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Abstract 
 
Livestock production is an important source of protein and other nutrients for human diet. It also contributes in a large 
measure to public health, social equity and economic growth. The development of this sector in the next decades will be 
driven by a foreseen increase in the demand for food products of animal origin, especially in the developing countries. 
This important demand will be satisfied through an increase in animal populations and an improvement in animal 
performances at the world scale. At that point, attention should be drawn to the sustainability of this development, since 
it appears that this sector has a major impact on the environment. The sustainability of livestock production systems 
can be achieved through intense research in: genetics and breeding (more efficient and robust animals, with a higher 
number of offspring and a lower variation among them, in a given population), nutrition (new feed sources, pastures’ 
improvement and a special focus on efficiency), societal demand (ensuring a decent income while improving the animal 
welfare), diseases (development of surveillance, diagnostics and detection systems). Already included in research 
activities, some alternatives to livestock production are actively studied: the development of in vitro meat production 
systems, the entomophagy (still regarded with skepticism in the Western countries) and micro-algae use. Even 
considering the intense research to expand these alternatives and the interesting results obtained until now, the biggest 
obstacle to overcome is represented by consumers’ acceptance.  
 
 
INTRODUCTION  
 
Nowadays, livestock systems occupy about 
30% of the planet’s emerged ice-free terrestrial 
area.  
Moreover, the livestock sector includes at least 
1.3 billion persons among the long market 
chain and supports directly the livelihood of 
600 million of poor smallholder farmers in the 
developing world [22].  
Livestock products provide important nutrients 
(17 % of kilocalorie consumption and 33% of 
high value protein consumption plus mineral 
substances and vitamins at a global level). 
However, there are large discrepancies between 
developed and developing countries. It must 
also be mentioned that eating meat is not only a 
question of nutritional needs but also a question 
of taste, odour and texture, as well as a question 
of culture, ethics, wealth and geographical area. 
On the one hand, livestock contributes to public 

health, culture, social equity and economic 
growth. It is one of the fastest growing sub-
sectors of agriculture in the developing part of 
the world. On the other hand, livestock systems 
have positive as well as negative impacts on 
natural resources and environment. 
The aim of this presentation is to introduce the 
recent trends and prospects in livestock 
production in order to answer the societal 
demand with respect to sustainable develop-
ment. Aquaculture and fisheries will not be 
considered here despite the fact that fish 
breeding has been one of the fastest developing 
sectors during this last decade. 
 
THE DRIVERS OF LIVESTOCK 
PRODUCTION DEVELOPMENT 
 
The world’s population growth is projected to 
reach 9 billion people in 2050, with marked 
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variations between developed and developing 
regions (Fig. 1).  

 

 
Fig. 1. Historical and forecasted global population  

in more developed ( ) and less developed  
( ) countries [23]. (Population × 109) 

This will increase the demand for food products 
of animal origin (milk and meat). 
Moreover, an increase in per capita 
consumption of animal products is also 
expected, linked to higher incomes and 
urbanization, factors that lead to modification 
of eating patterns. 
In particular, the demand for proteins 
originating from milk and meat will explode, 
especially in emerging countries (Table 1). The 
consumption of food products of animal origin, 
particularly meat, will stagnate, if not definitely 
decrease in some developed regions of the 
world. 
 

Table 1. Past and projected trends  
in consumption of meat and milk in developing  
and developed countries. Data for 1980-2015  

adapted from Steinfeld et al. [21] and for 2030-2050 
from FAO [8]. Projections are shown in italic 

 

Countries Years 

Annual per 
capita 

consumption 

Total 
consumption 

meat 
(kg) 

milk 
(kg) 

meat 
(Mt) 

milk 
(Mt) 

developing 

1980 14 34 47 114 
1990 18 38 73 152 
2002 28 44 137 222 
2015 32 55 184 323 
2030 38 67 252 452 
2050 44 78 326 585 

developed 

1980 73 195 86 228 
1990 80 200 100 251 
2002 78 202 102 265 
2015 83 203 112 273 
2030 89 209 121 284 
2050 94 216 126 295 

 
As seen in table 2, beef production and 
consumption, for example, is foreseen to 
increase everywhere except in EU-27 and 
Russia. The decline in EU’s beef production is 

mainly due to a decrease in the total number of 
dairy cows, in spite of an unchanged volume of 
milk production, all this due to genetic 
progress. 
 

Table 2. Beef sector in the world: 2010 and 2025 
perspectives (adapted from FAPRI, 2011 [9]) 

Country 
Production 

(1,000 tonnes) 
Consumption 
(1,000 tonnes) 

2010 2025 2010 2025 
United 
States 11,781 12,982 11,865 13,631 

Brazil 9,789 14,955 8,008 11,395 
EU-27 7,870 7,689 8,200 8,102 
China 5,550 7,957 5,528 8,464 
India 2,850 3,555 2,150 2,848 

Argentina 2,600 3,119 2,303 2,602 
Australia 2,080 2,579 760 868 
Russia 1,300 946 2,235 2,110 
Japan 510 431 1,207 1,364 

 
Perspectives on the evolution of different meat 
types’ consumption in EU-27, from 2010 to 
2020 are given in table 3. It must be highlighted 
the increase of poultry meat consumption 
despite the fact that poultry production is 
expected to decrease in Europe during this 
decade [3]. 
 

Table 3. Meat consumption in EU-27,  
2010 and 2020 perspectives (kg/capita/year) [6] 

 
 2010 2020 
Pork 41 kg 53.2% 41.6 kg 50.1% 
Poultry 17 kg 22.1% 23.6 kg 28.4% 
Beef 16 kg 20.8% 15.8 kg 19.0% 
Sheep and goat 3 kg 3.9% 2 kg 2.4% 
Total 77 kg 100% 83 kg 100% 

 
 
THE PRODUCTION SECTOR’S 
RESPONSE 
 
The response of the livestock sector will be an 
increase in animal population (Fig. 2); at the 
same time, a heavier carcass weight and a 
higher egg production are expected. 
The production systems will be predominantly 
confined for swine and poultry meat production 
implying a better productivity in developing 
countries. However, despite the fact that swine, 
poultry and fish breeding will be the fastest 
developing sectors, ruminants will remain 
important because they are able to transform 
grass and fibrous by-products into milk and 
meat even when the land is inappropriate for 
agriculture. 
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Fig. 2. (a) Projected number of (i) bovines and (ii) sheep 
and goats to 2050 in the ‘reference world’. (b) Projected 

number of (i) pigs and (ii) poultry to 2050 in the 
‘reference world’. CWANA, Central and West Asia and 
North Africa; ESAP, East ad South Asia and the Pacific; 

LAC, Latin America and the Caribbean; NAE, North 
America and Europe; SSA, sub-Saharan Africa [19] [22] 
 
As recent assessments expect only a little 
increase in pasture land areas, ruminant grazing 
intensity in the rangelands is projected to 
increase, resulting in a considerable 
intensification of livestock production in the 
humid and sub-humid grazing systems of the 
world, particularly in Latin America and the 
Caribbean [22].  
 
THE CHALLENGES THAT HAVE TO BE 
OVERCOME 

 
Political agreements and decisions at a world 
scale (World Trade Organization, Common 
Agricultural Policy…) will influence the future 

of animal production. However, this very 
important aspect will not be discussed here. 
The development of livestock production has to 
be sustainable. As described by Hocquette and 
Chatelier (2011) [11], sustainability of 
livestock farming is a multidimensional 
approach with three major dimensions: 
economic efficiency, protection of the 
environment and last but not least, social 
acceptability. Each of them results from the 
aggregation of different criteria as illustrated in 
Fig. 3.  

 
Fig. 3. The sustainability of livestock farming [11]. 

 
Concerning the economic aspect, it seems 
obvious that the development of livestock 
production requires a minimum income for 
breeders. This implies competitiveness of 
animal production systems, which is linked to 
farm structure and progress in nutrition, 
genetics, breeding and veterinary medicine. 
Livestock production appears to have a major 
(and too often negative) impact on the 
environment: land use change, especially 
deforestation, nutrients’ excretion (N, P) and 
water eutrophication, fossil energy use for feed 
production, competition for food, emission of 
greenhouse gases. Recently, Lesschen et al. 
(2012) [15] quantified the greenhouse gas 
emissions of the European livestock sectors and 
showed a large variation between the animal 
sectors and the countries. 
Finally, if ensuring a minimum income for 
farmers is vital for sustaining the vibrant rural 
communities, many other social considerations 
have to be taken into account: respect of animal 
welfare, products’ safety, natural feeding and 
breeding, quality of life of farmers. 
In a resource-challenged planet and a global 
world, the future of livestock production is 
strongly tied to change in population (see 
above) but also to climate changes and fossil 
fuel availability (Fig. 4). 
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Fig. 4. Future livestock production is being  

shaped by three main forces [10]  
 

The price of feed is also correlated with the 
price of fossil fuel (through nitrogen fertilizers, 
feed processing, etc.). The price of feedstuffs is 
also strongly tied to the climate, which 
influences crops’ yields and hence, could limit 
the supply. In that case, the law of supply and 
demand leads to an increase of cereal and meal 
prices and we know that the cost of feed 
represents a main part (60% and more) of the 
production cost of animal products.  
High feed costs will thus have a negative 
impact on the benefits of the farmers or 
determine higher prices of animal products for 
the consumers. Both situations are deleterious 
for animal production. 
Moreover, low yields in cereals and other 
grains exacerbate the competition between 
food, feed and bio-fuel, which results in higher 
prices of these feeds. These parameters will 
have a strong impact on the development of 
swine and poultry industries especially. 
The climate changes will affect grazing and non-
grazing systems through direct and indirect 
impact factors as indicated in table 4. 
Finally, the impact of animal diseases is 
difficult to foresee. However, in a globalized 
and highly inter-connected world, the spread of 
diseases is almost unavoidable. 
Moreover, climate change may have an impact 
on disease distribution. New diseases (included 
zoonoses) may also emerge (see the recent 
avian influenza H5N1 case). 
The economic impact of diseases is 
increasingly difficult to quantify but it may be 
enormous, globalized or localized. 
 
 
 

Table 4. Direct and indirect impact of climate  
change on livestock production systems  

(adapted from Thornton, 2010 [22]) 
grazing systems non-grazing systems 

direct impacts 
extreme weather events water availability 

drought and floods extreme weather events 
productivity losses 

(physiological stress) owing 
to temperature increase 

water availability 

 

indirect impacts 

agro-ecological changes : increased resource price, e.g. 
feed and energy 

fodder quality and quality disease epidemics 

host-pathogen interactions increased cost of animal 
housing, e.g. cooling systems 

disease epidemics  
 

 
LIVESTOCK SCIENCE AND 
TECHNOLOGY USED TO OVERCOME 
THE CHALLENGES 
 
As a general comment, we can say that 
robustness, hardiness, flexibility, plasticity and 
resilience are the new quality criteria for farm 
animals and farming systems, i.e. their capacity 
to adapt to a permanent changing environment 
or to adapt to various stressing perturbations. 
This topic has been recently reviewed by 
several researchers from the Institut National de 
la Recherche Argonomique (INRA) [12].  
In order to contribute to the development of 
livestock production in the next decades, 
livestock science should focus on the three 
dimensions of sustainability through research in 
genetics and breeding, nutrition, diseases, 
animal welfare, economy, social sciences. 
Some examples of research to focus on in 
relation to practice are given below. 
 
Genetics and breeding 
 

 to produce more and more efficient (see table 
5) and robust animals; 
 to alleviate welfare problems in farm 

animals; 
 to mitigate emissions of greenhouse gas in 

ruminants by selection alone or in combination 
with nutrition and husbandry;  
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Table 5.  Improvements in livestock productivity over the 
past 40-50 years [24] 

 

Species Trait 
Indicative performance 

1960 2015 % 
increase 

Pigs 

Pigs 
weaned/sow/year 14 21 50 

Proportion  
of lean meat 0.40 0.55 37 

FCR 3.0 2.2 27 
kg lean 

meat/tonne feed 85 170 100 

Broiler 
chickens 

Days until 2 kg are 
reached 100 40 60 

Laying hens Eggs/year 230 300 30 
Eggs/tonne feed 5000 9000 80 

Dairy cows kg 
milk/cow/lactation 6000 10 000 67 

 
N.B. Another way to reduce N, P contents in 
slurry and emissions is to consume less animal 
products according to some authors. 
 

 to reduce variations between animals, in feed 
conversion efficiency for example; 
 the use of genetic/genomic;  
 to increase the number of offspring, 

especially in pigs, sheep and other production 
animals relevant for developing world ;  
 to reverse fertility loss in dairy cattle. 

 

N.B. Some words about cloning of farm 
animals.  
The main reason for cloning farmed animals is 
to produce elite livestock for meat and milk 
quantity and quality, for resistance to diseases 
(e.g. mastitis, infectious or parasitic diseases), 
for improving fertility or for maintaining 
genetic diversity [7]. 
In a very recent update [7] on the possible 
scientific developments for cloning of farmed 
animals for food production purposes, EFSA 
statement (based on peer reviewed scientific 
literature published since the EFSA 2010 
statement and other information made 
available to EFSA) doesn’t change compared 
to previous ones (EFSA 2008, 2009, 2010). 
 

Nutrition 
 

 focusing on efficiency of nutrition is an 
essential challenge to limit the cost of using 
high quality nutrients as resources for animal 
feed, to reduce the competition between feed 
and food production and to reduce potential 
harmful GHG emissions or N, P excretion in 
slurry ; 
 

N.B. Production of bio-fuels of second 
generation (from fibrous material instead of 
cereals) would also decrease the competition 
between food-feed-fuel. 
 

 the recent approaches consisting of animal 
genomes’ sequencing and «omics» open a new 
scientific era to improve nutrition and 
biological efficiency of animals [11]; 
 molecular aspects of digestion and 

improvement of gut efficiency management; 
 reduction of rejects (N, P…) and gas 

emission (in combination with genetic 
improvement); 
 study of new feed sources (by-products, 

crops’ residues); 
 fibrous feed digestion improvement through 

the use of enzymes for farmed animals 
including pigs and poultry; 
 pastures’ improvement and introduction of 

legumes in pasture lands; 
 natural feeding. 

 

Societal demand  
 

 liveability of livestock farms and work 
organization; 
 ensuring a decent income for farmers is 

important to sustain vibrant communities in 
rural areas; 
 improvement of animal welfare and 

development of welfare indicators at the farm 
level. 
 

Diseases 
 

Concerning diseases, the threat will remain 
diverse and dynamic with the emergence of 
unexpected diseases linked to climate changes, 
water problems, travel, migration and world 
trade. Therefore, according to different authors 
[22], detection systems, surveillance, 
diagnostics, resistance, selection via molecular 
genetic markers, cross-breeding, genome 
sequencing and antiviral drugs will be 
considered prioritized 
esearch topics and successful tools to fight 
against diseases. 
 
N.B. Nanotechnologies: a truly revolutionary 
tool in the future of animal production? 
 
Nanotechnologies concern particles between 1 
to 100 nm (size range of many molecules). 

33



 

Some applications of nanotechnologies in the 
livestock sector are presented in table 6. 
 

Table 6. Examples of nanotechnologies applications in 
animal production [14] 

 
Category Case description Nanomaterials 

(if available) 

Pathogen 
detection and 

removal 

Nanodetector and 
Immunomagnetic bead 

removal of 
S. typhi from chicken 

skin 
Nanodetector for Foot 

and Mouth Virus (FMV) 

Antibodies with 
magnetic 
marker 

Nano-structured gold 
films, 

Single chain antibody 

Veterinary 
medicine 

Nanoparticles to deliver 
growth 

hormone to pigs 
Nanoparticles for 

delivery of 
vaccines into sheep or 

other 
livestock 

Porcine somatotropin 
(pST) 

in PLGA-
nanocapsule 

Polystyrene nano-
beads 

linked to antigens 

Feed 
improvement 

and waste 
safety 

Nanoparticles to bind 
Camplyobacter in turkey 
Nanoparticles to detect 
contaminants in animal 

feed 

Unknown polymeric 
nanoparticles (« P ») 

(PS-PEG- 
mannose used as 

example) 
Europium 

nanoparticles 

Animal 
breeding and 

genetics 

Nanofibers to deliver 
genes to 

animal cells 
Nanoparticles to assist in 

the 
delivery genes into 

livestock for 
genetic engineering of 

traits 

Vertically Arrayed 
Carbon 

Nanofibres (VCNF) 
Silica nanoparticles 

Identity 
preservation 
and tracking 

DNA chip to detect 
cytochrome b 

genes in feed and food 

Oligonucleotide 
probes on 

glass surface using 
photo- 

nano-lithography 

Nanobarcodes to trace 
feed and 

animal from farm to fork 

Antibodies linked to 
gold and 

silver, and other 
metal-based 

nanobars 
 

The properties of nanomaterials include 
greater penetrability, reactivity, surface area 
and quantum properties due to their size. These 
properties allow the use of less material and 
new or more efficient chemical and physical 
reactions in comparison to larger scale 
materials. In animal production sector, 
according to Kuzma (2010) [14], 
nanotechnologies could present very diversified 
applications in various fields such as: 

 pathogen detection and removal; 
 veterinary medicine; 
 feed efficiency improvement and waste 

remediation; 
 animal breeding and genetics; 
 identity preservation and tracking. 

However, prior to market entry, health and 
environmental risks have to be taken fully into 
account. 
 
FUTURE ALTERNATIVES TO 
LIVESTOCK PRODUCTION 
 
The production of novel proteins as alternative 
to meat is not new. In the past, oil companies 
used waste/by products (alkanes, methanol) as a 
substrate for single cell protein production 
(yeast or bacteria). However, these productions 
could not compete with the price of soy and 
fish when the price of oil increased. 
Among novel sources of proteins, the RuBisCo 
protein (ribulose-1,5-biphosphate carboxylase 
oxygenase) found in grass has a high nutritional 
and functional value. Nevertheless, this protein 
has to be extracted and separated from the 
chlorophyll. Also, in the end, this protein has 
not made its entry on the food market, at least 
until the present.  
A more successful novel protein is the imitation 
meat mycoprotein, also known as Quorn® 
brand. This mycoprotein is produced from a 
Fusarium spp. that grows on molasses. 
Nowadays, Quorn® is perceived as a substitute 
for meat. 

However, our objective here is not to give 
an exhaustive review of the novel proteins. In 
this presentation, we will focus on three 
alternatives to meat: in vitro meat production, 
insects and micro-algae. 
 

In vitro meat production system (IMPS) 
 

The basis of an in vitro meat production system 
involves the culture of muscle cells in a liquid 
medium on a large scale inside a bioreactor. It 
is presented as a humane, safe and 
environmentally beneficial alternative to 
slaughtered animal flesh. 
This emerging technology has recently and 
extensively been reviewed by Datar and Betti 
(2010) [5] and Bath and Bath (2011) [3]. In 
fact, IMPS faces considerably great technical 
challenges to produce highly structured meat 
types providing consistency, fat marbling and 
taste; at least a decade of research is still 
needed to establish a sustainable in vitro meat 
culturing system at an industrial scale. 
Besides this problem, other major obstacles that 
have to be overcome are the prohibitive cost, 
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the large-scale production and the consumer 
acceptability. 
 
Entomophagy (insect eating) 
 

About 1400 insect species are edible and 
regularly consumed through gathering in 
Africa, Asia, Australia and Latin America [25]. 
They are consumed at different stages of 
development: eggs, larvae, pupae and adults. 
Insects are rich sources of proteins of high 
quality, fatty acids, minerals (Zn, Fe) and 
vitamins (table 7).  
 
 
 

Table 7. Nutritional value of insects (g/100 g dry weight) 
[25] 

 
 

 

Protein 

Fat 

M
ineral 

Carbohydrate
s 

Kcal 

Structural 

O
thers 

Orthoptera 
Grasshoppers 
and locusts 

61-
77 4-17 2-17 9-12 4-21 362-

427 
Coleoptera 

Beetles 21-
54 

18-
52 1-7 6-23 1-19 410-

574 
Lepidoptera 

Butterflies 
and moths 

15-
60 7-77 3-8 2-29 1-29 293-

762 
Hymenoptera 

Bees and ants 1-81 4-62 0-6 1-6 8-93 416-
655 

Meat* 45-
55 

40-
57 

1.4-
2.3 0-1.5 0 433-

652 
Derived from Bukkens (1997) [4], Ramos-Elorduy et al. (1997) [17]. * 
The values for meat are derived from Nevo-tabel, original data in g/100 
g product. 

The in vitro protein digestibility is high 
between 77 and 98% (table 8) [17]. 

 

Of course, the digestibility values for insects 
with an exoskeleton are lower due to chitin. 
Most insects contain sufficient essential amino 
acids to fulfill the nutritional requirements. The 
first limiting amino acid is either tryptophan or 
lysine. 
Insects have much higher food conversion 
efficiency than that of beef (x5 for crickets for 
example). 
Among the disadvantages of insects as food, we 
can mention the variability concerning 
nutritional value, the difficulty of rearing at a 
large scale for several species, the vulnerability 
to diseases in insect farms and the allergenic 
properties for people working with them. 
Clean and uniform insects could be produced 
through artificial rearing. The production of 
insects is already a practice at the industrial 

level, one reason for this being their use in 
eradication of several pests. Therefore, 
ecosystems will not be damaged as it could be 
in the case of massive gathering. 
 

Table 8. In vitro protein digestibility of selected species 
of edible insects from the state of Oaxaca (Mexico) [17] 

 

Species 
Percentage 

of total 
protein 

Percentage 
of 

digestible 
protein 

Percentage 
of 

digestibility 

Sphenarium 
histrio 77.1 66.1 85 

AXAYACATL* 58.0 56.9 98.0 
AHUAHUTLE** 61.9 55.3 89.3 

Xyleutes 
redtembacheri 42.7 39.5 92.4 

Eucheira socialis 46.7 43.7 93.5 
Atta mexicana 46.3 40.6 87.6 
Brachygastra 

Mellifica 52.8 45.0 85.2 

Vespula 
squamosa 62.9 48.1 76.6 

Polybia parvulina 61.4 53.0 86.4 
* Adults of aquatic bugs of the genus Krizousacorixa, Corisella and 
Notonecta;  
** Eggs of aquatic bugs of the genus Krizousacorixa, Corisella and 
Notonecta. 
 

A solution to these problems would be 
culturing the insect cells in suspension, in a 
bioreactor. 
Until now, insects have been considered 
important as a part of traditional diet for several 
populations. However, in Western countries 
many people dislike insects, considering them 
dirty, harmful or fear-inspiring. Their disgust is 
not inherent. This attitude towards insects is 
formed during infancy due the behavior and 
beliefs of people surrounding the child. 
However, it has to be pointed out that all of us 
eat regularly insects unconsciously.  

 
Table 9. Example of foodstuffs and cuisine [16] 

 

Insect Treate
d form 

Other ingredients to 
be added 

 

Form to 
be eaten 

Mealworm Dry 
flour maize flour Tortilla 

Crickets Dry 
flour 

wheat flour, buttermilk,  
baking powder Bread 

Grasshoppers Ground miso, sugar, 
minced walnut Paste 

Wasp larvae Minced 
wheat flour, soybean 
flour, mashed potatoes, 
vegetables 

Wasp 
ball 

Any insect Ground 
minced meat,  
wheat flour, onion, 
mashed potatoes, egg 

Insect 
burger 

 

Indeed, insects or parts of insects contaminate 
our food and it is almost impossible to avoid 
this. Anyway, FDA (US) has prescribed 
permissible levels of insects’ contamination of 
food. Practically, it is believed that in the future 
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insects will be incorporated in several dishes in 
an unrecognizable form (table 9) or they will be 
regarded by some people as a delicacy. 
 
Micro-algae 
Nowadays, commercial large-scale cultures 
(Chlorella spp., Arthrospira spp., Dunaliella 
salina, Spirulina spp.) are spread around the 
world, producing about 5.000 t of dry matter 
per year and generating a turnover of 
approximately 1.25 x 109/year US$ (processed 
products not included) [20]. 
Micro-algae production for protein supply was 
replaced about fifty years ago by the green 
revolution and, until now, the major sales of 
micro-algae products can be found in the health 
food and cosmetics market. Micro-algae are 
also used as feed supplement or substitute for 
conventional protein sources in poultry feeding 
and aquaculture (± 30% of the current world 
algal production) [2]. 
Micro-algae are produced outdoor in open 
systems (open ponds) in tropical and 
subtropical regions or in closed system in a 
photobioreactor.  
The mean chemical composition of different 
micro-algae is included in table 10. 
 

Table 10. General composition of different algae selected 
for large-scale production (percentage of dry matter) [2] 

 

Algae Protein Carbohydrates Lipids 
Chlorella pyrenoidosa 57 26 2 

Chlorella vulgaris 51-58 12-17 14-22 
Scenedesmus obliquus 50-56 10-17 12-14 
Arthrospira maxima 60-71 13-16 6-7 
Spirulina platensis 46-63 8-14 4-9 

The high protein content of the algae and their 
amino acids’ profile can be favorably compared 
with that of reference proteins. This is one of 
the main reasons to consider them as a good 
alternative source of proteins. Moreover, the 
parameters characterizing the nutritional quality 
of some algal proteins are rather good but 
lower, of course, than those of animal proteins 
being also influenced by the processing (table 
11) [12]. 
It has to be pointed out that the values of 
protein content given in table 10 are crude 
protein (N x 6.25). Besides protein, there are 
other constituents as nucleic acids, amines, 
glucosamines and cell wall parts containing 
nitrogen. The true protein content is thus 
overestimated. According to Becker (2004) [2], 

the content of non-protein nitrogen reaches 
12% in Scenedesmus obliquus, 11,5% in 
Spirulina spp. and 6% in Dunaliella spp. 
 

Table 11. Comparative data on biological value (BV), 
digestibility, coefficient (DC), net protein utilization 

(NPU) and protein efficiency ratio (PER) of differently 
processed algae [1] [18]. 

 
Alga Processing BV DC NPU PER 

Casein - 87.8 95.1 83.4 2.50 
Egg - 94.7 94.2 89.1 - 

Scenedesmus 
obliquus DD2 75.0 88.0 67.3 1.99 

Scenedesmus 
obliquus SD3 72.1 72.5 52.0 1.14 

Scenedesmus 
obliquus 

Cooked-
SD3 71.9 77.1 55.5 1.20 

Chlorella sp. AD1 52.9 59.4 31.4 0.84 
Chlorella sp. DD2 76.6 89.0 68.0 2.00 
Coelastrum 
proboscideum DD2 76.0 88.0 68.0 2.10 

Spirulina sp. SD3 77.6 83.9 65.0 1.78 
Spirulina sp. DD2 68.0 75.5 52.7 2.10 

1air dried; 2 drum dried; 3 sun dried. 
 

The lipid content of micro-algae is variable and 
can reach 70%-90% of the dry matter in some 
species and under certain nutritional and 
environmental conditions. These lipids contain 
fatty acids from the 3 and 6 families. 
Carbohydrates are found in the form of sugars 
and polysaccharides (hemicellulose). As 
mentioned in table 10, their content in micro-
algae is high. The cell wall of micro-algae has 
an adverse effect on the digestibility of humans 
and mono-gastric animals. It is the reason why 
effective treatments are necessary to disrupt the 
cell wall (table 11) [13]. 
Micro-algae represent also a valuable source of 
nearly all vitamins (A, E, B, C) and of pigments 
(chlorophyll, carotenoids and 
phycobiliproteins). 
As mentioned above, micro-algae have not 
gained significant importance as a food 
product, until this now. The major obstacles are 
the powder-like consistency of the dried 
biomass, its dark green color, its slightly fishy 
smell, the difficulties of the separation from 
culture media and of starvation and last but not 
least the price that is too high to compete with 
conventional protein sources. 
 
CONCLUSIONS 
 
At a global level, livestock production seems to 
be secured during the next decades. This is 
largely driven by human population growth, 
increased incomes and urbanization. It is 
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unlikely that vegan diets will be adopted by a 
majority of people, particularly in developed 
countries. Yet, the sector has to improve 
animals’ efficiency, to mitigate his negative 
impacts on the environment throughout the 
world, as well as to respect animal welfare 
particularly in intensive production systems and 
in developed countries. 
Progress in breeding, genetics, nutrition and 
animal health will contribute to the near future 
advances in livestock production and in the 
competitiveness of livestock production sector. 
Concerning alternatives to meat, many 
scientific works and progress in technology 
have to be performed. However, the biggest 
obstacle will be the acceptance by the 
consumers. 
In the future, carbon-constrained economy and 
increasing pressure on natural resources (water, 
land and air) will be determinant factors 
influencing livestock evolution; 
industrialization of livestock production will 
lead to problems of air and water pollution and 
the mitigation of this pollution will add to the 
cost of this production in some places. 
Moreover, what will be the consequence of 
livestock industrialization on alleviation of 
poverty? What will be the future of 
smallholders? [22] 
In a first step, the challenge would be to 
develop new concepts for efficient and 
sustainable animal production including 
environmental, economic and social issues. 
Moreover, considering not only the focus on 
productivity, the interactions between land use, 
food carbon footprint and consumers’ 
expectations have to be taken into account.  
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