 women in the 1980s the relative risk of colon cancer in women who ate beef, pork, or lamb as a main dish every day was 2.49 (with the 95 percent confidence interval being 1.24 and 5.03), as compared with those who reported consuming these foods less than once a month (Willett et al., 1990). A case study in the UK with nearly 62000 participants showed an overall reduction for all cancers in vegetarians and in persons who eat fish but do not eat other kinds of meat. The relative risk for all cancers – compared to meat eaters - was 0.82 (with 95 percent CI being 0.73 and 0.93) in fish eaters and 0.88 (0.81–0.96) in vegetarians after adjustment for smoking, alcohol consumption, body mass index and physical activity levels (Key, 2009), see Table 4.2.
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A smaller German cohort of around 1900 subjects was surveyed in the 1980s and early 1990s by the German Cancer Research Centre and also showed that longer duration of vegetarianism (more than 20 years) - but also moderate vegetarianism - lowered cancer mortality (Chang-Claude and Frentzel-Beyme, 1993; Frentzel-Beyme and Chang-Claude, 1994). Cho et al. (2006) observed a strongly elevated risk of ER+/PR+ (oestrogen and progesterone receptor positive) breast cancers with higher intakes of red meat in more than 90000 monitored females. Several cohort studies have shown a significant correlation between higher dairy consumption and increased prostate cancer (Snowdon et al., 1984; LeMarchand et al., 1994; Giovannucci et al., 1998; Chan et al., 2001), others found only a small effect (Schuurman, 1999) or no such correlation (Mills et al., 1989; Severson et al., 1989; Thompson et al., 1989; Hsing et al., 1990). Within the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort 521457 men and women have been surveyed, and an association between total, red and processed meat intakes and an increased risk of gastric noncardia cancer was found (González et al., 2006).
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Cancer Site



Meat Eater



Fish Eater



Vegetarian



(selection) Number of cases



Relative Risk



Number of cases



Relative Risk



Number of cases



(95 % CI)



Relative Risk (95 %CI)



Upper GI tract



56



1.00



4



0.44 (0.16–1.25)



18



0.81 (0.45–1.46)



Stomach



38



1.00



2



0.29 (0.07-1.20)



9



0.36 (0.16-0.78)



Colorectum



243



1.00



31



0.77 (0.53-1.13)



110



1.12 (0.87-1.44)



Pancreas



46



1.00



6



0.82 (0.34-1.96)



19



0.94 (0.52-1.71)



Lung



114



1.00



8



0.59 (0.29-1.23)



43



1.11 (0.75-1.65)



Female Breast



654



1.00



133



1.05 (0.86-1.28)



237



0.91 (0.77-1.08)



Ovary



98



1.00



8



0.37 (0.18-0.77)



34



0.69 (0.45-1.07)



Prostate



207



1.00



14



0.57 (0.33-0.99)



70



0.87 (0.64-1.18)



Kidney



37



1.00



2



0.36 (0.09-1.52)



11



0.76 (0.36-1.58)



Bladder



65



1.00



7



0.81 (0.36-1.81)



13



0.47 (0.25-0.89)



Lymphatic/haematopoietic tissue



180



1.00



28



0.85 (0.56-1.29)



49



0.55 (0.39-0.78)



All sites



2204



1.00



317



0.82 (0.73-0.93)



829



0.88 (0.81-0.96)



Tab. 4.2: Numbers of incident malignant cancers (N) and relative risks and their 95 % confidence intervals (95 % CIs) by diet group among . 33697 meat eaters, 8901 fish eaters and 21810 vegetarians Estimated by Cox proportional hazards regression with age as the underlying time variable, adjusted for smoking (never smoker, former smoker, light smoker (=40 (and one of the two >=50), the other criteria (MA, SLH and PR) with an average result of >= 30" is met, whereas the conditions of the higher categories in Table 8.1 are missed.
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Analogous to the plant based meat alternatives in chapter 9, alternatives for egg products are presented in this chapter as one strategy of catalyzing a possible turning away from animal products towards more sustainable methods of food production. This chapter presents some different approaches to such alternatives to egg products and then goes on to show some highly remarkable products and producers and finally evaluates one of them with the evaluation models presented in chapters 6 and 8.



10.1



Various raw materials and base foods for the production of alternatives to egg products



There are not yet any serious alternatives to boiled eggs, as they are known as part of a traditional breakfast, on the market. However, the situation looks completely different with products such as egg white powder and egg yolk powder, which are used in making pasta, mayonnaise and in industrial baking. Depending on the function of these egg products in the end product as a binding agent, foaming agent, emulsifier or colouring, the alternatives contain algae derived products such as agar agar, alginates or carrageens, xanthan, locust bean gum, guar gum, exudate gums such as gum arabic or tragacanth, pectin or carboxymethyl cellulose. For foaming applications, dairy proteins or soy proteins can be alternatives. For emulsifying purposes, soy lecithin or mono- and diglycerides are commonly used. For yellow or orange colouring, beta-carotene, riboflavin, curcuma, capsanthin or xanthophylls are some of the natural alternatives besides artificial dyes, such as azo compounds.
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Some egg replacers also contain animal derived ingredients, especially whey proteins. Generally, the formulations used by the various suppliers are very heterogeneous.



10.2



Remarkable products and producers of alternatives to egg products



Table 10.1 gives an overview of some products especially marketed as egg alternatives. Customers purchasing these products are typically food producers, although some products are also designed for use by the end consumer.
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Country



Replacing Egg Products Website



Description Custard egg replacers contain carrageenan



Gum Technology – Coyote Brand



and locust bean gum, dough egg replacers US



http://www.gumtech.com/datafiles/Egg%20R



contain konjac and soy lecithin. Baker’s egg



eplacer%20Press%20Release.pdf



replacers contain xanthan, guar and soy lecithin. Due to the low usage levels the company also promotes the products claiming cost savings for the end product. Solanic offers non-GMO potato proteins as



Solanic (Avebe Group) -



egg replacers which are – according to NL



http://www.solanic.nl/Markets/Food.aspx



Solanic – equal or superior to animal proteins in terms of gelation, foaming, emulsification and solubility. Solanic also claims top scores in food safety, high biological value and hypoallergenicity.



Applications



are



products, beverages and others.
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Country



Replacing Egg Products Website



Description This range of egg replacers is made of



Natural Products, Inc.- BLUE 100 BLUE 200



"minimally-processed" (full fat, only dehulled) US



http://www.npisoy.com/index.php



whole soy ingredients. Other ingredients include wheat gluten, corn-syrup-solids or alginate. According to NPI, the egg replacers are formulated



to



duplicate



the



functional



properties of whole powdered or liquid eggs in a variety of sweet baked products (batters and doughs), ranging from cookies to muffins and cakes. Non plant-based egg replacers based on Fayrefield – GelTec



functionally enhanced milk protein for cakes, UK



http://www.fayrefieldfoodtec.com/our-



cookies and biscuits, egg custard, pancakes,



products/ingredients-for-the-food-



mayonnaise and other applications. Fayrefield



industry/geltec.aspx



advertises the egg replacers by emphasizing shelf life extension and cost savings besides the functional properties.
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Country



Replacing Egg Products Website



Description Patented



Alleggra



technology



with



formulations



including soy protein, vegetable oil, egg white UK/NL/



http://www.alleggra.com/products.html



US



(in some applications,



thus



being “egg



reducers” rather than “egg replacers”), whey protein and added vitamins (A, C, and E) depending



on



the



application,



thus



formulations are not purely plant based. Alleggra



offers



solutions



for



bakeries,



dressings, pasta and food service. Whey DMV (FrieslandCampina) - Textrion Progel 800



protein



based



product



for



dairy



applications, cakes or dressings which can be NL



http://dmv-international.com/textrion-progel800highlight.html



used to replace eggs. According to DMV, it adds viscosity and texture to food applications and exceptional emulsifying properties.
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Country



Replacing Egg Products Website



Description Egg



National Starch – Eleggance



replacers



based



on



whey



protein



concentrate (thus not purely plant based), US



http://eu.foodinnovation.com/docs/



potato starch and sodium stearoyl lactylate.



ELEGGANCE.pdf



The egg replacers can be used for cookies, cakes, muffins, baking-mixtures and are delivered in form of powder.



Plant based egg replacer containing potato Ener-G



starch, tapioca starch flour, leavening (non US



http://www.ener-g.com/gluten-free/egg-



dairy calcium lactate, calcium carbonate, citric



substitute/egg-replacer.html



acid), sodium carboxymethylcellulose and methylcellulose. Thus



it



contains



mainly



carbohydrates. The egg replacer is primarily for individual end customers for baking purposes, but EnerG also sells bigger quantities for industrial applications.
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Country



Replacing Egg Products Website



Description Plant based egg replacer containing potato



Orgran – No Egg



starch, tapioca flour, calcium carbonate, citric AU



http://www.orgran.com/products/174/



acid and methylcellulose. Thus it contains mainly carbohydrates. The egg replacer is primarily for individual end customers for cakes, meringues or egg free mayonnaise.



Tab. 10.1: Overview of some leading products and producers of alternatives to egg products, primarily for the food industry, some are also available for use in private households.
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Evaluating an alternative to egg products



As already discussed in chapter 9.3, it is not the goal here to rank the various egg alternatives against each other, but rather to showcase the evaluation of one of the egg replacers on the market. The particularity of egg replacers is that they are very heterogeneous in terms of the ingredients used. As result, the following calculations done with potato proteins used by the Dutch company Solanic for its egg replacers are not very representative for other egg replacer products, where various gums, starches and also dairy components are used, to name but a few. Nevertheless, the following calculations show an application of the methods presented in chapters 6 and 8. The results demonstrate that the use of potato proteins that have up to now been a byproduct of the potato starch production at Avebe (Solanic’s mother company) is a very sustainable and reasonable way to produce egg replacers. Solanic offers various blends of egg replacers as shown in Figure 10.1.



Fig. 10.1: Various blends of potato protein products from Solanic which can be used as egg replacers. Taken from Solanic’s 758003 v04_food and beverage_.pdf in November 2011.
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Ethical evaluation of the example of Solanic potato protein based egg replacers



All Solanic products are made solely of potatoes, with protein contents of >= 90 percent, ashes 
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5,80 â‚¬. Delicate fish soup with tomato diced fish and rouille sauce. 7,20 â‚¬ ... â€žHamburger PANNFISCHâ€œ - Fried fish filet â€žHamburgâ€œ style. Fish filets fried in butter ...
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Informe - Women's Link Worldwide 

Creación de sistemas de producción de datos sobre trata interna y transnacional . .... o de una situación de vulnerabili
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Right to Food Journal - FIAN International 

10 dic. 2015 - Social, and Cultural Rights (ICESCR), India is duty-bound under international law to protect and fulfill
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Your Guide to Bangkok Street Foods: Over 25 Delicious Thailand 

Sharon A Lavy. Contentment (Coloring Inspirations Book 4) by Martha Stone epub ... Journey (Volume 3) by Martha Stone epub download. William W Byam ...
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Tony Downs Foods Co. 

EMMANUEL FUENTES. EMORY BULLER. ERIC CLARK JR. ERIK GRUNWALDT ... TODD OSDOBA. TOMMY JOHNSON. TRACY JAHNKE. ULISES YBARR
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GACETA ANIMAL 

7 feb. 2015 - los castores? ⇒. ¿Cuál es su hábitat? ⇒. ¿Cuánto tiem- po viven? ⇒. ¿Con qué nombres se lo conoce? ⇒. ¿Cóm
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Mundo Animal 

Almohada de Plumas. Los pájaros soñolientos a menudo esconden el pico entre las plumas cálidas de la espalda o del pecho
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