
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tjas20

Download by: [Universita Degli Studi di Firenze] Date: 18 August 2017, At: 04:12

Italian Journal of Animal Science

ISSN: (Print) 1828-051X (Online) Journal homepage: http://www.tandfonline.com/loi/tjas20

Typical edible non-dairy animal products in Africa
from local animal resources

Silvana Mattiello , Mariangela Caroprese , Gianni Matteo Crovetto , Riccardo
Fortina , Andrea Martini , Mina Martini , Giuliana Parisi , Claudia Russo ,
Carla Severini , Massimo Zecchini & (ASPA Commission ‘Animal productions
in development cooperation projects’)

To cite this article: Silvana Mattiello , Mariangela Caroprese , Gianni Matteo Crovetto , Riccardo
Fortina , Andrea Martini , Mina Martini , Giuliana Parisi , Claudia Russo , Carla Severini , Massimo
Zecchini & (ASPA Commission ‘Animal productions in development cooperation projects’) (2017):
Typical edible non-dairy animal products in Africa from local animal resources, Italian Journal of
Animal Science, DOI: 10.1080/1828051X.2017.1348915

To link to this article:  http://dx.doi.org/10.1080/1828051X.2017.1348915

© 2017 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 12 Jul 2017.

Submit your article to this journal Article views: 79

View related articles View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=tjas20
http://www.tandfonline.com/loi/tjas20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/1828051X.2017.1348915
http://dx.doi.org/10.1080/1828051X.2017.1348915
http://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/1828051X.2017.1348915
http://www.tandfonline.com/doi/mlt/10.1080/1828051X.2017.1348915
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2017.1348915&domain=pdf&date_stamp=2017-07-12
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2017.1348915&domain=pdf&date_stamp=2017-07-12


REVIEW ARTICLE

Typical edible non-dairy animal products in Africa from local animal
resources

Silvana Mattielloa , Mariangela Caropreseb , Gianni Matteo Crovettoc , Riccardo Fortinad ,
Andrea Martinie , Mina Martinif , Giuliana Parisie , Claudia Russof , Carla Severinib , and
Massimo Zecchinia (ASPA Commission ‘Animal productions in development cooperation projects’)
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cDipartimento di Scienze Agrarie e Ambientali, University of Milano, Milano, Italy; dDipartimento di Scienze Agrarie, Forestali e
Alimentari and CISAO–Centro Interdipartimentale di Ricerca e Cooperazione Tecnico-Scientifica con l’Africa, University of Torino,
Torino, Italy; eDipartimento di Scienze delle Produzioni Agroalimentari e dell'Ambiente, University of Firenze, Firenze, Italy;
fDipartimento di Scienze Veterinarie, University of Pisa, Pisa, Italy

ABSTRACT
This review aims to identify the main typical non-dairy edible products of animal origin available
in Africa, describing their production processes and their strengths and constraints. Farm animals
are mainly raised in an extensive, family-run system; there is, however, a significant development
of intensive poultry production. Meat products are usually obtained by drying, but meat and/or
offal can also be stored as stuffed products and can be additionally treated by smoking and/or
curing. The increasing poultry production provides eggs and meat at low price. The small-scale/
family farms are managed mainly by women and children, with a positive social impact. The
assets and limits of local breeds and of extensive versus semi-extensive or intensive production
systems are discussed. Seafood are an essential source of proteins, minerals and micronutrients.
Due its high perishability, the proportion of cured fish in this continent is higher than the world
average. Wildlife can supply high-quality meat, but attention must be paid to the vulnerable/
endangered species and to the sanitary aspects of this food chain. Insects are traditionally con-
sumed in Africa, supplying very cheap highly nutritive food, with low environmental impact.
Finally, a variety of honey and other bee products, including some Slow Food praesidia, are
described. From the point of view of the respect of biodiversity and ecosystems, local culture,
accessibility and nutritional requirements, animal productions in Africa are usually carried out in
a sustainable way; however, the low efficiency of most traditional production systems represents
an important limit, also in relation to export opportunities.
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Introduction

With approximately 1 billion inhabitants, Africa has
about 15% of world's population. The African contin-
ent accounts for around 4% of world production of
animal products. In this continent, livestock breeding
is an important economic activity from which food
(meat, milk) and non-food commodities and services
(manure, traction, hides and skins, wool, etc.), and
cash income are derived. However, its share of world
trade in animal products is less than 1% and its con-
sumption of animal products is among the lowest in
the world (Mankor 2013).

The main animal species farmed in Africa are cattle
(estimated population in 2014: 312 million), sheep

(341 million), goats (374 million), swine (35 million),
poultry (1.9 billion), equids (donkeys, horses and mules;
2.6 million) and camelids (23 million) (FAOSTAT 2016). In
addition to farmed terrestrial animals, there are remark-
able resources deriving from local wildlife and inverte-
brates. Fish and seafood also contribute to animal
production, although the African role in fish global and
intra-regional trade is currently negligible and irrelevant
due to many reasons, such as inadequate market and
trade infrastructure, the lack of proper packaging mater-
ial and storage conditions, both at processing sites and
markets (The WorldFish Center 2009).

Consequently, animal products include meat, milk
and dairy products, eggs, fish and seafood products.
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According to FAOSTAT (2016), in 2014 the African
meat production from ruminants was 10.1 million
tons, of which 64% from cattle and buffaloes, 30%
from small ruminants and 6% from camelids. Poultry
meat production was 5.7 million tons, whereas pig
meat production was only 1.3 million tons. Meat pro-
duction from equids and rabbits is negligible (37.5 and
94.7 tons, respectively). Annual milk production is
around 31 million tons. Eggs, hides and skins are pro-
duced in significant quantities, too. Additionally, in
2015 the total fishery production in Africa accounted
for 10.8 million tons (FAO-GLOBEFISH 2017).

An increase in demand for animal products is now
underway in Africa, mainly due to the urbanisation
process, that has a considerable impact on patterns of
food consumption in general, and in particular on the
demand for livestock products. Besides milk and dairy
products, that certainly play a major role in African
animal production, meat and other non-dairy products
are gaining increasing importance. For example, in
Sub-Saharan Africa, beef and poultry meat consump-
tion in 2015 was 4.3 and 1.9 million tons, respectively,
but by 2050 the consumption of these meats is esti-
mated to reach 13.5 million and 11.8 million tons,
respectively. Chicken meat production expanded by
almost 5% per year between 2000 and 2011, in spite
of the highly pathogenic avian influenza (HPAI) H5N1
detected since 2006, and Africa increased its contribu-
tion to the total world production from 4.7 to 5.1%
(The Poultry Site 2013; Hagag et al. 2015). Aquaculture
production has also being significantly increasing in
the past decade in some African countries like in
Egypt, where it has grown 10-fold since the 1990s,
and in Uganda, Mozambique, Malawi and Nigeria. A
relevant increase of fishery production is expected by
the year 2020. The World Fish Centre (Delgado et al.
2003) has predicted that in sub-Saharan Africa, we will
assist to a 2% increase of production derived from
capture fisheries and to a 6% of production derived
from aquaculture, with Egypt, Morocco and South
Africa as main producers.

In terms of live animals, Africa is indeed a net
exporter (in recent years, exports are 6.4 million heads,
of which 1% camelids, 14% cattle, 33% goats and 52%
sheep), due to economic reasons. However, the
internal demand of animal products is not fully satis-
fied. Therefore, about 3.3 million heads of live animals
(of which 30% are cattle, 31% goats, 37% sheep and
2% camelids) are annually imported (Thornton 2010),
and Africa remains a net importer of animal products,
while at the same time the opportunities for intra-
African trade are not fully exploited. For example, des-
pite the high quantity of poultry meat produced and

the rapid development of this sector, the very high
demand for this product (about 40 kg pro capite per
year) must be covered by the import. The import of
relatively low-priced frozen chicken meat increased
from around 191,000 tons in 2008 to nearly 371,000
tons in 2012, corresponding to about 20% of the
national broiler consumption.

Domestic production is therefore not able to meet
the steady growth in demand yet, mainly because the
level of intensification of production systems is low
and animal products are insufficiently exploited. This
has the effect of making African producers uncompeti-
tive on markets; therefore, extra-African exporting
countries are a constant threat to the development of
the trade of African animal products. The demand for
food products of animal origin could be met, in a long
term, by the continent's own production only by an
effective promotion of intra-African trade. Before this
can be done, however, there are an additional number
of obstacles that need to be overcome. These con-
straints fall into two categories: non-sanitary con-
straints and sanitary constraints (Mankor 2013).

Scope of this review is to identify the main typical
edible products of animal origin that are nowadays
available in Africa, focussing on meat and other non-
dairy products, with the aim to describe their produc-
tion processes and their strengths and constraints, in
order to highlight possible future development
strategies.

Meat products

The top five African meat-producing countries in terms
of meat volume are South Africa, Egypt, Nigeria,
Morocco and Sudan that produce about 50% of total
African meat (Table 1; FAOSTAT 2016). In Sub-Saharan
Africa, beef and ovine were the most consumed meats
in 2015, followed by poultry and pork. Beef meat is
mainly produced in large farms, mostly in Southern
Africa, using extensive ranching systems.

Small ruminants are an important meat source in
the arid and semiarid zones of the Sahel and East
Africa, where small herds are kept by smallholders
who rely mainly on crops, but keep small ruminants as
a subsidiary source of income and meat, and a safe-
guard against crop failure and low crop prices. They
are comparatively more numerous than cattle: sheep
and goats outnumber cattle by 2.1:1 as a whole, 3.7:1
in Western Africa, 1.3:1 in Eastern Africa and 2.1:1 in
Southern Africa (FAOSTAT 2016). This high concentra-
tion of small ruminants probably reflects environmen-
tal (drought, feed availability, disease) and
socioeconomic (land scarcity, management system,
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profitability of small ruminant production, consumer
preferences) conditions. Goats are more numerous
than sheep in sub-Saharan Africa and goat production
tends to be subsistence-oriented and to cater to the
needs of a larger number of rural and low-income
consumers.

Attention has recently been drawn towards local
ruminant breeds, some of which have been included
in the Ark of Taste, the international catalogue of typ-
ical endangered foods promoted by the Slow Food
movement. The inclusion in the Ark represents an
added value to qualify typical edible African animal
products deriving from sustainable production proc-
esses. In few cases, breeds are also valued by promot-
ing their products as Slow Food praesidia, as in the
case of the Ankole Long-Horned cattle reared in

Uganda and Rwanda and used for both meat and milk
production, or of the Molo sheep from Kenya, which
produces high-quality meat and wool (Slow Food
Foundation for Biodiversity 2016).

Pigs are raised in a low number (35 million heads;
FAOSTAT 2016), mainly due to religious beliefs. The
main pig producing countries are Nigeria, Angola,
Malawi, Uganda and Burkina Faso. Most of the pigs
raised in Africa are crosses or local breeds raised under
the traditional sector. The broad genetic variability of
indigenous livestock breeds enables them to have
valuable traits; these include disease resistance, high
fertility and low protein requirement. Animals are usu-
ally raised in a traditional way (free range, fed mostly
on grass, brewery, cereal by-products or waste prod-
ucts/food remnants). A commercial small-scale system
is also found, and it is characterised by improved
breeds fed concentrates and having relatively good
performance.

As mentioned above, pork meat only represents a
small share of total meat consumption in Africa. In
some countries (Kenya, Tanzania), the pig market is
dependent on tourism, so factors that affect the per-
formance of the tourist industry also affect the market
for pork and pork products. Lard provides additional
income to small-scale pig breeders. FAO estimates on
lard production show that South Africa reaches nearly
10,000 tons, followed by Mozambique (6373 tons),
Angola (3126 tons), Kenya (823 tons) and Zimbabwe
(272 tons) (FAOSTAT 2016).

Besides being consumed fresh, meat can be trans-
formed to be stored for a longer time and to increase
its safety. To this aim, the most common method is
drying, but meat and/or offal can also be stored as
stuffed products and, in both cases, the products can
be additionally treated by smoking. For the aim of this
review, we divided meat products into three main cat-
egories: dry meat products (<15% moisture), inter-
mediate products (from 15% to 20% moisture) and
fresh meat products (>20% moisture) (Table 2). In
some cases, the border among these three typologies
is not well marked, because intermediate or fresh
products can also be dried to improve their character-
istics, as described below (Benkerroum 2013).

Dry meat products

The oldest methods to preserve meat are probably by
salting and sun drying. Given the lack of adequate
storage facilities, the original purpose of drying meat
was its preservation to last as long as possible,
although this method is not always effective to pre-
vent oxidative rancidity (Tim�on et al. 2014). There are

Table 1. Meat (thousand tons) and honey production (tons)
in African countries (FAOSTAT 2016).
Country Meat (2015) Honey (2013)

Algeria 740 6147
Angola 261 23,300
Benin 77 –
Botswana 88 –
Burkina Faso 198 –
Burundi 24 747
Cameroon 334 4300
Central African Republic 169 16,200
Chad 154 1050
Congo 58 –
Cote d’Ivoire 272 650
DRC 261 –
Egypt 2068 5100
Eritrea 41 –
Ethiopia 679 45,000
Gabon 38 –
Gambia 8 –
Ghana 255 –
Guinea 87 900
Guinea Bissau 26 130
Kenya 641 12,000
Lesotho 30 –
Liberia 33 –
Libya 184 815
Madagascar 324 4400
Malawi 184 –
Mali 390 190
Mauritania 108 –
Morocco 1124 5300
Mozambique 205 545
Namibia 77 –
Niger 299 –
Nigeria 1464 –
Rwanda 73 50
Senegal 196 3150
Sierra Leone 44 840
South Africa 2798 1080
Somalia 195 –
Sudan 1078 740
Swaziland 27 –
Tanzania 489 30,000
Togo 68 –
Tunisia 331 5100
Uganda 458 712
Zambia 327 750
Zimbabwe 249 –
Total 17,236 169,306
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many typical meat products of the Maghreb countries
(Morocco, Algeria and Tunisia) obtained by such a
basic technology, and that can be stored at room tem-
perature for more than one year. One of the most
famous is the gueddid, primarily prepared from lamb
or beef meat; in the subarid zones of the Maghreb,
camel and goat meats are mostly used. At consump-
tion, gueddid is softened and desalted by immersion in
water. Gueddid is now regarded as a prestigious and
highly prized cultural heritage food in North African
countries (Benkerroum 2013).

Khlii, or khlia (and related products), is a typical
Moroccan cured meat product obtained from salted-
dried meat. Although genuine khlii is believed to be
made from camel meat, beef is the most widely used
species in practice. Properly made and conditioned
khlii can be preserved for more than two years at
room temperature (Benkerroum 2013).

There are also many products made with dry stom-
ach, liver, lung and kidney. Among these, we find the
Moroccan kourdass, made with stomach pieces used
to wrap pieces of liver, lung and fat into rolls; each
roll is diametrically rolled up in the intestine to be
sealed and sun-dried for seven days (Benkerroum
2013). Another traditional meat product made with
offal is the Libyan ban-shems, prepared from bovine
stomach stuffed with pieces of kidney, liver and lung
(Benkerroum 2013). The stomach and the other offal
pieces are sun-dried separately, and the pieces of kid-
ney, liver and lung are packed into the stomach, and

then cooked and conditioned in animal fat in a similar
manner as for khlii.

The kilishi from Cameroun is a traditional dried
meat prepared cutting beef lean meat into thin sheets
(1–2mm thickness). The sheets are sun-dried for about
4 hours and then immersed in a slurry of groundnut
caked and seasonings; after the immersion, the sheets
are dried again in the sun for further 5–12 hours and
finally roasted briefly over fire. There are many varia-
tions of this method (Jones et al. 2001).

In Nigeria, the most common names for dried meat
are tinko, kilishi and kundi, majorly prepared by the
Northerners. Others include ndariko, jiorge and banda,
which are prepared from meats of donkey, horse,
camel, buffalo and game (Ajiboye et al. 2011). In this
country, meat preservation is achieved through the
combination of drying and smoking; smoking may be
done at a temperature of 29 �C (cold smoking) or at a
higher temperature of about 80 �C (hot smoking).

Jerky (from the South American term ch'arki, which
means ‘dried meat’) is a common type of meat
obtained by a combination of drying and deposition
of naturally produced chemicals resulting from the
thermal breakdown of wood (Ajiboye et al. 2011).

Biltong is a well-known uncooked dried meat prod-
uct widely consumed in South Africa, but similar prod-
ucts can be found also in other African countries, such
as Botswana and Nigeria, where many different types
of meat are used to produce it: beef, ostrich and
game meat. It is typically made from raw fillets of

Table 2. Meat products in African countries, classified according to product type.
Product type Local name Country/Region Type of meat Reference

Dry products
(<15% moisture)

Ban-shems Libya Beef (fifth quarter) Benkerroum (2013)
Banda Nigeria Donkey, horse, camel, buffalo

and game
Ajiboye et al. (2011)

Biltong Nigeria, South Africa, Namibia Beef, game, ostrich and others Attwell (2003); Burnham
et al. (2008)

Bubanita Morocco Lamb Benkerroum (2013)
Dro€ewors South Africa, Namibia Beef, sheep, game Burnham et al. (2008);

D’Amato et al. (2013)
Gueddid Maghreb Lamb or beef (also goat or

camel in subarid areas)
Benkerroum (2013)

Jiorge Nigeria Donkey, horse, camel, buffalo
and game

Ajiboye et al. (2011)

Khlii Morocco Camel (most traditional) and
lamb or beef (most
common)

Benkerroum (2013)

Kilishi Cameroun, Nigeria Beef Benkerroum (2013)
Kourdass Morocco Lamb (fifth quarter) Benkerroum (2013)
Kundi Sahel Beef, camel and horse Collignan et al. (2008)
Ndariko Nigeria Beef, sheep, goat, camel, buf-

falo and game
El Sheikha and Montet

(2014)
Tinko Nigeria Beef Ajiboye et al. (2011)

Intermediate products
(from 15% to 20%
moisture)

Naqaneq North Africa Beef, lamb, buffalo or poultry Benkerroum (2013)
Pastrima Egypt (and other North

African countries)
Beef, lamb, goat, buffalo and

camel
Kadim et al. (2008);

Benkerroum (2013)
Fresh meat products

(>20% moisture)
Merguez Morocco, Tunisia, Algeria,

Libya, Mauritania
Poultry, beef Benkerroum et al.

(2003)
Theal North Africa Beef Benkerroum (2013)
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meat cut into strips following the grain of the muscle,
or flat pieces sliced across the grain (Attwell 2003;
Burnham et al. 2008; Matsheka et al. 2014).

Intermediate moisture meat products

Intermediate moisture meat products (15–20% mois-
ture or a water activity of 0.65–0.90) are typically rep-
resented by pastirma and certain types of naqaneq.
The pastirma (or basterma, basturma, pastrami) is the
most popular traditional meat product in Egypt and
consists of cured and dried meat strips encased in a
mixture of garlic, fenugreek and various spices.
Although pastirma is preferably made from beef, vari-
ous other meat types are also used, including lamb,
goat, buffalo and camel. The finished product has a
pH of 4.5–5.8, a salt content of 6.0%, water activity of
0.85–0.90 and moisture of 35–52% (Kadim et al. 2008;
Benkerroum 2013).

Naqaneq is a generic Arabic term used to designate
any sausage, either raw or cooked, obtained from
ground meat (beef, lamb, buffalo or poultry), seasoned
and pushed into a natural casing (bovine or ovine
intestine) previously soaked in boiling water. The com-
position, taste and flavour of these sausages are highly
variable from one country to another, and even
among regions of the same country, depending on
the seasoning, the specific casing used, as well as the
maturation and drying conditions (Benkerroum 2013).

Fresh meat products

Fresh meat products (>20% moisture) include mer-
guez, mkila, tehal and some types of sujuk where no or
partial drying is applied during processing. Merguez is
a typical Maghreb raw sausage with a small diameter
(18–22mm). At present, merguez is mainly produced at
a semi-industrial scale using modern machines to
chop the meat and push the batter into the casing, in
addition to the use of nitrites, functioning as colouring
and preservative agents. Natural casing is being grad-
ually replaced by synthetic collagen casing. Merguez is
a highly perishable product and should therefore be
consumed within 2 d after preparation; in some coun-
tries, such as Tunisia and Algeria, it is commonly
added as an ingredient in couscous.

Tehal (or tehane) is bovine spleen stuffed with
ground beef that is seasoned with various spices and
cooked in an oven. Bubanita (boubanita) is a typical
Moroccan specialty prepared from lamb meat cut into
small cubic pieces, seasoned and stuffed into previ-
ously cleaned lamb rumen, which is then tied at its

openings with a rope and hung to a roof, where it is
left to slowly dry and ferment.

Poultry

Birds are raised mainly for meat and egg production.
In addition, it is worth remembering that poultry can
also have an important role in rituals, since in some
countries (like Uganda) birds are often used in ceremo-
nies, rituals, gifts and sacrifices (Akinola and Essien
2011).

In poultry production, the role of chickens is widely
predominant, but other species, such as turkeys, ducks,
geese, pigeons and guinea fowl, are also produced in
Africa. The seven biggest producers are South Africa,
Egypt, Morocco, Nigeria, Algeria, Libya and Tunisia.
With a combined output of 3.64 million tons, these
countries account for almost 80% of the regional total.

In most African countries, the small-scale poultry
production utilises available household labour and sur-
plus on-farm resources. In some countries, the chicken
to human population ratio of a village can be as much
as 1.5:1. Family poultry production significantly con-
tributes to generate cash income for families: it is car-
ried out in extensive (free-range and/or backyard
village systems), semi-extensive or small-scale intensive
husbandry systems, and it is generally carried out by
women and children (Sambo et al. 2015). Poultry are
usually raised together with other domestic animals
(e.g. other monogastric species, such as pigs and rab-
bits, small and large ruminants) and, in some cases,
also with fish (Gu�eye 2001). In these family-run sys-
tems, the low level of literacy among farmers is one of
the main obstacles for the evolution of the sector and
for improving the economical output of this activity
that is often characterised by poor reproductive per-
formance and growth rates, high mortality, losses due
to predation, disease and lack of access to feed and
drugs.

Although about 80% of the poultry population in
Africa is reared in traditional systems (Gu�eye 1998), it
is important to remember that in South Africa the
panorama of poultry production is completely differ-
ent. In this country, the poultry sector has completely
changed its organisation and structure during the last
century, evolving from a backyard activity into a com-
plex and highly integrated industry, similar to what
happened in many western countries (Maia 2015).

Birds of indigenous or local types, exotic breeds
and crosses between two or more types of poultry
breeds are often kept. According to DAGRIS (2007), in
Africa there are 90 local chicken breeds, characterised
by a wide phenotypic variability (Hans 2012).
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Indigenous breeds are robust, highly resistant to
diseases, have low nutritional requirements and a mul-
tipurpose attitude, a pivotal aspect that is strategic in
that specific geographic context. On the other hand,
they take long time to reach sexual maturity and have
a small mature carcase weight and the hens produce
only few eggs per year (about 2–4 clutches, each of
about 10–12 eggs) (Hans 2012). Among the many local
breeds, it is worth mentioning the Molo Mushunu
chicken from Kenya and the Bigawi chicken from
Egypt, which are Slow Food praesidia since 2009 and
2014, respectively (Slow Food Foundation for
Biodiversity 2016).

Unfortunately, the birds reared are very often cur-
rently a mixture of different genotypes. For instance,
the South African Boschveld chicken is in reality a cross
between three indigenous local breeds, i.e., Venda,
Matabele and Ovambo (Hans 2012).

As to the exotic breeds, they show a poor tolerance
to the local, often harsh, conditions, and are therefore
rarely farmed in favour of local breeds. However, the
preference given by local people to indigenous breeds
sometimes clashes with the need to have more effi-
cient animal productions, particularly considering the
increasing demand for food of animal origin and the
need to be more environmentally sustainable. In fact,
according to some authors, the different pollutants
should be quantified not in absolute values, but per
unit of food (chicken meat or eggs) (Crovetto 2015). In
this view, intensive or at least semi-intensive poultry
production should be encouraged, not instead, but in
addition to the extensive, free-roaming and scaveng-
ing traditional systems.

The marketing of live birds involves mainly men
and children (boys), since women are normally
excluded, particularly when the market is far from the
village. Instead, both women and men are involved in
chicken slaughter and cleaning activities (USAID 2010).
When the products (live birds and eggs) are destined
for urban consumers, in most countries they are not
directly sold by the family poultry producers, since
various intermediaries are involved, creating a more
complex chain (Gu�eye 2001).

The marketing system is quite informal and poorly
developed. Surplus males, pullets, non-productive
hens, large-sized birds, old hens and even sick birds
are usually found in the public markets, where they
are slaughtered on demand under very poor hygienic
conditions, in environments very often congested with
people and animals. This contributes to the risk of dis-
ease transmission from poultry to humans (USAID
2010).

In rural areas, birds are often sold alive. This modal-
ity simplifies the chain, as it does not require process-
ing and/or refrigeration (Hans 2012), because the birds
can be slaughtered when needed, and the slaughter-
ing method can be chosen by the consumers accord-
ing to their religious beliefs (e.g. according to the
Islamic requirements to be considered as ‘halal’).

Local chicken meat achieves interesting market pri-
ces, as it is considered tastier and stronger flavoured
than commercial broiler meat. In many African coun-
tries, meat and eggs from exotic chicken breeds are
perceived to have a poorer taste compared to that of
local breeds (Dana et al. 2010). In Africa, poultry meat
is largely utilised in traditional dishes and sometimes
can be processed to obtain naqaneq and merguez
(Table 2) (Benkerroum et al. 2003; Benkerroum 2013).

Fishery and seafood products

Even if Africa has a great availability of fish and shell-
fish resources in the water of oceans, rivers and lakes,
its contribution to the global fish production is very
low, although it is rapidly growing (from 5.9% in 1950
to 8.1% in 2011), thanks to the extension of national
EEZs (Exclusive Economic Zones) to 200 miles, the
improving fishing capacity due to the technological
progress, the creation of national industrial fleets, the
diffusion of motorisation of artisanal canoes and the
fishing agreements signed over time between African
countries and others countries, especially the EU (FAO-
GLOBEFISH 2017). The production comes for 1/3 from
inland fisheries (mainly in East Africa) and for 58%
from marine capture fisheries (mainly in West Africa,
where there is one of the most important fishing zone
of the World), whereas the contribution of aquaculture
is currently very marginal (FAO 2016a).

In Africa, over 5.5 million people are involved in
fishery and fish farming (with only 284.000 people
involved in this last activity), and a higher number is
represented by full-time and part-time people involved
in trading and processing. In the processing activities,
the role of women is relevant, representing about 58%
of the total number of employees (FAO 2016a).

Even though Africa has extensive marine fisheries,
they are exploited mainly by foreign commercial fleets,
only marginally contributing to the continent's food
needs. These last are satisfied almost exclusively by
the small-scale coastal inshore and by the inland fresh-
water fisheries, that involve the coasts of West and
Southern Africa and the continental (lacustrine and
riverine) basins of Senegal, Niger, Volta, Congo, Lake
Chad, Nile and Zambezi river systems.
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Although fish consumption in sub-Saharan Africa is
very low, seafood are an essential source of proteins,
minerals and micronutrients for the diet of over 400
million of Africans (The WorldFish Center 2009).

In case of very perishable food, like fishery prod-
ucts, the lack of basic facilities (running water, sanita-
tion, electricity, ice, storage or refrigeration devices) at
the processing sites, together with the unhygienic
processing and preservation methods, is responsible
for the loss of a large amount of seafood and seafood
products (estimated between 20 and 40% of product
harvested), as a consequence of spoilage.

It is recognised that improving fish processing and
marketing technologies could markedly reduce the
post-harvest losses (more than 50%), at the same time
increasing the economic and nutritional value of the
fishery products (The WorldFish Center 2009). Africa’s
proportion of cured fish is higher than the world aver-
age (FAO 2016a). Among the methods for fish process-
ing, the more common are hot smoking (mainly in
West Africa), salting, fermentation, sun drying and the
treatment of fish by frying (in West, Southern or
Central Africa). Fermented products are usually hand-
crafted, according to processing methods that differ
from one country to another, including, for example,
fermentation with salting and drying, fermentation
and drying without salting, and fermentation with salt-
ing but no drying. Fermented fishery products may be
whole or in cut pieces and are usually consumed as
they are or may be utilised as a condiment (Essuman
1992).

Wildlife (bushmeat)

The consumption of the so-called bushmeat is quite
common all over Africa, representing up to 50% of the
animal protein intake in some tropical forest regions
(Nasi et al. 2011). Most of this meat derives from wild
species that are hunted, either legally or illegally
(Abernethy et al. 2013). A large proportion of hunted
species in Africa are terrestrial mammals (Fa and Peres
2001). Among large herbivore species, consumers’
preferences may differ, depending on the ethnic group
or on the local habits (Fa et al. 2002), and the con-
sumption of a certain species is driven also by its avail-
ability and hunting vulnerability (Ndibalema and
Songorwa 2007; Vega et al. 2013). Therefore, the con-
sumption of common species, such as wildebeest
(Connochaetes taurinus) and buffalo (Syncerus caffer) in
the Serengeti National Park (Tanzania), is often more
frequent than that of rare species, although eland
(Taurotragus oryx) seems to be the preferred meat in
terms of sensorial attributes (Ndibalema and

Songorwa 2007). Although the consumption of wild
meat is concentrated mainly on common species, the
list of hunted species includes also ungulate and bird
species classified by IUCN as ‘Vulnerable’, such as the
zebra duiker (Cephalophus zebra) and the Congo pea-
fowl (Afropavo congensis), and several primate species
(e.g. Colobus satanas, Cercopithecus solatus, Mandrillus
sphinx), some of which are even classified as ‘Critically
endangered’ (e.g. Procolobus pennantii, Procolobus pre-
ussi, Cercopithecus dryas) (Taylor et al. 2015). Bushmeat
hunting is considered one of the major threats for the
conservation of these species and also for the conser-
vation of other species, such as predators, due to the
reduction of their preys (Abernethy et al. 2013). For
these reasons, this activity is not considered sustain-
able for certain species in some geographic areas.
However, in some regions, local populations rely on
wild meat as one of the main protein sources (e.g. S~ao
Tom�e) (Carvalho et al. 2015). In these situations, solu-
tions should be identified in order to preserve local
biodiversity. Some authors suggest that the only solu-
tion to this problem would be a considerable reduc-
tion of meat consumption (Machovina et al. 2015).
However, given the appreciation of consumers for
bushmeat, other authors (Skinner 1989; van Schalkwyk
et al. 2010) consider that game ranching of wild spe-
cies for meat production could be a valid alternative
to hunting in the wild, in order to satisfy the market
demand and, at the same time, safeguarding biodiver-
sity but, in any cases, a serious regulation of hunting
activity is always required (Carvalho et al. 2015).
Additionally, game ranching may represent a valid
alternative for the use of abandoned and degraded
farmlands that are no more suitable for traditional
agricultural activities (Chomba and Nyirenda 2014), in
order to generate an income both from meat produc-
tion and trophy hunting (Skinner 1989). Additionally to
game ranching, farming has been proposed for species
other than large mammals. For example, meat from
the genus Thryonomys (e.g. greater cane rat, also
called grasscutter) or Cricetomys (e.g. African giant rat)
are widely consumed in Central and Sub-Saharan
African countries. Meat from these species is very
appreciated, due to its organoleptic characteristics
(colour, flavour, tenderness and juiciness; Ladele et al.
1996). However, the availability on the market of
hunted specimens can be limited, and their high retail
price is another constraint that may limit the con-
sumption of these typical meat products. For these
reasons, Ladele et al. (1996) highlighted the import-
ance of carrying out a domestication process on these
species and of implementing breeding and manage-
ment procedures. However, after the first promising
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attempts to farm these species, there has been a pro-
gressive abandonment of this farming activity, prob-
ably due to a poor technical support deriving from an
insufficient knowledge and research on their manage-
ment requirements (Adu et al. 1999).

Meat from wild animals can be consumed either
fresh or processed, in order to obtain typical products,
such as biltong and dro€ewors, which are largely con-
sumed especially in South African countries (Table 2;
D’Amato et al. 2013). Several studies on the chemical
and sensorial characteristics of bushmeat (Ladele et al.
1996; Hoffman 2000a, 2000b; Hoffman and Ferreira
2004; Van Zyl and Ferreira 2004; Hoffman et al. 2007a,
2007b; Petit et al. 2014) are available to support the
appreciation of consumers for this kind of meats,
because of their low fat content and pleasant taste.

In addition to the risk of reducing biodiversity by
threatening some of the most vulnerable or even
endangered species, the consumption of wild meat
can lead to high sanitary and health problems for
humans. For example, although there are currently no
clear indicators regarding the source of Ebola virus,
fruit bats of the Pteropodidae family (frequently hunted
and consumed in several countries of central Africa)
are considered the natural host of the virus, which is
also believed to transmit through wild primates (mon-
keys, chimpanzees, gorillas) and antelopes (Asaad
2015).

Invertebrates

The term ‘entomophagy’ means the consumption of
insects by humans. Entomophagy is still part of the
eating habits of about 2 billion people in the world,
including Asia, Africa and Latin America. Currently,
about 2163 species of edible insects have been identi-
fied, and these are mainly concentrated in tropical and
subtropical areas (Jongema 2012), where they repre-
sent an important traditional food source. In some

African communities, they account for 5–10% of pro-
tein intake (Ayieko and Oriamo 2008) and Vantomme
et al. (2004) estimated that 70% of Kinshasa’s 8 million
inhabitants eat caterpillars.

The most commonly consumed insects are as fol-
lows: beetles (Coleoptera, 31%), caterpillars
(Lepidoptera, 18%), bees, wasps and ants
(Hymenoptera, 14%), locusts and crickets (Orthoptera,
13%), cicadas, leafhoppers, planthoppers, scale insects
and true bugs (Hemiptera, 10%), termites (Isoptera,
3%), dragonflies (Odonata, 3%), flies (Diptera, 2%) and
other orders (5%) (Table 3; van Huis et al. 2013).

Up today most edible insects are harvested in the
wild. However, in recent times, the concept of farming
insects for food has been growing, in particular among
Eastern peoples (Laos, Thailand and Vietnam). The
insect harvesting/rearing is a low-tech, low-capital
investment option that offers entry even to the poor-
est sections of society (landless for instance) and can
offer livelihood opportunities for both urban and rural
people (van Huis et al. 2013).

Insects can be found in abundance throughout the
African continent and they become important sources
of food, when other resources are scarce. Their avail-
ability mainly depends on local climatic conditions,
being higher during the rainy season (Pagezy 1975;
Bahuchet and Garine 1990; Vantomme et al. 2004; van
Huis et al. 2013). During the rest of the year, insects
are also available, either dried or smoked.

The nutritional value of edible insects is highly vari-
able. Even within the same group of species, the nutri-
tional value may differ depending on both intrinsic
(e.g. metamorphic stage of the insect) and extrinsic
factors (e.g. the habitat in which the species lives and
its diet) (Xiaoming et al. 2010), as well as on the prep-
aration process (boiling, frying, drying). In general,
insects are an important source of fat (with a high
content of polyunsaturated and essential fatty acids;
Womeni et al. 2009), protein (often rich of essential

Table 3. Most consumed species of edible insects in African countries, classified according to taxonomic order
(van Huis et al. 2013).
Order Species Geographic area

Coleoptera Augosoma centaurus (scarab beetle) All Africa
Rhynchophorus phoenicis (palm weevil) Democratic Republic of Congo, Republic of Central

Africa
Hemiptera Agonoscelis pubescens (sorghum bug) Republic of Sudan

Coridius viduatus (melon bug) Republic of Sudan, Namibia
Ecosternum delegorguei (stink bugs) South Africa, Malawi, Zimbabwe

Hymenoptera Macrotermes subhyalinus (termites) Uganda, Democratic Republic of Congo, Zambia,
Republic of Central Africa, Kenya, Zimbabwe

Oecophylla longinoda (weaver ant) Democratic Republic of Congo, Cameroon
Lepidoptera Caterpillar, mopane caterpillar Central Africa
Orthoptera Locustana pardalina (locust) South Africa

Ruspolia nitidula, Ruspolia differens (edible
grasshopper)

Eastern and Southern Africa
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amino acids, as in some termite species; Bukkens 2005;
Sogbesan and Ugwumba 2008), vitamin (mainly B1,
B2, B12 and E; Bukkens 2005), fibre (chitin derived
from the exoskeleton; Finke 2007) and mineral content
(mainly iron and zinc; Bukkens 2005; van Huis et al.
2013), although their composition is highly variable
across species and orders and also depending on the
parts of the plant on which they feed (Bukkens 2005).

Insects are often consumed as a whole, fried, sun-
dried smoked, steamed in banana leaves (Uganda) or
roasted in hot ash and sand (winged termites
Hodotermes mossambicus in Botswana; Nonaka 1996),
but they can also be processed into granular or paste
forms. In East Africa, sun-dried termites can be
grounded into powder and mixed with other food
ingredients by baking, boiling, steaming or processing
them into crackers, muffins, sausages or meatballs
(Kinyuru et al. 2009; Ayieko et al. 2010).

Recently, the food industry has promoted the pro-
duction of new products based on insects and the
commercialisation of pre-cooked food, in order to
reduce the ‘visibility’ of insects into food preparations
(Sch€osler et al. 2012; Verbeke 2014; Tan et al. 2015).

The recent global interest in the (re)discovery of
entomophagy, also by the western countries, stimu-
lated their food industry to find alternative presenta-
tions of this kind of food, in order to give insects an
‘unrecognisable’ appearance, similar to other western
food (hot dogs, sticks of fish, etc.) (Sogari and
Vantomme 2014; Azzollini et al. 2016). This may lead
to a future collaboration among developing countries
(mainly producers of raw material) and developed
countries (mainly industrial producers) for the intro-
duction of new products on the market and for
improving the extraction of proteins, fats, chitin, min-
erals and vitamins, which is presently too costly and
needs to be further developed to become profitable
and applicable for industrial use in the food and feed
sectors. Insects are also used as feed, mainly for
poultry (Farina et al. 1991; van Huis 1996).

Besides their taste and nutritional value, insect con-
sumption has several additional advantages. First of
all, it is environmentally friendly, because insects have
a high nutritional conversion efficiency (about 50%
compared to chicken (45%), pork (35%) and beef
(15%)) and do not have inedible wastes like bones,
tendons and skin, although their exoskeleton (10–20%
of total body weight) is indigestible for humans. The
most interesting aspect, however, is the high efficiency
of nitrogen utilisation in insects, higher than poultry
and much higher than other farm species (Oonincx
et al. 2015). This is particularly important in view of
the increasing demand for protein in the next decades

and of the need to make the dietary protein supply
environmentally sustainable.

Furthermore, insects produce a quantity of CO2

emission per kg of mass gain averagely lower than
pigs (�16%) and ruminants (�67%) (Oonincx et al.
2010). This suggests higher feed conversion efficiencies
for insects than for mammalian livestock. Also in terms
of total GHG emissions (g CO2 eq./kg body mass/day),
insects are less environmentally impacting in compari-
son with pigs (�88%) and ruminants (�72%) (Oonincx
et al. 2010).

Moreover, insects require much less water than con-
ventional livestock, and their production does not
require large amounts of soy, corn and wheat (that are
instead widely used for conventional livestock) and
can be fed on organic waste streams (Oonincx et al.
2010; Oonincx and de Boer 2012). Finally, for insect
rearing, only a limited ground surface is needed and
land clearing to expand production is not required.

From a sanitary point of view, insects show a low
risk of spread of disease and infection, including zoo-
nosis, provided that they are treated with the same
sanitary devices of any other food product (Rumpold
and Schl€uter 2013; van Huis et al. 2013) and, due to
their nutritional value, may have positive effects on
human health, such as helping to prevent anaemia.
Evidence of allergies induced through the ingestion of
insects is scarce, but some allergic reactions have
been reported (Phillips and Burkholder 1995).

However, several issues should be considered, such
as microbial safety, toxicity and the presence of inor-
ganic compounds. Specific health implications should
be considered especially when insects for feed are
reared on waste products, such as manure or slaugh-
terhouse waste.

Other products from insects

Besides being used directly as a food source, insects
can provide also other indirect food products. In this
field, the most important insects are bees.

Beekeeping can be started up with few resources,
even by landless households, and is not a labour-
intensive activity; therefore, it can be easily managed
by women and combined with the other daily activ-
ities. Furthermore, it contributes to the well-being of
the whole community, for example, by helping the
pollination of flowering plants (Gebru et al. 2016).

The more common bees in Africa are the European
honey bee (Apis mellifera ligustica; mainly in North
Africa), the more aggressive African honey bee (Apis
mellifera scutellata) and the Cape honey bee (Apis mel-
lifera capensis; mainly in the southern extreme)
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(Ruttner 1988). African bees seem to be more apt to
store pollen, while European bees store more honey.
Stingless bees, which are present in all tropical parts
of the world, are also food-producing animals in
Africa.

The best known primary products of beekeeping
are honey and wax, but pollen, propolis, royal jelly,
venom, queens, bees and their larvae are also market-
able primary bee products. While most of these prod-
ucts can be consumed or used as they are, they can
also be transformed or used as ingredients of other
products (Krell 1996).

In this chapter, we will deal only with the most
important African food products from bees: honey, fer-
mented beverages, pollen and stingless bee honey
(Table 4).

Honey

In the year 2013, total honey production in Africa was
169,306 tons, corresponding to about 10% of the world
average production (FAOSTAT 2016). Ethiopia is the
most important African honey producer (Robert 2010;
Gebru et al. 2016), followed by Tanzania (Table 1).

Honey has value as a food that can be used as it is,
or in traditional food and drink preparations, also at
times of food shortage. It also has a value as a medi-
cine, as a cash crop for both domestic and export mar-
kets and as an important part of some cultural
traditions, being used on special occasions such as
birth, marriage and funeral ceremonies (FAO 2016b).

The more ancient method to harvest honey consists
of collecting honey from wild swarms, and it is still
adopted by the hunter-gatherer people of Hadza in
Tanzania, and by the nomadic Mbenga pygmy people
of Bayaka, in Central African Republic. The next step in
the technological evolution of beekeeping is the keep-
ing of bees in ‘traditional’ hives, made of locally avail-
able material. A further evolutionary step is
represented by the use of hives with moveable combs,
but without frames or foundation sheets, like the top-
bar hives of Africa, also used worldwide in ‘natural
beekeeping’. The more intensive and now widespread
beekeeping practices of the last century are based on
the moveable frame hives, that allow centrifugal
extraction and quick processing of large amounts of
uniform honey with high-quality standards, with min-
imum contamination by other hive materials (Krell
1996).

Most African honeys are multifloral, and we often
have scarce information about the nectar sources. The
most studied are from Ethiopia, and four of these
(Bore, Rira, Tigray White and Wenchi Volcano) have

even become Slow Food praesidia (Slow Food
Foundation for Biodiversity 2016) (Table 4).

The most famous Ethiopian honey is Tigray White
honey. This honey can be white, red or yellow,
depending on the flowers available. Ninety per cent of
the production consists of a bright white-coloured
honey, with good consistency and large grains without
homogeneity.

Unifloral honeys are produced only in few African
countries, like Algeria (Makhloufi et al. 2015) (Table 4).
Increasing consumer knowledge and appreciation of
honey has been developing a particular market niche
for honeys identifiable by specific characteristics in
terms of colour and flavour, and originating from one
or few sources of flowers. Differential pricing some-
times makes the production from rare floral sources
very attractive.

Fermented honey beverages

In many regions, honey is or was the only, or the most
accessible, source of fermentable sugars. Tej, also called
‘honey wine’ or ‘honey beer’, is the main fermented
honey beverage in Ethiopia, and in this country, about
2/3 of pure honey production is used for this purpose
(Robert 2010). Berz is similar to tej, but it is sweeter and
has a lower alcoholic content (Debebe et al. 2016). The
fermentation process is spontaneous and depends on
several factors (e.g. microflora, the physical and chem-
ical environment, duration of fermentation, etc.), that
affect the chemical and physical properties of the final
products (Bahiru et al. 2001). The same occurs to mead,
another beverage typical of Kenya and South Africa,
made of water and fermented honey, frequently added
with various herbs, apple juice, grape juice, mulberry,
malt, vinegar and spices, either infused or co-fermented
or blended after fermentation (Mendes-Ferreira et al.
2010; Katoh et al. 2011).

In some parts of non-Islamic Africa, the traditional
brewing and consumption of honey beer is very com-
mon. The base is crudely pressed or drained honey,
often with added brood or pollen. An additional nutri-
ent base is generally provided for the yeasts, which
may add characteristic flavours as well. The beverage is
always consumed before fermentation is finished.
Preparation by a skilled brewer (in East Africa most
commonly women) can be as fast as 5–6 hours (Krell
1996).

Pollen

In some African countries, like Egypt, pollen produc-
tion is becoming increasingly interesting. Pollen is the
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sole protein food harvested by bee foragers in their
natural environment (Ismail et al. 2013). Bees usually
mix pollen grains with nectar or regurgitated honey, in
order to make it stick together and adhere to their
hind legs. The resulting pollen pellets, harvested using
pollen traps, are therefore usually sweet in taste (Krell
1996).

Fresh pollen stored at room temperature loses its
quality within a few days, but if it is dried to less than
10% (preferably 5%) moisture content, or frozen, it can
last for months or even for years (Dietz and Stevenson
1980).

Stingless bee honey

Stingless bees are closely related to the honey bees,
bumble bees and orchid bees. Work with stingless
bees is called meliponiculture. Stingless bees are pre-
sent in all tropical parts of the world and are amongst
the longest evolved bees. About 400–500 different
species of stingless bees are known (50 of which in
Africa), but new species are identified every year.

In Africa, meliponiculture is practised mainly in
Tanzania and Ethiopia (Kihwele 1997; Garedew et al.
2004). The honey harvested yearly from a stingless bee
colony is most often between 200 g and 5 kg, depend-
ing on the bee species, vegetation and handling.
Today, there are farmers in Tanzania keeping stingless
bees in log hives as they traditionally keep honey
bees, but new rational rearing systems are also being
developed. The honeys, often very different from spe-
cies to species, have a much higher water content, are
more acid, have a stronger bacteriostatic (inhibitory)
effect than A. mellifera honey and contain no diastase
(Cortopassi-Laurino and Gelli 1991). Among stingless
bee honeys, we can also find a Slow Food praesidium,
the Arusha stingless bee honey produced in Tanzania,
which is a sweet liquid multiflower honey, with citrusy
and floral notes (Slow Food Foundation for
Biodiversity 2016).

Conclusions

The present review highlights the important role that
animal productions play in African countries, mainly as
a food source that provides high-value nutritional food
to local people, but also for their traditional role in
religious ceremonies and special occasions. Their
importance is witnessed by the wide variety of prod-
ucts available and by the many different preparation
processes, which have been developed depending on
the local resources and on the social, economic and
climatic conditions, that obviously affect theTa
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processing and storage methods. Unfortunately, in
spite of the great variety of local breeds and products,
only few cattle and poultry breeds have received spe-
cial attention in terms of biodiversity conservation.
However, the increasing interest towards these breeds
is shown by the inclusion of some of them in the Slow
Food Ark of Taste or as Slow Food praesidia (Slow
Food Foundation for Biodiversity 2016).

Few examples of large-scale production chains can
be found, and therefore the possibility of exporting
local animal products is low, except for honey.
Furthermore, small-scale and family owned farms are
not always able to guarantee safe hygienic procedures;
as a consequence, some risks for human health may
arise and this certainly contributes to limit the possibil-
ities to export these products.

Possible future development strategies to promote
animal production may include the identification of
peculiar products related to specific breeds or produc-
tion processes that could reach a higher value on the
market and might also be exported in order to gener-
ate additional income, although attention should be
paid to avoid that this exportation results in a further
economic and nutritional depletion of population and
in a disappearance of biodiversity.

Other possible improvements to the system, also
related to the possibility of exporting animal products,
may derive from cooperation projects, aiming to a
training on hygienic and sanitary aspects of the whole
production chain.

According to Burlingame and Dernini (2012),
‘Sustainable diets are those diets with low environ-
mental impacts which contribute to food and nutrition
security and to healthy life for present and future gen-
erations. Sustainable diets are protective and respect-
ful of biodiversity and ecosystems, culturally accepted,
accessible, economically fair and affordable; nutrition-
ally adequate, safe and healthy, while optimising nat-
ural and human resources’. In the light of this
definition, we can consider that animal productions in
Africa are usually carried out in a sustainable way,
although the low efficiency of most traditional produc-
tion systems hampers the possibility to make food
security effective, considering the population growth
and the increasing demand for food of animal origin.
Invertebrates offer excellent opportunities for provid-
ing high nutritional food with low environmental
impact. However, biodiversity can be threatened by
the consumption of bushmeat deriving from hunting
of endangered species. In this respect, it might be
advisable to encourage the breeding of wild species,
in order to satisfy the demand for highly appreciated
and traditional meat types, without securing them

from the wild. Furthermore, some local breeds of trad-
itional domestic species are at risk, and a careful man-
agement is required to protect them.
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