
EC Workshop on "Market Segments in the EU Protein Sector” – 17-18 September 2018, Lelystad, NL

The future of livestock and the role of 
protein plants
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Hunger is on the rise
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Source: SOFI, 2018
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The triple burden of malnutrition
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Source: SOFI, 2018
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Livestock sector trends: world production
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Global animal production
2005-2050

Source: Alexandratos & Bruinsma, 2012
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Trends in dietary patterns
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From Tilman & Clark, 2014. Nature. Global diets link environmental sustainability and human health
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Impacts of dietary patterns
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From Tilman & Clark, 2014. Nature. Global diets link environmental sustainability and human health
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The biomass distribution on Earth
Bar-on et al., PNAS, 2018
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Livestock are large users of natural resources
and contributors to climate change
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Domestic herbivores and production systems are highly diverse
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Animal genetic diversity
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Contributions to food security and nutrition
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estimate potential improvements in feed conversion ratios. The OECD-
FAO Agricultural Outlook for 2016–2025 (OECD/FAO, 2016) was used
to analyse future trends in the livestock sector and their implications
for feed demand and land-use, as compared to the reference year 2010.
The OECD/FAO projections represent the latest relatively accurate
data available for medium-term analyses. In addition, they provide a
breakdown between OECD and non-OECD countries as well as meat
consumption breakdowns by species and yield trends for main crops,
which are not available for longer-term projections. Furthermore, the
fact that variables such as climate change and change in dietary
preferences are generally not included in projections is assumed to
be less of an issue for medium-term projections (up to 2025) than for
long-term estimates (up to 2050).

3. Current livestock production systems: feed intake, food
output and land use

3.1. The global livestock feed ration

The global livestock sector ingested an estimated 6.0 billion tonnes
of feed (DM) in 2010. The three major feed materials were grass and
leaves (46% or 2.7 million tonnes, Fig. 2 and Table SI 2 in
Supplementary Information), followed by crop residues such as straws,
stover or sugar-cane tops (19% or 1.1 billion tonnes DM). At global
level, human-edible feed materials represented about 14% of the global
livestock feed ration. Grains made up only 13% of the ration, but
represented 32% of global grain production in 2010 (FAOSTAT, 2016).
Oil seed cakes account for 5% (with about 300 million tonnes DM).

In grazing and mixed systems, the intake of ruminants is mainly
composed (about 90%) of roughage: leaves, grass, silage and crop
residues (Table SI 3 in Supplementary Information). Roughage is less
important in feedlot systems, where grains in the fattening phase
account for 38% of total DM intake in non-OCED countries and 72% in
OECD countries. Cattle consume between 1.8 t per animal in feedlots
systems in non-OECD countries, and 3.2 t in grazing systems in OECD
countries. Monogastric animals can only digest simple carbohydrates,
and therefore consume low amounts of roughage. They, however, use
larger quantities of grains and agricultural co- and by-products. In
industrial broilers and layers, and in pig production, grains contribute
more than 50% of total DM intake, while oil seed cakes range from 9%

to 25% of DM intake.

3.2. Conversion of feed into animal-source food

Species and production systems do not contribute equally to the
global supply of animal protein. Cattle and buffaloes make the largest
contribution with 45%, including meat and milk, followed by chickens
(31%, including meat and eggs) and pigs (20%). Small ruminants only
produce about 4% of global animal-source protein (Table 1).

All animal species combined use about 80 kg DM per year to
produce one kg of animal protein. FCR1 in ruminants can reach as
much as 133 kg DM/kg protein while it is only 30 in monogastrics
(Table 1). Monogastrics are thus more efficient feed convertors but they
require higher-quality feed. There are also important differences
between production systems and regions. Ruminants in non-OECD
countries kept in mixed and grazing systems have the highest FCR1
(slightly under 200 kg DM/kg protein output for cattle and buffaloes
and over 220 for small ruminants) because of sub-optimal animal
husbandry practices (low-quality roughage and ill-balanced rations),
poor animal health, limited breeding for productivity and multi-
functionality of production systems. Feedlot cattle in non-OECD
countries have a lower FCR1 (99 kg DM/kg protein output). The
lowest FCR1 are found in industrial and intermediate monogastric
production systems, and especially in industrial layers and pigs
(respectively 20 and 27 kg of DM/kg protein in non-OECD countries
and 18 and 29 kg in OECD countries), where feed is of higher quality
and management parameters highly controlled. These data are in line
with other assessments (Bouwman et al., 2005; Wirsenius et al., 2010;
Herrero et al., 2013).

When considering only feed materials that are edible by humans
(FCR2), at global level, ruminants use 5.9 kg of human-edible feed/kg
of protein whereas monogastrics need 15.8 kg. The highest ratio,
however, is found in cattle feedlots: 44.3 kg in OECD countries and
37.1 kg in non-OECD countries. It is also relatively high in industrial
pigs, layers and broilers, ranging from 13.8 to 20.0 kg. At the other end
of the scale, the lowest FCR2 are found in backyard monogastric
systems and in grazing and mixed (crop/livestock) ruminant produc-
tion. When adding soybean cakes, FCR3 are higher again for feedlots
and industrial monogastrics. All livestock use about 13.7 kg of human-
edible feed and soybean cakes/kg protein, with 6.7 kg for ruminants
and 20.3 kg for monogastrics.

When looking at meat production only (FCR2 meat) ruminants use
2.8 kg human-edible feed per kg boneless meat produced while
monogastrics use 3.2 kg (layers excluded). Industrial monogastric
systems need between 3.5 and 4.0 kg. Cattle feedlots systems have
high FCR2 meat, with about 9 kg in OECD countries and 8 kg in non-
OECD countries.

Overall protein feed intake per protein produced is lower in
monogastric systems than in ruminant systems, because they are better
protein converters than ruminants and the protein in their feed ration
is generally of higher quality. Grazing systems in non-OECD countries
and backyard monogastric systems appear to have poor protein-use
efficiency (20 kg and 16 kg and 11 kg protein feed /kg protein product
respectively), because of the overall low productivity in those systems.
They do, however, require relatively little human-edible protein. All
ruminant systems, including feedlots, need about 0.6 kg human-edible-
feed protein per kg of protein product. Backyard monogastrics need up
to 0.1 kg of human-edible-feed protein per kg protein output. In
contrast, industrial monogastric systems range from 2.9 to 5.2 kg
human-edible-feed protein per kg of protein product. Ruminant
systems, together with backyard pig and poultry systems, produce
close to 41 Mt of animal protein per year while consuming about 37 Mt
of human-edible-feed protein (Table 1). That means they make a
positive net contribution to human-edible protein availability of about
4 Mt per year, in the current use of land and excluding indirect
contributions to agricultural productivity. When adding soybean cakes,Fig. 2. Global livestock feed ration composition (source: GLEAM 2.0).
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14% edible for humans
33% of global grain production

Mottet et al., 2017. Livestock: On our plates or eating at our table? Global Food Security
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Global feed conversion ratios

20

Protein FCR 1 FCR 2 Meat 
FCR 2 FCR 3 Protein 

FCR 2
M t/year

Kg D M

/kg prote in

Kg edib le  D M

/kg prote in

Kg edib le  D M

/kg m eat

Kg com pete 

D M  /kg prote in

Kg edib le  prote in

/kg prote in

Ruminants 36,355 133 6 2.8 6.7 0.6

Monogastrics 38,246 30 16 3.2 20.3 2.0

All 74,601 80 12 3.1 13.7 1.3

Mottet et al., 2017. Livestock: On our plates or eating at our table? Global Food Security
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Feed conversion ratios by production systems
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Protein FCR 1 FCR 2 Meat 
FCR 2 FCR 3 Protein 

FCR 2
%  global livestock

Kg D M

/kg prote in

Kg edib le  D M

/kg prote in

Kg edib le  D M

/kg m eat

Kg com pete D M  

/kg prote in

Kg edib le  prote in

/kg prote in

Grazing cattle non OECD 8% 195 1.6 0.9 1.9 0.2

Mixed cattle non OECD 18% 171 4.8 3.1 5.6 0.5

Beef feedlots OECD 2% 62 44 9.4 45.4 4.1

Industrial pigs non OECD 7% 29 20 4 24.1 4.4

Industrial broilers OECD 11% 26 18.6 3.5 24.7 5.2

Mottet et al., 2017. Livestock: On our plates or eating at our table? Global Food Security
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«The options for the EU to reduce the impacts
of livestock production can be grouped into
three broad, partially complementary strategies: 
shifts in consumption, resource efficiency and 
producing with fewer local impacts»
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Livestock and the SDGs: review of main linkages
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4 priority policy areas
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Thank you
anne.mottet@fao.org


