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The greatest challenge facing Nigerian youths is unemployment, and the consensus solution is 
industrialization. An industry encompasses the work and processes involved in collecting raw 
materials and making them into products. An industry comprises of the companies and 

activities involved in the process of producing goods for sale in a special area. An agricultural industry 
is the production of raw materials with the help of nature (crops andl ivestock) which are used in the 
processing or manufacturing of producer goods or consumer goods.

There are three industries arising from the study of animal science. The first is the animal husbandry 
industry dealing with farms, feedlots and production of livestock. The second is the animal feed 
industry which deals with the production of nutritionally balanced feed for different categories of 
intensively produced livestock. The third is the animal products industry which deals with the 
products, by-products and co-products derivable from domesticated and semi-domesticated animals 
that are used for food and as raw materials for the manufacture of various consumer products.

The first three generations (1975 to 2005) of graduates in agriculture with a 'specialization' in animal 
products easily found work as general agriculture officers in ministries, departments and agencies at 
local, state and federal governments. As from 2000, employment opportunities became increasingly 
scarce and the need for self-employment, for entrepreneurship and business ownership became self-
evident. 

In response, teachers of animal products courses started to emphasise that the animal product 
industry is worth billions of Naira, has a distinct value chain, starting from the farm gate to the local 
and regional livestock markets, to abattoirs, slaughter houses, retailers, food services and to the final 
consumers. Applying the value chain approach to animal products - meat, milk and egg - identifies 
small, medium andl arge scale investment opportunities. 

The usual lament about agricultural training is the lack of exposure of students to the proper 
demonstration of the business dimension during the courses taken within the institutions. The 
business dimension of AP needs to be sufficiently emphasized in order to inspire fresh graduates to 
create start-ups in the API. For example, Nigeria is the top egg producer in Africa and 19th in the world. 
The AP teaching syllabus should reflect this egg production position with grading systems for external 
and internal quality, storage and processing of eggs intol iquids and powders. The Federal Government 
during the Agricultural Transformation Agenda (2011-2015) made milk production and consumption a 
national priority and has been promoting the establishment of Milk Collection Centres (MCC) to 
offtake milk produced by the pastoralists. National daily demand for milk is 3,300,000 L while daily 
production is 1,100,000 L, revealing a demand gap of 2,200,000 L which is made up by an annual import 
of 77,757  MT dried milk powder, 20,537 MT dried evaporated milk, and 17,504 MT dried skimmed milk at a 
cost of $398,870,054 (FMARD, 2012). MCC and cottage milk processing should be components of the 
syllabus for animal products.

With the paradigm shift towards entrepreneurship and business orientation comes a need for 
textbooks adapted to the new paradigm and properly focused on the AP industry. One way to generate 
more passion on the part of the student to learn and understand all the TECHNICAL as well as the 
BUSINESS contents of animal products and value addition is to make available, preferably online, 
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instructional and self-learning materials. This book, Animal Products Science and Enterprise, has three 
objectives aimed at three target audiences.

The first objective is to serve to produce the next generation of animal products scientists that are 
well trained in the science, business, macroeconomics and politics of animal products and that can use 
their knowledge to create viable businesses. In order to promote entrepreneurship among this next 
generation, three role models of entrepreneurship in the meat, milk and egg industries are introduced 
– Emmanuel Ijewere of Best Foods Livestock and Poultry Limited, Lagos; Mohammed Damakka 
Abubakar of L&Z Integrated Farms Limited, Kano; Olusegun Shewoniku of Answer Industries, Imowo, 
Ijebu Ode, respectively. The target group here is the final year and postgraduate student specializing 
in animal products science in the university, college of agriculture, college of animal production and 
health and the college of veterinary medicine. The material presented will be invaluable to them after 
graduation in their professionall ife within the API.

The second objective is to introduce AP value chain actors to the scientific knowledge basis of their 
craft, practice and industry. Scientific information - classical, current and emerging – is provided to 
validate safety, hygiene and quality standards that are needed for efficiency, sustainability and 
profitability of the API. To achieve this objective, scientific information is presented in easy to 
understandl anguage accompanied by illustrations. This target group encompasses all the operators in 
the livestock markets, abattoirs and slaughter houses, retail stores of fresh AP and the processing 
establishments for the manufacture of AP.

The third objective is to create awareness among the financial sector operatives about the returns to 
investment possible in the primary, secondary and further processing of the animal products, by-
products and co-products. Macroeconomic and financial data are provided to stimulate the interest of 
these specialists who must de-risk and mobilise funding for entrepreneurs to venture into the API. The 
target audience here includes agriculture desk officers at the Central Bank, Agricultural Bank, Bank of 
Industry, Development Bank, deposit money (commercial) banks and microfinance banks. Officers 
responsible for agriculture in the Small and Medium Enterprises Development Agency (SMEDAN), 
National Directorate of Employment (NDE) will find the material presented useful in their capacity 
building and development work.

The material in this book is divided into ten units in three modules as follows: Module 1 has three units 
presenting material on the definition and importance of the different animal products. Module 2 has 
five units that explain the storage, processing, packaging and quality of animal products. Module 3 
with two units presents an overview of the technical, social and economic value of animal products as 
well as the science underpinning these values. Questions and exercises are included for continuous 
self-assessment in order to promote self-learning. The hope is that every user of the book will become a 
“seer” of the entrepreneurship opportunities abounding in the animal products industry.

         E.B. Sonaiya
         Ile-Ife,  September 2020.
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ANIMAL PRODUCTS AND THE ANIMAL 
PRODUCTS INDUSTRY IN NIGERIA

1.0.  INTRODUCTION
This unit will define and describe what animal products, 
animal by-products and animal co-products are. This 
would help you to understand the animal products 
industry.

1.1.  ANIMAL PRODUCTS
An animal product is any material derived from the body 
of an animal and used as human food. The main animal 
products are meat, milk, and eggs.

Meat (including poultry and “bush meat”) is the edible 
flesh or muscle of those animals that are acceptable for 
consumption in dif ferent human 
communities and groups. The common 
practice, religious beliefs and cultural 
norms usually dictate the meaning of 
“edible” and “acceptable”. Many religions 
have restrictions on consumption of 
different animal products. Hindu prohibit 
beef. Islam, Hinduism, and Orthodox 
Judaism forbid pork. On the other hand, 
many human communities eat meat from 
horse, camel, donkey, dog and hunted 
animals.  

Figure 1-1.  Meat, milk and eggs are the main 
animal products.
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Blood: This is obtained from the l iving animal by experienced pastoralists or herdsmen and 
used as food. Usually, blood is available during the slaughtering of animals and is used in 
various edible products. Coagulated blood, (called “Edoki” in Yoruba, to distinguish it from 
the real  liver which is called “Edo”)  looks and tastes  like  liver, and is the common use of 
blood as human food in Nigeria. 

Bone: This is cooked with the meat. The soft 'biscuit bone' found in the long bones of the 
shank and femur of cattle is a delicacy.

Gelatin: This results from the hydrolysis of collagen during boiling. The gelatin from the 
collagen around the hooves (called 'Bokoto' in Yoruba), is a highly-priced delicacy which 
makes the hooves cost more than beef in Nigeria. 

Honey is the sweet viscous  liquid produced by bees from the nectar of flowers and stored in 
the cells of the honeycomb from where it is usually harvested.

Lard is the fat of pork which when moist cooked melts into oil that is used for frying and 
cooking for those who eat pork.

Whey is the thin clear  liquid separated from coagulated milk during the making of 'Wara' 
and is added to many other food products. 

1.2. ANIMAL BY-PRODUCTS AND ANIMAL CO-PRODUCTS
Animal by-products (ABP) and animal co-products (ACP) are inedible materials produced 
concurrently with the production of meat, milk and eggs. ABP are products which can only be 
obtained upon the death of the animal while ACP are products which can be obtained while 
the animal is still alive. ABP are obtained from carcasses from slaughterhouses, animal 
shelters, zoos and veterinary establishments. 

Common ACP are the following:
Beeswax is a co-product made by bees and is harvested along with the honey from the comb. 
It is used in making candles.

Feathers are a co-product from poultry and are used in the fashion industry for ornaments, 
and in the manufacture of mattresses and pillows

Fur is a co-product from animals such as rabbits, which is used in the clothing industry.

Hair is a co-product. Most animals have hair as their covering. Hair is used for making 
brushes. 

Figure 1-4. Lard from pig fat (top) and whey from coagulated milk (bottom).
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Meat ordinarily refers to the muscle tissues of 
domesticated animals that are used as food.                   
This definition covers red meat obtained from cattle 
(beef), pig (pork), sheep (mutton), and goat (chevon). 
Poultry meat (an example of 'white meat') is obtained 
from chickens, turkeys, ducks, guinea fowls and quails. 
Mutton and chevon are eaten by more people than any 
other meat. Beef is eaten in larger quantities than any 
other meat. All the processed and manufactured 
products from the meat of these animals are regarded as 
animal products. 

Meat in Nigeria generally includes all the flesh, hide and 
skin of domesticated animals as well as theirl iver, heart, 
tongue, head, feet, large and small intestine (known as 
tripe in other countries). Bush-meat is a delicacy in 
Nigeria obtained from the muscle of hunted free-living 
animals as distinct from animals raised under 
domestication. It is a delicacy in Nigeria. Examples are antelopes, porcupine, and 

undomesticated giant rat (Fig 1-3).

Milk is the l iquid secreted by the mammary glands. Female goat (doe), sheep (ewes), cattle 
(cow), horse (mare), pig (sow), and camel (cow) provide milk. Milk products include yoghurt, 
cheese, butter and ice cream. 'Wara', an unfermented but coagulated milk product and 
evaporated or powdered whole milk are the most popular milk products in Nigeria that are 
usually made from cow or goat milk. All milk products are animal products.

Egg is the reproductive cell of avian species. The eggs used as human food in Nigeria come 
from guinea fowl and chicken. Egg products are the l iquid or powder obtained from eggs.

Animal products are significant in planning a normal, well-balanced human diet.                     
They contribute to four of the basic nutritional components of man's diet. These nutrients 
are protein, fat, vitamins and minerals. Meat, milk and eggs are the main animal products in 
Nigeria. Other animal products of importance in Nigeria include Blood, Bone, Gelatin, Honey, 
Lard and Whey.

Figure 1-2. Red meat (Beef, top) 
and white meat (poultry, bottom)

Figure 1-3. Free-living animals hunted for human consumption as bush meat.
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Venom from snakes is used to 
produce anti-venom to treat snake 
bites. 

Manure is the faeces from livestock 
and is used as fertilizer for both field 
and garden crops and plants. Cattle 
manure is used traditionally to make 
plaster for walls and floors and as a fuel for fires. Manure from cattle and pigs is 
anaerobically digested to produce biogas. 

Draft Power: Animals such as bulls (male cattle or camel), buffaloes, horses and donkeys are 
used for their mechanical power to plough fields, transport goods, and for sport and 
ceremonial purposes. The use of draft animal power for transport and ploughing is only 
common in the northern parts of Nigeria.

Common ABP include the following:
Blood: The slaughtering of animals requires the 
removal of as much blood as will result in the death of 
the animal. Most of the blood is wasted.

Horn and Hooves: They can be processed into  
glue to bind different materials. 

Ivory is the tusk of the elephant and its trade is 
controlled. 

Hides and Skins are the raw materials of the  leather 
industry.

Usually, only 45 to 50 per cent of the animal body is 
turned into edible meat; about 15 per cent is recognised as waste and the remaining 35 to 40 
per cent is animal by-product. Bones make up 17 per cent of the  live weight of cattle; the 
hide is 7 per cent; the blood is 3.5 per cent and the fat is 3 per cent. The  liver makes up 1 per 
cent while the heart is 0.35 per cent of the body. It is clear that the “inedible” portion of the  
live body weight is about 31 to 33 per cent. Regularly, manufactured products are developed 
in an attempt to increase the proportion of the body that is utilized. 

ABP and ACP may go through a process known as “rendering” to be made into fats and other 
materials that can be sold as raw materials for the manufacture of industrial products such 
as toothpaste, cosmetics, plywood, paint, polishes, glue, soap and ink (Table 1-1). The sale of 
ACP and ABP to manufacturing industries makes the animal products industry (API) more 
profitable. ABP and ACP Horns are the raw materials for the manufacturing of leather, soap, 
fertilizer, glue, pharmaceuticals, imitation ivory, shoe polish, buttons, perfume, and violin 
strings.

Originally, rendering meant the separation of fat from fatty animal tissues by cell rupture 

Figure 1-6. Horns and hooves are 
used to make glue
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    Figure 1-5. Beeswax is used to make candles
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through heat application. Rendering is now used to mean cooking and sterilization during 
the production of bone meal, blood meal, meat and bone meal, etc. 

There are two types of rendering. Wet rendering is used to produce edible fats that are used 
in the manufacture of human food. Dry rendering is used for inedible fats which are used in 
the manufacture of soap, fatty acids, glycerol, lubricants and animal feed. Titre tests have 
been developed to measure the temperature attained as a consequence of the heat of 
crystallization during the cooling of melted fatty acids that were extracted from the 

orendered fats. Inedible fats with a titre of 40 C and above are classified as Tallow, while those 
owith a titre of l ess than 40 C are called Grease.

Rendered animal by products are used in the production of pet food and fertilizer. Nigeria 
does not have a rendering industry nor a significant pet population and the use of manure as 
fertilizer is still  low. There is need to find the most economic use for l arge quantities of ABP, 
such as blood and rumen content, which currently mostly go to waste.

SELF ASSESSMENT EXERCISES 1.1
1. Give your understanding of the term 'Animal Products'.

2. Distinguish between animal products and by-products based on utilization.

3. Give examples of animal products and describe their importance

4. List 5 each of AP, ABP and ACP; rank them in order of economic importance.

Table 1-1.  Products of Rendering

Inedible Tallow

Greases

Meat Meal and Bone Meal

Meat Meal and Tankage

Dry Rendered Tankage

Feather Meal

Edible Tallow

Lard

Other inedible products

Fatty Acids, Soap, Feed, Lubricants

same as above

Feed

Feed, Fatty Acids

Feed

Feed

Food

Food

Manufacture of consumer products

Source: US National Renderers Association Bulletin No 823, Jul-Sept 2000.
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1.3. THE ANIMAL PRODUCTS INDUSTRY
In the previous sections, you l earnt about the terms 'animal products', 'animal by-products' 
and 'animal co-products'. In this section, you will l earn about the value chains of the major 
animal products (milk, eggs and meat) in Nigeria. These value chains involve production, 
transportation, processing, marketing and consumption. Can these activities be called an 
“industry”? A relevant definition is: an industry is the raising, producing, processing or 
manufacturing of products – consumer goods or producer goods.

The animal products industry (API) starts from the farm gate and ends in the markets, shops, 
family tables, institutions, other industries or waste treatment plants. These animal 
products have a high moisture content (>70%) which makes them deteriorate rapidly and 
makes their transportation expensive during distribution. Some of the animal products 
such as milk and eggs are seasonal being plentiful during the rains and scarce during the dry 
season; yet human needs for them are not seasonal. To address these issues, technologies 
have been developed for the appropriate handling of the animal products through 
preservation from deterioration, processing to reduce water and storage to maintain supply. 
All the technologies are to ensure product variety, quality and availability in adequate 
quantity all the year-round.

This section will help you identify the potentials and opportunities existing in the animal 
products industry.

The stakeholders of the Nigerian API cover a wide range: from farmers (of crop andl ivestock), 
livestock importers, handlers and traders, formal and informal financial institutions, 
butchers, processors and further processors of animal products, retailers, to food sale 
operators. In order to cater for the interests of all stakeholders, API is regulated in most 
countries by acts of parliament. An example is The Animal Products Act 1999, of New Zealand, 
which covers the production and processing of all animal products. In 2017, the Federal 
Government of Nigeria began the process of enacting a 'Meat Hygiene Act' to regulate the 
operations of abattoirs and slaughter slabs in the country. The process has not been 
completed. The only existing legislation that addresses the API is the Animal Disease 
Control Act, 1988. Relevant to API are Sections 2, 12 – 17 as well as the 7th to the 9th 
Schedules. 

SELF ASSESSMENT EXERCISES 1.2
1. What are the activities in the API value chain? 

2. Starting from the farm gate, list all the places where API ends. 

Slaughter houses
A slaughter house or abattoir is a facility where animals are killed for consumption as food.  
Slaughter houses have existed as long as there have been settlements too large for 
individuals to rear their own stock for personal consumption.
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The l argest slaughter house in the world is in Tar Heel, North Carolina, USA. It is capable of 
butchering over 32,000 pigs a day. Slaughtering animals on a  large scale poses significant 
logistical problems and public health requirements. In addition, some religions stipulate 
certain conditions for the slaughter of animals.

There has been criticism of the methods of transportation, preparation, herding, and killing 
within some slaughter houses, and in particular of the speed with which the slaughter is 
sometimes conducted. 

The standards and regulations governing slaughter houses vary considerably around the 
world. In many countries the slaughter of animals is regulated by custom and tradition 
rather than by l aw.  In the non-Western world, including the Arab world and the Indian sub-
continent, two forms of meat are available: one which is produced in modern mechanized 
slaughter houses, and the other from l ocal butcher shops. In Nigeria, virtually all meats come 
from the manual slaughter houses and slaughter slabs. Recently, mechanically operated 
slaughter houses have been developed in l arge urban centres, especially Lagos and Abuja. 

SELF ASSESSMENT EXERCISES 1.3
1. What is a slaughter house used for? 

2. What are the criticisms  levelled against some? 

3. What are the three factors that regulate the slaughter of animals?

The Nigerian API Components
The Animal Products Industry (API) takes off from where the l ivestock production industry 
stops, and is dependent on it. The value addition by API is however many times greater than 
the value of the  livestock resources.

Between 2014 and 2017, Nigeria imported N1.32 trillion worth of l ive animals which made up 

Figure 1.7. FAO Design for Medium-Sized Abattoir. 
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only 30 per cent of animals slaughtered. The total worth of animals slaughtered in these 
years comes to    4.4 trillion or   1.1 trillion per year. In 1997, imported cattle represented 
only 27% of total cattle slaughtered. Imports are from ECOWAS countries since cattle, sheep, 
goats and camels are traded in  livestock markets nationally and throughout the ECOWAS 
sub-continent. A 2018 survey showed that 38,000 cattle were transported from North to 
South of Nigeria within a week which, at a value of   150,000 per head, comes to   7.2 billion 
every week. In 2017 alone, import cost of meat was   2.49 billion while import of milk, 
yoghurt, cheese and other dairy products was N468.65 billion. 

 It is clear that the Nigerian API is a multi-trillion Naira industry. Table 1-1 shows that the 
API usually includes a l ot of allied industries in other countries. All the nine products from 
rendering (Table 1-1) are not available from the Nigerian API as slaughtering is still done 
under conditions which do not allow the full recovery of these products.

THE MEAT INDUSTRY
The meat industry comprises all processes concerned with the production and sale of meat. 
Meat sold in Nigeria comes mainly from cattle, chicken, pig, goat, sheep, and other micro-
livestock. Beef comes from cattle (raised extensively) that are dual-purpose and not of a 
specific type (dairy or beef). It is estimated that more than 2 million heads of cattle are 
slaughtered annually. Central slaughtering is l imited and not well organized, and significant 
numbers of animals are slaughtered in small, scattered slaughter slabs on a daily basis. 
Mechanical slaughtering and processing is almost non-existent (except in privately 
managed abattoirs) despite the availability of such facilities in some public abattoirs.                
The preference for manual slaughtering is probably due to the dominance of 
traditional/religious slaughtering which is thought to be difficult to adapt to mechanical 
slaughtering but which has been done in Halal slaughtering. 

Poultry are usually traded and slaughtered by the farms that produced them. Broilers are 
processed on-farm or by contract before dressed carcasses are sold to wholesalers, the fast 
food industry, institutions and supermarkets. Poultry are raised intensively by  large, 
medium and small farms. Large and medium farms supply frozen poultry meat directly or 
through contractors to institutions such as 
shopping malls, supermarkets, eateries, hotels, 
schools, etc. Small scale farmers supply  live 
birds to the l ocal market. Large scale farms may 
also have sale outlets for their products. 
Nevertheless, there is a large dilution of the  
local supply with frozen chicken and turkey 
meat smuggled into the country, which are sold 
in l ocal markets and small retail outlets. 

Pigs are produced in the Middle Belt and in the 
South of Nigeria although the first, and 
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probably still the l argest, commercial pig farm was established in Kano by Leventis Farms in 
the 1960s. Most pig farms are small to medium in size. Pork is sold fresh in l ocal markets or 
frozen in supermarkets. 

There are no quality grades for both  live animals and meat; purchase is by bargaining, and 
animals and meat are not sold by weight in most places. Poultry to a l arger extent is sold by 
weight more than other meats. Virtually all meats are sold and consumed fresh as there is 
very  little processing into smoked or dried meat and sausages.

THE MILK INDUSTRY
Fresh milk supply in Nigeria comes from three systems: The transhumance pastoralism (with 
herdsmen moving from place to place), collection and processing; government ranches, 
collection system and processing plants; and private sector ranches, collection and 
processing plants. The government and private sector systems are more organized than the 
pastoral system. 

Milk produced by cattle in the transhumance system is mainly for consumption by the 
herders' households and the excess is processed by the women into products such as nono 
(sour milk), kindirmo (thicker nono), maishanu 
(local butter), cuku (Fulani cheese) and wara 
(Yoruba cheese). The women take these products to 
markets and commercial transport transit points in 
the communities where they are settled or semi-
settled. In spite of the potentially high volume of 
milk obtainable from this source, most of it is 
wasted and not available for commercial 
application because of the lack of organization of 
milk collection and processing. There is little or no 
penetration of most of the traditional products 
into the urban markets where premium prices can 
be paid. Another problem is the lack of 
standardization of products, and concerns about 
safety and hygiene. 

Most of the milk and milk products obtainable in 
urban Nigeria are from commercial private 
companies. The milk products are made from 
imported powdered milk, which is reconstituted 
into a variety of products such as powdered milk, 
infant formula, evaporated milk, flavored milk, 
yoghurt, ice cream, butter and cheese. A few of these 
companies have cattle ranches where they produce 
and collect milk. Other companies do not have cattle 
ranches but just import powdered milk which they 

Figure 1-9. Traditional Milk Products

a.   Nono / Kindirmo
b.   Maishanu
c.   Cuku / Wara

a

b

c
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use for finished milk products for sale. These companies have well-established marketing 
channels and their products are sold mostly in urban markets.  

SELF ASSESSMENT EXERCISES 1.4
1. List the systems involved in milk production in Nigeria 

2. Mention the system with the greatest capacity to impact most significantly on 
dairy development in Nigeria.

THE EGG INDUSTRY
The egg industry in Nigeria comprises all the actors in egg production, distribution, and 
marketing. The egg processing sector is practically non-existent as only shell eggs are sold 
despite the fact that Nigeria is the top egg producer in Africa and 19th in the world.

Egg production in Nigeria ranges from industrial large-scale systems to small family 
holdings operating a scavenging system. The industrial systems are intensive with large 
numbers of  laying chickens raised in purpose-built hen houses where they are reared in 
cages or on the floor. Carefully formulated feed is supplied and eggs are collected 
mechanically or manually. The chickens reared are imported hybrids; but in the year 2000, 
this changed as the first breed developed in Nigeria (Shika Brown) was released. 

In 2019, a second breed (FUNAAB Alpha) was registered and released. Both breeds can be 
raised either for laying only or for dual purpose, and were performance-tested under the 
smallholder scavenging system between 2015 and 2019.

Local chickens are not used for commercial egg production. Between the industrial and the 
smallholder scavenging systems are small- to medium-scale systems where chickens are 
kept in the backyard in a semi-intensive system or on dedicated farms in an intensive 
system. These backyard systems use all available breeds;l ocal, improved l ocal or crosses and 
imported single purpose hybrids. 

Eggs are sold directly to the market or through middle-men or distributors that have their 
own marketing channels. Eggs are sold in the shell mostly in trays of 30 eggs each or in units, 
according to purchasing power. The processing of eggs into products such as l iquid, frozen, 
or powdered egg is just developing. Such products are still mostly imported by the industries 

Figure 1-10. The egg industry in Nigeria
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that require them. 

SELF ASSESSMENT EXERCISES 1.5
1. List four shortcomings of the egg industry that need improvement.

2. Name the registered poultry breeds that were developed in Nigeria.

CURRENT CHALLENGES FACING THE NIGERIAN API 
The main challenge is the virtual  lack of modern technology application within the 
industry. Activities are still carried out as they have been for the past 50 years or more. Very 
rudimentary utensils  like knives, axes and cutlasses are the main equipment. There is no 
sense of hygiene nor of biosecurity; animals to be slaughtered are raced to the slaughter 
slab and butchered without being given rest or humane treatment. There are no 
infrastructural amenities  like running 
water, electricity, waste management and 
drainage. The real challenge is to train 
and equip the actors in the API value 
chain and hold them responsible to 
uphold standard industry practices. 

The global API is contributing significant 
percentages to the gross domestic 
product (GDP) of countries that have 
invested in the sector. The Nigerian API 
must make the same investment in order 
to change the nature and orientation of 
the API from rudimentary,l ow-input, quasi-professional oligarchies into a cooperating value 
chain of actors that are trained, well-informed and professional in all their conduct and 
activities.

REVIEW QUESTIONS
1. Write a brief summary of the important elements of the milk industry in Nigeria.

2. Write a brief summary of the important elements of the meat industry in Nigeria.

3. Write a brief summary of the important elements of the egg industry in Nigeria.

4. What is the major challenge facing the Nigerian API?
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Figure 1-11. Completely manual operations in the 
Nigerian slaughter slabs.
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PRODUCTS OF DOMESTICATED 
FOOD ANIMALS

2.0. INTRODUCTION
omestication is the process by which humans take Dwild species and condition them to breed and 
survive under the care of humans. In all cases, 

domesticated animals serve some purpose for humans 
(food source, labour, companionship). The process of 
domestication results in physiological and genetic 
changes in the organisms over generat ions. 
Domestication differs from taming in that tamed animals 
are born in the wild while domesticated animals are bred 
under human care. The five main domesticated food 
animals in Nigeria are: cattle (large ruminant), sheep and 
goats (small ruminants), poultry and pigs. Each has its 
distinct value chain and supports the animal products 
industry. The  largest and most important domesticated 
animal is cattle with a huge traditional base that has been 
reluctant to introduce technology into production, 
reproduction, marketing and processing. There are some 
other domesticated ruminants (camel and donkey) and a 
herbivore (rabbit) that serve in providing food, draught 
power and other products for human use. In this unit you 
will  learn about the different products from the five main 
domesticated animals and two other domesticated 
ruminants and the herbivore that are used by humans for 
food.

U
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2.1 CATTLE PRODUCTS
The products obtainable from cattle include beef products, milk products, internal organs and 
inedible by-products.

2.1.1. Beef and beef products 
Beef prepared at home or in a restaurant is usually eaten boiled and stewed or boiled, fried 
and stewed. Outside the home and restaurant, beef is offered as fast food by the road side 
and relaxation spots usually as grilled or dry-processed meat. 'Kilishi' is a product made from 
beef cut into thin (0.5 cm) slices, rubbed with a mixture of spices and seasonings and then 
sun dried. The seasonings used for 2 kg of 'kilishi' are 52g salt, 8g red pepper, 1g black pepper, 
5g ginger, 1.5g cloves and 1.5g raw groundnut (Aduku and Olukosi, 2000). After sun drying, 
the product can be kept indefinitely without refrigeration if stored in a dry place. Beef is 
also processed into beef floss, called 'dambu nama'. 'Suya' or 'Tsire' is a grilled or heat-
processed product which can be made from beef although it is originally a mutton (sheep 
meat) product. Kilishi, dambu nama and suya (Figure 2-1) are eaten as a snack or as a meal 
when taken along with a carbohydrate food such as yam, sweet potato, plantain and 'gari' 
soaked in water. 'Tinko' is a hot-smoked beef product made from big cubes of meat (from 
cattle, horses and donkeys) that are boiled before smoking. They are so hard that they 
cannot be eaten directly but must be soaked or boiled in water before use even in soups. 
They were a principal way of trading meat between the far North and the South and provided 
meat for travellers on l ong  journeys across the desert and the savanna. 

Figure 2-1. Kilishi, danbu nama, tinko and suya (clock wise from top left)
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Other global beef products also available in Nigeria include: ground beef and cubed beef for 
stews. By-products from cattle that are eaten in Nigeria include: blood, brain, intestines (for 
soups and sausages), heart, kidney, liver, tail, pancreas, tongue, tripe (cleaned rumen and 
abomasum of cattle and sheep), head,  legs (cherished for the gelatinous “bokoto” obtained 
from its collagen).  

2.1.2. Milk and milk products
The pastoralists traditionally make from soured skimmed milk the following products: soft 
cottage cheese (called 'wara'), thick yoghurt (called 'kindirimo') or thin yoghurt (called 
'nono') and butter (called 'mai shanu'). Thin yoghurt is usually mixed with boiled millet dough 
to make a drink called 'fura de nono'.

Industrial milk products available to consumers in Nigeria are: pasteurized or sterilized whole 
milk, yoghurt, ice cream, cheese, butter, evaporated or condensed milk, milk powder (full 
cream, skimmed and filled). The average fat content in whole or full cream milk is 4%. 

Figure 2-2. Ground beef, beef cubes and 'bokoto' (left to right)

Figure 2-3. Industrial milk products – (a)whole milk, (b)yoghurt, (c)ice cream, 
(d)cheese, (e)butter, (f)powder.

a b c

d e f
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Health problems  like obesity and cardiovascular diseases have increased markedly and have 
been associated with consumption of animal fat. It is believed that dietary animal fat intake 
should be reduced or removed in the diet. There is considerable interest to reduce or replace 
the milk fat content. Skimmed milk is whole milk that has had all its milk fat removed. Filled 
milk is skimmed milk that has had its milk fat content replaced by plant fat.  

2.1.3. Cattle By-products
Ÿ Hides are processed into Leather, from which 

are made: Shoes, Wallets, Purses, Belts, 
Jackets/Coats, Travelling Bags, Footballs, 
Baseballs, Gloves, Cowboy Boots and Other 
leather goods. The use of hides for food, called 
“Ponmo” is significant and reduces quantity 
of hides available for making l eather. 

Ÿ Stomach and Intestines. The main use of 
rumen and abomasum (called ‘shaki’) and 
intestines of cattle in Nigeria is as food. These 
parts make up the 5th quarter and are a 
delicacy which are sold for higher prices than 
the beef. There is an opportunity to use these 
parts for making sausage casings on an 
industrial scale in abattoirs with much higher 
throughput. 

Ÿ Inedible Fats from cattle are used to make: 
Soaps, Animal Feeds, Industrial Oils, Lubricants, Leather Dressing, Candles, Fertilizer, 
Cosmetics (lipstick, face cream, hand cream). 

Ÿ Horns and Hooves are processed into glue, Napkin rings, Knife and Umbrella Handles, 

Figure 2-4. Cattle hide being processed 
into ponmo

Figure 2-5. Rumen and abomasum give 'shaki'

Figure 2-6. Inedible fat is used to manufacture soap
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Combs and Buttons.

Ÿ Blood is used as an ingredient in Livestock Feeds and is used in making Buttons and 
Shoe Polish.

Ÿ Bones and Cartilage are used for making: Bone China, Livestock Feed, Fertilizer, Glue, 
Crochet Needles, Dice, Knife handles, Buttons, Teething rings, Toothbrush Handles.

Ÿ Collagen is processed into Glue (used in the woodworking industry) and Gelatin. Gelatin is 
used in baking, ice cream making, in making capsules for medicine, coating for pills, 
photography films and culture for bacteria media. In Nigeria, however, cow  legs, from 
which most of the collagen is obtained, are eaten as a delicacy after moist cooking which 
turns the collagen into gelatin (‘bokoto’; Figure 2-2).

Ÿ Rumen Contents are used as Fertilizer and Animal Feed.

2.2. PRODUCTS OF SMALL RUMINANTS (SHEEP AND GOATS) 
Goats produce meat (chevon), milk (goat milk), skin (usually with hair on it) and manure. 
Sheep produce meat (mutton), skin (sheep skins, with and without hair depending on the 
purpose), manure, hooves & horns.

Chevon and goat meat products 
Goat meat is usually eaten boiled in various soups (e.g. pepper soup). The head is used for goat 
head pepper soup and is specially prepared as “isi ewu”, a delicacy among the Igbo people in 
south eastern Nigeria. Chevon is broiled on fire (barbecued with skin on) for 'asun', a delicacy 
among the people of Ondo town in south western Nigeria.

Figure 2-7. Napkin rings and crochet needles made from bones

Figure 2-8. 'Isi ewu' (left) and 'asun' are two traditional dishes made from chevon
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Mutton and sheep meat products 
Mutton is predominantly consumed in the northern part of Nigeria as fire-broiled or grilled 'suya' or 
'tsire'. It is also eaten boiled and fried in oil before being used in stews in the south western part of 
Nigeria. Its predominant period of consumption is during the Muslim feast of Ramadan.

The skins of sheep and goats are processed into l eather products, Manure is processed into fuel for 
cooking or is used as fertilizer while Hooves & Horns are processed into artisanal and industrial 
products.

2.3. POULTRY PRODUCTS
Poultry produce for human use: meat, eggs, manure and feathers; as well as special products from 
different poultry species.

Poultry meat 
Poultry meat is produced both from dual-purpose birds that produce meat and eggs and from 
single-purpose poultry that either broilers that produce meat or spent l ayers that are specialised 
in producing eggs. Meat from spent l ayers is preferred by many for use in the traditional way of 
cooking, especially because the meat is very “chewable” and flavourful especially if produced on 
the free range. Such a bird is cooked by boiling before stewing in a pot. Broilers, on the other hand 
should not be boiled before stewing as the meat tends to disintegrate when boiled until it is “well 
done”.

Chickens are the most common poultry species and chicken meat is the poultry meat of choice for 
most people. Chicken meat comes mostly from broiler chickens which have been genetically 
selected for fast growth and meat production. Chicken meat also comes from the carcasses of old 
or spent layers that are slaughtered after their full laying life at about 72 weeks of age.                       
After chicken meat comes turkey meat which is tasty and firmer than chicken meat but is also 
more costly than chicken meat on a weight basis. Guinea fowl meat ranks with turkey in order of 
preference by taste, after which comes duck meat. Ostrich and goose meat as well as pigeon and 
quail meat are well l iked but are not as readily available.

Slaughtering and Processing
Poultry slaughter plants are usually separated from the slaughter facilities for large animals.               
The slaughter process includes sticking, bleeding, scalding, defeathering, evisceration, chilling 
and packaging.

Primary processing of poultry in Nigeria is  limited to cutting up into body parts: wings, thighs, 
drumstick and breast. This can be sorted and packed separately for sale to different types of 
consumers. Fast food restaurants prepare chicken into ready to eat and composite meals.

Poultry eggs 
Guinea fowls and ducks l ay more eggs than chicken on an individual basis but are not as commonly 
eaten due to l ower supply. Processing of eggs can result in l iquid or dried eggs. Liquid eggs can be 

18 Animal Products Science and Enterprise



made from the whole egg, albumen, or yolk. The  liquid is frozen until used or dried. Bakeries 
are the most common users of frozen whole eggs and albumen. Mayonnaise and salad 
dressing use  large quantities of frozen salted yolks. Ice cream makers use sugared yolk while 

obaby foods use plain yolks. All  liquid eggs should be pasteurized at 60 C for 3-4 minutes to 
destroy Salmonella

To make dried eggs, the l iquid egg is put through a clarifier to remove any bits of shell. It is 
then screened to remove the chalazae and vitelline membranes. Pasteurization follows to 
control Salmonella infection and to preheat the liquid in order to obtain a low-moisture 
powder that will not show any scorching. The  liquid egg is then sprayed through fine nozzles 
into a chamber where it comes immediately into contact with a stream of air that has been 

opreheated to 120-150 C. This causes instantaneous evaporation of most of the moisture from 
the egg which falls to the floor as a fine powder with no more than 2% moisture.                          
The powdered eggs are usually packed in sealed containers with CO  to remove O  and to l ower 2 2

the pH so that keeping quality can be improved. Main uses of the egg powder are cake mixes 
and chocolate bars.  Egg powder is in high demand but capital outlay and egg supply 
requirements for an egg powder plant restrains its production in the country.

Figure 2-9. Poultry processing and cut up in fast food restaurant style 

Figure 2-10. Egg shell, white and yolk; mayonnaise made with egg yolk
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Poultry by-products 
There are three major by-products from poultry: Feathers, Offals and Litter or Manure.

Feathers 
Birds have three types of feathers: primary or quill feathers; secondary or down feathers and 
pin feathers. Pin feathers are black and needle-like and are difficult to remove during 
processing of the carcass. Down feathers are soft and usually of one colour; they are closer to 
the body than quill feathers. 

The down feathers of geese are highly valued for stuffing pillows and for insulation for winter 
coats. They can fetch a good price in l arge quantities; as much as N6,500 ($18) per kilogram on 
the world market. Primary feathers are the flight feathers. They are big and vary in colour. 
Some flight feathers are so beautiful that they have economic value for hats and other 
decorative uses. Both flight and down feathers of all poultry can be processed by hydrolysis 
during pressure cooking into feather meal which is fed to non-poultry as a source of protein. 
The occurrence of mad cow disease or bovine spongiform encephalopathy (BSE) may have 
restricted their use to fish feeding and fertilizer.

Offals
All the parts of the bird that are not included in the carcass: oesophagus, crop, proventriculus, 
gall bladder, pancreas, duodenum, small intestine, caecum, rectum, cloaca and head and feet 
make up the offals. These parts are rendered by cooking and drying into poultry offal meal 
which is a good source of protein for poultry and pigs and as a replacement for fish meal in the 
diet ofl ivestock.

Litter / Manure
The  litter from poultry houses is a valuable resource that can be fed dried or fermented to 
cattle, sheep, goats and pigs. This use has now been restricted since the advent of mad cow 
disease. It has been shown that poultry  litter can so increase the productivity of fish ponds 
that the whole enterprise becomes more profitable. Poultry manure or  litter is an excellent 
fertilizer for vegetable crops and rice. This is probably its best use now after the mad cow 
disease outbreak which has shown that animal tissues should not be used as feed for other 
animals especially close species. 

Figure 2-11. Primary, down and pin feathers
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2.4. PIG PRODUCTS
The pig is highly prolific and is a rapid supplier of meat to human settlements. The quality of 
the carcass affects the price of the live animal traded for slaughter. In Nigeria, only two 
carcass quality factors are important: backfat thickness and colour of the l ean muscle. These 
are affected by genetic and environmental factors. Slaughter weight is very important in 
determining the l ean to fat ratio in the carcass. The weights of l ean cuts are greater in heavier 
pigs but the percentage of the carcass that is lean cuts decreases because of the greater 
fatness (Sonaiya, 1982). 

Pork is the meat from pig. The colour of the lean pork varies with many factors.                             
Pigs slaughtered in the pens where they had been raised have higher meat colour scores than 
pigs slaughtered at the slaughter house. The stress of movement to slaughter affects the 
colour.

From the carcass, the following products can be obtained: fresh pork,  lard and skin. The pork is 
processed into pork cubes, ground pork, fresh, cooked or smoked sausages, bacon, canned, 
cooked or smoked ham. These processed products were developed for preservation, variety, 
flavour, l ower cost, to suit new markets and for better utility of the raw material. 

 Figure 2-12a. Backfat thickness measurement in pig carcass

Figure 2-12b. Colour of the lean muscle in pig carcass.
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The skin of pigs finds use in hospitals as a human skin replacer or cover after severe burns.          
The fat of pigs is  lard and is used in many confectionary products, industrial products and 
animal feed. Various organs from the pig carcass are used primarily as human food and also in 
organotherapy for different human ailments and as a source of chemicals for fashion and 
medical products.

2.5. DOMESTICATED ANIMALS PRODUCTS INDUSTRY

The domesticated animals products value chain is similar to all other value chains as shown in 
the figure below. However, the value chain is skewed and modified to accommodate the 
traditional production system. 

Livestock Markets
The input of genetics and feed into traditional animal production is minimal resulting in l ittle 
variation in the co-products and in the animals brought to slaughter. Estimating the number 
of trade animals is difficult as most transactions are not recorded. The number of cattle 
imported annually for slaughter has been estimated by GEMS (2012) at 7.5 million heads.              
The number of red meat  livestock slaughtered in Lagos daily in 2015 was 500 (182,500 per 
annum). Animals are moved through a number of markets from the pastoralists to terminal 
markets in this sequence:

Animal 
Product

Sources
Total Annual 
Production 
(MT, 2018)

Avg. Ann. 
Growth/Yr 

(%. 1969 - 2018)

Red Meat Cattle, Sheep , Goats, Pigs 1,450,000 2.79

Milk

White Meat

Eggs 3.72

Cattle, Sheep , Goats

All Poultry

All Poultry

537,159 

192,689

437,000

2.88

2.14

Table 2-1. Annual production and growth rate of domesticated 
animal products in Nigeria

DOMESTICATED ANIMAL PRODUCTS INDUSTRY

source: World Data Atlas, https://knoema.com > Agriculture

Domesticated Animals Products Value Chain

Input Production Trade Value 
Addition Markets 

Genetics
& Feed

Primary 
Production

Aggregation
+ Supply

Processing Distribution
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Livestock Producers' Households        Local Markets (where small and medium sized traders 
buy truck loads)        Regional Markets (where major traders with sufficient capital transport 
trailer loads to)          Terminal Markets. 

The main regional markets before the insurgency were in Sokoto, Kano, Maiduguri in the north-
west, north-central and north-east, respectively. The terminal markets are in Port Harcourt, 
Enugu, Lagos and Ibadan in the south-south, south-east and south-west, respectively.

There is no pricing system for  live animals based on age, fatness, conformation and weight. 
Rather a premium is paid for the number of bulls in good condition and their colour. There are 
no specialised trucks for transportation at every  level.

Primary processing
Slaughtering takes place in public abattoirs, local public slaughter slabs, households, during 
religious festivals and in private slaughter houses some of which are attached to cattle 
gardens. Meat wholesalers buy animals in the terminal markets and supervise their slaughter 
and quartering. They also sell the stomach and intestine which in cattle is called the “fifth 
quarter” because of its economic importance. The annual throughput of the fifth quarter has 
been estimated to be up to 900 million with an average rate of return of 38.5%!

Further processing
In the traditional system, primary processing mainly involves deboning carcasses which is 
done at the abattoir. The deboned carcass and the fifth quarter are further processed in small 
enterprises around the abattoir or slaughter slab into local products; and away from the 
vicinity of the abattoirs in medium enterprises into house branded products; and in large 
enterprises into consumer brand products.

Retail
The traditional open markets are the retail destination for 85 per cent of all red meats where 
all items including the fifth quarter are sold (Table 2-2). Other outlets include retail meat 
shops, retail supermarkets, institutions, fast food restaurants, hotels and à la carte 
restaurants. 

Retail Outlet Proportion of Sale

Open Markets

Meat Shops

Supermarkets

Institutions

Fast Foods Restaurants

Hotels

85 

3  
1

 
3

 
5

 3

 

Table 2-2. Proportion of sale of fresh meat among retail outlets in Nigeria

Proportions calculated from public figures redacted with figures from Euromonitor International, 2019
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The trade in red meats is primarily a same-day process of slaughter, retail, sale and fresh (non-
refrigerated) consumption. There is no product differentiation by carcass quality or cut 
quality. Price at the abattoir, slaughter slabs and open market is negotiated and weighing 
scales are scarce and rarely used.

Potentials and Challenges of the Red Meat industry in Nigeria
Total value and market share
It has been estimated that there are more than 50,000 meat wholesale/retail businesses 
with an annual turnover per business of N25 million, making up a total of N1,250 billion. Red 
meat prices have been increasing by 20 per cent per annum in the  last 20 years, against an 
inflation rate of 12 per cent. This indicates that demand exceeds supply. It is also estimated 
that while the whole red meat industry is worth N1.25 trillion up to the abattoir, the retail 
activities add� N0.25 trillion without adding the value of the fifth quarter which is 
estimated separately as worth N0.9 billion. Consumer demand for quality is resulting in the 
open market l osing market share to the other outlets such as meat shops, supermarkets and 
hotels, restaurants and institutions (HRI).

Formal and informal jobs
Formal employment is still very  low and full time equivalent (FTE) jobs in the red meat 
industry has been estimated at 750,000 nationally for the slaughter and retail operations. 

Challenges and Opportunities for Entrepreneurs
The traditional red meat value chain supplying same-day slaughter to fresh meat 
consumption is very cost-efficient because there is a l arge number of competing operators 
at every  level of the value chain. Nevertheless, there are challenges facing this red meat 
value chain. These include: insufficient supply of l ive animals to meet the market demand; 
very poor or non-existent quality standards of meat palatability, poor food safety and 
hygiene which make the traditional red meat value chain unsuitable for the growing food 
industry. 

Opportunities are thereby opened up for new investors and entrepreneurs to enter the red 
meat industry at the following l evels:

Slaughter operation: A 10 per cent premium price can be charged above the traditional red 
meat prices in order to improve food safety and hygiene, environmental conditions and 
packaging. Some small and medium investors as well as l arge scale supermarkets (Shoprite, 
SPAR, UAC, FoodCo, Ebeano, etc.) have entered this sector by taking orders online or offering 
standard high-quality display cases for red meat while using public slaughter facilities;

Further processing: Medium and  large-scale further processing facilities need access to 
safe raw meat which private abattoirs can provide. There is investment opportunity in 
private abattoirs, especially in Abuja and Lagos;
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Red Meat retail: This requires the ability to supply quality products all day long, which 
invariably means recourse to refrigeration and freezers. There is a demand for hygienically 
processed and packaged meat by corporate consumers for use in the production of sausages 
and meat pies by HRI, supermarkets, event planners and fast food eateries;

Business enablers: The constraints of poor supervision by competent authorities can be 
met by private practitioners of animal product sciences professions, either as employees or 
consultants. 

The business investment opportunities cut across the entire red meat value chains with 
backward integration in the areas of ranching, private abattoirs, meat delivery vans, cold 
rooms, meat shops, processing of  minced meat, bone meal, blood meal, hides and skins 
(leather), horns and hooves. Such investments will provide the following job opportunities: 
animal breeders, animal buyers, market intermediaries, animal drovers, cross-border animal 
handlers, herders who fatten animals in the vicinity of final markets, butchers, retailers, and 
traders in organs, bones and hides. 

Summary 
Products from domesticated animals are at the centre of the animal products industry 
(API). The economic significance of the API in Nigeria is much less because the entire 
carcass and most of the offal and by-products are eaten by humans. Most of the skins and 
hides are roasted and consumed as meat. Feathers of poultry and hairs of pigs, cattle and 
small ruminants are l eft to waste as no industry is utilizing them. A properly developed API 
supplies raw materials to the following industries:

1. The canning industry which receives meat

2. The l eather industry which receives hides and skins

3. The feed manufacturing industry which receives bone meal, meat meal, blood meal and 
fats as feed ingredients

4. The fertilizer industry which receives gastrointestinal content, bone, blood and manure

5. The pharmaceutical industry which receives glands for extraction of enzymes and 
hormones

6. The brush and carpet industry which receives hair, feathers and skins

7. The sausage and surgical suture industry which receives the intestines of animals.

In return, such a well-developed API will receive inputs from manufacturers of equipment 
for handling live animals and for primary and secondary processing. Fuel, transportation, 
water and power suppliers have substantial business with such an API.
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The API in Nigeria is mainly a domesticated food animal products industry. For every captured 
or harvested animal, there are 10 domesticated animals passing through the API. It is only the 
domesticated animals that can be obtained in the high volumes required to sustain the animal 
by-products industry which makes the whole API highly profitable.

BIG FIVE DOMESTICATED ANIMALS REVIEW QUESTIONS

1. What do you understand by the term domestication? Is it the same as taming?

2.  List 10 products derivable from cattle.

3. List 5 birds commonly referred to as poultry. What products are derivable from them?

4.  In Nigeria, the two quality factors important in evaluating the pig carcass 
are________?

2.6. PRODUCTS FROM OTHER DOMESTICATED RUMINANTS AND HERBIVORES
Apart from the five main domesticated animals that are primarily used for food, there are 
other ruminants and herbivores that are occasionally or in selected areas or circumstances 
used as food and also give non-food products that are used by humans. Some of these are 
large animals (camel, horse and donkey) which are primarily used for work or transport in 
human affairs. Some others are rather small (rabbit) and are treated more  like pets. These 
animals enter into the food  list of humans in various ways providing meat (all the animals 
listed), milk (camel) and skins (all the l isted animals). In addition, the l arge animals provide 
by-products (blood, bones and glands) that are used  like those of domestic ruminants and 
pigs. Other by-products are also obtained from these animals which make some contribution 
to the animal products industry in Nigeria.

2.6.1. Camel Products  

Meat
A camel carcass can provide a substantial amount of meat. The bull carcass can weigh 300 – 
400 kg while the cow carcass can weigh 250 - 350kg.   
The brisket, ribs and l oin are among the preferred parts, 
and the hump is considered a delicacy. Camel meat is 
reported to taste  like coarse beef, but meat from older 
camels can prove to be very tough, although camel meat 
becomes more tender the l onger it is cooked. The author 
saw a camel being slaughtered for meat at the Kaduna 
abattoir; it had to be on its knees for the slaughter to 
take place. Camel blood is also  consumable, drunk with 
milk to supply iron, vitamin D, salts, and minerals. Camel 
meat is an important source of income. 

Figure 2-13. Camel meat
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Milk
Camel milk is a staple food of desert nomad tribes and is sometimes considered a whole meal; 
a nomad can l ive on only camel milk for almost a month. 
Camel milk is rich in vitamins, minerals, proteins, and 
immunoglobulin. Compared to cow's milk, it is  lower in 
fat and lactose, and higher in potassium, iron, and 
vitamin C. Camel milk can readily be made into a 
drinkable yoghurt, as well as butter or cheese, though 
the yield for cheese tends to be l ow. 

Leather
Leather made from camel hide is usually soft, smooth 
and l ight.  The colour ranges from l ight brown, a colour 
actually called camel, to a deep chocolate brown.                
The l eather can be dyed into various colours. Camel l eather has a very strong smell which is 
not from the l eather itself but from the tanning process, the procedure that softens the raw 
hide into useable leather to make bags, jackets, wallets, 
camera cases, belts, and all sorts of products. In many 
places, e.g. Morocco and India, the leather is treated 
with camel urine, a substance that is readily available 
and, therefore, cheap to use. Some more expensive 
shops use a different tanning process, resulting in 
normal-smelling l eather. 

2.6.2. Donkey Products 
The donkey has been used as a working animal for at  
least 5000 years. It is used principally for draught work 
in transport or agriculture. After human labour, the 
donkey is the cheapest form of agricultural power. It may also be ridden, or used for 
threshing, raising water, milling and other work. Working donkeys are often associated with 
those l iving at or below subsistence l evels. Some cultures that prohibit women from working 
with bulls in agriculture do not extend this taboo to donkeys, allowing them to be used by 
both women and men. 

Donkey meat and milk
A few donkeys are milked or raised for meat. “Ponmo” can be produced from donkey hide by 
soaking and boiling the hide. There is an illegal trade in processed donkey meat into 
“Tinko”; illegal because there is a taboo on eating donkey meat in Nigeria.

Figure 2-14. Freshly drawn camel milk

Figure 2-15. Camel hide with hair
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2.6.3. Rabbit Products
The rabbit provides meat for the table, pelts (skin) for clothing, upholstery, bags, and decor 
materials and manure which can be anaerobically digested to generate methane gas. The 
digestor tank for the manure in the process of generating methane also produces ready-to-
use compost, excess tank  liquid in which algae can be grown, and ‘enriched’ water for the 
vegetable garden.

Some co-products can be obtained from the rabbit while it is still alive. They include: 

• Brain of the rabbit which is “borrowed” and  lapinized for the production of animal 
vaccines

• Manure and Urine. From these are produced methane gas and l iquid fertilizer. They are 
both used as a medium for growing chlorella algae, are utilized as ready-to-use compost, 
or converted into direct fertilizer by a process of treating the manure with earthworms 
and gypsum.

Slaughtering produces different products as in the five domesticated animals. From the 
dressed carcass, meat is obtained which can be used fresh or cured. The head and entrails 
(intestines, etc.) are used in manufacturing animal and dog food as well asl ivestock feed and 
fertilizer. From the skin are made tanned pelts for clothing and gloves, beddings, furniture, 
upholstery, single piece décor, foot wear and bags, toys and trinkets; or leather used in 
furniture and upholstery, bags and foot wear; or loose wool pulled from the skin which are 
used for stuffing pillows or spun into wool thread. The paws and tails are used for making key 
chains and trinkets. Usually the paws and tails are treated in formalin and dried.

Meat
Rabbit meat can be sold to hotels, restaurants and 
institutions (HRI), supermarkets and in the open market. 
Some supermarkets sell frozen rabbit meat and some 
have begun selling fresh rabbit meat alongside other 
types of game. 

Rabbit meat is a source of high-quality protein. It can be 
used in most ways chicken meat is used. The author 
served rabbit meat to people in the late 1970s who 
accepted the meat and thought it was chicken meat. 
Rabbit meat is leaner than beef, pork, and chicken meat 
but has a deficiency of essential fatty acids. 
Supermarkets classify rabbit carcasses into two. Fryer is a young rabbit between 2 and 2.2 kg 
and up to 9 weeks in age. This type of meat is tender and fine grained. Roaster is usually over 
2.2 kg and up to 32 weeks in age. The flesh is firm and coarse grained and less tender than a 
fryer. Then there are giblets (offal) which include thel iver and heart. One of the most common 
breeds of rabbit reared for meat in Nigeria is the New Zealand White.

Figure 2-16. Rabbit carcass
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Pelt, Wool and Manure
Rabbit skins are processed into pelts which are trimmed after tanning and sold as single 
pieces or cut into novelty articles. Rabbit pelts are prized for their softness. In Nigeria, the 
pelts are used for making hats (the type worn by and named after Maitama Sule). Pelts can be 
dehaired and processed into soft  leather for bags, or shoes. The shed wool is cleaned and 
dried for stuffing pillows or mattresses or spun into wool thread. 

Rabbits are very good producers of manure; additionally, their urine, being high in nitrogen, 
makes lemon trees very productive. There are several alternatives to the use of rabbit 
manure: 

1.  As a base for earthworms to build their casts. Gypsum sprinkled on them once a week will 
neutralise the odour and tie up the Nitrogen in the manure which would otherwise 
escape into the air. This will produce a richer fertilizer. 

2.  As raw materials for a methane gas digestor tank. If a shallow pond is constructed 
adjacent to the methane tank, chlorella, a green alga, can grow on excess digestor tank 
liquid. The chlorella, after sieving and air-drying, provides a 60% CP feed for rabbits. 
With this the cost of concentrates can be reduced by more than 50%. A second smaller 
but deeper pond into which further excess water can flow, will conserve nutrient-rich 
water for watering and fertilizing pastures and grain and vegetable gardens. 

3. The decomposed solid matter inside the gas tank, when removed, is ready-to-use 
compost for the garden. Since it has already decomposed, this fertilizer will not harm the 
plants or cause nitrogen-starvation which is a problem with fresh manure.

2.6.4. Challenges and Opportunities 
The opportunities and challenges of the products from these other domesticated animals is 
the same as for the big five. Sourcing may require backward integration and slaughtering in 
hygienic abattoirs or slaughter slabs will recruit a l ot more consumers since these are really 
delicacies. High standards of safety and hygiene will result in proper packaging and retail 
procedure involving sale by weight and proper pricing. This is an opportunity for those with 
little capital as the animals are micro-livestock and require l ow capital investment.

Figure 2-17. Rabbit pelt with wool Figure 2-18. Rabbit manure
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OTHER DOMESTICATED ANIMALS REVIEW QUESTIONS
1.  What are the unique properties of camel milk and camel wool?
2.  Would you classify donkeys as meat or draught animals? Why?
3. What are the most important rabbit co-products?
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MARKET ANIMAL EVALUATION

3.0. INTRODUCTION
n unit 1, we discussed products we get from Ianimals. Obtaining such products as meat, milk and 
eggs will not be possible if the animals are not in 

the proper physiological state to produce. Reaching the 
proper state is determined by the process of growth. 
Animal production is entirely dependent upon the 
growth process and an understanding of animal growth 
and development is needed to properly evaluate the 
body composition of the mature animals and the 
products obtainable from them. A basic review of animal 
growth and development will help you to understand 
the parameters and methods for evaluating the body 
composition of l ive animals (judging) offered for sale as 
well as the composition of the carcass (grading) after 
slaughter.

3.1. ANIMAL GROWTH AND DEVELOPMENT

Definition of Growth

I. Growth can be defined as:
(a) the increase in weight of an animal or any part of it 
as it approaches mature size; or as 

(b) the normal process of increase in size produced by 
accretion of tissues similar in constitution to that of 
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the original tissue or organ (Figure 3-1).

The increase in size is accomplished by:

Ÿ  Hypertrophy – enlargement of existing cells 
(increase in the size of cells)

Ÿ  Hyperplasia – multiplication of cells 
(increase in the number of cells)

Ÿ  Accretion – increase in non-cellular 
structural material. 

It is important in market animals to distinguish 
between TRUE growth which is increase in 
structural tissues (muscle, bone and vital organs) 
and FATTENING which is the increase in adipose 
tissue (a storage depot for fat).

II.  Development is: 
(a) the gradual progression from a l ower to a higher stage of complexity accompanied by a 
gradual expansion in size; or

(b) the sum of growth and differentiation.

Ÿ Differentiation is the process by which cells and organs acquire completely individual 
characteristics. Though all cells of the animal body have the same origin and basic 
structure, differentiation is what allows cells to adapt to and perform the unique 
functions of the organ they are a part of (Figure 3-2). This is why brain cells and  liver 
cells are completely different in function though they basically have the same 

composition. Differentiation involves:

Ÿ Morphogenesis – the organization of 
various dividing cells into specific organs;

Ÿ Maturation – the process of becoming fully 
developed; 

Ÿ Senescence – when individual tissues and 
organs are no longer maintained in their 

mature form but begin to degenerate 
without complete replacement or repair 
(Forrest et al., 2001)

FACTORS INFLUENCING POST-WEANING 
GROWTH AND DEVELOPMENT 

The rate of growth is variable among 
animals of the same species and is 

Figure 3-1. Changes in the cell that produce 
growth.

Figure 3-2. Changes in the cell that result 
                     in development
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influenced by factors such as  level of nutrition, breed, sex, environment and health. These 
can be grouped under endogenous and exogenous factors.

A. Endogenous Factors

1. Genetics (Breed): The potential limits of growth for an animal are set by hormonal 
relationships which are under genetic control. For example (Figure 3-3), cattle raised for 
meat (beef cattle) have a higher muscle to bone ratio than cattle raised for milk (dairy 
cattle). The realization of this potential however depends upon the environment (especially 
nutrition) and its interaction with the genotype. 

2.  Hormones: Multiplication of cells which brings about protein synthesis and hence muscle 
growth is mainly controlled by the pituitary growth hormone (somatotropin) which is 

secreted by the acidophilic cells of the anterior  lobe of the pituitary. Somatotropin 
hormone (STH), causes new bone formation in the l ong bones and affects retention rate of 
ingested nitrogen thus controlling the formation of the protein-containing tissues of the 
body. It achieves these effects by making cell walls permeable to amino acids by activating 
the enzyme system of the microsomes to form protein typical of the tissues to which they 
belong. These effects occur at a rate proportional to the amount of somatotropin available. 
It is the availability that is under genetic control being more available in faster growing 
breeds (Table 3-1). Availability declines as the animal approaches physical maturity.

3. Sex: Sex influences carcass composition because males grow bigger and use feed more 

Figure 3-3. Beef cattle (left) and dairy cattle (right)

280 daysBeef Cattle

Slaughter age
(post-natal)

Total age
(from 

conception)

Ratio of 
pre-natal 
/ Total age

Gestation 
length 

(pre-natal)

Total age
(from

conception)

540 days 820 days 0.34

Ewe (sheep) 150 days 450 days 600 days 0.25

Sow (pig) 112 days 180 days 292 days 0.38

Broiler
Chicken 22 days  56 days 78 days 0.28

Dual Purpose
Chicken

22 days  84 (140) days  106 (162)days 0.21(0.12)

Table 3-1. Days to physical maturity of different meat animals
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efficiently than female or castrates (animals whose sex organs have been removed, either 
male or female). Steroid Sex Hormones – androgens (testes, ovaries and adrenal cortex); 
estrogen (ovaries, testes, placenta and adrenal cortex); progesterone (corpus luteum, 
placenta) are all concerned with growth and mediate the effect of sex on growth rate of an 
animal. Androgens promote while estrogens depress growth. Somatomedins are produced 
in thel iver and muscle; they are STH-dependent polypeptides with insulin-like properties. 
They increase: (i) the transportation of glucose, (ii) the uptake and incorporation of amino 
acids, (iii) DNA synthesis and (iv) collagen synthesis. Insulin increases synthesis by acting 
at the l evel of the peptide chain.

B. Exogenous Factors

1.  Nutrition – Animals given a l ow l evel or plane of nutrition at the early stages of l ife and 
switched to a higher plane at  later stages have higher proportions of fat to muscle at 
maturity than those with a higher plane first and switched to a l ower plane subsequently.

The rate of growth of the body and its tissue development is principally determined by the 
partition of feed energy between: 

(i) the maintenance of body function, 

(ii) the synthesis of vital organs and structural tissues, and 

(iii) the storage of energy in adipose tissue. 

The order of priority is: Vital organs (nervous, circulatory, digestive and excretory) > bone > 
muscle > fat . During pregnancy, the fetus holds a priority equal to the mother's vital organs.

2. Health: Various diseases affect the physiological state of animals and unhealthy animals 
will not grow well. The commonest indication of a disease state is anorexia (loss of appetite) 
which l eads to weight l oss.

3. Environmental Temperature: Animals perform satisfactorily within an ideal temperature 
o orange of 15 C – 25 C.  A l ower temperature (outside the ideal) does not affect an animal or its 

growth as much as a higher temperature because a very high temperature discourages the 
animal from eating which also l eads to weight l oss.

Live body weight is an important indicator of the growth and development as well as of the 
production atmosphere of an animal. Animals taken to market must, therefore, be weighed.

REVIEW QUESTIONS ON GROWTH AND DEVELOPMENT
1.  Distinguish between growth and development.

2.  Give your opinion on the statement, 'an increase in size from 4 kg to 8 kg of the shoulder 
muscle of a goat is growth, not development'.

3.  Discuss the factors affecting post-weaning growth.
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3.2. EVALUATION OF ANIMAL BODY COMPOSITION
The animal body is composed mainly of muscle, fat, bone and water, which could be 
chemically summarized as protein, fat, minerals (ash) and water, respectively. However, the 
most important body tissues are muscle and fat, and bone to a lesser extent. Water is a 
variable component and it bears an inverse relationship to fat in the body or carcass of 
animals (i.e the higher the water content the  lower the fat and vice versa). Meat is pure 
muscle tissue with some connective tissue as well as inter- and intra- muscular fat, which 
determines the quality of meat. It is the estimation (visually, physically or chemically) of the 
proportions of muscle, fat and bone that comprises evaluation of animal body composition 
(Figure 3-4). This evaluation can be performed on the l ive animal as well as on the carcass 
after slaughter. Evaluation of the body composition of the l ive animal is called judging and 
that of the carcass is called grading. 

There are three basic reasons for evaluating body composition:

Ÿ To establish a good herd of animals

Ÿ To aid in trading/selling animals

Ÿ To be able to determine the value of animals for breeding, processing and marketing 
of products.

3.2.1 Live Animal Evaluation (Judging)
Whether establishing or maintaining a herd,  livestock producers must constantly appraise or 
evaluate animals and successful livestock operation requires good judgement of  livestock. 
With a view to obtaining the best animal products, l ivestock evaluation is based on the carcass 
the l ive animals will produce. Therefore, carcass evaluation principles are applied to l ivestock. 
The objective is to arrive at the individual merit of a particular animal for a particular purpose; 
e.g. Beef breeds are very different from Dairy breeds. The actual evaluation or judging is based 
on the knowledge of the parts of an animal (Figure 3-5) and of those parts that are of major 
importance, i.e. what comparative weight to give to the different parts. A clearly defined ideal 
or standard of perfection must be borne in mind.
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Figure 3-4.   Animal body tissues in relation with age
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Figure 3-5. The parts of the body of cattle and pig used in judging of the live animals

Judging involves

(i)  observing at a distance and securing a panoramic view where several animals are 
involved, 

(ii)  using close inspection (and handling), and 

(iii) moving the animal to observe action. 

It is important to view the animal from all directions – side view, rear view, front view, thus 
avoiding overlooking anything and making it easier to retain the observations that are 
made.

These actions are performed in order to be able to make a quantity or quality assessment. 
Quantity assessment is concerned with estimating the relative quantities of tissue (muscle, 
fat and bone), while quality assessment involves estimation of the quality of meat or muscle 
from an animal. For example, the quantity of muscling is determined by considering the 
thickness of the fore- and hind-legs, which are parts of the animal with the least fat 
deposition. More so, fatness is best assessed where most fat is deposited such as the back, 
hips and ribs.

Quality is assessed based on an estimation of the maturity of the animal. The more mature 
the animal, the l ower the quality of meat from it (because as animals get older, the meat gets 
tougher). Maturity is estimated based on the following criteria:

1. Size of the body

2. Width of the muzzle which reflects differences in the number of small, temporary teeth



and of the l arger, permanent teeth. The approximate age of cattle, sheep and goat can be 
determined by noting the time of appearance and the degree of wear of the temporary 
and permanent teeth. The temporary or milk teeth are distinguished from the permanent 
ones by their small size and whiter colour.

3. The  length of the tail hairs: in young animals that hair on the tail has not had time to 
grow l ong

4. General symmetry and smoothness of outline: Since as animals advance in maturity, they 
frequently develop more prominent hips and become irregular in contour

5. The size of the horns, in horned animals, or of the tusk in pigs

To accurately judge the proportion of lean (meat without fat), fat and bone involves 
consideration of width (thickness) and depth in relation to skeletal size (length and 
height). Thickness of muscles in relation to skeletal size tends to develop uniformly in all 
parts of the animal while fat is deposited at a faster rate on some parts than others. 
Therefore, muscling can best be appraised in parts in which the  least fat is deposited, e.g. 
hams in pig, round and fore-shank in beef and the  leg in sheep and goats. Fatness is best 
appraised in parts on which fat is most rapidly deposited, e.g. back, loin, rump, hips, ribs, 
briskets, fore- and rear flanks in cattle and sheep; and the jowl in pigs. In fat animals, these 
parts will appear fuller, thicker and more distended than other parts.

Animals which are wide, thick and plump in relation to their height and  length will have a 
lower proportion of bone in relation to  lean and fat. Thinly muscled animals with  little fat 
have greater width of the back than the width through the centre of the rear quarter; and the 
back on either side of the backbone will appear sloping or even sunken (they appear bony). 
Thickly muscled,  low fat animals have greater rear thickness than back thickness and the 
back is full and bulging. Very fat animals are wider in the back and belly than in the rear 
quarter and shoulder; and there is a greater difference in thinly muscled animals which may 
be nearly flat across the top of the back and loin while thickly muscled animals will be 
curvaceous (Figure 3-6). Body depth increases with fatness due to fat deposits in briskets, 
flanks and around the midline. 

3.2.2.  Animal Carcass Evaluation (Grading) 
The evaluation of carcass is divided into quality and quantity. Grading is a procedure by 
which carcasses are classified on the basis of their expected palatability and yield. A correct 
assessment helps in determining the value or suitability for processing into different 
products. For example, some meat products require lean meat without adhering fat or 
connective tissue, while others have a higher fat and/or connective tissue components. 
Therefore, grading allocates products into groups, which are rated high or l ow depending on 
the processing and the form of the finished product required.
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Figure 3-6. Estimating the relative quantities of muscle and fat from the back view.
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MEAT QUALITY 
Carcass quality attributes considered to be of value are Maturity, Marbling or fatness, Colour 
of the meat (lean and fat), Texture of the l ean (meat without fat), and Firmness of the meat 
(lean and fat). 

Maturity 
Maturity is mostly related to meat tenderness. Generally, meat from a physiologically mature 
animal is l ess tender than meat from an immature animal. Useful indicators of maturity are:

Ÿ Bone and cartilage: the less the cartilage covering the end of bones the more the 
maturity because cartilage is more abundant in the young animal;

Ÿ Colour of meat: the darker the meat the more the maturity because the concentration of 
myoglobin (muscle pigment that carries or stores oxygen) increases with maturity;

Ÿ Texture of meat: the coarser the meat the more the maturity because the size of the 
muscle fibre bundles increases with maturity.

Marbling
Another indicator of quality other than maturity is marbling. Marbling is visible 
intramuscular fat between muscle bundles appearing as white streaks on the surface of the 
cut muscle (Figure 3-7). Marbling is considered to contribute to the tenderness and 
juiciness of meat. Therefore, as marbling increases, the higher the quality of meat. 



Colour and Texture of the Meat 
Colour and structure of meat may also affect quality grading. Dark colour supposes  low 
quality but if the meat is dark, firm and dry (DFD), then it is regarded as  low in quality. 
Conversely, if the meat is pale, soft and exudative (PSE), it is also regarded as l ow in quality. 
These conditions may result from improperly slaughtered animals or careless handling of the 
carcass post-slaughter as you will l earn in l ater units.

In poultry, protruding pin feathers, tears, exposed flesh, missing skin, broken or disjointed 
bones, skin discolorations, bruises, and defects from freezer storage downgrade the 
carcass.

3.3. MEAT QUALITY AND THE NIGERIAN CONSUMER
Meat on the table is the ultimate objective in producing food animals; it is the end product of 
all breeding, feeding, health care, management and marketing. Knowledge of consumer 
preferences is of value in selecting animals and in determining livestock management 
policies. Rapid urbanization and the shift from manual  labour to desk (office) work has 
lowered consumer requirement for calories (fat) and encouraged consumption of more muscle 
(protein), exerting a powerful influence upon consumer demand for quality meat.

Meat quality is “that for which the consumer is consistently prepared to pay the most” 
(Hammond, 1952) or “that combination of physical, structural and chemical characteristics 
which results in maximum desirability in appearance and eatability” (Pearson (1960). In 
Nigeria, consumer demand is split into “lowest price for l argest quantity” and “highest price 
for highest quality.” Meat quality may be summarized into four characteristics:

1. Palatability. This is determined by tenderness, texture, juiciness and flavor.

2. Attractiveness. The colour of the  lean muscle, the degree of fatness and freedom from 
excessive fascia determine appeal to buyers.

3. Leanness. Most high income consumers discriminate against too much fat, especially 
when it must be trimmed heavily.

Figure 3-7. Marbling reflected in the USDA beef quality grades
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4. Convenience or ease of preparation. As more married couples have both spouses working 
outside the home, they desire that food purchases be l argely prepared for immediate 
cooking because their kitchen time is l imited. For instance, hardly anyone cooking at 
home wants meat with bone in it.

The best quality meat for the urban consumer is one that has been trimmed, deboned, 
packaged and refrigerated or frozen to make it easier to sell at a supermarket.

There are four classes of the urban consumers (Figure 3-8): 

1.  the general consumer (eating at cheap restaurants)

2.  the consumer cooking at home (Home), 

3.  the hotel, restaurant and institutions (HRI), and 

4.  the food processing industry. 

The general consumer favours size at  lower prices, coarser texture and intense flavour 
(explains the wide popularity of goat buck meat). Home consumers place emphasis on the 
absence of fat but also l ook for palatability. For example, some traditional home consumers 
favour meat from the hump of zebu cattle which contains an appreciable amount of fat but is 
extremely juicy. The HRI trade is concerned more with tenderness as shown by the high 
prices hotels pay for the tenderloin (Psoas major muscle). The interest of the meat 
processors revolves around the degree of  leanness, which means muscle per se and they 
prefer to pay for carcasses on the basis of the total amount of muscle content.

3.3.1. Carcass Classification and Grading
The Nigerian animal products industry exhibits great variability among animals in terms of 
breeds, feeding and systems of management. Every animal on its journey from range to plate 
has to be slaughtered and for a brief moment remains in the slaughter area as a carcass.               
If the carcass produced can be described in a way everyone can understand, that brings some 
order into the variability and assists in improving operating and marketing efficiency.

Convenience 
(Leanness,  

Higher water 
holding 

capacity)

Palatability 
(Texture, 
Flavour)

Attractiveness 
and Palatability
(Colour of lean & 
fat, juiciness)

Palatability and 
Leanness 
(Tenderness, 
Juiciness, 
Texture, 
Flavour)

General Home

HRI Processor

Figure 3-8. Classes of urban consumers and the meat qualities they desire
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Classification makes trading easier. It enables the requirements of retailers to be 
communicated clearly to wholesalers and producers. In this manner, it stimulates 
production of better carcasses. Classification helps the retailer to describe carcass 
requirements precisely, compare the products and prices of different suppliers, and order 
with an assurance of desired quality and to improve cutting and costing. Grading allocates 
products into groups, which are rated high or l ow depending on the processing and the form 
of the finished product required.  Grading is very important in meat markets where the 
consumers are discriminating or demand a range of qualities for the same product. Certain 
carcass characteristics have been found to be significant predictors of meat quality and 
carcass value is essential for success in selection and breeding programs, livestock 
production and the meat processing industry.

Classification describes carcasses in unambiguous, quantifiable terms without attaching 
economic values to the classes. Grading attributes a value to carcasses on the basis of 
consumer demands and preferences. In all countries, grading and classification have greatly 
facilitated the marketing process by providing common terminology for market news 
reporting, for specifying purchases and as value guides to the ultimate consumers of the 
products. The l ive animal and carcass grading system in Great Britain provides information 
on carcass weight, fatness and conformation. The United States Department of Agriculture 
(USDA) has a range of grades for assessing the palatability and yield of carcasses such as 
USDA Prime, USDA Choice, USDA Good, USDA Yield Grade 1 etc. The US quality grades for meat 
(Prime, Choice, Good) are based on the quality of the meat and the quantity of trimmed 
boneless meat obtainable.

3.3.2. Proposed Nigerian Beef Classification 
In Nigeria, meat quality preferences vary with consumer classes, cooking methods and 
habits. Therefore, a national beef classification scheme was proposed (Sonaiya, 1982) as 
more feasible at the initial stages than carcass grading. Once the national classification 
scheme is well established, it can be used to define grades. The main aim of the proposed 
national classification scheme (Figure 3-9) is to improve the communication of the 
requirements of consumers back to those who produce l ive animals to be able to clarify their 
short-term marketing and l ong-term production decisions. 
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Beef Carcass Evaluation Service. Central to the national beef classification scheme is the 
beef carcass evaluation service. This service should be provided in cooperation with cattle 
producers, agricultural banks, cooperative societies, state and federal ministries of 
agriculture and animal resources and consumer associations. It is recommended that the 
Federal Department of Animal Husbandry Services (FDAHS) provide  leadership for this 
service by conducting a nation-wide consumer survey, developing requisite grades, training 
graders who could also be meat inspectors already on the field and creating a hierarchical 
data bank which should receive inflow of data from FMARD state field offices. The Service 
should provide carcass data to cattle breeders, producers, marketers, researchers and 
consumers. The specific parameters to be used must include carcass weight, skeletal 
maturity and body fat. To imprint the grades on the beef industry, a system of premiums to 
be paid to cattle producers should be based on the new grades which require certification of 
cattle for qualifying standards which are derived from carcass parameters of weight, 
maturity and fatness. A major qualifying standard is wholesomeness, to be determined by 
slaughter facility accreditation, pre-mortem and post-mortem inspections and access to 
refrigeration. Only carcasses that pass these inspections can be evaluated. 

The Role of Government. The role of government is crucial in establishing the Beef Carcass 
Evaluation Scheme. Some of the possible roles include: 

Ÿ To guarantee minimum prices for each grade - a kind of product price support which 
is preferred to input price support; 

Ÿ To direct that all beef supplied to federal and state government institutions (hotels, 
schools, military and police barracks, prisons, hospitals, etc.) must be graded and to 

NATIONAL BEEF CARCASS DATA & EVALUATION SERVICE

MDAs Researchers

National 
Professional
Associations

International
Trade

Organizations

Breeders Producers Marketers Consumers 

SERVICES, ROLES AND POLICIES TO ASSURE CARCASS AND MEAT QUALITY

Carcass Classification
Carcass Grading
System of Premiums
Stipulation of Graded Beef
Livestock and Carcass Judging Contests

National Beef Data and Evaluation Service Meat Quality and Handling Study Group

Design Guidelines for Slaughter Facilities
Meat Inspection
Training for Meat Tradesmen
Short Courses for HRI workers
Research & Extension in Meats

Figure 3-9. Structure of the proposed National Beef Carcass Classification Scheme
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specify grades to supply. This should have a ripple effect that will end with the producers 
of  live cattle; 

Ÿ To include and encourage l ivestock and carcass judging contest (based on the new 
grades) at the annual state and national agricultural shows and the various state 
agricultural and trade fairs; 

Ÿ To ensure that short courses are organized by universities, agricultural colleges, 
polytechnics and research institutes for butchers, meat retailers,  livestock 
producers associations and HRI personnel on wholesomeness and classification of 
carcasses.

REVIEW QUESTIONS ON ANIMAL BODY EVALUATION
1.  List the three categories of the physico-chemical body evaluation methods. 

2.  Write the basic reasons for evaluating the body composition of animals.

3.  What body composition evaluation methods can be used on  live animals; on 
carcasses; and on live animals and carcasses?

4.  What parameters of the carcass form the basis of the proposed national beef carcass 
evaluation scheme?
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4.0.  INTRODUCTION

Chapter contents 
o obtain meat, animals have to be Tslaughtered, flayed and deboned. These are 
the first steps in the meat value chain; and 

they are vitally important as they dictate what 
comes afterwards in the value chain. This unit 
focuses on the primary process for converting l ive 
animals to meat. 

The slaughter process differs by species and is 
controlled by civil as well as religious l aws, such as 
Halal  laws. A typical slaughter process is as 
follows:

1.   The animals to be slaughtered (cattle,

      sheep, goats, pigs, poultry) arrive on a

      truck from a l ivestock market. 

2.  Place animals in holding yard (lairage) for 
ante-mortem inspection (Figure 4-1).

3. Stunning animals is by the use of a captive bolt 
pistol to the front of the head or by applying an 
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electric shock of 300 volts and 2 amps to 
the back of the head, or by stunning gasl ike 
carbon dioxide. The stunning step is 
usually omitted in Nigeria for cattle, sheep 
and goats as it is prohibited under strict 
application of Halal codes. 

4. Hang the stunned animals upside down by 
one or both of their hind legs and place 
them on the processing  line. This can be 
done only in properly designed and 
equipped slaughter houses and is missing 
in all the slaughter slabs.

5.  Sever the carotid artery and jugular vein 
with a knife (Figure 4-3). The blood drains 
from the body, causing death through 
exsanguination.

6. Remove the head and feet.

7. Remove the hide/skin (Figure 4-4), hair or 
feathers. In most slaughter houses and 
slabs in Nigeria, hides and skins are 
removed by  laying the carcass on a floor 
and skinning with a knife. This is called 
“flaying”. For pigs and poultry, scalding 
with hot water precedes hair or feather 
removal by a machine.

Figure 4-1. Lairage: A Holding Yard for 
animals to be slaughtered.

Figure 4-2. Stunned animal hoisted on 
the railing to allow proper bleeding

Figure 4-3. Exsanguination and Flaying during slaughter on the floor
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8.  Remove internal organs and inspect them 
for parasites and signs of disease (Figure 
4-5). Separate the stomach and intestines 
(the viscera) from the heart ,  liver and 
lungs for inspection. Remove tongue and 
horns from the head of cattle, sheep and 
goats, and send the head for inspection of 
the  lymph nodes for signs of systemic 
disease.

9. A government inspector inspects the 

carcass for safety. (Figure 4-5). (This inspection is to be performed by a qualified 
Veterinarian according to the Meat Act.)

10. Reduce  levels of bacteria using interventions such as steam, hot water, and organic 
acids. This step is l argely omitted in Nigeria due to a l ack of facilities.

11. Carcasses of cattle and sheep may be 
electrically stimulated or mechanically 
tensioned to improve meat tenderness 
(Sonaiya and Stouffer, 1982; Sonaiya, 
Stouffer and Beermann, 1982). These 
options are not yet in use in Nigeria.

o12. Hold carcass at 5 C to prevent the growth 
of microorganisms and to reduce meat 
deterioration while the carcass awaits 
distribution (Figure 4-6). This step is 
gradually being addressed in Nigeria with 
m o d e r n  s l a u g h t e r  h o u s e s  a n d  
refrigerated meat vans.

Figure 4-6. Dressed carcasses being held 
in cool storage

Figure 4-4. Hides removed from the 
carcasses for further processing.

Figure 4-5. Separated internal organs and their inspection.
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13. Cut the carcass into halves (sides), quarters and debone the entire carcass (Figure 4-7). 
In Nigeria, beef and pork carcasses are always cut up at the slaughter venue but goat, 
sheep and poultry carcasses are usually transported whole to the retail or further 
processing point.

14. The remaining parts of the cattle – feet, tail, head and viscera – are further processed for 
human consumption before being removed from the slaughter venue.

15. Materials such as l ard or tallow, which can be used for the production of heating oil are 
currently not separated nor processed. Hides are processed into “ponmo” and bones 
into bone meal precursors at the slaughter venue. Some hides and skins are sold to the 
tanners to be converted into l eather.

16. The waste water, consisting of blood, faecal matter, hair or feathers, generated by the 
slaughtering process, should be sent to a waste water treatment plant but in most 
slaughter venues in Nigeria is simply swept or flushed away.

17. The meat is transported directly to retail markets. Some processors purchase meat in 
quantity at the slaughter venues.

Figure 4-7. Beef carcasses cut into sides and quarters and deboned.
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4.2. SLAUGHTER FACILITIES 
A slaughter house, abattoir or slaughter slab is a facility where animals are killed for 
consumption as food products. Slaughter facilities are key to the development of the animal 
product industry. A slaughter facility allows for the conversion of  livestock into meat.                  
It can therefore be said that slaughter facilities end the production cycle for livestock 
farming and start the production cycle for the animal product industry.

The  location of slaughter facilities is determined by considering the ease of operations, 
sanitary conditions, availability of market outlets for animal products and by-products and 
easy access from the l ivestock trade. Slaughtering animals on a l arge scale poses significant  
logistical problems and public health requirements. Public aversion to slaughtering in many 
cultures influences the  location of slaughter houses. In addition, some religions stipulate 
specific conditions for the slaughter of animals.

The slaughter facilities in Nigeria can be categorized into: 

a) modern abattoirs with complete processing units   

b) urban slaughter houses with major components of meat processing units.

c) slaughter slabs

4.2.1. Abattoirs

The equipment and facilities in a modern abattoir include:

- Hooks, railings, conveyers, l airage, crush, l oading ramp, barriers

- Water source: borehole, ground and overhead tanks, pumps, pipes

- Electrical source: Generating set, transformer, 

- Cold room and meat storage facilities, 

- Meat processing equipment.

- Access road in good condition from main road

- Administrative office block (availability of toilet and shower facilities for slaughter 
men and staff)

- Septic tanks and soak away

There are different types of abattoirs operating in Nigeria.

i) Public Abattoirs
These are premises where the local government or another public authority provides 
facilities for butchers and their employees to slaughter l ivestock and to dress and perhaps 
store the carcass, meat and offal (Figure 4-8). In some cases, the slaughter hall is divided 
into a number of booths equipped with hoists, each for the use of one team of slaughters. But 
in many others, there is no such segregation and each animal is killed, flayed and dressed on 
the available floor space, sometimes without the aid of  lifting gear. The convenient 
arrangement has been for each major town or city to have its own central public abattoir 
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where the community’s daily meat supplies can be prepared under suitable conditions and 
under official sanitary control. In l arger cities, such an abattoir must have the capacity to 
handle scores or even hundreds of animals a day. Regulations are set and standards fees are 
charged for the use of the premises and for various services such as the provision of hot 
water and power, refuse disposal and perhaps cold storage and the distribution of carcass 
meat and offal.

ii) Industrial Abattoirs
In the industrial abattoir, operations are carried out by the management and staff of the 
abattoir and not by the owners of the  livestock. The abattoir personnel take control of the 
animals at the entry to the premises and deliver the products to the owners at the exit. All 
the intermediate task of slaughtering, flaying, dressing, handling and storage are carried out 
by specialised abattoir employees. These abattoirs make fuller use of modern machinery and 
equipment and adopt a production line system. They possess advantages in terms of 
organisation, technology and economies of scale.

The industrial abattoirs are usually owned by a public authority, and they are distinguished 
from the public abattoir because their use is not available to butchers. They provide direct 
services rather than facilities. The Lagos State Abattoir and Lairage complex, Oko-Oba, 
Agege, the biggest abattoir in Lagos, was originally designed to offer slaughter services but 
has now been altered to make it available to private butchers.

iii) Private Abattoirs
This type of abattoir handles only livestock belonging to the same enterprise. Such units 
normally form part of an integrated marketing or cooperative organisation. Processing plants 
of every possible design and scale may be found in this category. Best Foods Livestock and 
Poultry Limited in Lagos is an example of a modern mechanical private abattoir in Nigeria. 

Figure 4-8. The Public Abattoir in Kaduna.
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iv)  Abattoirs with Meat Processing Plants.
In this type of abattoir, the slaughtering and dressing are directly linked to further 
processing operations (e.g. cutting and prepacking, deboning, sausage-making, cooking 
and canning) carried on by the same enterprise. The Bauchi Meat Products Company Ltd 
(BMPCL), Bauchi, Bauchi State has a slaughter facility associated with a meat processing 
factory.

The BMPCL was established in 1964 by the Federal Government of Nigeria and started 
operations in 1968 under the management of the African Continental Corporation. At the 
start, it had the capacity of slaughtering and processing 250 cattle and 1000 sheep and goats 
daily to generate up to 13.2 million MT of meat annually. It was designed as a complete 
integrated complex of a standard abattoir with holding pen, l airage, slaughter area, skinning, 
evisceration and deboning units as well as nine cold rooms and two blast freezer rooms. It was 
producing fresh meat, offals, bones and processed products, especially corned beef and 
sausages. BMPCL ownership was transferred to Bauchi State. In 1992, the company was l eased 
to an Argentine firm in partnership with a Nigerian company, Everest, and production of 
corned beef (“Blue Ribbon” brand) resumed. Recently, the management introduced “Danbu 
nama” (shredded, minced beef) and “kilishi” (dried meat) to replace corned beef and sausage 
because the machines used for their processing had become obsolete. At full capacity, BMPCL 
was to employ 1000 people but in 2019, slaughtering just 40 cows per day, it only employed 150. 
The Federal Government of Nigeria’s Home Grown School Feeding Programme contracted 
BMPCL to slaughter 50 cows per week to provide beef for feeding 237,557 primary school pupils 
under the programme. The process followed in the slaughter house is depicted in the video in 
this  link: https://web.facebook.com/19144715 52212648/videos/1955805358079267/.                   
The products of the company are also introduced in the video in this  link: 
https://web.facebook .com/1914471552212648/videos/1936498393343297/

The l argest abattoir in the world is operated by the Smithfield Packing Company in Tar Heel, 
North Carolina. It is capable of butchering 32,000 pigs a day. In the US, the majority of 
abattoirs are located in the Midwestern and High Plains regions where the animals are 
produced and the meat is transported to the centres of consumption such as New York and 
California. Some of the design principles recommended by scientists have been 
incorporated in modern abattoirs. Such principles include: the use of solid sides on 
slaughter pens to prevent animals from seeing outside with their wide-angle vision; l ayout 
of circularl airage pens and curved chutes (or path to the slaughter floor) as research results 
showed that circular pens and curved chutes reduced the time spent moving cattle by up to 
50% (Grandin, 1993, 2001).

4.2.2 Slaughter Houses and Slaughter Slabs
The typical small slaughterhouse is provided by the  local authority to serve the needs of a 
large village or small town. It usually consists of one or two  livestock pens and a simple 
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building that may even be open-sided. There is normally a water supply and some form of 
drainage system, but  little equipment beyond a means of raising carcasses for flaying and 
dressing. Only a few animals can be handled in any one day and the operating costs are very 
low.

The most primitive slaughter facility is the slaughter slab (Figure 4-9). This is commonly 
found in villages, along the road side and in small public markets in the urban areas. This is 
often no more than a simple concrete area that serves to keep the carcasses reasonably 
clean during slaughter. It may also be covered by corrugated iron roof and furnished with a 
tripod or simple gantry for raising the heavier carcasses for easier skinning and dressing 
(Figure 4-10).

 

Figure 4-9. A Slaughter Slab and Lairage

Figure 4-10. FAO Design for Medium-Sized Abattoir. 
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4.2.3    A Survey of Slaughter Facilities in Northern Nigeria
The only survey available (FDL, 2008) of slaughter facilities in Nigeria is of the 21 states in 
northern Nigeria which revealed the ownership, management structure and constraints of 
northern Nigeria which revealed the ownership, management structure and constraints of 
primary processing of animals into meat. There is no similar survey of slaughter facilities in 
southern Nigeria.



Slaughterhouses Distribution
The survey showed that there were 659 slaughter facilities in the Northern States and the 
Federal Capital Territory. These are categorized into grades A, B and C facilities. Grade A 
facility is a complete modern abattoir with proper ante-mortem inspection complete 
processing units and ancillary accessories such as a railing system. The grade B is an urban 
slaughter house, not as complete in facilities as the grade A, but with lairage and some 
processing units. They were generally found in the state capital. Grade C facility is a 
slaughter slab. The majority of the slaughter facilities (624, 94.7%)were found in the Local 
Government Areas and were of the grade C type. There were 7 (0.1%) grade A slaughter 
facilities which were located in Bauchi, Kaduna, Kano, Katsina, Nasarawa, Plateau, and 
Zamfara states.  There were 28 (4.6%) grade B facilities  located in the State Capitals and 
some cities. Virtually all facilities (651) had cement floors and fences for the slaughter area, 
water and feed troughs for animals waiting to be slaughtered, but only 27 (0.4%) had a 
lairage where ante-mortem inspections could be carried out, 0.87% had a borehole but 
91.3% had other sources of potable water; 0.64% had generators, and cold rooms were 
installed in 0.52% of the total number of slaughterhouses. In most of the slaughter houses 
in the zones, there were no facilities for the processing of by-products such as sheds for 
hides and skins, slabs and sheds for bones and gut contents, and also a mechanism to dispose 
of effluents was not installed.

By zones, the North-Western zone had 261 or 39.6% of the enumerated slaughter facilities 
while North East had 206 or 31.3% and North Central had 192 or 29.1% of the slaughter 
facilities, respectively. The estimated throughput and meat output from the 
slaughterhouses is presented in Table 4-1.

NORTH-CENTRAL

 

1256

 
688

 
739

 
100

       
0

 

NORTH-EAST
 

1085
 

627
 

398
 

44
       

3
 

NORTH-WEST 1150  619  427  0       18  

TOTAL 3491  1934  1564  144       21  

TYPE OF ANIMAL

ZONE

 

CATTLE

 

SHEEP

 

GOAT

 

PIGS

 

CAMELS, 
DONKEYS 

 

Table 4-1. Average Number of Animals Slaughtered Daily in Northern Nigeria by Zone
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Ownership and Management
Most of the slaughter facilities were built by the respective State Ministries of Agriculture 
and Natural Resources between the l ate 1970s and the early 1980s.  However, the operation 
and management were handled by the Local Government Area Councils in accordance with 
their statutory responsibility as specified by the Meat Edict of the respective states and the 
resolution of the National Council on Agriculture.  

Sources of Slaughter Stocks
The survey showed that 37% of the animals slaughtered were from the neighbouring 
countries, 39% from local cattle markets, 16% from the Fulani herds around the 
slaughterhouses, and the remaining 8% were from the smallholder herds.  The destination of 
the meat from the slaughter facilities was the nearest main markets in the Area Councils.

Meat and Animal By-Products Produced
An estimated 495 metric tonnes of meat were processed daily by all the slaughter facilities 
surveyed. Thus, an estimated total of 180,000 metric tonnes of meat are processed per year in 
the Northern States. However, this figure does not take cognizance of other slaughterings 
for ceremonies, festivals and those done on a daily basis in rural communities that are not 
recorded and which account for about 35% of the total meat consumption in the region.  

The following by-products were produced. An estimated 80,000 tonnes of wet cattle hide 
were produced annually and mostly used for making “ponmo”. About 5,000 tonnes of Red 
Sokoto Goat Skin were produced annually and most of these is exported or used l ocally in the 
manufacture of  leather products  like shoes and handbags. About 200,000 tonnes of bones 
were produced on an annual basis. These are used in the manufacture of ceramics and in the 
preparation of poultry feed. About 20,000 tonnes of hooves and horns were produced 
annually but most of these were not effectively utilized, though an export demand has been 
building up, especially from China. About 80,000,000  litres of blood are produced. Most of 
the blood is wasted and not efficiently collected.

4.3. CONVERSION OF MUSCLE TO MEAT
4.3.1. Muscle Biology
Muscle in the  living animal is not the same as meat, and meat can only be obtained from 
animals after they are dead. Different physical and chemical changes occur in the muscles of 
the animal after it is killed or slaughtered. These changes affect the final quality of the meat 
positively or negatively. It is important to understand how these changes occur in order to 
be able to minimize undesirable outcomes. This section of the unit will focus attention on 
procedures and processes accompanying the slaughtering of animals and the 
transformation of muscle to meat.

Meat is pure muscle tissue with some connective tissue, inter- and intra- muscular fat, and to 
a l esser extent epithelial and nervous tissue. There are three types of muscle (Figure 4-11):
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Ÿ Skeletal  muscle, which are attached directly or indirectly to bones through tendon or 
ligaments. This is the main muscle in the body, making up about 35 – 65% of the entire 
carcass. It is under the voluntary control of the animal.

Ÿ Cardiac muscle is found only in the heart. Both skeletal and cardiac muscles are striated 
(appear to have alternating dark and l ight bands along their l ength). It is controlled by 
the central nervous system but not voluntarily.

Ÿ Smooth muscle is not striated. It is found in blood vessels, the intestine, and the 
reproductive tract. Smooth muscles are controlled involuntarily in response to a 
stimulus.

Figure 4-11 shows a simplified gross and anatomical structure of skeletal muscle. It is 
important to be familiar with the structure of the muscle in order to properly understand the 
changes that occur when it is converted to meat. A whole or intact muscle is made up of a 
group of muscle bundles; the muscle bundles are made up of many muscle fibers (or 
myofiber; 'myo' means muscle in Latin); and each muscle fiber is made up of muscle fibrils 
(myofibrils). The myofibrils are made up of muscle filaments (myofilaments), which are 
arranged in repeating sections throughout the l ength of the myofibrils (Figure 4-11). It is 
this repeated pattern that gives skeletal and cardiac muscles their striated appearance 
referred to earlier.

The myofilament is the smallest structural unit of the muscle where contraction and 
relaxation of the muscle occurs. It is also the point where important transformations occur 
in the conversion of muscle to meat. There are two myofilaments, which are actin and 

Figure 4-12      .       Gross and anatomical structure of the skeletal muscle                   
Source: Adapted from Forrest et al. (1975). D = Actin; E = Myosin
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myosin, and both are proteins. Actin is also referred to as the thin filament (D in Figure 4-11) 
and myosin, the thick filament (E in Figure 4-11). The space that both actin and myosin 
occupy is called a sarcomere, and the two dark structures forming the boundary of the space 
or sarcomere are called Z-lines (Figure 4-11). There are many other proteins that contribute 
to the integrity of the myofilaments, but the most important are troponin and tropomyosin, 
which function as regulatory proteins in contraction and relaxation. Actin and myosin have 
a strong affinity for each other but are prevented from binding by troponin and tropomyosin 
working together. Tropomyosin forms a physical barrier between actin and myosin and 
troponin helps it to maintain this position. This is the state of the filaments when a muscle is 
in a relaxed state. Other metabolites that are important to contraction and relaxation are 
adenosine triphosphate (ATP), and creatine phosphate (or phosphocreatine).

4.3.2. Muscle Contraction and Relaxation
Nervous signals, are sent from the brain to start contraction of muscles. The signal causes 
calcium to be released into the sarcomere, which binds to troponin, and this change results 
in a loss of control over tropomyosin. Therefore, 
tropomyosin is moved away from its position 
between actin and myosin and they bind. The 
effective formation of the bond is also enhanced by 
ATP. Myosin is bound to ATP before calcium is 
released but removed from it in the presence of 
calcium and broken down into adenosine 
diphosphate (ADP) and inorganic phosphate (Pi). 
The removal of ATP results in a change in the shape of 
myosin to move it closer to actin. 

This bond is an active one where myosin pulls actin 
filaments (on either side) towards the centre of the 
sarcomere, thereby shortening the space. This 
activity occurs throughout the length of the 
myofibrils, which make up the myofibers, which make 
up muscle bundles, which make up the whole muscle. 
Therefore, the whole muscle shortens or contracts 
(Figure 4-12). 

Contraction is relaxed when action potentials are 
sent for the removal of calcium and, therefore, 
troponin returns to its original form and brings back 
tropomyosin between actin and myosin. In addition, 
the removal of the calcium results in new ATP being 
formed from ADP and Pi, and this binds again to 
myosin thereby moving it away from actin, and 
breaking the bond between actin and myosin. 

z-line MYOSIN
ACTIN

RELAXED MUSCLE

CONTRACTED MUSCLE

Attachment of myosin to 
actin upon the dislodging 

of tropomysin

Figure 4-12.  Relaxed and Contracted 
                         Muscle               
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Therefore, the sarcomere returns to its original size and the whole muscle relaxes. 

Creatine phosphate acts as a ready source of Pi for ADP to be converted to ATP, especially 
when normal ATP sources are exhausted when the muscle is under stressful conditions such 
as occur after the animal is slaughtered.

1. Describe the structure of the muscle.

2. Describe the mechanism of contraction and relaxation of muscles.

4.3.3 Exsanguination and its Effects
Homeostasis is the maintenance of a physiologically balanced internal environment.                
This includes pH, temperature, oxygen concentration, and energy supply. In the  living 
animal, there is homeostasis but it is altered quickly soon after bleeding starts.

Immobilization and Exsanguination. Immobilization is when the animal is rendered 
unconscious prior to bleeding and exsanguination is the process of removing blood from the 
animal. Immobilization is achieved by stunning the animal with a physical blow to the head 
or with an electric bolt or with a gas; all of these methods will make the animal unconscious 
and not aware when its throat is cut for bleeding to take place. Under the Halal system in the 
Jewish and Islamic religions, the animal must be fully conscious when its throat is slit. 
Hence there is as l ittle physical restraint as possible. In the basic slaughter procedure this is 
done by tying the l egs and felling the animal so it can be held for the throat to be cut. Modern 
Halal systems have mechanical devices for keeping the animal restrained and the throat 
conveniently positioned for the slaughter. 

Once the jugular vein and carotid artery are cut (see Figure 4-3), bleeding or 
exsanguinations starts. Hanging the animal upside down greatly aids the removal of blood 
through the help of gravity. Animals on the floor do not bleed quickly and may not be able to 
lose as much blood as those hanging before the processes of death stops the bleeding. 
However, only about 50% of the blood in the animal's body can be removed. Regardless of 
how much blood is l ost, the l oss of a substantial amount of blood disrupts the homeostasis of 
the animal and triggers a series of reactions that change the l iving muscles into meat.

Loss of blood, (which carries oxygen to the tissues) results in a shortage of oxygen and there 
is a shift from aerobic to anaerobic metabolism, which l eads to a decrease in ATP or energy 
production. Reduction in ATP production affects proper contraction and relaxation of the 
muscle. This may result in very tough meat if not properly handled.

4.3.3.2 Gross and observable changes
The major and most observable change after exsanguination is rigor mortis (Figure 4-13) 
which literally means “death stiffening”. Rigor mortis is a condition where the muscle 
becomes very stiff soon after slaughter because actin and myosin filaments remain 
permanently bound or contracted because of insufficient ATP to relax the muscle (see 
section on contraction and relaxation above). This normally occurs in the muscle post-

SELF-ASSESSMENT EXERCISE 4.1
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slaughter but is resolved or removed (gets 
softer) with time due to enzymatic action by 
cathepsin enzymes. However, if the muscle is 
cooled rapidly in the rigor state, the bond 
between actin and myosin will not be broken 
and the resulting meat will be very tough. 
Rigor is resolved faster in fish than other meat 
types.

Rigor has three phases:

·Delay phase — while there is plenty of ATP in 
the muscle (complexed with Mg2+), the 
muscle will remain in the relaxed state and no cross bridges between the thick (myosin) and 
thin (actin) myofilaments will occur.

·Onset phase — As stores of ATP and Creatine Phosphate (CP is used to re-phosphorylate ADP 
to ATP) are used up, rigor bonds between the thick and thin myofilaments are formed. As 
more bonds are formed, the muscle l oses extensibility.

·Completion — When all of the CP is gone, the muscle has no way of regenerating ATP. Thus, 
full rigor mortis will set in and the muscle become stiff in death.

SELF-ASSESSMENT EXERCISE 4.2
1. Discuss Immobilization and Exsanguination. What method do you think is best for 

carrying them out? Why is your chosen method the best?

2. What is rigor mortis? Discuss its phases.

4.3.3.3 Physiological reactions 
• Circulatory system collapse - The  loss of blood  leads to the collapse of the 
circulatory system; the cessation of breathing due to the l ower blood volume and pressure 
and sometimes to the outright severance of the trachea during slaughter are all 
physiological reactions. The collapse of the circulatory system causes metabolic wastes and 
waste products to accumulate within the muscle cells. This is because the circulatory 
system was responsible for transport of nutrients and wastes. Therefore, most of the blood 
must be removed as much as possible (and as fast as possible) in order to have good quality 
meat.

Reduction in heat production and dissipation also occurs because of the collapse of the 
circulatory system which is responsible for temperature control in the muscle. Heat from 
within the body can no l onger be carried to the l ungs or other surface areas for dissipation. 
Therefore, denaturation of protein increases rapidly and this can reduce the quality of meat 
except the temperature can be reduced by, for example, processing the carcass in a cooled 
room. Heat dissipation is also reduced in carcasses that are scalded (hot water or fire applied 

Figure 4-13. Rigor mortis - the stiffening 
of death in a carcass. 
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to remove or burn off the hair), which negatively affects the quality of meat.

Loss of protection from bacterial infection also occurs post-slaughter because the 
mechanisms for protection in the  living animal are compromised. Such mechanisms are 
connective tissues,  lymphatic system, and circulating white blood cells. Therefore, extra 
care must be exercised to prevent the contamination of meat from spoilage microorganisms 
during post-slaughter handling and storage.

• Post-mortem pH decline — the shift from aerobic to anaerobic metabolism l eads to 
the production of  lactic acid because glycogen (carbohydrate) stored in the muscle is 
converted to  lactic acid in the absence of oxygen. Most of the glycogen would have been 
broken down in the first 12 hours after slaughter, therefore, muscle pH drops. The normal pH 
of muscle at slaughter is 7 but the ultimate or final pH of normal meat after 24 hours of 
slaughter will drop to pH 5.4-5.8. The extent of the drop (Table 4-2) depends on the amount 
of glycogen before slaughter (i.e. the more the glycogen, the more the l actic acid produced 
and the more the drop in pH) and this will have significant effect on the quality of meat. 
Post-mortem pH decline has a tremendous impact on the color of meat — whether normal, 
dark or pale.

4.3.3.4. Biochemical reactions 
In  living muscle, energy is stored as glycogen. With plenty of oxygen (aerobic conditions: 
the lungs are working and the blood is circulating) and plenty of time, glycogen is 
convertible to glucose and glucose to pyruvate. When an animal is frightened and needs to 
run or fight, there is a great need for energy, very  little time and very  little oxygen for the 
muscles (this is an anaerobic condition: the lungs cannot work fast enough, and blood 
circulation is not quick enough). This burst of energy is aided by the secretion of the “fight 
or flight” hormone, adrenaline, which activates the conversion of glycogen into l actic acid 
(under anaerobic condition) and pyruvate. The pyruvate is metabolised in the Kreb’s or 
Tricarboxylic acid (TCA) cycle to generate ATP, the energy needed for flight or fight.

Glycogen concentration goes down during the flight or fight but is soon replenished after 
the escape or combat if the animal is still alive and able to breathe and circulate blood to the 
muscles that had been starved and were working anaerobically.

Muscle 
Color

Glycogen 
at death

Glycogen 
at 24hr

Lactate 
production

Ultimate 
muscle pH

Normal

Dark

Pale

1.0%

0.3%

0.6%

0.1%

0.1%

0.1%

high

low

very high

5.6

6.0 to 6.5

5.1

Table 4-2: Characteristics of Meats with Normal, Dark and Pale colours

Source: Adapted from Forrest et al., 2001.
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In dying muscle, l actic acid accumulates and l owers the pH. This is because the circulatory 
system collapses as soon as bleeding reaches a significant extent that cannot sustain the 
flow of blood through the arteries and veins. As anaerobic conditions ensue, the Kreb’s cycle 
can no l onger operate to restore glycogen from pyruvate; hence l actic acid continues to be 
the only route for the conversion of glycogen. Lactic acid is an acid, so the muscle becomes 
acidic and a l ow pH is found. 

SELF-ASSESSMENT EXERCISE 4.3
1. What physiological reactions take place in the conversion of muscle to meat?

2. What biochemical reactions take place in the conversion of muscle to meat?

3. How do all these reactions affect the properties of the meat?

4.3.3.5. Muscle pH and meat characteristics
The conversion of muscle to meat refers to the physical and biochemical changes that occur 
to the muscle after slaughtering the animal. Such post-mortem changes may result in a wide 
variation in the quality of meat. Primary aspects of post-mortem changes of immediate 
concern to the producer are:

• Production of meat of good keeping quality, which maintains an attractive 
appearance.

• Realization of a l imited degree of degeneration, which improves texture of the meat.

The rate of pH decline in the muscle postmortem (Figure 4-14) results in three different 
characteristics of meat (Figure 4-15): 

1. Dark, firm and dry (DFD) pork meat condition
This condition usually happens in animals (especially pigs) that have not been fed for a very 
long time before slaughter, or have had stressful transportation or handling. In this case, 
most of the muscle glycogen would have been broken down before slaughter and the pH 
cannot drop to  less than 6.0 24 hours post-slaughter. This produces a dark, firm, and dry 
meat (DFD). In this case, most muscle proteins still remain intact (since there is very l ittle 
acid to digest or denature them) and remain bound to water. The typical taste and flavour of 

DFID

Normal

PSE

pH

7.0

6.0

5.0
0 3 6 9 12 18 24

Hours postmortem

Figure 4-14.     pH decline during 24 hr postmortem for DFD, NORMAL and PSE carcasses            
                         source: meat.tamu.edu (accessed on 18/8/2016)
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meat is only achieved after sufficient pH drop.

To avoid DFD, feed should be provided during 
transportation and the animals rested for 24 or 48 hours 
in the lairage prior to slaughter. Slaughter facilities 
without l airage are purpose built for causing DFD!

2. Dark cutting beef or  lamb condition
Dark cutting beef or l amb is the same condition as DFD in 
pork and has the same cause and solution. Long-term 
glycogen or intermediate glycogen depletion 
(environmental and hereditary) leads to Dark Cutting 
Beef or Lamb. There are hereditary aspects as some 
animals inherit the tendency to exhaust their glycogen 
store more quickly or to store far  less glycogen than 
other animals. Both tendencies will  lead to the dark 
cutting condition post-mortem. Non-hereditary factors 
involved are: exhaustion, exposure to cold, excitement, 
sex (more prevalent in bullock), sudden feed withdrawal 
and sickness. This condition can be avoided by proper 
handling and prevention of stress.

3. Pale, soft and exudative (PSE) pork condition
If the pH drops rapidly to about 5.0 one hour post-slaughter, the meat will be pale in colour, 
soft, and with very wet surface (exudative). This is called the pale, soft, and exudative 
(PSE) condition in which the meat has very poor water holding capacity as most of the 
proteins that bind to water would have been digested or denatured by the  lactic acid. This 
condition could be hereditary in nature (PSS-porcine stress syndrome, Short-term glycogen 
depletion). It is caused by short-term glycogen depletion prior to death, very rapid 
glycolysis due to excitement (antemortem) or due to holding the carcass on the killing floor 
for a long time before chilling (postmortem). The long-term prevention is to decrease 
emphasis on selection for heavy muscle (it is highly related to degree of muscle), i.e. 
selecting for l ooser frames and l ess muscle expression.

SELF-ASSESSMENT EXERCISE 4.4
Discuss the post mortem pH changes and their effects on the eventual quality of the meat 
produced.

4.4.  PROPERTIES OF MEAT
The previous sections in this unit presented the structure of the animal muscle and its 
importance in determining the quality of meat after undergoing various chemical and 
physical changes after slaughter. Fresh meat is converted muscle that has not undergone 
processing such as cooking, freezing, smoking, etc. The properties that fresh meat possesses 
will affect its usefulness for processing into products; determine the kind of products that can 

PSE Normal DFD

Figure 4-15.  PSE, NORMAL and 
                        DFD meats         

 Source:  meat.tamu.edu (acs. on 18/8/2016)
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be obtained from it; and its sale and acceptability to consumers. The most important 
properties are those of water holding capacity, colour, tenderness and flavour.

1. WATER HOLDING CAPACITY (WHC):
Water holding capacity and some of its effects on the quality of meat was mentioned in the 
previous section. It can be defined as the ability of meat to retain water during the 
application of external forces such as cutting, heating, grinding or freezing. As mentioned 
earlier, muscle proteins are capable of holding many water molecules to their surface because 
protein molecules are charged or polar due to the ionized amino and carboxylic functional 
groups, which bind to polar hydrogen and oxygen groups. Water bound to the muscle protein 
affects the eating and processing quality of meat because it contributes to juiciness and 
firmness for cutting.  A  low WHC could  lead to significant shrinkage (reduction in size) in 
meat during storage and processing, or even cooking. Therefore, for good processing and 
eating qualities, the WHC needs to be high. However, in some products such as uncooked 
and/or dried products, which need to l ose water during processing, WHC does not need to be 
high. WHC could also affect the colour of meat as found in pale, soft, exudative meat and dark, 
firm and dry meat due to absorption (in DFD) and reflection of  light (in PSE). Water holding 
capacity varies greatly among the muscles of the body and among animal species. Beef has the 
greatest capacity to retain water, followed by pork, and poultry the l east.

The pH is also important in determining the water-holding capacity of meat, and the ability 
of meat to retain its water during application of external forces such as cutting, heating, 
grinding, or pressing. There are three  locations of water found in meat: bound (charged 
hydrophilic groups on the muscle proteins which attract water, forming a tightly bound 
layer), immobilized (has l ess orderly molecular orientation toward the charged group), and 
free (held only by capillary forces, and their orientation is independent of the charged 
group). Water-holding capacity is  lowest at the isoelectric point, where the number of 
positively and negatively charged groups of the myofibrillar proteins is equal. Thus, the 
charges cancel out and no charge is available to hold the bound and immobilized water.

During the first day after death, glycolysis continues until the accumulation of  lactic acid 
causes the pH to reach about 5.5. The remaining glycogen, about 18 g per kg, is believed to 
increase the water-holding capacity and tenderness of the flesh when cooked. Rigor mortis 
sets in a few hours after death as ATP is used up, causing actin and myosin to combine into 
rigid actomyosin and  lowering the meat's water-holding capacity, causing it to  lose water 
("weep"). In muscles that enter rigor in a contracted position, actin and myosin filaments 
overlap and cross-bond, resulting in meat that is tough on cooking; indicating once again 
the need to prevent pre-slaughter stress in the animal.

2. COLOUR:
The typical red colour of meat is determined by the concentration of myoglobin (the oxygen 
store in muscles), which is a red pigment that is similar to haemoglobin in blood. Animals 
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that have been well bled have most of their 
colour due to myoglobin rather than 
haemoglobin. The difference in myoglobin 
concentration is why some muscles are darker 
than others in the same carcass. For example, 
breast muscles are l ighter in colour than thigh 
muscles in chicken. In addition, myoglobin 
concentration in meat differs among animal 
species. For example, beef is darker than pork, 
mutton, poultry and fish (Figure 4-16). 
Myoglobin also increases in the muscle with 
maturity; therefore, meat from older animals is 
darker than from the younger. Interaction of 
myoglobin with oxygen determines the colour 
of fresh meat. 

The most acceptable colour of beef to 
consumers is a bright red colour, which results 
from an abundant supply of oxygen. If the 
oxygen supply is short, the meat colour will be 
an unacceptable brown colour. In intact 
muscles (muscles that have not been cut) the 
colour is purple because myoglobin is bound to 
water. On exposure to air the colour becomes 
bright red if there is enough oxygen.

3. TENDERNESS:
Tenderness is important when entire (large) 
pieces of meat are cooked, fried or barbecued 
but becomes less significant when meat is cut 
into pieces (i.e. comminuted). Less tender 
meat could also result from unresolved rigor 
mortis and DFD meat. Tenderness decreases 
with maturity and older animals have less 
tender meat than younger animals. 

4. FLAVOUR:
The flavour of meat is different for different 
animal  spec ies.  For  e x ample,  por k ,  
mutton/lamb, or some fish species have 
stronger flavours than beef. Some of the 
flavours are due to the effect of inter- and 

Figure 4-16. Different colours of the 
flesh (muscle) of different food animals.

BEEF

PORK

POULTRY

MUTTON
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intramuscular fat on the muscle. Feed may also influence the taste of meat such as the ‘fishy’ 
flavour that is imparted on the meat of animals fed fishmeal till slaughter. Moreover, sex may 
affect the taste of meat, such as the strong urine smell present in meat from old male pigs 
(boars - boar odour). The typical flavour of meat is due mostly to  lactic acid and organic 
acids, such as amino acids, as well as di- and tri-peptides from meat proteins.

The main properties of muscle are colour, pH and water holding capacity. Healthy muscle is 
pale red because the oxygen available is only through the amount transported in the blood. 
In normal meat, colour is more exaggerated as there is plenty of oxygen from the atmosphere 
to make the colour bloom to cherry red. 

Regardless of how different the properties of the meat obtained is from the properties of 
normal fresh meat, the most important thing is to remove any property l imitation as much as 
possible in order to present a more desirable product that is appropriate to achieve meat 
processing objectives. 

4.5.  REVIEW QUESTIONS
1.  Mention the two aspects of primary concern to the meat producer on post-mortem 

changes.

2.  List all the desirable properties of fresh meat you know.

3.  Show in a diagram the structural components of a whole muscle.

4.  Write how muscle proteins function to make contraction and relaxation possible.

5.  Write three changes that occur to muscle after slaughter and three essential 
attributes of fresh meat.

6.  What is homeostasis?

7.  Discuss the impact of post-mortem pH decline on muscle colour.

8.  What are the problems associated with long-term or short-term stress?

9.  What are the three different phases of rigor and what are the roles of ATP and CP in 
prolonging the delay and onset phases?
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MEAT PROCESSING, 
PRESERVATION AND STORAGE

5.0.  INTRODUCTION
n the previous unit we examined the principles Iinvolved in obtaining (and properties of) good 
quality fresh meat. Consumption of fresh foods is 

usually preferred to processed and/or preserved food 
because of a possible decrease in nutritional value. 
However, most animal products have to be processed 
and/or preserved by one means or the other before they 
are consumed so that they can be eatable or palatable 
and safe. Another reason for processing and/or 
preservation is to make long storage possible, or for 
storage of excess food. It is difficult to effectively 
separate processing from preservation and even storage, 
because processing usually leads to preservation, and 
storage is a form of preservation.

This unit will explain different meat processing and 
preservation/storage methods such as salting, curing, 
cooking, cooling, freezing, packaging, etc. Knowledge of 
these methods is important in order to be able to use 
meat more efficiently.

5.1.  WHY PRESERVE OR PROCESS MEAT?
Meat preservation requires processes for conserving the 
taste, texture and colour of raw, partially cooked or 
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cooked meats while keeping them edible and safe to consume. The invention of such 
processes can be traced back to 18th and 19th century research but the  latest discoveries 
used in meat preservation come from nuclear physics and biochemistry. The preservation of 
meat started as a means of preventing famine. In industrialised countries, meat 
preservation is done by the food industry rather than individuals. In non-industrialised 
countries, meat preservation is still done by individuals and cottage industries. 

The main reason for preserving meat is to prevent spoilage. Traditional meat processing 
involves sun drying, then drying over burning wood fire, and salt was added l ater in order to 
preserve meat for future use. Advances in preservation technology, especially refrigeration 
and packaging, provided opportunities for many new processed products. The reasons for 
processing in modern meat products are:

• Development of unique flavours and forms of products

• Development of new products

• Provision of a variety of products

• Preservation

Meat is composed of water, proteins (including enzymes) and amino acids, minerals, fats and 
fatty acids, vitamins, and small amounts of carbohydrates. As we have  learnt, spoilage of 
meat or flesh from animals starts soon after they are killed. Upon the death of the animal, 
enzymes carry out a process of decomposition of the material that changes the colour, taste 
and texture of the flesh. Heat treatment such as pasteurization or cooking can stop or delay 
this decomposition.

Meat eventually rots due to the action of various microorganisms that contaminate the body 
of the animal during slaughter or are brought in from outside by insects, water or wind. 
Escherichia coli, a bacterium found in the intestines of mammals, can contaminate the meat 
and cause serious health problems, and also have economic consequences. Strict hygiene 
standards are therefore imperative right from the slaughter of the animal. 

When meat is exposed to a temperature of 10-25 °C, bacteria of the genus Clostridium are 
involved in the degrading of glycogen and proteins to release carbon dioxide, hydrogen 
sulphide and ammonia.  At  less than 10 °C, psychotropic (and other) bacteria, especially 
gram-negative ones, form a viscous coating on meat surface and give off an unpleasant 
odour. Meat has a water content of 60-65% and pH of 7 (neutral) which promote the growth 
of bacteria that grow best at pH 6.5 to 7.5. Dangerous bacteria can grow in raw meat (e.g 
Clostridium botulinum, Salmonella typhimurium) and in meat dishes kept warm (Bacillus 
cereus) or heated (Clostridium perfringens).

Fish will spoil quicker than meat from terrestrial animals, and organ meats (such as  liver) 
spoil the quickest. Spoilage is the deterioration of food, which makes it taste bad and/or 
makes it a carrier of disease organisms. Generally, typical spoilage in flesh (Figure 5-1) can 
be caused by the following:

• Microbiological action due to bacteria on the surface of flesh or from within the body 
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or intestines. It can also be from external contamination due to unhygienic post-
slaughter handling;

• Autolytic action due to internal enzymes which break down different compounds that 
affect smell, taste and texture. For example, cathepsins break down rigor in flesh;

• Rancidity due to oxidation of the fat in meat exposed to air for a l ong time. This causes 
an unpleasant smell or taste.

Application of proper processing techniques such as heating and fermentation can remove 
these negative effects.

SELF ASSESSMENT EXERCISE 5.1
What is the rationale behind meat processing?

5.2. MEAT PROCESSING AND PRESERVATION
All processed meat products can be grouped into comminuted and non-comminuted 
products. Comminution involves sub-dividing or cutting raw meat so that the product will 
consist of small meat pieces, chunks or slices (Figure 5-2). Such products include sausages, 

Figure 5-1. Meat spoilage (left) caused by bacteria (right)

Figure 5-2. Comminuted meat products: ground beef; corned beef; danbu nama; 
meat floss (clockwise from top left to bottom left).
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hamburger, ground or minced meat, corned beef, etc. Comminution is important because it 
results in improved uniformity of products due to a more uniform particle size and 
distribution of ingredients. In addition, it l eads to increase in tenderness as the meat is sub-
divided into smaller particles.

Non-comminuted products are prepared from whole or intact cuts of meat with or without 
bone. All processing techniques can be applied to both comminuted and non-comminuted 
products. Such processing techniques include curing, cooking, drying, smoking, 
fermentation, etc. In order to preserve meat and store it for longer periods, as many 
microorganisms as possible must be killed or at  least have their activity suppressed.                 
The choice of preservation treatment varies between the following three types of action:

• Inhibition of decomposition by changing the properties of the meat itself or its 
environment;

• Removal of microorganisms by mechanical means, chlorination or vinegar; or

• Destruction of microorganisms by using high pressure, radiation, heat, electric field 
and the addition of preservatives.

5.2.1 Salting
Salt is used as a flavor enhancer and increases the palatability of food, but it also allows the 
preservation of certain foods, especially meat. The microorganisms that cause putrefaction 
of meat require free water (i.e water not chemically bound to the solute) to develop. On 
contact with the water existing in the flesh, salt dissolves to form  Na + and Cl- ions, 
increasing the amount of solute and reducing the amount of free water available for the 
growth of microorganisms. On the other hand, the cells of microorganisms, placed in a 
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hypertonic solution, will l ose water by osmosis, to the point of being l ysed (broken up). Salt 
exerts its bacteriostatic action from 10% concentration, which means that meat with this 
level of salt can be kept without cold storage, but implies the need to remove the salt  before 
cooking by washing and immersing in a  large amount of water, repeated several times for 
several hours or even for a whole day.

Salting is done either dry or in brine depending on the type of meat available and the desired 
shelf  life (Figure 5-3). For  long term storage, the meat should be firm and moderately fat; 
from older rather than younger animals. For dry salting, the meat is rubbed with salt mixed 
with saltpeter or wood ashes, and this operation is repeated four times per day for eight days. 
The meat is then allowed to dry in a warm room. For l ong term storage, meat is sprinkled with 
salt and rubbed in to reach perfect saturation in the smallest crevices; salted again and 
allowed to rest for 24 to 48 hours before being heavily compressed. Brine flows out which is 
boiled and is used to soak the meat before it is re-sprinkled with salt and placed in barrels 
(the wood giving its taste to salted meat). The salinity of the brine is evaluated by the 
method used by the ancient Romans: toss an egg into the brine, if it floats that indicates that 
the concentration is good for preserving meat. When the brine is ready, totally immerse the 
meat and l et soak. Some will l eave the meat permanently in brine, others withdraw the meat 
after a few weeks to hang and dry. The humidity of the climate determines the choice 
between dry salted or salted meat l eft in the brine. Salted meat may or may not be smoked.

5.2.2 Curing
Curing is the application of salt, colour fixing ingredients, and seasonings to meat in order to 
impart unique properties to the end products. The traditional objective of curing is to 
preserve the meat with a very high concentration of salt, but high salt concentration 
oxidizes myoglobin, thereby altering its colour and giving the meat an unattractive greyish 
or greyish brown colour. Therefore, colour-fixing ingredients (such as sodium nitrite and 
potassium nitrate) are applied to give a bright reddish-pink colour. 

Figure 5-3. Meat preservation by salting (left) and curing (right)
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Sodium nitrite (NaNO ), reacts with myoglobin to form a heat stable red colour and a small 3

amount of nitrite is needed for this purpose. The l evel of nitrite is about 150 mg/kg in meat 
products. To reduce the risk of overdosing nitrite, it is made available in a homogenous 
mixture with common salt in the proportion of 0.5% nitrite to 99.5% sodium chloride.               
The mixture is called nitrite curing salt, and it is applied to meat products at a dosage l evel 
of 1.5 – 3% to achieve a salty flavour and the reddish colour. High concentrations of nitrite 
is toxic and could be carcinogenic (cause cancer) if used in meat products that are heated 
to a very high temperature.  Nitrite is preferred to nitrate because of the l onger time it takes 
before the red colour is produced.  Some seasonings used in curing include spices, herbs, 
vegetables and sweeteners.

Incorporation of cure ingredients must be uniform throughout the entire product. Cure 
ingredients are incorporated according to the following methods (Figure 5-4).

• Dry Cure:  The cure ingredients are rubbed in dry form over the surface of meat cuts 
and then placed one on top of the other in a curing container or box or tank. The curing mix 
gradually permeates the meat, which can take very l ong, from several days to several weeks. 
This method is usually used for meat products that are also fermented, called cured raw 
fermented products.

•  Wet Cure or Pickling: The meat cuts are immersed in a cure solution, which 
ocompletely covers all the pieces. A room temperature of 8 to 10 C is recommended and 

curing takes several days to two weeks for equal penetration.

Figure 5-4. Methods of curing

DRY WET

MULTI-NEEDLE
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• Injection Cure: This is an alternative and quicker way than those above to accelerate 
the diffusion of the cure solution by pumping it into the meat tissue. Injection of the cure 
solution can be done manually by using simple pumping devices such as a syringe (small or 
large) or mechanically by semi-automatic multi-needle injectors, which inject the solution 
into many parts of the meat at the same time. 

5.2.3. Smoking
Smoking is the process of allowing smoke generated from natural woods to act on the 
surface of meat or meat products. Smoke is produced by thermal decomposition of wood to 
lower molecular weight products, a process called pyrolysis. Other reactions take place with 
decomposition, such as condensation, polymerization, and oxidation to produce more than 
1000 compounds from smoke. The most important of these products are phenols, 
aldehydes, organic acids, carbonyls, hydrocarbons, and alcohols. 

Freshly produced smoke has the following effects on meat:

• Preservation: The preservative effect comes from the drying action of smoke with the 
destruction and/or inhibition of microbial growth. In addition, anti-oxidants (phenols and 
aldehydes) from smoke delay rancidity of fat. Most of the smoke components are present or 
deposited on the meat surface and do not penetrate more than a few millilitres into the 
meat.

• Colour Production: This is caused by aldehydes, phenols and carbonyls, and the 
development of Maillard reaction products. Maillard reaction is also browning or 
caramelization.

• Aromatization: This is caused by phenols, aldehydes, carbonyls, and volatile organic 
acids that give the peculiar smell and taste or flavour to smoked meat.

However, smoke has been found to contain polycyclic hydrocarbons (benzopyrene) that 
have been implicated to be carcinogenic (inducing cancer). One way to remove these 
hydrocarbons is the production of liquid smoke. Liquid smoke is obtained from the 
condensation of wood smoke. This allows for fractional distillation to enable the separation 
and removal of smoke components such as polycyclic hydrocarbons. The l iquid smoke can be 
painted on the surface of the products or mixed into the ingredients of the products such as 
is done for some sausages. 

There are two basic smoking techniques, cold smoking and hot smoking. The optimal 
otemperature of the smoke in cold smoking is 15-18 C and is a long process that may take 

oseveral days. Hot smoking is carried out at temperatures ranging from 60-80 C and this 
enables a rapid colour and flavour development. The duration of hot smoking ranges from 
about ten minutes to one hour.

Smoking is usually done in smoke chambers where pieces of meat or meat products are 
placed for application of smoke generated within (traditional method) or outside (modern 
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method) the chamber (Figure 5-5). In the modern systems, smoke is generated outside the 
smoke chambers by burning saw dust slowly using direct fire or very hot steam or by friction 
on a l og of wood from a fast-rotating steel drum. The separate smoke generator allows for the 
removal of unwanted smoke components such as benzopyrene.

Smoking alters the organoleptic properties of meat, changing its colour, aroma, texture and 
tenderness. The smoke produced by burning wood contains substances that inhibit the 
growth of molds and yeasts on the surface of the product. A l ight smoking is used during the 
storage of dried meat, especially in wet weather. However, the preservative effect of such 
light smoking is not very important when storing the product if there is no cold chain.

More intense smoking can greatly increase the l ife of meat but it also has an adverse effect 
on the flavor and thus quality, especially in the case of prolonged storage during which will 
develop aromas of smoke tar that are increasingly unpleasant and dangerous to health.

According to the FAO, smoking, as a preservative, should be considered an emergency 
measure when no other method of preservation can be performed. This method can be used 
in wet weather or in a humid climate, or when preservation must be done as quickly as 
possible in order to immediately transport the commodity (e.g. after a hunt). Intensive 
smoking involves:

• the drying effect by reducing the moisture content by hot air;

• the condensation of smoke particles on the surface of the meat;

• their penetration into the inner l ayers of the product .

5.2.4. Heat Treatment or Cooking 
Heat treatment of processed meat products serves two purposes:

• Enhancement of desirable texture, flavour and colour (increased palatability)

• Reduction of microbial content to achieve preservation and food safety

High temperature induces coagulation and denaturation of meat proteins and the 
structural and chemical changes in fats and carbohydrates, which make meat tastier and 
tenderer. The number of microorganisms increase steadily through slaughtering, then meat 
cutting and initial processing. Therefore, heat treatment is important for microbial control 
to reduce or eliminate contaminating microorganisms.

Figure 5-5. Traditional smoking (left) and smoking in a chamber (right).
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There are two types of heat treatment , which are:
o• Pasteurization (or cooking): Heat treatment at temperatures below 100 C, mostly 

obetween 60-85 C
o• Sterilization: Heat treatment at temperatures above 100 C

There are three principal cooking methods, which are dry-heat, moist-heat, and microwave. 

1. Dry-heat cooking occurs when meat is surrounded by hot air or placed in direct 
contact with fat to transfer heat (Figure 5-6). Most often, this promotes the caramelization 
of surface sugars in foods. Forms of dry heat are l isted below.

• Broiling: This is when meat is placed in the oven.

• Pan frying: This is when meat is browned on both sides in a pan. 

• Stir frying: Small meat pieces are constantly stirred in a large bowl-like frying pan 
called ‘wok’. 

• Roasting: This is when meat is placed on a grill.

• Deep fat frying: Meat completely immersed in fat. 

It is worth noting that cooking methods involving fat, such as deep fat frying, are considered 
dry-heat methods. If this seems confusing, remember that oil and water don't mix, so while 
fat can take a l iquid form, in many ways it is the opposite of water, hence cooking in fat does 
not involve water or moisture but is "dry" heat cooking.

2.      Moist-heat cooking  (Figure 5-7) occurs when meat is surrounded by hot l iquid as in 
the methods l isted below. 

• Braising: Meat cooked with l iquid such as water or milk and ingredients such as whole 

BROILING PAN FRYING

STIR FRYING ROASTING DEEP FAT FRYING

Figure 5-6 Dry heat cooking methods
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(unchopped), unblended vegetables.

• Stewing: Cooking small meat pieces in liquid, including liquefied (i.e. blended) 
vegetables such as tomatoes, peppers and onions under high temperature for a short 
time. 

• Simmering: Cooking large meat pieces in liquid or vegetable blend under low 
temperature and for a l ong time.

3. Microwave cooking occurs in a microwave oven where electromagnetic waves cause 
the molecules in meat to vibrate against each other to create friction and heat from within 
the meat pieces. Cooking in a microwave oven is more rapid than in the other two methods, 
and temperature and cooking time can be pre-set. 

Danbu Nama: A Nigerian traditional cooked meat product
Danbu Nama is a traditional beef floss that is subjected to both moist and dry heat cooking. 
It is made from the choice parts of the beef carcass that has been completely deboned and all 
connective tissues removed. The meat is cut into l arge chunks of about 15 cm square, mixed 
with diced pepper, tomatoes and onions, salt, bouillon cubes and water in a cooking pot 
which is covered. The meat is cooked under moist heat until all the water is dried up and the 
meat is very tender. The cooked, tender chunks are then shredded in a blender (with the 
paddle attachment) or by hand with two forks. After complete shredding, the mixture 
receives suya seasoning, dry ground pepper and bouillon cubes, all thoroughly mixed in with 
the meat. On a flat sauce pan with very l ittle oil that has been heated till hot, the beef floss is 
fried, regularly turning it until it becomes dark brown and well fried. After cooling to room 

Figure 5-7 Moist heat cooking and microwave cooking

BRAISING STEWING

SIMMERING MICROWAVE COOKING
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temperature, it is packaged in an air-tight container in which it can be kept for up to a month 
at room temperature or in a refrigerator for up to three months. Figure 5-8. 

Suya
Suya can be made from beef, mutton, innards like kidney, liver or tripe, from chicken or 
shrimps. For four people, use 1.5 kg of meat thinly sliced and cut into small pieces. The meat 
is stuck into skewer sticks which must be soaked in water for up to 24 hours before use to 
avoid the skewers burning during the grilling of the suya. The meat can be skewered before 
adding the spice or spice may be added before skewering. The secret to great suya making is 
in the recipes for the suya seasoning and mix but there are no standard recipes for these two 
so there is room for experimentation and trial and error. A typical suya seasoning is made 
from 3 tablespoons of paprika, 3 tablespoons of garlic granules, 1 tablespoon of onion 
granules, 2 tablespoons of chili pepper flakes, 2 bouillon cubes ( to replace salt) and ¼ cup of 
vegetable oil. Mix the thinly sliced meat with the seasonings and l eave for 1-2 hours at room 
temperature. After this place the sliced meat in skewers and dab each side in the suya mix 
generously. The suya mix, called Yaji, is ½ tablespoons salt, 3 tablespoons ground kuli kuli 
(groundnut cake), 3 tablespoons chili pepper, 2 tablespoons ground cowpea, ½ tablespoon 
ginger powder, ½ tablespoon garlic powder, other spices as preferred or discovered. Place 
the skewered meat on a charcoal or wood fired barbecue making sure to constantly turn and 
add oil as dry heat cooking continues. When done, remove the meat from the skewers and 
add sliced onions, tomatoes, cucumber and other vegetables to taste and serve hot.                 
Figure 5-9.

Figure 5-8. Danbu Nama product of Bauchi Meat Product Company Ltd.

Figure 5-9. Suya from preparation to serving suggestion
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5.2.5. Drying

Drying is the l owering of water activity (content) in meat and meat products. Water activity 
is the measure of free unbound water available for microbial growth. The growth of 
microorganisms is halted when the available free water is  lower than that required for the 
particular species to grow. Meat drying could be done to preserve or extend storage life 
(shelf l ife) or could just be part of the steps in the manufacturing of specific meat products. 
The manufacture of fermented meat products is an example where drying is an important 
step in the process. The drying of such products is mostly done in climate-controlled 
chambers where temperature and humidity can be controlled. Drying could also be done in 

oovens at temperatures between 70-80 C.

However, drying of meat can be done under natural conditions in the air or sun. This is a 
popular method in many developing countries because of its cheapness and effectiveness. 
Pieces of meat are cut into specific uniform shapes (long strips and flat pieces) that permit 
the gradual and equal drying of whole batches of meat. It is predominantly carried out for 
meat preservation. Meats suitable for sun drying include  lean meat (meat with  little or no 
fat) from beef cattle, goat, and camel but not pork (pig meat) or such others that have fat.

Continuous evaporation of water from within the meat tissues brought to the surface results 
in meat pieces becoming smaller, thinner, slightly wrinkled, darker, and harder in texture. 

Figure 5-10. Sundrying of meat strips (top left), solar drying equipment (top right), 
kilishi preparation (bottom left) and the finished kilishi (bottom right).
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However, the protein content remains unchanged. 

Meat strips, with strings or hooks attached, are usually suspended to dry in the sun on l ong 
sticks similar to hanging clothes on wires to dry; and flat pieces of meat are placed in drying 
trays exposed to the sun. Some of the disadvantages of sun drying are the l imitation to the 
dry season, and exposure to contamination from dirt, wind, rain, insects, rodents and birds. 
Microbial contamination is also possible. An example of a sun-dried meat product in Nigeria 
is kilishi in which thinly sliced flat meat pieces are semi-dried in the sun and then spiced or 
dry-cured before finally drying over fire. 

However, there is an improvement over this method, which is called solar drying. Solar drying 
involves the use of a solar dryer, which is an equipment constructed to collect solar energy 
through the aid of materials that can store it (solar collectors such as a black surface). The 
heat absorbed by the collector heats the air around it, which is passed or moved into a 
chamber to dry meat pieces arranged there. This system avoids most of the disadvantages of 
sun drying. (Figure 5-10). 

Sun drying is the oldest method of preservation. It is economical as it does not consume 
energy and requires little equipment. It is still used whenever refrigeration, freezing or 
canning is deemed too expensive. Drying is particularly suitable for beef but also for meat 
from camels, sheep, goats and big game (antelope or deer, for example).

Exposed to the open air, the water content of meat is reduced by evaporation first on the 
surface followed by a continuous migration of water from the deep  layers toward the 
surface, such that the dehydration reduces the growth of microorganisms. The evaporation 
rate in the first day of drying is the most important as it continuously decreases in the 
following days. Weight  loss of 60-70% is obtained within three or four days of drying. The 
muscle and connective tissues shrink, the meat becomes smaller, thinner and harder. The 
characteristic flavour of fresh meat disappears and is replaced by a particular flavour of 
dried meat. If exposed to the sun, the dried meat will be slightly  lower in quality because 
some vitamins are degraded by ultraviolet radiation. The l ean cuts of meat, sliced into strips 
so as to increase the evaporation surface, are preferable to fatty meat because fat oxidation 
creates rancidity which gives the food a rancid odour and taste. The extent and duration of 
drying depends on the air temperature, moisture (about 30%) and air circulation.

Traditionally, the meat strips are dried on tree branches and wires to allow them to dry 
quickly and evenly. FAO recommends suspending each strip individually from one end on 
horizontal bars of wood, metal or concrete by S-shaped galvanized metal hooks or with metal 
clamps (Figure 5-10). With or without a roof, trees whose foliage can shade parts of the 
drying lines should be removed to allow more uniform drying of all the pieces of meat. 
Without a roof and fine wire netting, twigs, l eaves and insects may be deposited by the wind 
on the meat and, in addition, when it rains the product is  lost as the meat strips cannot be 
collected until the drying is complete.
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Rubbing dry salt or immersion for five minutes in a 14% (or 1.63 kg per 10  litres of water) 
solution of water and salt prior to drying has two advantages: it repels insects that feed, 
excrete and l ay their eggs upon the muscle fibres; and the thin l ayer of crystalline salt which 
forms on the surface of the meat during the drying absorbs some of the water migrating to 
the surface depth, keeping it dry inside. Rehydrated dried meat has almost the same 
nutritional value as fresh meat when it is cooked in broth but some types of dried meat are 
eaten raw, without rehydration or cooking. 

Some examples of dried meat are: 

Biltong: In South Africa, the biltong is a dish prepared from beef or antelope. The best 
biltong is made from sirloin and tenderloin cuts. Strips (1-2 cm thick) are pickled or salted 
dry (most popular method). Salt (1 to 2 kg per 50 kg of meat), pepper, sugar, coriander, anise, 
garlic and other spices can be added. Strips rubbed with this mixture are placed in l ayers in a 
container  lightly sprayed with vinegar and well packed. Brined in this manner for up to 12 
hours, then soaked in a mixture of hot water and vinegar, biltong is then dried in the sun for a 
day before its complete drying in the shade. It is usually smoked, and then l eft for one or two 
weeks in good air circulation. The final product, which is brown and hard on the outside and 
moist, red and tender inside, is sold as sticks or slices, is eaten raw and is considered a 
delicacy.

Jerky or Tasajo: In Brazil and other countries of South America, beef is cut into pieces of 
about 5 kg, but only 5 cm in thickness. The pieces are immersed for about an hour in barrels or 
tanks containing a saturated salt solution. After removal from the brine, the meat drips on 
shelves. It can be dry salted again by packing alternating salt and meat layers reaching a 
height of about one meter and covered with wooden planks and heavy stones. Eight hours 
later, the weights are removed and the process is repeated every day for five days. Then the 
pieces of meat are washed to remove excess salt adhering to the surface and pressed on a 
platform to eliminate excess moisture. The strips are then spread on bamboo slats or wooden 
shelves for drying in the sun for four to six hours. To ensure uniform drying temperatures 
below 40 ° C, the meat is exposed to the sun in the morning and removed in the afternoon, for 
four to five days. After each exposure period, the l ots are covered with a waterproof sheet to 
protect them from the rain and wind and to retain heat absorbed. The jerky is sold without 
packaging or wrapped in a jute bag. Plastic is not suitable because the product still contains 
a certain percentage of its original moisture, and that moisture must evaporate. It can keep 
for months at room temperature and is resistant to insects and moulds. A similar process is 
followed in Uruguay under the name tasajo. Its use is very common in countries where gold 
miners do not engage in agriculture. The tasajo is boiled as if it were a piece of beef, it swells 
in water and is very appetizing. Soldiers value tasajo as 1 kg of it is equivalent to four 
kilograms of fresh meat.

Pastrami: In Turkey, Egypt and Armenia, beef from animals of middle age and camel meat, in 
some areas, are dried. Hindquarters flesh is cut into l ong strips from 50 to 60 cm and up to 5 
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cm thick. It is then rubbed and covered with salt and nitrate at 2 g nitrate for 10 kg of meat. 
The strips are arranged in a pile of about 1m high and stored for one day at room 
temperature. They are salted and piled for another day. Then they are washed and air-dried 
for two to three days in summer and fifteen to twenty days in winter. Once dry, they are 
stacked to a height of 30 cm and pressed with heavy weight of about a ton for 12 hours. After 
further drying period of two to three days, they are compressed again for 12 hours and again 
air dried for 5 to 10 days. The entire surface of the meat is then covered with a l ayer (3-5 mm 
thick) of “cement”, a paste of 35% freshly ground garlic (very important as antifungal), 20% 
fenugreek, 6% of red paprika, 2% mustard and 37% water. The meat rests in batteries for a 
day, then is dried for 5 to 12 days in a well ventilated area. Production of pastrami therefore 
requires several weeks, but the product is free from mould for months at room temperature, 
even in summer.

Kilishi: In Nigeria and in other arid and semi-arid areas of West Africa, kilishi is prepared on 
a l arge scale, from February to May from l ean beef, goat meat orl amb, by sun drying thin slices 
of meat on papyrus mats. The first drying step, which takes two to six hours, reduces the 
humidity of the meat slices by about 40 to 50%. The slices are then placed in a paste 
composed of peanut or soy flour (50%), water (30%), garlic (10%), bouillon cubes (5 %), salt 
(2%) and spices l ike pepper, ginger and onion. They can absorb the mixture until they reach 
almost three times their weight. The wet product is exposed to the sun to dry for two or three 
hours and the slices are finally roasted on a hot fire for about five minutes. This roasting 
destroys microorganisms and enhances the flavour (Figure 5-10). The final moisture 
content is between 10 and 12% and will decline further during storage at room temperature 
to about 7%. Packed in airtight containers or plastic bags of l ow density, the Kilishi remains 
remarkably stable at room temperature for one year.

Banda (Hausa), Kundi (Igbo) or Tinko (Yoruba) is a hard-smoked or sundried meat 
product made from rejected cattle and discarded transport animals (donkeys, horses, 
camels), buffaloes and elephants (Adeyeye, 2016). Boneless meat is cut into big chunks, 
cooked without any seasonings for 15 – 30 minutes, then dried and sundried or smoked for 
about 18 – 30 hours. It is then cooled and packaged in sacks and jute bags and is stable at 
room temperature with a shelf life of 6-12 months or even up to 2 years. Chemical analysis 
(Adeyeye, 2016) of samples obtained from open markets in Ibadan without knowledge of 
their prior history showed that the samples contained 10-13 % moisture, 64% protein and 
10% fat. Nine strains of Aspergillus, Fusarium and Penicillium were isolated from the 
samples which were contaminated with aflatoxin and deoxynivalenol. However, they were 
within the maximum permissible l evel of 20 ppb.

Odka: This l ean beef product is of major importance for the nomads in Somalia. The strips of 
meat, dry cured and dried for four to six hours, are cut into smaller strips and cooked in oil, 
then returned to dry and then flavoured with sauces and spices. Covered with oil and stored 
in a sealed container, they keep for more than 12 months.
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Pemmican: Amerindian women prepare the pemmican by drying in the sun or fire, thin 
slices of the meat of bison which they then place in a tanned buffalo hide before beating the 
pile with sticks to reduce the meat to powder. Meat powder is packed in bags of bison l eather 
covered with hot grease from the same animal. The whole package is stirred and mixed to 
form, after cooling, a kind of cake "as solid as flax meal." Pemmican is an invention of a very 
high value in a country where meat is scarce, and where transport is very  limited, because 
though l ow in volume and weight, it contains a l arge amount of nutrients.

Qwanta: In Ethiopia and other countries of East Africa, l ong strips of 20 to 40 cm of l ean beef 
are brushed with a sauce made of salt (25%), pepper (50%) and aromatic substances (25%) 
and then suspended in the kitchen to dry for 24 to 36 hours. They can then be l ightly smoked 
before being fried in butter and dried again. The qwanta is then consumed or stored.

SELF ASSESSMENT EXERCISE 5.2               
Discuss 4 methods of meat processing

5.3. COLD STORAGE OF MEAT 

The three stages of cold storage are cooling, chilling and freezing. Cooling from ambient 
temperature to 10 °C stabilizes the meat for a few days as the cold slows the reactions of 
enzymes and microorganisms. However, it can cause rancidity of fatty meat.

5.3.1. Cooling or Refrigeration

Refrigeration is a preservative and storage method for meat and meat products. The most 
common method for prolonging the shelf l ife of meat is refrigeration, which involves storage 

oof meat at temperatures between -2 and 5 C. Refrigeration should begin immediately after 
slaughtering and continue through subsequent processing to consumption.

oThe internal temperature of the carcass, which is between 30 – 39 C after slaughter must be 
oreduced rapidly to about 5 C at the thickest portion of meat in order to slow down the 

degeneration of the meat. Beef, pork, and lamb carcasses are usually cooled or chilled at 
otemperature ranges of between -4 to 0 C, while poultry carcasses are cooled by immersion 

in ice water. The rate of cooling a carcass depends on the: 

Ÿ size of the carcass, 

Ÿ amount of external or internal fat, and 

Ÿ the temperature of the cooling environment. 

The rate of cooling will be slow if the carcass is  large, fat is much, and the temperature of 
cooling environment is high.

Meat or meat products should only be stored under refrigeration for a short time because 
degenerative changes continue to occur at this temperature for some microbes and 
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accelerates with time. The major factors that influence the storage life of meat under 
refrigeration are the: 

Ÿ � initial microbial  load, 

Ÿ � temperature and humidity conditions during storage, 

Ÿ � presence or absence of protective covering or packaging, 

Ÿ � species of animal, and 

Ÿ � type of product stored (raw or processed). 

The storage l ife of meat will be shorter if the initial microbial l oad is high, humidity is l ow 
and temperature is high, covering is absent, meat is from fish or poultry, and the meat is raw.

Fresh meat purchased for consumption should not be stored under refrigeration for more 
than four days before consumption unless frozen. Refrigeration between 0 and 2 °C allows 
preservation of meat as carcass for up to 15 - 20 days if the carcasses are suspended without 
touching the ground. The storage life drops to 28 - 36 hours for a beef carcass if the 
temperature goes up to 6 or 7 °C within the muscles, 12 to 16 hours for pigs, and 24 to 30 
hours for sheep. The relative humidity of the ambient air should be about 90% and the air 
speed 0.5 m/s for rapid cooling without too much loss of weight and a minimum of 
condensation on the surface that could promote bacterial growth.

5.3.2. Freezing

Freezing allows preservation for a l onger duration. Rapidly frozen at -25 °C after slaughter 
and butchering, the meat is maintained at a temperature of -18 to -15 °C until use. It is 
effective in terms of microbiological protection. Freezing done at the factory and at home, 
over time, changes the organoleptic properties of meat: the red colour of myoglobin 
pigment turns to brown (freezer burn), and the fat becomes rancid. The maximum storage 
period at -18 °C is 5 months for pork, 8 months for sheep and 10 months for beef.

Freezing is an ultra-rapid industrial process which causes the temperature deep within 
the meat to drop to -18 ° C, creating small round crystals of ice, which prevent  loss of 
water during thawing. The meat should be kept at -18 ° C until the time of sale, and this 
requires the use of the cold chain. 

Freezing is an excellent method for preserving and storing meat. It results in  less 
undesirable changes in qualitative and sensory (flavour, taste, juiciness and texture) 
properties of meat. Very low temperature retards microbial growth and enzymatic or 
chemical changes, thereby retaining nutritive value. Freezing also prevents access by 
microbes to water available for microbial growth. Freezing at a fast rate is more desirable 
than at a slow rate. There are different methods for freezing meat and meat products, which 
are: (Figure 5-11). 
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• Still air: Air is the heat transfer medium and freezing depends on convection. Here 
meat freezes very slowly. The home freezer unit and the refrigerator freezer operate on this 

oprinciple. Temperature ranges from about -10 to -30 C.

• Plate freezer: Metal is the heat transfer medium and freezing depends on conduction, 
which is slightly faster than still air. Products are placed in direct contact with the freezer 

ometallic plate or shelves. Temperature also ranges from about -10 to -30 C.

• Blast freezer: Air is the medium of heat transfer but the heat is transferred at a higher 
velocity on account of the fans installed for rapid air movement. Temperature ranges from 

oabout -10 to -40 C and air velocity from 30 to 1070 meters/minute. 

• Liquid immersion or l iquid sprays: This is used mostly for packaged products especially 
poultry and fish. Freezing rate is rapid and comparable to blast freezing. The products are 
wrapped in plastic and immersed in the freezing  liquid, or the cold  liquid is sprayed over 
them. The  liquid must be non-toxic, not too expensive, have  low viscosity,  low freezing 
point and high heat conductivity. Examples are sodium chloride brine (salt solution), 
glycerol, and glycol.

• Cryogenic freezing: This is the most rapid method of freezing. It involves extremely  

Figure 5-11. Top left -Refrigerator, top right - Still-air (Chest) Freezer, 
bottom left - Moving- air Freezer and bottom right - Blast Freezer.
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low temperatures where the freezing agent such as liquid or gaseous nitrogen or liquid, 
gaseous or solid carbon dioxide is applied. They can be applied as  liquid immersion or 
spray.

Before meat under freezer storage can be used it has to be changed from the frozen state to 
the former state before freezing. This process is called thawing. The quality of meat after 
thawing will depend on conditions under frozen storage, thawing method, freezing rate 
(slow or fast), and condition of meat before freezing. There are five ways of thawing frozen 
meat products:

• Cold air: meat put into a refrigerator or cooler

• Warm air: meat  left under ambient (environmental) temperature

• Water: meat put in water or under running water

• Cooking: meat cooked directly as soon as taken from freezer

• Microwave: meat thawed using the microwave thawing option

The cold air option is recommended as the best thawing method if the products are not 
going to be cooked or microwaved directly from the frozen state.

SELF ASSESSMENT EXERCISE 5.3                
Discuss the differences between refrigeration and freezing

5.4 PACKAGING
Packaging refers to the material that holds or surrounds meat and meat products in order 
to prevent them from direct handling, and which enables compactness in usage. Basic 
functions of packaging are the following:

• Protection of products from undesirable impacts on quality regarding microbiological 
and physico-chemical damage or alterations. In this perspective, products are protected 
from secondary contamination during processing, storage and distribution due to dirt, 
microorganisms, parasites (e. g. insects), toxic substances, and influences affecting colour 
and taste and l oss or uptake of moisture. 

• Presentation of products to consumers in the most attractive manner.

In spite of the fact that packaging can prevent secondary contamination, the further growth 
of microorganisms, which are already present in meat, cannot be prevented except when 
combined with other measures such as heating or sterilization, freezing etc. There are many 
materials suitable for meat packaging but the choice of a specific type will depend on 
whether the meat product is fresh or processed. For example, the packaging requirements 
for frozen meat include low moisture vapour transmission (to prevent dehydration), 
pliability, strength, and grease resistance from fat. Moreover, packaging material used for 
fresh meat display must allow ample amounts of oxygen to pass through in order for 
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oxymyoglobin to be stable and maintain reddish colour. However, cured meat products need 
to be protected from  light and oxygen so that the colour imparted by cure ingredients will 
not fade.

Different types of packaging materials available include paper, aluminium foil, glass, films or 
foils manufactured from polyethylene, polypropylene, polyesters, nylon, polystyrene, and 
polyvinylidenechloride (PVDC). Combinations of these materials are called l aminates, which 
possess a wide variety of functional properties depending on the components. Some basic 
attributes required for the films and/or foils are that they must:
• Be flexible
• Have mechanical strength
• Be  lightweight
• Be odourless and hygienic
• Be easily recycled
• Be resistant to hot/cold temperature
• Be resistant to oil and fat
• Have good barrier properties against gases
• Be heat sealable
• Have  low cost

More advanced forms of packaging include vacuum packaging (VP) and modified 
atmosphere packaging (MAP). Vacuum packaging involves the removal of air so that no air 
comes in contact with the product. This will be suitable for cured products that require very  
little oxygen (Figure 5-12). 

Modified atmosphere packaging involves the removal of air in order to be replaced by carbon 
dioxide and nitrogen. Nitrogen prevents rancidity and carbon dioxide prevents the growth 
of bacteria and moulds in processed products. For fresh meat, a combination of oxygen and 
carbon dioxide is used to replace air. After the removal and replacement of air the packaging 
material is heat sealed to maintain the new atmosphere. From the 20th century, the food 

A

B

B

D

E

A - Aluminium Foil
B - Polypropylene Container
C - Polyvinylidene chloride 
      wrapper +polyurethane base
D - Vacuum Packaging 
E - Modified Atmosphere 
     Packaging  

Figure 5-12. Packaging Methods.
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industry has been using this method. Depending on the product, packaging and required 
storage time, the composition of the gases may include:

• pure gas (e.g. oxygen O , carbon dioxide CO  or nitrogen N );2 2 2

• a mixture of two gases (eg 80% O  + 20% CO  for red meats, or 20% CO  + 80% N  for    2 2 2 2

other meat products);

• a mixture of three gases (eg, 45% O   + 20% CO  + 35% N  for offal).2 2 2

The gases argon, helium, hydrogen and nitrous oxide can also be used. The inhibition of 
microorganisms by CO  increases with the cold but not every microbe reacts the same way to 2

CO . While Salmonella is partially inhibited, Clostridium is not affected while Yersinia 2

enterocolitica and Campylobacter jejuni proliferate. It is known that CO  l owers the pH of the 2

meat by its solubilization and disrupts the activity of certain enzymes, but its exact mode of 
action is still unknown.

Packaging meat under a controlled atmosphere, known commercially as protective 
atmosphere when using oxygen, keeps the natural colour of the meat but can change the 
flavour and odour. The characteristic red colour of meat is due to myoglobin. In the presence 
of oxygen, myoglobin, which is purple in colour, can be oxygenated to become oxymyoglobin 
which is bright red. In the absence of oxygen, as in vacuum packaging, myoglobin oxidizes to 
become metmyoglobin which has an undesirable brown colour. The contact between oxygen 
and unsaturated fatty acids of meat is responsible for rancidity, giving the food a flavour 
characteristic of stale or rancid foods.

5.5 REVIEW QUESTIONS

1. Why do we preserve meat and how can we avoid meat spoilage?

2. What are the basic functions of packaging and six attributes of a good packaging 
material?

3. Write a  list of all meat processing, preservation and storage methods you know.

4. Write briefly on three principal cooking methods.

5. List three causes of spoilage in animal flesh.

6. List different methods of curing meat. 

7. Differentiate between pasteurization and sterilization.          

8. State the basic effects of smoke on meat.                  
9. State the basic principle behind drying as a preservative method.

10. List the different methods for freezing and thawing meat and meat products.

11. List four attributes required for using film/foils as packaging materials.
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6.0. MILK PROCESSING AND PRODUCTS
mong the pastoralists, milk is a major component Aof the traditional diet and as such most of the milk 
produced is consumed in the home and is rarely 

sold. Hence conversion of any surplus l iquid milk to any of 
the traditional milk products has always been done at the 
household  level. There is no record in Nigeria, historical 
or contemporary, to show that milk processing has ever 
been organised at the community l evel such as is the case 
with the harvesting, threshing and winnowing of millet or 
sorghum and in the hunting of wildlife.

Raw milk is a perishable commodity and spoils very easily. 
Its  low acidity and high nutrient content (Table 6-1) 
make it the perfect breeding ground for bacteria, 
including those which cause food poisoning 
(pathogens). Bacteria from the animal, utensils, hands, 
and insects may contaminate the milk, and their 
destruction is the main reason for processing.                      
This preservation of the milk can be achieved by 
fermentation, heating, cooling, removal of water, and by 
concentration or separation of components, to produce 
foods such as yoghurt or ice cream.

Traditionally, milk processing is done at the family  level. 
The milk from a milk animal or a herd or flock is kept in a 
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calabash container. Whatever milk is available for processing into traditional products is 
done by the women. The fact that traditional milk processing is confined to the household 
level, and the amount of milk processed is usually small, means that the equipment and 
vessels used, as well as the techniques, have remained simple for a very long time.                      
The industrial or secondary processing redirects the flow of fresh milk from the home to the 
plants which pasteurize the fresh milk and reconstitutes imported milk products. The 
products from the factory are pasteurized and reconstituted milk, yoghurt, fermented milk, 
sour and sweet cream, table butter and ghee; but not all plants provide all these products. 
Processing of milk on a commercial or industrial scale requires not only more sophisticated 
equipment but also a more rigorous quality control, starting with the raw milk itself right 
from the milk collection centre.

6.1. MILK COLLECTION 

Mik collection centres are normally placed in rural areas where farmers, after each milking 
time, transport their raw milk to be cooled in a bulk tank (Figure 6-1). The road tanker of the 
milk processor then collects the milk from this centre. A milk collection centre is usually 
equipped with a small milk intake vessel, a milk pump and a milk cooling tank (Figure 6-2). 
Other items could be, e.g. a weighing scale or a milk metering device, a cleaning facility for 
milk churns and  laboratory equipment for testing the milk quality. In very remote areas 
with sufficient milking cows, an independent milk collection and processing point can be 
established. 

Table 6-1. Average composition (g/100g) of milk from various mammals

Species

Source: A. Aqid, M. Ijaz, A Anjum, M. Kulyar, M. Shoaib, and S. Farooqi. 2019. Reconnoitering 
milk constituents of different species, probing and soliciting factors to its soundness.
 DOI:10.5772/intechopen.82852.
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These are the usual steps in the milk collection system. 

Step 1
A small farmer in a rural area milks his cow twice a day and takes about 2 litres to a Milk 
Collection Centre. 

Step 2
At the Milk Collection Centre the farmer's milk is poured into aluminium churns. The agent 
checks the milk's freshness and purity, and enters the quantity into the farmer's  logbook.               
The agent takes the collected milk to a Secondary Reception and Cooling Station.

Step 3
The Secondary Reception Station has a  large electrically powered cooling tank (Figure 6-2). 
A milk inspector measures the fat content, the non-fat solids content, and the milk's acidity. 

Figure 6-1. Rural Milk Collection in Nigeria

Figure 6-2. Required equipment in a Milk Collection Centre.

Milk Collection and
Processing Centre with
Required Equipment

Pasteurizers 

Refrigerated
Storage Tank
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Once satisfied, he takes the milk to the Main Reception and Cooling Station. 

Step 4
At the Main Reception and Cooling Station the milk is poured into huge tanks and 
thoroughly checked for quality. The milk is then dispatched to the factories. 

Step 5
At the factories, the milk is processed and packed into the familiar cartons you can find in 
retail outlets. It is checked for quality thrice before being released for sale. Some is 
processed into yoghurt, ice cream, or other milk products. 

6.2. MILK QUALITY AND HYGIENE
Milk that has been harvested from animals and stored at appropriate cold temperatures in 
tanks is transported to processing centres, where they are tested for quality before being 
processed. Milk contains all the major food components: water, fat, protein, carbohydrate, 
vitamins and minerals, and is therefore an ideal medium for bacterial growth.

The milk is checked for protein, fat, flavour, total bacteria count (TBC), somatic cell count 
(SCC), and residues. The protein and fat contents are checked against standard milk values 
(Table 6-1) in order to accept or reject the milk. The type of animal, its quality, and its diet 
can lead to differences in the colour, flavour, and composition of milk. Infections in the 
animal which causes illness may be passed directly to the consumer through milk. It is 
therefore extremely important that quality-control tests are carried out to ensure that the 
bacterial activity in raw milk is of an acceptable  level, and that no harmful bacteria remain 
in the processed products. 

6.2.1. Standard Milk Quality testing procedures
1. Fat content
The price paid for milk is usually dependent upon the milk-fat content, and this may be 
determined either at the collection stage or at the dairy farm using a piece of equipment 
known as a butyrometer (Figure 6-3). Additionally, the specific gravity can be measured 
using a hydrometer. Testing for milk fat content, which is usually 4 per cent, can also be used 
to detect adulteration.

2. Flavour
Milk is a yellowish-white, non-transparent  liquid. Fresh milk has a pleasant soft and sweet 
taste and has hardly any smell. Consumer acceptance of milk is greatly affected by its 
flavour. There are several factors which may produce off-flavours and/or odours in milk. 
Some of the more common causes of flavour and odour problems are:

Ÿ  Strong flavored feedstuff such as poor quality silage or feed

Ÿ  Strong smelling plants, l ike wild onion or garlic

Ÿ High acidity flavours and oxidized flavours, from contact with copper or exposure to 
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sunlight; and flavours from the use of chlorine, fly sprays, medications, etc.

Ÿ  Rancid flavours: These are caused by excessive agitation of milk during collection 
and/or transport. Damage of the fat globules in the milk results in the presence of free 
fatty acids. 

Ÿ  Cow-barn flavors from dung, etc. These are found when milk is obtained from a dirty or 
poorly ventilated environment or from improperly cleaned milking equipment. 

3. Hygiene
Milk, when it emerges from a healthy udder  (the mammary gland of the female animal, which 
has teats where milk comes out from) contains only very few bacteria. However, milk is a 
perishable product. It is an ideal medium for micro-organisms and as it is a l iquid, it is very 
easily contaminated and invaded by bacteria. Almost all bacteria in milk originate from the 
air, dirt, dung, hairs, dust, dirty equipment, operators, and other extraneous substances.               
In other words, milk is mainly contaminated with bacteria during milking. 

The major group of bacteria in milk is the  lactic acid bacteria, which grow and produce 
lactic acid rapidly when milk is kept at ambient temperature and it becomes sour. How soon 
the milk turns sour depends on the degree of contamination and on the temperature of the 
milk. Therefore, proper cleaning and sanitizing procedures are essential to control milk 
quality. Cooling milk to a temperature of 4ºC as soon as the animal is milked (the first 2 – 3 
hours) makes the bacteria inactive and prevents them from growing and producing the 
lactic acid.  

4. Bacterial activity
It is necessary to routinely check the microbiological quality of raw milk using either 
methylene blue or resazurin dyes. These tests indicate the activity of bacteria in the milk 
sample and the results determine whether the milk is accepted or rejected.

Figure 6-3. A butyrometer (left) for measuring milk fat content; a hydrometer (right) 
for measuring specific gravity
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Both tests work on the principle of the time taken to change the colour of the dye. The  
length of time taken is proportional to the number of micro-organisms present (the shorter 
the time taken, the higher the bacterial activity). It is preferable to use the resazurin test as 
this is l ess time-consuming. For these tests, basic l aboratory equipment will be needed, such 
as test-tubes, a water bath, accurate measuring equipment, and a supply of dyes.

After collection, the milk should ideally be stored at a temperature of 4°C or below. This is 
necessary to slow the growth of any contaminating bacteria. The specific tests carried out 
include:

(a) Total Bacteria Count
The total population of bacteria in milk is termed Total Bacteria Count (TBC) and very good 
raw milk should contain only 500 to 1,000 bacteria per ml. The normal total bacteria count 
after milking is up to 50,000 per ml and many processors may not be willing to accept raw 
milk with a higher value. However, counts may reach several millions bacteria per ml. Milk 
with a high bacterial count is considered undesirable because high counts may indicate old 
milk, improper refrigeration or the use of unclean methods in the milking and handling of 
the milk. It could also indicate milk from an animal with disease such as mastitis. Mastitis is 
a disease of the udder. This disease arises when bacteria enter the udder and establish an 
infection. The disease is caused by Streptococcus and Staphylococcus species of bacteria  
leading to clotting and discolouration of the milk. It also  leads to reddening, heat, pain, 
swelling and hardening of the udder. 

Hygienic milk only originates from mastitis free and healthy animals. Cows suffering from a 
disease may secrete the pathogenic bacteria, which cause their disease, in the milk they 
produce. Consumption of raw milk therefore might be dangerous to the consumer. Some of 
these diseases,  like tuberculosis, brucellosis and anthrax, can be transmitted to the 
consumer. Whatever the milk is used for during processing, the hygienic standard of the 
produced milk at farm-level forms the basis of the quality of the ultimate milk products.

Bacterial count is the most frequently used test for the quality of milk and its product. 
Bacterial count standards of the US Public Health Service are:

Raw Milk:
Ÿ Grade A – Milk for pasteurization: 200000/ml or l ess

Ÿ Grade B – Milk for pasteurization: 1,000, 000/ ml or l ess

Ÿ Grade C – Milk for pasteurization that does not meet Grade B requirement

Pasteurized Milk:
Ÿ Grade A – 30,000/ml or l ess

Ÿ Grade B – 50,000/ml or l ess

Ÿ Grade C – Not meeting Grade B requirement
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Bacteria in milk are estimated by:

Ÿ Plate Method – This employs the principle of mixing a given weight or volume of milk 
with standard tryptone-glucose-extract milk agar which solidifies, and then counting 
the colonies developing on incubation.

Ÿ Microscopic or Breed Method – This is a direct microscopic examination of a dried film of 
milk which has been stained with the Breed Stain.

Ÿ Special Test for Specific Groups and Species – The special tests for coliform organisms 
serve to check on general conditions during production, to determine the presence of 
udder inflammation caused by certain species of the coliform group and to evaluate the 
efficiency of pasteurization. Normally coliform bacteria are destroyed by 
pasteurization: their presence in pasteurized milk indicates faulty processing. 
Examination for hemolytic streptococci, tubercle bacilli and Brucella species assists in 
tracing the epidemiology of disease outbreaks and aids in routine examination of 
producing animals for the detection of diseased conditions.

(b) Somatic Cell Count
Apart from TBC, another measure of the quality of raw milk is the Somatic Cell Count (SCC), 
which is a direct indication of infection. Somatic cells consist almost totally (98%) of white 
blood cells. When bacteria exist in the environment close to the teat end, the first line of 
defence against bacterial infection is the teat canal. If the bacteria succeed in entering the 
udder, then the second l ine of defence comes into play and inflammation occurs, i.e. white 
blood cells or somatic cells. These somatic cells try to destroy the bacteria and prevent it 
from infecting and damaging the udder tissue. Thus, these somatic cells are the first reliable 
indication of mastitis infection. A certain l evel of somatic cells are always present in milk, as 
a protection for the cow against mastitis infection. Most cows that are free of mastitis and 
have no previous infections would be expected to have an SCC of  less than 100,000 
cells/ml, with many below 50,000 cells/ml.  It is widely accepted that individual cow SCC 
greater than 150,000 cells/ml or individual heifer SCC greater than 120,000 cells/ml 
indicates presence of infection.      

Milk with a high somatic cell count can be harmful to human health and contains  less 
protein. In addition, milk with a high cell count generally contains an increased amount of 
enzymes, which have effect on the quality of the protein and the fat in milk. The presence of 
these enzymes in milk increases the potential for off-flavours and odours. Because the 
somatic cell count of raw milk is important for the shelf-life, flavour and the quantity of 
products obtained, milk processors strive to obtain raw milk of the highest hygienic quality 
from their producers.      .

5. Residues in Milk
Good quality milk must be free of various residues that may be deposited or remain in milk 
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along the pre-processing handling of raw milk. Such residues are antibiotics, disinfectants, 
iodine, trichloromethane (TCM), added water, and sediments.

Milk must be free from antibiotics, and even traces are not acceptable. All milk supplies are 
tested for antibiotic residues. Antibiotic residues result from the milk collected from 
animals that have been treated for various infections, which were not completely disposed. 
Milk from animals being treated must not be processed or consumed and the proper safe 
period after treatment must be strictly observed.

Disinfectants and TCM contamination result from improper washing or rinsing of equipment 
used in the pre-processing of raw milk. The most effective disinfectants have chlorine as the 
active component, but chlorine can form TCM if it comes in contact with organic matter such 
as milk remaining in processing equipment pipes. Very low  levels or zero  levels of TCM are 
tolerated.

Iodine contamination results from the feed given to the animals. In spite of the fact that 
iodine is very important to human physiology, an excessive  level is not healthy. Therefore, 
proper monitoring of iodine l evels in feed is required.

Water is the most abundant component of milk. However, excess water above the acceptable 
level is not proper because the consumer is paying for milk and not water. Excess water could 
arise from improper draining of water from pipes after washing, or switching to automatic 
cleaning too early.      

Physical cleaning of teats before milking is essential for  lowering sediment in milk. 
Sediment in milk is generally due to poor pre-milking hygiene procedures that allow soil and 
other materials to enter the milking system. Proper environmental conditions are important 
in order to maintain cow cleanliness and reduce soil on animals so that premilking hygiene 
procedures can be effective.  Sediment in milk is measured by filtering the milk through a 
fine filter and visually examining it.  High sediment  levels in milk are associated with dirt 
and increased potential for bacterial contamination, thus adversely influencing milk 
quality.

Summarily, high quality milk should:

Ÿ Be free from all pathogenic micro-organisms;

Ÿ Have a l ow total micro-organism count;

Ÿ Be free from sediment and extraneous matter;

Ÿ Have a slightly sweet taste and a mild aromatic flavour; and should

Ÿ Meet the standards for the minimum butterfat, solids non-fat and total solids content.
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SELF ASSESSMENT EXERCISE 6.1
1. What are the challenges in milk collection and of Milk Collection Centres?

2. What are the required equipment in a Milk Collection centre?

3. What business opportunities can you see in milk collection?

4. What are the factors for determining fresh milk quality and price?

5. What steps can be taken to ensure high-quality milk is obtained from the cow?

6.3. MILK PRESERVATION AND STORAGE 

Processing milk from many homes or herds requires that the milk so collected be prevented 
from going sour unintentionally. This is done by pasteurization and sterilization and in the 
process, there is homogenization of different batches of collected milk. Evaporation is 
carried out to reduce the weight of the milk to be transported and marketed.

Apart from boiling of milk before consumption there are no known traditional technologies 
for preservation of  liquid milk through heat processing. The technologies involved in  liquid 
milk processing are refrigeration, pasteurization and sterilization (both of which requires 
steam generation), and aseptic packaging (Figure 6-4). Some simple equipment are used in 
decentralized milk collection centres (MCC) which are essentially milk cooling centres 
(MCC). The application of the whole range of milk processing will create employment in the 
rural areas, promote local skills, as some of the equipment could be made locally, and 
stimulate growth of milk production by providing an assured market for  local milk.

Milk can be kept for  longer periods of time if it is heated to destroy the bacteria or cooled to 
slow their growth. Pasteurization and sterilization are the two most commonly-used heat 
treatments. Technically, it is possible for both to be carried out on a small scale, but they are 
most usually performed on a larger industrial scale due to the need for qualified, 
experienced staff and accurate and strictly controlled hygienic processing conditions.

Alfa Laval TSI raw milk silo Alfa Laval centrifugal separatorTetra Pak pasteurization plant

APV finished milk siloTetra Pak homogeniser Tetra Pak 200ml carton 
filling machine

COMPLETE RAW MILK PROCESSING EQUIPMENT

Figure 6-4. Equipment for industrial milk handling and processing  (Photos by manufacturers). 
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Pasteurization
Pasteurization is a relatively mild heat treatment, (usually performed below 100°C) which is 
used to extend the shelf-life of milk for several days. It preserves the milk by the 
inactivation of enzymes and destruction of heat-sensitive micro-organisms, but causes 
minimal changes to the nutritive value or sensory characteristics of a food. Some heat-
resistant bacteria survive to spoil the milk after a few days, but these bacteria do not cause 
food poisoning.

The time and temperature combination needed to destroy 'target' micro-organisms will vary 
according to a number of complex inter-related factors. For milk, the heating time and 
temperature is either 63°C for 30 minutes or alternatively 72°C for 15 seconds. Only the 
former combination is possible on a small scale and for this the simplest equipment required 
is an open boiling pan. Better control is achieved using a steam jacketed pan, and this can be 
fitted with a stirrer to improve the efficiency of heating. Both of these are batch processes 
which are suited to small-scale operation. A higher production rate may be possible using a 
tubular-coil pasteurizer. 

Phosphatase test
For pasteurized milk, it is possible to ensure that pasteurization has been adequately 
achieved by testing for the presence of the enzyme phosphatase. The destruction of 
phosphatase is regarded as a reliable test to show that the milk has been sufficiently heat-
processed, because this enzyme (present in raw milk) is destroyed by pasteurization. It is 
stressed that pasteurization is an effective safeguard against spoilage and food poisoning 
only if the milk is not re-contaminated after pasteurization.

Cooling
Pasteurization does not destroy all of the micro-organisms, therefore the milk has to be 
cooled rapidly to 4°C to prevent the growth of surviving bacteria. Cooling can be achieved 
on a small scale by using a bottle-cooling system. 

Sterilization
Sterilization is a more severe heat treatment designed to destroy all contaminating 
bacteria. The milk is sterilized at a temperature of 121°C maintained for 15-20 minutes. This 
can be achieved using a retort or pressure cooker. Unlike pasteurization, this process causes 
substantial changes to the nutritional and sensory quality of the milk. Sterilization is not 
recommended for small-scale production for the following reasons:

Ÿ The cost of a retort and ancillary equipment is high for the small-scale processor.

Ÿ It is essential that the correct heating conditions are carefully established and 
maintained for every batch of milk that is processed. If the milk is overheated, the quality 
is reduced, and it may have a rather burnt taste and aroma.

Ÿ If the milk is not heated sufficiently, there is a risk that micro-organisms will survive and 
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grow inside the bottle. In l ow-acid foods such as milk, many types of bacteria including 
Clostridium botulinum can grow and cause severe food poisoning.

Ÿ Due to the potential dangers from food poisoning, the skills of a qualified food 
technologist/microbiologist are required in order to routinely examine samples of 
sterilized milk that have been subjected to accelerated storage conditions. This requires 
a supply of microbiological media and equipment.

In summary, the process of sterilization requires a considerable capital investment, the 
need for trained and experienced staff, regular maintenance of sophisticated equipment, 
and a comparatively high operating expenditure.

Homogenization
Homogenization breaks up the oil droplets in milk and prevents the cream from separating 
out and forming a  layer. This is of particular importance for sterilized milk which has a l ong 
shelf-life and when the formation of a cream  layer is not desired. Additional changes 
include increased viscosity and a richer taste. Homogenizers are more usually designed for 
industrial-scale production, but it is possible to purchase smaller versions.

Packaging
The most common packaging material for both pasteurized and sterilized milk used to be 
glass bottles sealed with either foil or metal caps, although plastic bottles, plastic bags, and 
cardboard cartons are all used when bottles are not available or too expensive. Tetra Pak 
aluminium-lined paper containers have practically replaced bottles as a container for milk.

Storage
Pasteurized milk has a shelf-life of 2-3 days if kept at 4°C. Maintaining this  low temperature 
causes a substantial increase to the cost of transportation and distribution and is therefore 
a major disadvantage to the development of a small-scale pasteurized milk business.                   
If packaged in sealed bottles and stored at room temperature, sterilized milk should have a 
shelf-life in excess of six months at room temperature.

6.4. MILK PRODUCTS  

6.4.1. Fresh Milk Products

'WARA’
Wara can be made with fresh or reconstituted evaporated or powdered milk to which a 
coagulant is added to separate the solid curd from the  liquid whey. The natural coagulant 
used by Fulani women is the leaf extract of the Giant milk weed or apple of Sodom plant 
(Calotropis procera) or “Bom bom” in Yoruba (Figure 6-5). Other coagulants include white or 
apple cider vinegar, alum, lime, lemon, potassium or magnesium chloride. Five  litres of milk 
will make 1 kg of wara according to the following process: 
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Step 1. Prepare an extract from the Bom bom by finely chopping about seven leaves and 
placing in a bowl. Pour half a cup of warm water over the  leaves and let it stand for 10 
minutes.

Step 2. Pour the fresh cow milk into a pot and bring to a boil under slow heat and cool for 
about 15 minutes.

Step 3. Sieve the  liquid Bom bom  leaves extract from Step 1 and add to the milk in drops, up 
to two teaspoons for a l itre of milk or until a solid (curd) starts to form.

Step 4. Keep stirring and the curd will get bigger and the whey clearer. 

Step 5. When there is no more curd formation, pour the whole through a cheese cloth, same as 
is used for sieving wet maize meal (“ogi”), to separate the curd from the whey.

Step 6. Leave the whey to drip out of the cheese cloth for up to an hour before refrigerating.

Step 7. Cut up the solid mass of wara into pieces which are packaged with the whey in a 
biodegradable transparent bag.

The wara, is made up of milk proteins and fats, very  little carbohydrates, vitamins - A, B12, K2 
and riboflavin; minerals - calcium, phosphorus, selenium, zinc, sodium and potassium. Wara 
contains the good bacteria – probiotics, which help to regulate microbial flora in the gut. 
Wara is usually white in colour and is prepared unsalted and uncoloured. Unless refrigerated, 
it must be sold within a day of manufacture.

To give a shape, moulds are used. The Fulani use a fist-sized conical basket woven from Raffia 
palm  leaves. The coagulated milk is packed into the mould and allowed to stand for an hour 
to complete the shaping. Fulani women put the moulded wara back in the whey in which 
they sell it .

Another method of shaping wara is to place a weight on the curd in the cheese cloth to press 
out the  liquid and flatten the curd. The circular shape can then be cut up into desired 
shapes. In the absence of refrigeration, wara is fried in vegetable oil and used as a meat 
substitute in soup or stew.

The whey contains proteins and other nutrients. In a 100 g portion is found 5.14 g 
carbohydrates (sugars), 0.36 g fat, 0.85 g protein which consists of � -lactalbumin, � -a b
lactoglobulin, serum albumin, immunoglobulins and proteose peptones.

CREAM
When milk is l eft to stand for some time, fat globules rise to the surface, forming a l ayer of fat 
or cream (Figure 6-6). This can be separated  leaving behind skimmed milk as a by-product. 
There are different types of cream each with different fat concentrations: single (or  light) 
cream contains 18 per cent milk fat whereas double (or heavy) cream normally contains 30 
per cent milk fat. Cream is used as an accompaniment to coffee or tea, as a filling in cakes, and 
an ingredient in ice cream.
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Separation
Separation can very simply be achieved by removing the cream with a spoon, however this is 
a slow process during which the cream may spoil. For this reason, it is more usual to use a 
manual or powered centrifuge.

Pasteurization
Cream may be pasteurized in a similar way to milk, using a 
similar time and temperature combination and the same 
equipment. Cream can also be sterilized, but there is a 
considerable l oss of quality.

Packaging and storage
Cream can be packaged in glass jars or plastic pots sealed 
with foil lids. Pasteurized cream must be stored at a 
temperature of 4°C to have a shelf-life of several days. 
Refrigerated storage is necessary because cream is prone 
to rapid spoilage.

BUTTER
Butter is a semi-solid mass which contains approximately 80-85 per cent milk-fat and 15-20 
per cent water. It is yellow/white in colour, with a bland flavour and a slightly salty taste 
(Figure 6-7). It has a demand for domestic use in some countries and is an ingredient in 
other food processing (e.g. for confectionery and bakery uses).

Traditionally, butter is made from sour milk, using a gourd. Sour milk is normally churned by 
shaking the vessel until the butter separates out. Churning is normally done in the morning 
or  late evening when the temperatures are normally l ow.

Traditional butter is normally over-churned and not washed, factors which favour a high 
moisture content in the butter with a consequent short shelf  life due to deterioration, since 
the smallholder farmers do not have refrigerators. Many people in the rural areas do not use 
butter as a spread on bread or for baking. Most of the butter is converted to ghee. Butter is 
normally not salted and is kept in small gourds.

Improvements which have come with modern technology are a shorter churning time and 
increased butter yield and butter fat recovery. Time is reduced by using a cream separator 
which allows the gathering of cream after souring and thus only the concentrated creamy 
portion of the sour milk is churned. Yields are high since the churning takes a shorter time 
and temperature rises, which tends to melt the fat, l eading to high fat l oss in the butter milk, 
is minimised. Churning efficiency is improved by using an agitator but the churning 
temperature has to be held below 16°C. Fermenting the cream 2-3 days develops the serum 
acidity to 0.5 %; the fat solidifies, becomes viscous and improves the effectiveness of 
churning and development of aromatic flavour due to diacetyl, propionic and acetic acid 

Figure 6-6. Layer of milk fat (cream) 
floating on top of the rest of the milk.
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during fermentation. The process enables the efficient recovery of about 96 % of the total 
milk fat processed as butter. 

Separation of cream from fresh milk offers more processing options than are available with 
sour milk. Therefore, a cream separator is used to separate whole milk into skimmed milk and 
cream. Churning cream to butter takes a very short time and gives a high butter yield. 
Processing larger volumes of milk into butter and skim milk gives the processor more 
efficient recovery of butterfat and provides more options for the disposal of separated milk.

Salting butter with 2% salt increases its shelf  life and yield. Salted butter should contain 
80% milk fat, 2% milk solids-not-fat and 15% moisture.

The principles of butter preservation are:

Ÿ to destroy enzymes and contaminating micro-organisms by pasteurizing the milk

Ÿ to prevent microbial growth during storage by reducing the water content, by storing 
the product at a l ow temperature, and optionally by adding a small amount of salt during 
processing. 

Churning
Churning disrupts the emulsion of fat and water and as a result the milk-fat separates out 
into granules. This process takes place in a butter churn. Churning is continued until fat 
granules are present and at this stage the mixture is drained to remove liquid that has 
separated from the granules. This  liquid is known as buttermilk and can be used as either a 
beverage,  as an ingredient in animal feed and also in baking.

Washing
Clean water equivalent in weight to the buttermilk is added to the churn in order to wash the 
butter granules. The wash water is drained away. Churning is continued for a short time to 
compact the butter, and once this has been achieved it is removed from the churn.

Forming and packaging
Butter is kneaded to achieve a smooth and pliable texture. This can be done using a simple 
hand-tool such as a butter pat. Alternatively, for higher production rates, a specially-
designed kneader can be used. Once the butter has a uniform and smooth texture it is formed 
into blocks with butter pats and packed in either greaseproof paper or foil wrappers.

Storage
Due to its high fat composition, butter must be stored at temperatures below 10°C; 
otherwise the fat becomes rancid and imparts undesirable 'off' flavours. The water droplets 
in butter (20 per cent) can also allow bacteria to grow if it is not kept under cool conditions.

GHEE
Ghee, which is also known as butter oil or dry butter fat, is made from butter which has been 
heated and clarified. At ambient temperatures, it is a semi-solid mass with a granular 
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texture, but on melting (40°C+) it turns into a clear, thin  liquid. It has a high demand in 
some countries for domestic use, as an ingredient for  local food production (for example 
bakeries and confectionery manufacturers), and as an export commodity.

Alternatively, cream is boiled gently to evaporate the water. During boiling the product is 
stirred continuously until the milk proteins start to coagulate, forming particles, and the 
colour of the cream darkens. Heating is stopped and the product is l eft to set. The particles 
settle at the bottom of the vessel and the milk-fat is separated. 

Ghee consists of fat which is almost completely free from water, protein, milk sugar and 
mineral substances (Figure 6-8). In butter oil manufacture, in order to get a good yield of 
butter oil, the butter is melted in an equal volume of water at 60°C followed by centrifugal 
separation. The product is free from non-fat milk solids and contains no more than 1.5% 
moisture which can be removed by further heating.

Ghee can keep for 1 - 3 years at room temperature because the heat treatment, l ow moisture 
content and salt addition prevents development of hydrolytic rancidity and growth of 
micro-organisms. Oxidative rancidity will occur but can be minimised by packing ghee in 
opaque, air tight containers with tight fitting l ids and stored in a cool place out of the  light. 

The principles of preservation are:

Ÿ Heating to destroy enzymes and contaminating micro-organisms.

Ÿ To reduce the water content by evaporation, and in doing so prevent the growth of 
micro-organisms.

Packaging and storage
Metal containers are normally used. They should be thoroughly cleaned, especially if they are 
re-usable, and should be airtight. Alternatives to metal cans include coloured glass jars with 
metal l ids, or ceramic pots sealed with cork/plastic stoppers.

Ghee is usually stored at room temperatures as cold storage affects the granular texture. 
Thus, ghee is useful for those consumers with no access to refrigeration.

Figure 6-7. Butter making process
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ICE CREAM
Ice cream is a frozen mixture which contains milk, sugar, fat, and optional thickeners (e.g. 
pectin or gelatin), colouring, and flavouring. It may be sweetened and flavoured in 
numerous ways with nuts, fruit pieces, and natural or artificial flavours and colours.

The principles of preservation of ice cream are:

Ÿ pasteurization to destroy most micro-organisms and enzymes.

Ÿ freezing to inhibit microbial growth.

Pasteurization
Pasteurization is carried out by heating the milk to 65°C and holding the temperature for 30 
minutes.

Cooling and beating
Ice cream is a complex mix of small ice crystals and air bubbles in a milk-fat/water emulsion. 
To achieve this, it is necessary to cool the mixture quickly to produce small ice crystals and at 
the same time incorporate air into the product by beating (Table 6-2).

Ice cream makers are available commercially and work on the following principle.                     
The mixture is placed in a bowl which is kept at a l ow temperature (either surrounded by ice 
and salt, or having been chilled in a freezer). It is then agitated by a manually-operated rotor 
or by a powered stirrer. At the end of this process the ice cream should be at a temperature of 
approximately -5°C, and be partly frozen.

Packaging and storage
Ice cream is usually packaged in plastic, waxed paper, or cardboard containers, and is stored 
at below -18°C. The storage temperature is important for two reasons:

Ÿ to maintain the texture of the product.

Figure 6-8. Ghee.
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Ÿ to prevent the growth of micro-organisms.

Ice cream may be transported in an insulated box (e.g. for sale from a bicycle). It is 
especially important to guard against thawing and re-freezing as this will cause changes in 
texture and mouthfeel, and there is the increased possibility of food poisoning by 
contaminating food poisoning micro-organisms.

6.4.2. Fermented Milk Products 

Fermented-milk products such as yoghurt and sour milk contain Lactobacilli bacteria.              
These bacteria occur naturally in the digestive tract and have a cleansing and healing 
effect. Therefore, the introduction of fermented products into the diet can help prevent 
certain yeasts and bacteria which may cause illness.

Many people suffer from a condition known as 'lactose intolerance'. This means that they are 
unable to digest the milk sugar (lactose). Such people can, however, tolerate milk if it is 
fermented to produce foods such as yoghurt. During fermentation, lactic acid producing 
bacteria break down  lactose, and in doing so eliminate the cause of irritation.

Traditionally, milk is allowed to ferment naturally without the addition of a starter culture. 
Milk is accumulated over a number of days in a clay pot or a bottle gourd and allowed to 
develop acidity up to 1%  lactic acid. In cold weather, the container is kept near the fire to 
keep it warm. Sour milk is consumed as a side dish. If not consumed, sour milk is churned 
into butter. The shelf  life of naturally fermented or sour milk is only 72 hours at ambient 
temperature. The disadvantage of this type of milk is that since it is not boiled there is 
always a danger of people getting tuberculosis or brucellosis.

Natural fermentation of milk exploits  lactic acid producing Streptococci and Lactobacilli 

Table 6-2. Production stages for Ice cream 

Ingredients Processing stage Equipment

Weighing and 
measuring equipment

Mix ingredientsMilk, sugar, 
fat, thickener, 
colours and flavours Liquid mixer

Pasteurize Boiling pan or steam
jacketed pan
Thermometer
Heat source

Cool mixture to
o

approximately -5 c and
beat simultaneously

Fill into containers
o

Freeze at -18 c

Ice cream maker

Filling machine
Freezer
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which are present in any milk and which generally suppress spoilage and pathogenic 
organisms. The processing steps involve heating milk followed by cooling and inoculation of 
starter culture to achieve a controlled fermentation. Heating kills undesirable organisms 
and also concentrates the milk; giving the fermented milk a heavier body. The use of pure 
cultures enables different acid flavours to be developed  leading to a range of fermented 
(cultured) products. Cultured milk has better keeping quality than fresh milk and better 
product consistency than naturally soured milk. 

The standard technology of fermented milk manufacture is first to boil at 80°C to 90°C for 5-
30 minutes to reduce the microbial population. It is then cooled, inoculated with a starter 
culture or previously fermented milk and incubated at 30°C to 38°C for 4-16 hours. Higher 
temperatures cause wheying off while  lower temperatures result in slow fermentation and 
may lead to the establishment of undesirable micro-organisms. Fermented milk can be 
packaged in simple containers of any size.

Yoghurt is the main fermented milk product in Nigeria. If yoghurt is incubated and stored 
under ambient temperature, it leads to either lack of characteristic flavour if the 
temperature is  low (19°C), or to harsh acid flavour if temperature is high (30°C). Thus, with 
high storage temperature, the keeping quality of yoghurt is very much reduced by the 5th 
day. With natural fermentation of milk under ambient temperature (19°C) the process takes 
a longer time to complete and defects such as wheying off and gas production are 
encountered. Using l ocal culture to inoculate into preheated milk can result in a product of 
high acidity after five days at 30°C. Good sanitary procedures and adequate heat treatment 
before fermentation help to prevent spoilage, which results in " unclean", putrid and bitter 
flavours which are caused by the coliform and putrefactive organisms. A sharp acid flavour 
occurs if the fermentation is too vigorous.

The technology of cultured milk products such as yoghurt and cheese is based upon the 
microbial conversion of the milk-sugar  lactose to  lactic acid (lactic acid accounts for the 
characteristic 'sourness' of such products). In order for the conversion to take place,  lactic 
acid producing bacteria must be present. This may occur by allowing the milk to sour 
naturally, but it is better to introduce the appropriate bacteria as a starter culture. Starter 
cultures may be in the form of a small quantity of previously-cultured product or may be 
purchased as a commercially-prepared culture.

YOGHURT
Yoghurt (Figure 6-9) is a fermented milk product that evolved from allowing naturally-
contaminated milk to sour at a warm temperature. Yoghurt can be either unsweetened or 
sweetened, set, or stirred. The principles of preservation for yoghurt are:

Ÿ Pasteurization of the raw milk to destroy contaminating micro-organisms and enzymes.
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Ÿ An increase in acidity due to the production of 
lactic acid from lactose. This inhibits the 
growth of food-poisoning bacteria.

Ÿ Storage at a low temperature to inhibit the 
growth of micro-organisms.

Heating
In the manufacture of yoghurt (Table 6-3), milk is 
normally heated to 70°C for 15-20 minutes, using 
an open boiling pan, or alternatively a steam 
jacketed pan.

Addition of starter culture
The milk is cooled to between 30 to 40°C and inoculated with a mixed culture of 
Lactobacillus bulgaricus and Streptococcus thermophiles (usually in a ratio of 1:1). If a 
commercial starter-culture is used, the directions for use will be given. However, if a culture 
from a previous batch is used, then it is usual to add 2-3 tablespoons per  litre of prepared 
milk. Yoghurt of the stirred variety can be fermented in the mixing container. To make set 
yoghurt the inoculated milk should be poured into the individual pots before fermentation.

Incubation
The micro-organisms that produce yoghurt are most active within a temperature range of 
32-47°C. Ambient temperatures are therefore not adequate and a heated incubator is 
needed. Small commercially-available yoghurt-makers consist of an electrically-heated 
base and a set of plastic or glass containers. Most yoghurt-makers make four or five 

Table 6-3. Production stages for set yoghurt

Ingredients Processing stage Equipment

Preheat to 70°C 
for 15-20 minutes

Milk and 
starter culture 
(2 per cent)

Cool to 30-40°C

Boiling pan 
Thermometer

Heat source

Incubate at 43-45°C

Store at 4°C

Sealing machine

Commercial incubator

Refrigerated storage

Thermometer

Addition of starter culture
Measuring and 
weighing equipment

 Pour into bottles/pots Funnel or Liquid filler

or Capping machine

Thermometer

Figure 6-9. Yoghurt
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individual half  litre cups at a time. There are other simple and inexpensive ways of 
incubating yoghurt such as an insulated box, keeping the jars/pots surrounded by warm 
water, or by using thermos flasks (the l atter is only suitable for stirred yoghurt). Incubation 
takes approximately five hours.

When fermentation is complete, stirred yoghurt is cooled and flavoured or sweetened prior 
to packaging. In set yoghurt, all ingredients are added before fermentation.

Packaging and storage
Yoghurt is commonly packaged in plastic pots fitted with a plastic  lid, or heat-sealed with 
foil. The shelf-life of yoghurt is usually 3-8 days when stored at temperatures below 10°C.

CHEESE 
Cheese is made from milk by the combined action of  lactic acid bacteria and the enzyme 
rennin (also known as rennet). Just as cream is a concentrated form of milk fat, cheese is a 
concentrated form of milk-protein. The differences in cheeses that are produced in different 
regions result from variations in the composition and type of milk, variations in the process, 
and the bacteria used. The different cheese varieties can be classified as either hard or soft. 
Hard cheeses such as Cheddar have most of the whey drained out and are pressed. Soft 
cheeses such as Cottage contain some of the whey and are not pressed. The hardness, flavour, 
and other qualities of a cheese can be varied by changes to the process conditions, to suit 
local tastes. However, the principal steps of a cheese-making process are basically the same.

The principles of preservation are:

Ÿ the raw milk is pasteurized to destroy most enzymes and contaminating bacteria

Ÿ fermentation by l actic-acid bacteria increases the acidity which inhibits the growth of 
food-poisoning and spoilage bacteria 

Ÿ the moisture content is l owered and salt is added to inhibit bacterial and mould growth.

Steps in processing milk into cheese
Pre-heating
The pasteurized milk is heated to a temperature at which the starter-culture can work.

Addition of starter culture
Starter-culture is added to the milk at the rate of approximately 2 per cent of the weight of 
milk. The vessel used should be either aluminium or stainless steel.

Addition of rennet
The rennet should be 1 per cent of the weight of milk. The rennet alters the milk proteins and 
allows them to form the characteristic curd.

Incubation
The milk is allowed to stand until it sets to a firm curd.
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Treatment of the curd
The curd is cut into cubes which facilitate the elimination of whey from the gel. The curd is 
then cooked at 40°C for a period of twenty minutes which has the action of firming the curd. 
After cooling, the whey is drained off. The curd is pressed to ensure that most of the whey has 
been removed, and is then cut to fit the cheese-moulds, and finally pressed with weights.

Ripening
This is the final stage in the cheese-making process. It is a process which allows the 
development of gas in some cheeses and the development of flavour. The l onger the ripening 
process the stronger the flavour. Ripening usually takes place in ripening rooms, where the 
temperature and humidity must be controlled for the optimum development of the cheese.

Packaging and storage
The packaging requirements differ according to the type of cheese produced. Hard cheese, 
for example, has an outer protective rind which protects the cheese from air, micro-
organisms, light, moisture-loss or pick-up, and odour pickup. Cheese should be allowed to 
'breathe', otherwise it will sweat. Suitable wrapping materials are therefore cheese cloth or 
grease-proof paper. Cheese should be stored at a relatively l ow temperature between 4 and 
10°C to achieve a shelf-life of several weeks/months. Soft cheeses are often stored in pots or 
other containers, often in brine, to help increase their shelf-life of several days/weeks.

6.4.3. Powdered Milk 
Powdered milk is manufactured by evaporating milk. One purpose of drying milk is to 
preserve it; milk powder has a far  longer shelf  life than l iquid milk and does not need to be 
refrigerated, due to its  low moisture content. Another purpose is to reduce its bulk for ease 
of transportation. 

Powdered milk is usually made by spray drying non-fat skimmed milk, filled milk or whole 
milk. Pasteurized milk is first concentrated in an evaporator to 30 - 50% milk solids. The 
resulting concentrated milk is then sprayed into a heated chamber at an inlet temperature of 

o180 – 220 C with a pressure nozzle or a centrifugal disk. In the spray dryer, the water 
instantly evaporates,  leaving fine particles of powdered milk solids which are evacuated at 

oan outlet temperature of 80 C.

Alternatively, the milk can be dried in a drum. Concentrated milk is applied as a thin (0.1mm) 
ofilm to the surface of a heated drum which is steam-heated inside to >100 C. The water 

evaporates within seconds, and the dried milk solids are then scraped off. Powdered milk 
made by drum drying tends to have a cooked flavour, due to caramelization caused by 
greater heat exposure.

The drying method and the heat treatment of the milk as it is processed alters the properties 
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of the milk powder, such as its solubility in cold water, its flavour, and its bulk density. 

Powdered milk is frequently used in the manufacture of infant formula, confectionery such 
as chocolate and in recipes for baked goods where adding liquid milk would render the 
product too thin. Powdered milk is also widely used in various sweets.

Powdered milk is the preferred state in which milk is used in Nigeria (Figure 6-10) because of 
reduced transport and storage costs (reduced bulk and weight, no refrigerated vehicles), 
and because it is non-perishable and easy to use in meals.

SUMMARY
The processed products of milk are formed by the application of heat for inhibiting the 
micro-organisms or for the removal of water in the milk (removal of heat from the storage 
condition through refrigeration also preserves the quality of milk and milk products); the 
application of gravity to separate the components of milk according to their specific 
gravity; and the addition of salt or other chemicals to produce particular taste or flavour.

SELF ASSESSMENT EXERCISE 6.2

1. What are the main methods of preserving and storing milk?

2. Differentiate between pasteurization and sterilization.

3. Identify the traditional milk products in Nigeria.

Figure 6-10. Some brands of Powdered Milk in Nigeria
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L & Z Integrated Farms Limited, Kano. 

ENTREPRENEURS IN MILK 
PRODUCTION AND PROCESSING

L & Z Integrated Farms Limited, Kano, one of the fastest growing dairy producers and processors in 
Nigeria was established in 1999. It followed three approaches: to increase smallholder milk 
sourcing at premium prices; implement an out-grower scheme by making dairy cows available to 
local farmers on credit; and to set up a processing plant to produce sweetened milk products to be 
sold through a distribution network of independent entrepreneurs. L&Z sources milk from its own 
small herd of Friesian cows as well as from nomadic community herds  located nearby in Kano State.  
The Company has close links with the local nomadic community due to the cattle rearing 
background of its CEO and offers a premium price to the l ocal milk producers that is well above the 
market price. This premium secures a steady supply of milk to the processing plant.

For out growers, L&Z provides a hybrid diary calf to the wife of each of its employees on credit terms, 
with deductions from the husband's wages but L&Z provides supplement feeds that encourage milk 
production while ensuring a ready market for the milk produced.

The milk processing plant produces mini packets of processed, sweetened and flavoured milk with a 
distribution network of entrepreneurs who can purchase on credit and sell through bicycle-based 
chill bins. Starting with 3000 litres of fresh milk per day and each sachet of 200 ml. it comes to 
15,000 sachets per day.

L&Z began producing milk with a herd of 29 head of the  local breed called Sokoto Gudali. A short 
while  later, 100% Friesian bulls were introduced. Later artificial insemination became the routine 
way to breed the cows and the local breed content of the current herd is 10% while Friesian 
contributes 90% genetic material.

L&Z vision is to become the leading producer of high quality fresh dairy products in Nigeria; 
processing 20,000  litres of milk daily by 2020*. The goal is to build a N2.6 billion (annual turnover) 
dairy company through the production of high-quality milk products.

Milk from their own herd plus that from the 500 Fulani cattle herders that have been formed into a 
dairy cooperative is used to produce ice cream, yoghurt and even commercially packaged Fura Da 
Nono.

L&Z has risen to become one of the major suppliers to supermarket chains nation wide such as 
Shoprite. It has received funding from FAFIN in 2016 and from the EU and German Ministry of 
Economic Cooperation and technical assistance from the GIZ – German Society for International 
Cooperation.

The CEO, Alhaji M. Damakka Abubakar answers a few questions below and supplied photographs to 
illustrate their operations.

BOX 6-1
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Q&A WITH THE CEO
WHAT ATTRACTED YOU TO INVEST IN DAIRY PRODUCTION AND MILK PRODUCTS 
PROCESSING?
I was attracted by my  love for raising animals, my dream of becoming an entrepreneur and 
above all an opportunity in the market of fresh dairy products.

WHAT CHALLENGES AND DIFFICULTIES DID YOU ENCOUNTER? HOW DID YOU OVERCOME 
THEM?
The major challenge faced was competing with cheaper imports that made costlier  local 
products very difficult to penetrate the market. We overcame by creating a niche market and 
targeting the upper class in the society.

WHAT AGENCIES, SERVICES OR INSTITUTION DID YOU FIND MOST HELPFUL?
All government agencies, except the CBN, were not helpful. If anything, they made our difficult 
journey more difficult. Private Equity Firms were helpful in sourcing for investors and CBN 
through Commercial Banks provided cheaper funds. Similarly, development partners 
supported our upstream engagements in so many ways. This made access to quality raw 
material much easier.

AT WHAT SCALE DID YOU START? HOW WERE YOU FUNDED?
We started at a very small scale within the  limit of funds that we, as a family raised. CBN CACS 
loan through Commercial Banks helped our first expansion and subsequently new investors' 
funds came through private equity firm.

WAS KNOWLEDGE OF THE PRODUCTION OR PROCESS A PROBLEM? WHERE DID YOU FIND 
HELP?
Knowledge of the process was not difficult. Local consultants abound, especially those that had 
worked in the industry. The suppliers of the equipment helped a great deal.

HOW DID YOU ORGANIZE THE PRODUCTION PROCESS?
With the help of both the l ocal consultant and the foreign suppliers of the 
equipment.

WHAT ARE THE ESSENTIALS FOR HANDLING MILK AND MILK PRODUCTS?
Good and guaranteed source of raw milk, World class processing line and cold chain 
infrastructure for handling raw milk until delivery of finished goods to consumers.

HOW DID YOU DEVELOP THE MARKET FOR YOUR PRODUCTS?
Access to supermarkets helped the initial market penetration and the subsequent market 
expansion. The key success factor is satisfied customers.

WHAT ABOUT STORAGE, PACKAGING AND DISTRIBUTION OF THE PRODUCTS?
Being highly perishable products, it is absolutely compulsory that they are stored in cold rooms 

oat 4 C and distributed by refrigerated trucks at the same temperature.

HOW  LONG DID IT TAKE YOU TO BREAK EVEN?
It took us 5 years to break even, being a l ong term investment project.

M.D Abubakar
MD/CEO
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THE PRODUCTION CHAIN OF 
L & Z INTEGRATED FARMS NIGERIA LIMITED, 

FARI VILLAGE, ZARIA ROAD, KANO, KANO STATE.

A.    Feed Production, Processing and Feeding to Dairy Cows

B.     Artificial insemination (Left) and Housing (Right) of Dairy Cows

C.    Milk Collection and Processing

D.   Products Packaging Equipment (Left) and Transport vehicles for delivery (Right)

E.   A variety of L & Z Milk Products
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REVIEW QUESTIONS FOR MILK AND MILK PRODUCTS

1. List factors considered in determining the quality of milk.

2. What is the significance of somatic cell count, total bacteria count and residues in 
milk?

3. How does a butyrometer and a hydrometer help in milk quality assessment?

4. What is the composition of milk from human and other animals?

5. Which animal's milk is closest in composition to human's?

6. What are the  limitations of milk as human food?

7. What is the role of microorganism in spoilage and preservation of milk?

8. Which milk products do not require chemical additives?

9. Explain how Powdered milk, Yoghurt, Evaporated/Condensed/Skimmed/Filled milk 
and Ice cream are produced from fresh milk.

10.   What traditional product did L&Z industrialise? 

11.   How can milk consumption per capita be increased to the recommended  level?

12.   Why is powder the most popular form of milk products in Nigeria?
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EGG PROCESSING AND PRODUCTS

6.5. THE EGG INDUSTRY
The egg industry in Nigeria comprises all the actors in egg production, distribution, and 
marketing. The typical egg value chain comprises egg production, trade and consumption. 
The egg processing sector is practically non-existent and eggs are sold in-shell despite that 
Nigeria is the top egg producer in Africa and 19th in the world.

Eggs are sold directly to the market or through middle-men or distributors that have their 
own marketing channels. The egg grade sizes in common use for marketing eggs is as on 
Table 6-4.

Eggs are sold in the shell and processing into products such as  liquid, frozen, or powdered 
egg is just emerging. Such products are imported into the country by industries that require 
them. Eggs are sold mostly in trays of 30 eggs or in units, according to purchasing power. 

At the end of this Unit you should be able to:

Ÿ state the attributes of the egg exploited in industrial processing;

Ÿ enumerate different types of industrial egg products; and

Ÿ state the general methods for preserving and storing eggs.

6.6. EGG COLLECTION 
In l ayer farms, hens l ay eggs onto an angled wire floor which rolls the egg toward the front of 
the cage. In the overwhelming majority of l ayer farms in Nigeria, eggs are collected from the 
cages by hand into paper or plastic crates. Eggs may remain uncollected from the cages for 
as l ong as 12 to 14 hours, but most are collected within a few hours post-lay. 

Table 6-4. Grades and storage temperatures and times of market eggs.

Egg Size Weight , g

Extra Large

Large

Medium

Small

Pullet

64

 
25 - 30

 
4

57
 

13
 

12

50
 

 
7
 

24

43
 

  
35

  

  

71Jumbo

38 1.5 (10 days)

o
Temperature, C Preservation, weeks
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Where the number of l ayers is very l arge, there is a need for an egg processing facility. Once 
the eggs enter the egg processing facility, they are washed in a detergent solution (at a 

o
temperature of 30 C and pH of 11.0) that removes soil. Eggs are visually inspected (checked 
for eggshell problems, cracks, and blood spots), and then graded before packaging. 

o o
Following packaging, eggs are moved to a cool room (4 C to 5 C), where they await shipment 
to retail outlets. Industrial egg producers commonly deliver eggs to retail outlets within 
one week of  lay. Where the  layer numbers cannot support an egg processing facility, the 
eggs are taken from the l ayer house directly to the cool room. This is the common practice 
in most l ayer farms in Nigeria.

Egg preservation and Storage
Fresh eggs deteriorate rapidly during storage under ambient conditions. The reason for this 
rapid spoilage is that the shell is porous, which can allow the escape of carbon dioxide and 
moisture and the entrance of bacteria or contamination by insects, etc. Although a fresh egg 
is highly perishable, the shell is naturally protected by a surface coating of mucilaginous 
matter, which prevents for a time the entrance of these harmful organisms into the egg, 
depending on the climate and storage conditions. 

However, if this coating is removed or softened by washing or any other means, the keeping 
quality of the egg is much reduced. These facts explain why many methods of preservation 
have not been entirely successful, and suggest that the methods employed should be based 
upon the idea of protecting and rendering more effective the natural coating of the shell, 
so that air bearing the germs that cause decomposition may be completely excluded. 

Coating of the shell with a white paraffin base mineral oil containing antifungal and 
bacteriostatic agents has been found to aid in maintaining egg quality. A technique that has 
been developed preserves the eggs by a combination of washing and coating, using egg 
washing powder and egg coating oil. The egg washing powder has a combined detergent and 
sanitising action. It lowers bacterial load, increases shelf life, sale value and consumer 
acceptability. The egg coating oil formulation preserves the shell eggs for about 4 weeks at 
25°C to 30°C and 10 days at 38°C. Eggs can keep for 12 weeks at 13°C and for 24 weeks at 7°C 
(Table 6-4). 

General methods of preservation, cleaning, handling and storage are:

Ÿ  Collect eggs in an easy to clean container l ike coated wire baskets or plastic egg flats. 
This will prevent stains from rusted metal and contamination from other materials 
which are difficult to clean and disinfect. 

Ÿ  Never cool eggs rapidly before they are cleaned. The egg shell will contract and pull any 
dirt or bacteria on the surface deep into the pores when cooled. Try to keep the 
temperature relatively constant until they are washed. 

Ÿ  Wash eggs as soon as you collect them. This helps limit the opportunity of 
o

contamination and l oss of interior quality.  Washing eggs with water 10 C. 
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Ÿ warmer than the egg will make the egg contents swell and push the dirt away from the 
pores of the egg. If you have extremely dirty eggs, a mild detergent approved for washing 
eggs can be used. Never  let eggs sit in water. Once the temperature equalizes the egg 
can absorb contaminants out of the water.

Ÿ  Cool and dry eggs quickly after washing. Store eggs small end down in an egg carton to 
keep the air cell stable and at 10-12°C and 70-75% relative humidity. Never hold eggs at 
or above room temperature or at l ow humidity more than necessary. If eggs sit at room 
temperature (25°C) they can drop quickly in quality daily. Leaving eggs in a warm, dry 
environment will cause interior quality to drop quickly.

Ÿ  Do not stack egg too high. If collecting in baskets do not stack eggs more than five  
layers deep in the basket. If using plastic flat trays do not stack more than six trays. If 
eggs are stacked too deep breakage will increase. Paper trays give more protection from 
breakages.

Ÿ  Never store eggs with materials that have an odour. Eggs will pick up the odours of 
apples, fish, onions, potatoes and other foods or chemicals with distinct odours. 

Ÿ  Sell the oldest eggs first and try to use or sell all eggs before they are three weeks old. 

6.7. EGG QUALITY
Egg quality refers to all the attributes of the egg that contribute to its value. This is very 
important to the producer, the traders and the consumer because consumers will not buy or 
will give  low value to poor quality eggs. The importance of egg quality may not be readily 
obvious in developing countries because of the absence of a grading system for egg quality. 
For example, the United States Department of Agriculture (USDA) has quality grades that 
range from AA, A, to B, in a decreasing order of value; and eggs are sold with proper markings 
or labels indicating these. Nevertheless, even in developing countries, eggs that have 
misshapen shells, watery or spotted yolk and albumen will be rated low or avoided by 
consumers.   

Numerous methods have been used to study the quality of eggs. These methods involve 
evaluation of each component that makes up the egg. The most common methods can be 
divided into external and internal qualities according to the following:

External Quality: refers to a shell’s appearance (e.g. shape), cleanliness and strength 
(Figure 6-11). Appearance is important because the shell is the first thing you notice about 
an egg. Cleanliness is important because the shell is the egg’s first defense against bacterial 
contamination; the cleaner the shell, the easier it can do its job. Strength influences the 
egg’s ability to remain intact until it is ready for use. The shell is made up of 94 percent 
calcium carbonate and accounts for about 12 percent of the weight of a l arge egg. The shell 
quality is measured as breaking or crushing strength, amount of shell as a percentage of egg 
weight, and shell thickness (measured with a micrometer gauge). 
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Shell thickness is adjudged as a simple, rapid and adequate measure of shell strength.

Internal Quality: refers to the appearance and consistency of the egg’s contents, which is 
determined easily by breaking the egg into a glass plate for examination. Methods that 
evaluate the internal quality consider the thickness of the albumen and the colour and 
thickness of the yolk in the determination of different measures of internal quality (Figure 
6-12). The most common of these measures are albumen index, yolk index, Haugh unit, and 
yolk colour. Haugh unit measures the quality of the albumen. As an egg ages, both its white 
and yolk deteriorate and internal measures of quality give l ower values. 

Albumen Index = {(Albumen height, mm  ) / (Albumen width, mm)} x 100

Yolk Index = {(Yolk height, mm) / (Yolk width, mm)}  x 100

To determine the Haugh unit, an egg is weighed, then broken onto a flat surface, and a 
micrometer is used to determine the height of the thick albumen (egg white) that 
immediately surrounds the yolk. The height, correlated with the weight, determines the 
Haugh unit. The higher the unit, the better the quality of the egg (fresher, higher quality 
eggs have thicker whites). 

0.37
Haugh Unit = 100 log (h - 1.7w + 7.6) 10

where,

h = observed height of the albumen in millimetres

w = weight of egg in grams

Figure 6-11. Egg quality factors measurement. 
(Photos by manufacturers. Used with permission)
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The Haugh unit ranges from 0 to 130. If the Haugh unit is 75 and above, the internal 
quality/freshness of the sample egg is excellent. If the Haugh unit is between 60 and 0, the 
internal quality/freshness is poor or very bad.

Yolk colour is measured by the use of a colour fan (device that has a spectrum of colours of 
different shades of yellow to orange) or a digital spectral machine to determine the specific 
colour of the yolk. The colour of an egg yolk is directly influenced by the quality of the 
chicken feed. Egg yolk colour is generally improved with a high quality feed with a  large 
component of yellow, fat-soluble pigments, such as the carotenes in dark green plant 
material. Although much emphasis is put on the colour of the egg yolk, it does not reliably 
reflect the nutritional value of an egg. Some of the natural pigments that produce a rich yolk 
colour are xanthophylls without much nutritional value, rather than the carotenoids that 
act as provitamin A (precursors to the formation of vitamin A) in the body. A diet rich in 
vitamin A itself, but without A-provitamins or xanthophylls, can produce practically 
colourless yolks that are just as nutritious as any richly coloured yolk. 

SELF ASSESSMENT EXERCISE 6.3
1.  Mention two each of the external and internal factors important to egg quality

2.  What are the weight classes of market eggs?

3.  How should eggs be packed after collection and how should they be stored?

Figure 6-12. Instruments for measuring internal egg quality.
(Photos by manufacturers. Used with permission)
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6.8. EGG PROCESSING

Eggs have attributes with industrial applications such as: thermal coagulation, foaming 
ability, and emulsifying effect (Figure 6-13). 

Ÿ Foaming ability or Aeration: When the egg white is mixed together quickly 
(beaten/whipped) it forms a foam, which entraps air. Therefore, it is used as a l eavening 
agent (helps introduce air) in many baked food products and salad dressing.

Ÿ Emulsifying effect: Egg yolk emulsifies (breaks l arge oil droplets into very small or fine 
droplets and allows mixing with water) when mixed with oil and water and is used in the 
production of mayonnaise. Mayonnaise contains egg yolk, olive oil,  lemon juice, vinegar 
and seasonings.

EMULSIFYING EFFECT

RAW EGG WHITE
90% water and almost
10% protein

WHEN WHIPPED
A LITTLE:
large air bubbles are mixed
into the egg white and the
proteins are denatured

WHEN FOAM IS
COMPLETE:
denatured proteins are
oriented around smaller
air bubbles

A Dash of Science.com

FOAMING ABILITY THERMAL COAGULATION

Figure 6-13. Egg characteristics applicable to industrial manufacturing
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o oŸ Thermal coagulation: Egg white coagulates at about 62 C and yolk at about 65 C, and 
therefore could serve as thickening or binding agents such as in the manufacture of 
custard.

Eggs to be processed must be stored and handled in ways that do not l ead to the l oss of their 
industrial properties. Onwudike and Sonaiya (1983) reported that eggs stored at ambient 

o
temperature of 30 C for 10 days retained internal quality parameters that were appropriate 
for boiling and frying but which made them unsuitable for processing into l iquid and solid 

o
egg white products. Eggs that were stored at 5 C for up to 14 days had internal quality 
parameters that made them suitable for industrial processing. 

Industrial egg products are in  liquid (refrigerated) or frozen and dried forms using the 
whole egg (white and yolk together), white (alone) or yolk (alone). In the initial 
preparation for any of the egg products, shell eggs are candled to remove  leakers and other 
inedibles, washed, dried, then broken to separate the internal contents from the shells (Figure 6-
14). 

Liquid Egg Products: The  liquid contents are mixed properly (homogenization) for a 
o

uniform consistency, pressure filtered, pasteurized, cooled to 4 C, packaged and delivered 
chilled or frozen. As preservatives, 10% salt or sugar is added. Sugar is not added to  liquid 
eggs to be dried to prevent browning reactions from occurring during the heat drying 
process.

refrigerated no longer 
7 to 20 days

HOLDING

BREAKING
& separating yolks, 

whites, shells, filtered, 
mixed ,chilled

PASTEURIZATION

PACKAGING

FROZEN 
EGG

REFRIGERATED LIQUID 
EGG PRODUCTS

DRIED EGG 
PRODUCTS

Figure 6-14. Prescribed processing sequence for all egg products
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Liquid eggs have to be pasteurized because of 
pathogenic (disease causing) micro-organisms, 
most especially Salmonella. Salt and sugar are not 
added to  liquid egg before pasteurization 
because they tend to increase the resistance of 
micro-organisms to heat treatment. Therefore, 
liquid eggs before pasteurization are preserved 
by addition of ascorbic or benzoic acid. Liquid 
eggs can be stored under refrigeration but they 
have a very short shelf life of about six days 
(Figure 6-15).

Frozen Egg Products: After pasteurization, 
o

whole, yolk or white eggl iquids are frozen at between -23 to -25 C and subsequently stored at 
o

-15 C. At this storage temperature, the frozen products can keep for between eight to ten 
months. It is important to note that the composition of the yolk is such that freezing will 
thicken the yolk and making the yolk protein lose their foaming and emulsifying abilities 
later when the yolk is thawed. To circumvent this problem, the whole egg and separated yolk 
can be pre-treated with proteolytic enzymes such as papain or a small amount of salt or sugar 
is added and then homogenized into a smooth consistency. Containers used for freezing the 
eggs should be air tight in order to prevent oxidation that results in a product of l ow value 
when thawed (Figure 6-16).

o
Dried Egg Products: Liquid eggs (whole, yolk and white) are held at 4 C for no more than 48 

o
hours before spray-drying at an inlet temperature of 204 C. The dry egg powder is cooled to 

o o
10 C, packed and stored at 10 C. Only l iquid egg white can be dried in pans in ovens heated to 

o
51.7 C or higher to produce flake albumen. Browning or Maillard reaction, caused by the 
aldehyde groups of carbohydrate reacting with the amino groups of proteins to form an 
insoluble brown compound, can be prevented by removing the glucose in the egg white by 
fermentation by bacteria e.g. Aerobacter aerogenes or by the enzyme glucose oxidase. 

Figure 6-15. Refrigerated liquid whole egg 
(first two left), egg white (middle) and egg 
yolk (right). 
(Photo by Van de Vis Eierspecialist. Used with permission)

Figure 6-16. Frozen egg white and yolks in ice block tray (left) and plastic bag (right). 
(Photo by Stefani Pollack. Used with permission)
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Dried egg products or powdered eggs that have been dehydrated in a spray dryer have a 
texture similar to that of powdered milk (Figure 6-17). Powdered eggs have a l ong shelf l ife 
of up to 10 years and it is not necessary to store the eggs under refrigeration; all that is 
required is a cool and dark environment. Powdered eggs are also easier to transport, handle 
(no breakage), and occupy  less storage space than fresh eggs. Liquid and powdered egg 
products are used in the baking and fast food industries.

SELF ASSESSMENT EXERCISE 6.4
1.  Why are eggs processed?

2.  What are the types of industrial processing of eggs?

3.  What are the industrial egg products used for?

4. What are the possible quality problems of egg powders processed at home?

Figure 6-17. Processing egg into egg powder products. 
(Photos by manufacturers and vendors)
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AM to PM supermarket

Ascon filling station, 

Lekki Phase 1, Lagos

Modu Shopping Mall,

Isale Oko, Sagamu

Shoppers’ Delight Supermarket

107, A/B Bode Thomas,

Opp.  GTBank, Surulere, Lagos

Payless Bakker

Olabisi Street, Ojota

Shoppers’ Delight Supermarket

58, Adetokunbo Street, 

V.I. Lagos

AM to PM supermarket

Jakande Lekki Phase 2, Lagos

Ace Supermarket

Ijebu-Ode

ALSO AVAILABLE @ THE LOCATIONS BELOW

PIONEERS IN EGG POWDER PLANT 
IN SUB-SAHARAN AFRICA

IMOWO, IJEBU-ODE 
ANSWER INDUSTRIES LIMITED 
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WHAT ATTRACTED YOU TO INVEST IN THE EGG POWDER BUSINESS? 
The persistent  loss of harvested farm-fresh eggs from our farm was the attraction. After almost 
getting frustrated out of the company's passion for growing l ayer birds the thought on how not to 
go out of business was suggested by an expatriate friend and we  looked into ways and means to 
achieve the suggestion.

WHAT CHALLENGES AND DIFFICULTIES DID YOU ENCOUNTER? HOW DID YOU OVERCOME THEM? 
The challenges and difficulties were many as it never occurred to us that it was so capital intensive. 
That Nigerian poultry farmers are only interested in finding where to dump eggs instead of 
assisting in creating awareness for egg powder use since they will equally be beneficiaries of its 
multiplier effects. Egg powder is entirely a venture outside of farming as our company found itself 
graduating into the manufacturing sector with different sets of regulations from those of poultry 
farming. The issue of certifications became unending. In the real sense of it, NAFDAC is just one of 
the certifying agencies. Marketing is another issue entirely. The Nigerian economy is import-
driven. Price wise, competing with foreign imported egg powder is almost an impossibility because 
of the peculiar overhead cost borne by most Nigerian manufacturing companies, e.g. electricity, 
security, advertising and cost of procuring machinery parts with Forex. This explains why big 
names in the confectionery industry still find importation attractive as there are no enabling l aws 
to protect  local  production from dumping. 

WHAT AGENCIES, SERVICES OR INSTITUTIONS DID YOU FIND MOST HELPFUL? 
Agencies we found useful are: The Agricultural Desk of most media houses not even the expected 
government agencies. A foreign company invited by a state governor was celebrated by 
government for its establishment of a poultry and feed company in Nigeria! This is an industry that 
should have been exclusively for Nigerian farmers. Good thinkers would not have done that as it 
sent most small scale feed millers packing. A one-time Minster, after getting to know about egg 
powder in Nigeria through Answer Industries Ltd still went ahead to invite yet another foreign 
company to establish egg powder company in Nigeria instead of fulfilling verbal promises of 
assistance he made to us at the International Conference Center Abuja.

AT WHAT SCALE DID YOU START? HOW WERE YOU FUNDED?
We started small as our attempt at getting funded by BOI failed at the point of final approval due to 
a shift of goal post. It was required that we have a property in Abuja or Lagos since our factory is, 
according to them, located in a rural area. There is document to back this allegation. Since our 
intention is to increase capacity, we are not relenting in our efforts at getting help elsewhere. 

WAS KNOWLEDGE OF THE PRODUCTION OR PROCESS A PROBLEM? WHERE DID YOU FIND HELP? 
Knowledge was a problem as we had to travel outside Nigeria to be trained while we trained our 
workers on the job. Unknown to many, processing eggs into powder depends mostly on the purpose 
of use. It is not just about drying. 

HOW DID YOU ORGANIZE THE PRODUCTION PROCESS? 
Production process is as approved by certifying bodies l ike NAFDAC, FAO, and SON. The  latter is yet 
to give us certification as they claim that we are yet the only company producing egg powder in 

Q&A WITH THE CEO
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Nigeria and that the certification process may take time. 

WHAT ARE THE ESSENTIALS FOR HANDLING EGGS AND EGG POWDER? 
Hygiene must not be compromised at every stage from harvesting eggs to processing them. 
Companies such as UAC, OLAM and few others that have come to visit our factory have had no cause 
to fault our product quality after their own independent test. 

HOW DID YOU DEVELOP THE MARKET FOR YOUR PRODUCTS? 
Market development is a continuum. We are not there yet. It is a very costly venture that range from 
letter writing to those we thought might either be users or facilitators. As it is expected, most of 
these foreign companies that are in Nigeria are honestly not happy with us despite not being in 
competition with them. It took from us a  lot of effort and money to get to where we are at present 
through exhibitions, trade fairs, advertisements, sponsorship of programs, charity works, souvenirs, 
etc., as most respondents claim egg powder was strange to them. With the influx of various 
substandard goods that are often dumped into Nigeria from abroad, some are skeptical as to the 
possibility of not being fed with artificial foods. 

WHAT ABOUT STORAGE, PACKAGING AND DISTRIBUTION OF THE PRODUCTS? 
Storage is done in-accordance with international norms as egg powder is the same with milk 
powder when being stored, packaged or distributed. 

HOW LONG DID IT TAKE YOU TO BREAK EVEN?
Passion is what has kept us on as we are yet to break even because of obvious challenges that 
included the l ack of expected financial and regulatory support.

SHEWONIKU, O.S 
CEO, Answer Industries Ltd. 

The Office Building Egg Reception and Powder 
Delivery Building

The Flash Dryer The Egg Breaker and Mixer
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REVIEW QUESTIONS FOR EGGS AND EGG PRODUCTS
1.  How is the strength of the egg shell measured?

2.  How does the ORKA egg analyzer function?

3.  What are the attributes of eggs used in industrial processing?

4. What storage conditions protect these industrial attributes?

5.  What are the categories of industrial egg products

6.  What is the contribution of Answer Industries Ltd to egg processing?

7.  List all the ways to protect the egg from microbial spoilage
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PRODUCTS OF 
FREE-LIVING ANIMALS 

7.0.  INTRODUCTION

In unit 2, we examined the products from 
domesticated animals. In this unit we will 
consider products from free-living animals. Free-

living animals are animals that are not domesticated, 
restrained or confined in any way by humans during a 
major or any part of their life cycles. Majority of the 
animals being kept in zoos, national parks and game 
reserves were normally free-living, not depending on 
humans for food, care or reproduction. In the beginning, 
all animals were free-living and the way humans had 
access to them for food, clothing and other uses was 
through hunting, trapping, gathering or harvesting. 
With the advent of settled agriculture for planting and 
harvesting crops, free-living animals started to be seen 
as pests where their range areas coincided with human 
settlements. Then and now, free-living animals that are 
found in the forests, wilderness and areas not used or 
settled by humans are considered to be “wildlife” and 
“fair game” for hunting, etc. or simply as “game” 
animals.

Chapter contents 
7.0.   Introduction

7.1.   Methods of obtaining free-
living animals for human use

7.2.   Products from Insects

7.2.1.  Honey bees and the Honey 
value chain in Nigeria

7.3.   The Bush Meat value chain

7.3.1. Captured Free-Living 
Animals

7.3.2.  Hunted free-living animals; 

Potentials and Concerns

7.3.3.  Semi-domesticated free-
living animals 
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7.1.  METHODS OF OBTAINING FREE-LIVING ANIMALS FOR HUMAN USE
There are three basic methods used to obtain free-living animals for food, clothing, etc. 
These are capturing, harvesting and hunting
CAPTURING
There are three ways of capturing free-living animals. 

Ÿ Trapping: uses devices such as mechanical traps or snares, dug pits and natural deadfalls 
to capture an animal. 

Ÿ Netting: involves using nets, including ones that will fold, to prevent the escape of the 
prey. 

Ÿ Flushing: is the practice of scaring animals by noise or fire from concealed areas into 
more open spaces where they can be more easily captured.  

Capturing allows animals to be obtained alive and is the preferred method when the animals 
are to be used alive or tamed and reared in the zoo, park, farm or home. 

HARVESTING
Harvesting applies to animals that do not need to be pursued or “tricked” into capture. 
Harvesting of snails, insects and l arvae/pupae is widespread among rural people and makes 
a significant contribution to their diet as well as income as most of the harvest is sold. 

HUNTING 
Hunting is the practice of pursuing free-living animals for food, recreation, or trade. Lawful 
hunting is distinguished from poaching, which is the killing, trapping or capture of the 
hunted species contrary to applicable l aw.

7.2.  PRODUCTS FROM INSECTS
TERMITES
Termites are soil-dwelling, cellulose-eating social insects that have specialized groups 
called castes and divide the work of the entire colony amongst the various castes. Termites 
feed on dead plant material (wood,  leaf found in soil) and animal dung. About 400 species of 
termites are known to be economically significant pests that cause serious structural 
damage to buildings, crops and plantation forests. In Ile-Ife, where I live, the termite 
“problem” is so serious that placing any structure of wood (including cardboard or paper) 
directly on the soil is an invitation to termites to feed on it and this happens very quickly, 
sometimes within a matter of a few hours or days!

Termites in the human diet
Perhaps to reciprocate this excessive interest of termites in human affairs, termites have 
been in the diet of many African people. There are different methods of collecting or even 
cultivating the insects, but the preference is always for the worker caste while a few also use 
the soldier caste as food. Queens are much harder to capture but are regarded as a delicacy. 
Termites are very nutritious as they are high in fat and protein and give off a nutty flavour 
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when stir-fried. A common period to capture them is at the beginning of the rainy season, 
when they swarm in  large numbers, and the best way to do this is to put a l amp in a bowl of 
water or under a net. Termites are attracted to the  light and as they l and in the water or on 
the net, they shed their wings and can be scooped up quite easily. They can be eaten raw but 
they are better roasted on a hot plate until crisp (Figure 7-1). They are usually eaten as a 
snack.

CRICKETS
Crickets are related to grasshoppers and are often confused with grasshoppers and  locusts 
because they have a similar body structure including jumping hind  legs. They differ from 
the grasshoppers and  locusts in two significant respects. Crickets are nocturnal and only 
come out to feed at night. They are harmless to humans as they do not feed on crops.

Human Consumption of Crickets
Crickets are even more of a delicacy than termites because they are bigger and tastier. 
Catching them, however, is not as easy as there is a need to dig them out of their hiding 
during the day or to use torches and lanterns to find them during the night. They have a 
characteristic sound that helps to  locate them. The author has eaten many crickets that 
were grilled on an open fire and consumed immediately, when they are most delicious.

7.2.1. Honey Bees and Honey Value Chains in Nigeria 

Figure 7-2.  (a) Fresh cricket      (b)roasted in a pan, ready-to-eat.

Figure 7-1. Termites   (a)fresh   (b)roasted 

a b

a b
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(Text and illustrations for this section are by S.A Agboola)

Honey bees (Apis mellifera Linnaeus) are known for the production and storage of honey 
and for their colonies (called hives) which are made of wax. Hives that are supported by 
beekeepers enable them to transport bees from field to field for the purpose of pollinating 
crops in large-scale commercial (usually 
monocrop) farms and allowing the beekeeper to 
charge for the pollination service they provide. 

African honey bees (A. mellifera scutellata 
Lepeletier) occur naturally in sub-Saharan Africa 
(Figure 7-3). They are very defensive and 
aggressive and have become the dominant type 
for beekeeping in many countries due to their 
genetic dominance as well as the ability to out-
compete their European counterpart (A. 
mellifera and A. cerana indica) as they are 
superior honey producers and pollinators. 

Commercial beekeeping (apiculture) is not as 
well developed in Nigeria as other areas of 
agriculture and bees are perceived as dangerous insects by rural and urban dwellers. Hence, 
Nigeria spends � N 720 billion annually on honey importation and produces less than 10% 
(40,000 tonnes) of her annual consumption of about 400,000 tonnes (Federal Ministry of 
Agriculture and Rural Development, 2019). There is high demand for honey in the domestic 
and international markets and Nigeria has a comparative advantage in beekeeping. The 
greatest portion (99.9%) of the total output of bee products comes from smallholders who 
harvest honey by fire, leading to total destruction of honey bee colonies. To develop 
apiculture, the Federal Government has established the Nigerian Apiculture Platform with 
the objective of supporting the beekeepers and honey products processors with the 
necessary inputs, required policies and legislation. The producers and processors have 
responded with the registration of the African Apicultural Association (AFRAPIA).

The physical and chemical properties of Honey 
Honey is the most popular product of the honeybees. It is collected from plant nectars by 
foraging bees and stored in the honeycombs as their own food. The nectar is further 
concentrated to about 80-85% by evaporation and transformed by various enzymes to a 
ripened honey. Honey may be monofloral or multifloral depending on whether the honey is 
made from one main floral source or from several sources. Honey has been defined by the 
World Health Organisation (WHO) as serving the purpose of both food and drug. It is 
considered as the most nutrient-dense food on the earth (Table 7-1). It is a wholesome 
health food, efficacious medicament and natural cosmetic of great value. 

A general belief in Nigeria is that honey is a thick, darkish brown substance that sticks to the 

Figure 7-3. African Honey Bee comb 
inside a termite hill
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bottle or that honey is the excreta of honey bees. These two notions are wrong. Honey is 
made from plant nectars collected by honey bees, which regurgitate the nectar on their 
return to the hive. Evaporation turns the regurgitated nectar into honey which is stored as a 
main food resource for bees in the honeycombs. 

Honey does not have a fixed physical identification. The colour, aroma, flavour and viscosity 
of pure natural honey vary and are normally influenced by but not  limited to the following 
factors; temperature, season, humidity, etc. The interaction of these factors give rise to the 
physical property of honey. The colour of honey in Nigeria can range from: colourless during 
the earliest nectar flow in August; to lemon to yellow in October; to yellowish brown to 
chocolate brown and to darkish brown in April (Figure 7-4).

Experience across the agroecological zones in Nigeria with many natural vegetation reveals 
that honey from different colonies are all different, except for honey from monofloral 
plantation colonies.  In general, honey contains many nutrients, vitamins, mineral, acids 
and various enzymes depending on the constituent nectars of the plant species visited, the 
soil type and climate.

The sweetness of honey comes from fructose and glucose. The  low water activity (0.6) 
makes the growth of microbes impossible in honey but the spores of the bacterium 

Table 7-1. Proximate composition of honey 
(g per 100g) 

1,272 kJ (304 kcal)

82.4 

82.1 

0.2 

0.0

0.3

17.1

Energy

Carbohydrates (NFE)

Sugars

Dietary fibre

Fat

Protein

Moisture

Figure 7-4. Honey samples from different colonies of honeybees in Nigeria
NB. Mr. S.A Agboola harvested all these different honey sample himself from diverse locations.
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Clostridium botulinum may be found in honey. This constitutes a danger to infants as it can 
lead to severe illness and death.

Uses of Honey
Fake honey made from caramelized sugar makes up a significant amount of the “honey” 
traded in the Nigerian market and has negatively affected the knowledge, applications and 
benefits of natural honey. Honey has antibacterial and antifungal properties and has been 
shown in scientific and medical studies to have numerous health benefits. Honey contains 
over 180 substances and some of these allow our bodies to use the monosaccharides it 
contains very differently from other carbohydrates in other foods. Various uses of honey are 
reported as follows:

Ÿ In the treatment of wounds, sores, coughs, gastro-intestinal disorders menstrual pains, 
hay fever, dandruff, burns

Ÿ as source of immediate energy for fatigue 

Ÿ as memory booster in children and patients with amnesia (l oss of memory)

Ÿ as an after-shaving treatment

Ÿ traditionally to relieve the symptoms of asthma, hangovers and diabetic comas

Ÿ industrially in alcohol production, cosmetic production, tobacco production and 
confectionery production.

Apiculture Value Chain
Actors in the apiculture value chain are made up of the following:

1. Input equipment suppliers

2. Beekeepers e.g. members of the African Apicultural Association (AFRAPIA) 
www.afrapia.org

3. Primary and secondary product Collection and Bulking Agents who are usually members 
of farmers' co-operative associations, or are retailers or middlemen

4. Distributors (Wholesale and Retailing) 

5. End Markets actors

Services required by the apiculture value chain actors 
include: microfinance institutions, beekeeping books 
and journals.

Bee products and services made available to the end 
markets are:

Ÿ Beeswax which has various uses (Figure 7-5)

Ÿ Honey

Ÿ Propolis 

Ÿ Royal jelly
Figure 7-5. Beeswax transformed into 
various natural creams and shoe polish.
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Ÿ Pollination services (Figure 7-6)

Ÿ Bee venom  
(http://www.beevenom.com). 

Ÿ Apitherapy (a branch of natural 
medicine using bee products for 
curing diseases)

Ÿ Organic bee products 

How to process and preserve honey
Obtaining good quality pure, 'raw'/ 
natural honey depends on how it is 
harvested, processed, preserved and 
used.

Harvesting Honey: Knowing when 
to harvest is important. Honey can 
be harvested when it has been 
capped over by the bees in the comb. 
At this stage, the honey will have 
been 'matured' by the bees, sealed up 
and is ready to harvest. Harvesting 
honey that has not been sealed 
results in very high water content 
and predisposes the honey to 
fermentation during storage and 
explosion if the honey is sealed in a 
jar or tank. Before extracting honey, 
it must be ensured that the majority 
of the honeycomb has been sealed over by the bees. Honey should not be harvested from 
brood and dry combs. Harvested honey should be placed in airtight containers because 
honey absorbs moisture in a high humidity environment.

Processing Honey: For raw, pure, natural honey, the major activity of honey processing is 
the careful handling procedures during extraction of honey from honeycombs. No other 
''processing'' is applied beyond extraction of honey from the honeycombs. The main 
equipment is the extractor itself. Extractors can be of different types for different methods 
of operation in different types of beehives, such as Langstroth or top bar hives. For a top bar 
hive a screw press extractor is recommended. The radial or tangential extractors are 
applicable to Langstroth hives. All types of extractors should be made of stainless steel or 
food-grade materials. Post-harvest handling of honey should be done in the house with 
doors closed to avoid bees coming into the house. Some screw press extractors have an 

Figure 7-6. Bee pollination service to a cucumber farm
N.B. Picture taken at Dassah Farms Nig. Limited in Lagos where Mr. S.A 
Agboola is using large colonies of honeybees for commercial pollination 
of cucumber farm for high yields 

Figure 7-7. Dressing up for night harvesting of honey
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internal sieve that filters the honey directly leaving no impurity as it descends into a 
settling tank. Honey is then allowed to settle for about an hour so that bubbles in it can be 
removed. After removing the bubbles, the honey is ready for storage or to be packaged in 
bottles for sale.

Points to note in maintaining a “raw'' natural honey standard
1. Heat degrades 'raw natural honey' and has an effect on many aspects including enzymes, 

color, flavor, and aroma.

2. The presence of active enzymes is expected in honey l abeled “Raw.” So it should not be 
heated.

Honey preservation: This is achieved without preservatives. To store honey for many years, 
it is best kept in food grade stainless steel, plastics and bottles.

Figure 7-9. Simple and modern honey extractors. 

Figure 7-8. Mr S.A Agboola with harvested honeycombs before extraction of honey. 

Animal Products Science and Enterprise138



HONEY QUALITY 
The quality of honey is determined while it is not yet harvested from the hive and the 
beekeeper plays an important role in this especially in relation to the timing of the harvest. 
The quality of the products cannot be improved once they have been removed from the hive. 
Such attempts to improve honey quality  lead to the l oss of freshness and the reduction in 
its therapeutic value.

Parameters of determining the quality of honey.
1. Honey contains over 180 substances, some of which allow our bodies to use it very 

differently from other carbohydrates. It is not “just another sugar.” 

2. Honey bees try to keep their hive between 50% and 60% humidity to avoid excess 
moisture. The moisture content of a good quality honey is between 15 – 18%.

3. Transporting, storing, uncapping, extracting, and general handling of honey in a high 
humidity environment will add moisture to honey; thus humidity should be kept at 60% 
during these processes. 

4. Honey reacts with most metals such as steel, iron, aluminum, galvanized metal, copper 
and tin. Besides producing toxins, rusting of these metals affect the taste and color of 
honey. Silver, gold and stainless steel do not rust in contact with honey, but for practical 
purposes, food grade stainless steel, glass and plastics are the recommended containers 
for honey. 

5. Honey that is processed with any heat at all can no l onger be called “raw”.

6. Flavor, Aroma and Color defines high quality honey, and care should be taken not to 
cause unnecessary deterioration, as honey is sensitive to high temperatures and 
deteriorates with time. 

7. Enzymes: Enzymes are important and all are destroyed by heat. Enzyme activity must be 
present in honey before it can be l abeled “Raw.” 

8. Yeast can cause fermentation in high moisture honey and the primary sources of 
yeasts are flowers and soil that stick to the bees as they harvest nectar.

9. Honey high in dextrose will crystallize hard, and those with a moderate percentage will 
crystallize soft. A l ittle l ower percentage may give you a slurry or a thick, cloudy body.

10. The carbohydrate and energy contents of honey range from 79 to 83 (%) and 326 to 328 
(kcal/100 g), respectively.

11. Other important quality parameters include ash, mineral, microbial and 5-
hydroxymethylfurfural (HMF) content, antibacterial activity and diastase index.

Simple equipment for measuring honey standard parameters 
1. Hydrometer 

2. Hand-held refractometer 
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3. Hydrogen peroxide test strips

POSSIBLE HEALTH HAZARD OF CONSUMING HONEY
Human infants are fed honey from day old without any incidence of health hazard. In Yoruba 
tradition, honey is given to a baby during the naming ceremony on the eighth day of age. 
However, there are some reports of health hazards from honey consumption including: 
infant botulism, stomach disorders, tooth decay, food poisoning, diarrhoea, weight gain and 
allergies. The incidence and rate of such hazards in Nigeria are unknown

REFERENCES
Ÿ Jones, R. 1999. Beekeeping as a business. IBRA, Cardiff, UK, 70 pp. ISBN 0-85092-631-6

INTERNET SOURCES 
Ÿ www.beekeeping.com: international virtual beekeeping gallery.

Ÿ www.fao.org : accessible publications on beekeeping and honey

BEE KEEPERS ASSOCIATION 
Ÿ  African Apicultural Association  (www.aprapia.org) 

ORGANISATIONS INVOLVED IN BEEKEEPING
Ÿ  Sammy Greener Earth Global Resources Company (SammyHoney). 
 Technology Incubation Centre, Ondo Road, Beside Trailer Park, 
 Ita-Osa, Ile-Ife, Osun State Nigeria.
 Email: sammygregrec@gmail.com.    Tel.: 08135690094 

Ÿ  Earthios Global Earth Resources Limited, Ibadan, Oyo State.    Tel: 08113151907 
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With agricultural and apicultural experience spanning over 15 
years, he is dedicated to promoting economic prosperity 
through entrepreneurship and capacity building in beekeeping 

among rural and underprivileged communities of southwestern Nigeria 
with a focus on development of equipment for honeybee conservation, 
honeybee products and professional apicultural services in Africa 

“In the past few years, my team and I have volunteered our experience, 
time and resources to work with rural communities, commercial farms 
and the general public but with specific target on youth and women, 
empowering them with necessary information on honeybee Agriculture. 

We have worked with commercial and private farms as agricultural and beekeeping consultant in Osun, 
Oyo, Ogun and Ekiti states. Currently we have more than 350 functioning honeybee colonies in  local 
and modern hives producing bee products for humans and industrial uses. Over 100 people have been 
trained across farms and training workshops.” 

He received training at the Songhai Centre for Training, Production, Research and Development in 
Sustainable Agriculture, Porto-Novo, Republic of Benin, in 2015; and also received an Entrepreneurship 
certificate from the Tony Elumelu Foundation. He was the most enterprising student in the Faculty of 
Agriculture, Obafemi Awolowo University in 2015. He consults on commercial crop pollination for 
Dassah Farms Ltd in Ogun and Lagos states.

He exhibits his entrepreneurial skills in honey, beeswax, beehives and propolis production. He is also a 
member of FADAMA 111, Osun State and Oyindamola Honey Producers Association

CONSTRUCTION, DISTRIBUTION AND INSTALLATION OF HIVES FOR 
PRODUCTIVE HONEYCOMBS

BEE POLLINATION SERVICE 
FOR HIGHER CUCUMBER 

PRODUCTIVITY

A Young Entrepreneur in Honey and Bee Value ChainsBox 7-1. 
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7.3.   THE BUSH MEAT VALUE CHAIN
Bush meat is a product of captured, harvested and hunted free-living animals. The supply of 
animal products from captured, hunted and harvested free-living animals in Nigeria comes 
through the Bush Meat value chain. The bush meat value chain includes hunters, trappers 
and gatherers, traders, road side processors and marketers, markets and restaurants. Free-
living animals that are hunted or gathered and processed for food include apes (monkeys, 
chimpanzees and gorillas), crocodiles, snakes, antelopes, civets and other cats, anteaters, 
bats, birds and snails.

In the 1970s, more than 50% of the Nigerian population ate bush meat regularly as it was 
popular with all income groups. This made a case for domestication and game cropping, for 
careful management of the wildl ife as a renewable resource and for maintenance of  large-
scale game reserves and game ranching. A study in 2005 showed that over 900,000 reptiles, 
birds and mammals are sold per year, equivalent to 12,000 MT of terrestrial vertebrates in the 

Big game animals: antelope, deer and wild boar (clock-wise from top left). 
Source: www.animalia-life.com (accessed 19/09/2016)

Small game animals: squirrel and pheasant. 
Source: en.wikipedia.org (accessed 19/09/2016)

Figure 7-10. Free-living animals, big and small that are hunted for sale as bush meat.
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area between the Cross River in Nigeria and the 
Sanaga River in Cameroon. Mammals made up 
more than 90% of the bush meat carcasses; 
reptiles were abundant but birds and amphibians 
were scarce. It is estimated that 5 million MT of 
bush meat is consumed in Africa every year. The 
economic implication can be shown by the cost 
of an antelope carcass at N15,000 when 
multiplied by the total of 375 million free-living 
animals that are hunted or captured, giving a 
turnover of N 5.4 trillion per year.

In Epe, Lagos State, bush meat from fresh 
antelope, monkey and bats are popular followed 
by crocodile and grass cutter. These are sold not 
only in Nigeria but are exported to Ghana, Togo 
and Liberia. In Benin City and its environs, bush 
meat sold in the market comprised of 24% 
grasscutter, 23% antelope, 21% porcupine, 17% 
giant rat, 7% monkey, 4% snails and 3% snake.     
In all regions of Nigeria, the processing, 
marketing and sale of bush meat is the preserve 
of women, while hunting, capturing and 
harvesting arel eft to the men.

The use of free-living animals as food is an 
important way human settlement in Nigeria 
interact with free-living animals. In addition to 
large animals, various insects, larvae and snails 
are harvested for food. Some animals, the 
orphans of killed animals for example, are 
captured and traded as pets. Zoological gardens 
are very few but game reserves are many and 
provide opportunity for Nigerians to interact 
with free-living animals in a non-threatening 
environment. The trade in captured animals is 
not regulated and many endangered animals 
have been traded into extinction within the 
country. Export of such endangered animals is 
monitored at the air and seaports and along major highways. There is another trade for 
captured or killed animals; this is for traditional medicine or occultic rituals. Most 
traditional markets in every city and town in Nigeria has a section where such products of 

Figure 7-11. Bush meat processing and 
marketing are the preserve of women.
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free-living animals are sold. Squirrels, rats, birds and other small animals make up the bulk of 
such trade. When properly estimated, the monetary value of this trade can be considerable. 

7.3.1. Captured Free-Living Animals

SNAILS 
Among the three different snail species found in Africa, Achatina achatina, Achatina fulica 
and Archachatina marginata, it is the Giant African  land snail (Achatina achatina) and the 
black Archachatina marginata that are preferred as food because they are the l argest  land 
snails in the world. All three species are distributed throughout the tropics around the 
equator from Senegal to Kenya. The Giant African snail has its foot reaching up to 30 cm 
while its shell grows up to 25 cm at maturity. The shell accounts for up to a third of the body 
weight. While the foot is a delicacy and gourmet food, the shell has various uses including 
decoration, and can be crushed and used as a source of calcium (98% of the shell is made up 
of calcium carbonate) in  livestock feed.

In the wild, the garden snail, Achatina fulica, often harbours the parasitic nematode 
Angiostrongylus cantonensis, which can cause a very serious case of meningitis in humans. 
Human cases of meningitis usually result from a person having eaten the raw or 
undercooked garden snail; but even mere handling of  live wild garden snails can infect a 
person with the nematode and cause a l ife-threatening situation.

Snail meat
Snail meat is rich in iron and calcium, but  low in fat and cholesterol compared to other meats 
like chicken meat and pork. It is high in protein (12-16%) and iron (45-50 mg/kg), l ow in fat, 
and contains almost all the amino acids needed by humans. A recent study has also shown 
that the glandular substances in edible snail meat cause agglutination of certain bacteria, 
which could be of value in fighting a variety of ailments, including whooping cough. Edible 
snails also play an important role in folk medicine. In Ghana, the bluish  liquid obtained from 
the shell when the meat has been removed is believed to be good for infant development. The 
high iron content of the meat is considered important in treating anaemia. In the past, it 
was recommended for combating ulcers and asthma. 

Figure 7-12. Giant African land snail: Achatina achatina, and Archachatina marginata.
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In West Africa, snail meat has traditionally been 
a major ingredient in the diet of people  living 
in the forested area other than the savannah, 
where it is utilized in various forms to prepare 
different types of delicacies. In Côte d'Ivoire, 
for example, an estimated 7.9 million kg of snail 
meat are eaten annually. International trade in 
Giant African land snails is flourishing in 
Eur ope and North Amer ica and this 
considerable foreign and local demand is 
bringing forth in Africa commercial snail farms 
such as those in Europe, South-East Asia and 
the Americas. 

In Ghana, Nigeria and Côte d'Ivoire, where snail meat is particularly popular, snails are 
traditionally gathered from the forest during the wet season. In recent years, however, wild 
snail populations have declined considerably, primarily because of the impact of such 
human activities as deforestation, pesticide use, slash-and-burn agriculture, spontaneous 
bush fires, and over-harvesting which includes the collection of immature snails. Snail 
farming is now being developed, and has been attracting study and investment interests in 
recent times.

7.3.2. Hunted free-living Animals; Potentials and Concerns
There are strong trade associations of bush meat value chain actors such as hunters, traders, 
marketers and even restauranteurs. With the domestication and farming of grasscutters, a 
Grasscutter Farmers Association has developed. Apart from these, there is no apparent move 
towards industrialization in the bush meat value chain. The base of the value chain is the 
hunters who are part-time, as there are more  lucrative engagements for them as vigilantes 
and  local security guards, farmers, medicine men, etc.

The hunters do not think of the sustainability of subsistence hunting. For the conservation 
of the free-living animal resources and the  
livelihood of the hunters, a sustainable level of 
exploitation must be determined based on the 
following factors as outlined by Ntiamao-Baidu 
(1997):

Ÿ  The intensity and variation of hunting 
pattern

Ÿ  The population status of the free-living 
animal species

Ÿ  The population turnover in individual free-
living animal species

Figure 7-13. A dish of snail meat garnished 
with peppers and tomatoes.

Figure 7-14. Hunters setting out in Wasinmi, 
Lagos-Abeokuta Road, Ogun State 
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Ÿ  The response of the free-living animal population to 
hunting

Apart from capturing, gathering and hunting the free-
living animals and placing them in their hunting bags, 
hunters pay no further attention to this commodity 
except to sell them to the processors and traders at the 
highest possible price. 

In Nigeria, there are absolutely no rules or standards 
regulating the practice of hunting and the quality of 
bush meat offered for sale varies widely. The standards 
for domesticated meat hygiene do not apply to bush 
meat. Hunters kill animals and transport them for  long 
distances in sacks to market centres without any 
attention to storage conditions. 

The Kenyan government prescribed the following regulations in 1990:

1. All carcasses are to be bled while the heart is still beating.

2. Animals are only to be shot in the head or neck. Body wounds will  lead to automatic 
condemnation of the carcass due to inadequate bleeding which will lead to 
contamination and putrefaction.

3. Evisceration must be done within 60 minutes of death. Less time is allowed for animals 
larger than gazelle and impala.

4. Carcass temperatures must fall below 13  within 4 hours of death and below 3  within 
o o
C C

16 hours.

5. Processing of carcasses must take place in dust- and fly-free conditions.

6. Personnel working with skinned carcasses must bathe and dress in clean clothes and 
have no diseases or unhealed sores.

7. Facilities for tool sterilization and hand washing for carcass processors must be 
continuously available.

8. Carcasses and viscera must be inspected by a qualified meat inspector immediately after 
evisceration.

9. Unweaned, immature animals are not to be killed or sold.

10. Inspected carcasses are to be transported in dust-proof vehicles.

Obviously, such high standard bush meat carcasses must be sold in dust and fly-proof 
conditions, not on an open table by the road side or in the market as it is done in Nigeria. 
Many of these deficiencies are hidden from the consumers of bush meat because the 
majority of the sales is in the smoked form. In the entire bush meat value chain, there is 
ignorance of safe food handling and proper hygiene in slaughtering, processing, 

Figure 7-15. A successful hunter
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preservation, storage, transportation and marketing. There is an opportunity for 
entrepreneurs to intervene profitably by providing the needed services.

POTENTIALS AND CONCERNS ABOUT THE BUSH MEAT VALUE CHAIN
Potentials
1. Bush meat is a non-timber forest product which should be considered as a valuable 

revenue-generating renewable resource in the forestry development plans, wildlife 
parks and game reserves. 

2. Bush meat utilises a large number of free-living animal species to provide animal 
protein food, thereby ensuring dietary diversity and reducing the need for industrial 
level production of domesticated animals.

3. Bush meat has  less saturated fat and is l ower in calories than beef and pork. It is higher 
in eicosapentaenoic acid (C20:4) an essential omega-3 fatty acid.

4. Because it is grown in natural environments, bush meat is rich in vitamins and minerals 
and is free from antibiotics.

Concerns
1. Sustainability. The term bushmeat crisis is used to describe unsustainable hunting of 

often endangered free-living animals. The bushmeat trade refers to the sale of any killed 
free-living species especially the great apes. Though some bushmeat hunters have been 
targeting gorillas and chimpanzees, great apes constitute less than 1% of bushmeat 
from all species sold on the market. The high rate of harvest, combined with habitat l oss 
and alteration, has led to very severe population declines; if this trend is unchecked, 
extinction is  likely. In Nigeria, the majority of species that are hunted and traded as 
bush meat are members of the antelope and cat families. As the forest has been 
disappearing, more emphasis is now on the semi-domesticated species such as 
grasscutter, giant rat and guinea pig.

2. Effect on the health of consumers. The  lack of proper meat inspection and hygiene 
during handling and sale of bush meat is a growing concern. The problem of  lead (Pb) 
poisoning from the bullets used for hunting and the sale and consumption of bush meat 
killed by lead bullets is another great concern. Lead is toxic to the heart, bones, 
intestines, kidneys, reproductive and nervous systems. Smoking is the main 
preservation method used for bush meat. There is concern that smoked bush meat 
contains substances capable of causing cancer – polycyclic hydrocarbons and 
nitrosamines. A positive correlation has been established between cancer of the 
intestinal tract and frequent consumption of smoked food. With the outbreak of Ebola, 
consumers were warned against eating bushmeat as it was suspected that the Ebola 
virus crossed to humans from the bush animals especially monkeys. This anxiety has 
subsided.

The bush meat value chain based entirely on hunted free-living animals is unsustainable. 
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Hunters are not totally dependent on the bush meat for their  livelihood. There are no 
regulations on this activity. Hunting is usually done overnight or for many days away from 
the hunting base or home. Animals killed are kept undressed until their return home, most 
times with the bullet still inside the animal. At the base, there is no deliberate care to avoid 
contamination or maintain hygiene. The carcasses are usually de-haired, flayed on sticks and 
smoked for preservation.

SELF ASSESSMENT EXERCISE 7.1
1. Termites mostly feed on _____________ .
2. Why are crickets sometimes mistaken for grasshoppers?
3. Discuss four uses of honey.
4. Discuss four classifications of honey by processing and packaging.
5. List two sources of toxic honey.
6. The Giant African  land Snail is scientifically known as_____________ .

7.3.3. Semi-domesticated free-living animals
Bush meat is also obtained from some non-hunted animals. Two popular examples are 
treated below.  

Grass cutter or the Greater cane rat
Grass cutters, also called cane rats, can grow to nearly 0.61m in  length and weigh a  little l ess 
than 8.6kg. They tend to adopt plantations as habitat, where they feed on agricultural crops 
such as maize, sugar cane and cassava, and often become an agricultural pest. Grass cutter 
meat is considered a delicacy and the grass cutters are beginning to be raised in cages for 
sale, and so are now referred to and treated as micro-livestock.

Grass cutters, whether hunted or produced domestically, are processed just  like “game” – 
skinned, flayed and smoked for preservation and flavour. They are usually sold by the road 
side. Hygienic, medium to  large scale production, processing, packaging and merchandising 
are just being developed.

Giant rat or Gambian pouched rat
The Gambian pouched rat (Cricetomys gambianus), also known as the African giant pouched 
rat, is one of the  largest rats in the world, growing up to about 0.9 metres l ong, including the 
tail which makes up half its length.                          
It typically weighs between 1 and 1.4 
kilograms. It  lives in colonies of up to 
twenty, usually in forests, thickets and 
termite mounds. The author has a colony of 
giant rats  living in subterranean holes in his 
backyard. It feeds on vegetables, insects, 
crabs and snails but prefers palm fruits and 
palm kernels. Those in the author's backyard Figure 7-16. Farming grasscutters.
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also feed on avocado pears.  

7.4.  REVIEW QUESTIONS
1.  Distinguish between capturing and hunting. What are the similarities and 

differences?

2.  Which of the following statements do you believe to be true and why? 

 “All free-living animals are hunted.”

 “All hunted animals are free-living.”

3.  What safety precautions should be put in place by hunters when they are in the 
forest?

4.  What do you understand by the term “bushmeat”? Give 4 examples.
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INEDIBLE ANIMAL 
BY-PRODUCTS

8.0. INTRODUCTION
The average slaughter weight of the predominant breed of 
cattle in Nigeria, the White Fulani, is 350 kg. This weight is 
made up of 35% edible meat, 34% bones, horns and hooves, 
11% fat, 7% hide, 5% (edible) offal, 3% blood and 3% 
rumen content (Omole and Ogbiye, 2013).

Outside Africa, the list of inedible animal by-products 
includes hides and skins, fats, bones, feet, glands, l ungs and 
even intestine. As pointed out in Unit 2, it is difficult in 
Nigeria to clearly separate edible from inedible animal 
products as virtually all parts of l ivestock are processed to 
make them edible and are called the “Fifth Quarter” 
(Figure 8-1). In Nigeria, processed hides and skins 
(“Ponmo”) and feet (“Bokoto”) are a major delicacy that 
fetch usually higher prices than beef. Nonetheless, there 
are current and potential industrial uses of some 
“inedible” animal by-products that make them worthy of 
special mention. Such by-products include bones, horn 
and hooves (BHH); hides and skins; and blood and rumen 
content.  They will be discussed in the order of their 
economic importance or readiness for industrialization.
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5.1.  HIDES, SKINS AND THE NIGERIAN LEATHER INDUSTRY
The external covering or epidermal l ayer of a fully grown l arge animal (cattle, camel) is called 
‘hide’ while that of small animals (goats, sheep, pigs, snakes and crocodiles) is called ‘skin’. 
Goatskin was the first to be tanned to yield a soft, pliable and strong leather suitable for 
shoes, gloves and garments. Centuries ago, Nigeria was famous as the source of the skin 
(leather) of the ‘Red Sokoto goats’ (Figure 8-2).

Crust (unfinished) leather is an important non-oil 
foreign exchange earner for Nigeria which 
generated a revenue of N 1.08 trillion while the 
Finished Leather Products (FLP) had an annual 
turnover of up to N 36 billion in 2009. Ten years  
later, market transactions in leather and  leather 
products were estimated at N 432 billion for 
footwear and N180 billion for other finished  
leather products (FMST, 2019). The potentials of 
both crust  leather and FLP are yet to be fully 
realized due to the poor flaying techniques and 
poor storage methods of wet l eather, and the l ack 
of access to finance and poor branding of made-

5th Quarter

Figure 8-1.  Structure of the red meat industry in Nigeria showing the 5th quarter.
Source: GEMS1, Support to Meat and Leather Industry, September 2012

Figure 8-2. Salted Skin of Red Sokoto goat.
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in-Nigeria FLP. In 2018, the National Leather and Leather Products Policy was approved.                   
The policy prioritizes thel ocal processing of l eather resources to finished l eather products 
instead of exporting raw l eather or semi-finished l eather products. It is, therefore, expected 
that the non-footwear finished  leather products will generate more than N360 billion by 
2025.

Over 45 million skins of animals are processed annually by the 41 tanneries in Nigeria, all of 
them  located in Kano. Of these processed skins, about 30% are imported into Nigeria from 
neighboring West, East and North African countries. This importation is in response to the 
much higher price skin fetches in Nigeria. 

There are two main types of tanneries operating in Nigeria: Industrial/mechanised 
tanneries and Traditional tanneries. Industrial tanneries tend to work with higher grade raw 
skins and rely on chromium salts and a range of other chemicals in the tanning process.                
In 2017, there were 18 functional tanneries with a total installed capacity which allows for 
processing of over 250,000 skins per day up to wet blue l evel, and they provided 9,300 direct 
jobs. 

Traditional tanners typically work with raw skin and wet blue rejects. The raw skins are 
obtained through direct purchase from the village slaughter place, and a network of skin 
traders. Wet blue rejects are obtained from the industrial tanneries.

Of the 41 tanneries, six are  located in Sharada, Challawa and Bompai industrial estates in 
Kano. The tanneries in Kano depend on supply of salted cattle hide and goat, snake and 
crocodile skins  (Figure 8-3) from dealers who are supplied by skin collectors based in peri-
urban centers, who in turn depend on rural or village collectors that buy skins from village 
abattoirs and household slaughters throughout the country.

Figure 8-3. Supply of salted hides and skins
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All the industrial tanneries produce Crust  leather for export while the smaller tanneries 
process skins rejected by industrial tanneries into l eather for l ocal consumption. Most of the  
leather from sheep and goats is exported in Crust form, but recently some of the industrial 
tanneries have installed capacity to finish the Crust  leather up to Suede, one of the best  
leather products. Nigerian  leather is mainly used for shoe production due to its durability 
and beauty. Its major markets are in Europe (mainly Italy and Spain) and the Far East (mainly 
China and Hong Kong). Currently, Chinese imports make up over 80% of the domestic FLG 
market, while imports from the high-end European and Moroccan markets take 10%, and the 
local producers have the remaining 10%. Import from China is conservatively put at 30 
million pairs of shoes annually.

8.2.   LEATHER VALUE CHAIN
The l eather value chain (Figure 8-4) starts at the slaughter house after the animal is flayed. 
The leather value chain includes: primary production of skin, trading, grading, tanning, 
further processing, and sales to domestic, regional, and international markets. These are 
supported by a number of other services. There are informal businesses (Micro, Small and 
Medium) as well as highly sophisticated and well-organised formal businesses. The informal 
businesses consist of flayers, village collectors; urban abattoirs skin buyers, suburban skin 
dealers, major skin dealers, traditional tanners, service providers and input sellers (salt, 
transporters, l ocal graders, porters etc.) while the formal businesses consist of tanners and a 
few major skin dealers.

Figure 8-4. The Leather Value Chain in Nigeria
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Among the challenges of the LVC is the irregular quantity and quality of hides and skins 
produced, poor storage facilities and practices, absence of quality specifications and 
standards. Perhaps most challenging is the high consumption of hides and skins for food. 
Nigeria slaughters nearly 7 million cattle annually but this  large number of hides are not 
available for tanning because it is considered a delicacy popularly known as 'Ponmo' despite 
its non-nutritive value. Consequently, consumption of ponmo competes with the demand 
for hides and skins for tanning. Given the higher price that hides attracts in the food market 
(which can be as much as five times the price paid by tanneries) there is l ittle incentive for 
producers to sell their hides to the l eather industry. 

The Nigerian Leather Value Chain (LVC) employs over 700,000 Nigerians, as primary producers 
(farmers/butchers), skin dealers, and in warehousing and tanneries. Other actors, such as 
transporters, l oaders, etc., are additional to the employment figure above.  

While Kano tanneries are the starting point of the LVC, Aba, in Abia State, is the seat of the 
FLG in Nigeria. The Aba FLG Cluster is  located at Ariaria, a residential area with  limited 
infrastructure and services, especially electricity. There is a proposed FLG and Garment 
Industry Cluster facility being built in Umukalika, in Obingwa Local Government Area, which 
is seven kilometers from Aba city. It has 35 hectares of l and and should have been completed 
in 2018. Aba FLG is the  largest cluster in West Africa with 100,000 shoe makers and 50,000 
garment makers manufacturing bags and belts. 

8.2.1 National Leather and Leather Products Policy (2018)

VISION
To provide a policy framework that guides the Nigerian  leather industry to a 
competitive position in the global economy.

MISSION
To transform the Nigerian  leather industry into a dynamic and aggressive sector that 
embraces the use of cutting-edge technology for value addition and marketing.

AIMS
1. Establishment of suitable conditions for sustainable national development through 

the provision of technical, human and financial resources required to stimulate the 
growth and competitiveness of the Nigerianl eather industry.

2. Regulation of the Nigerian l eather industry and creating principles of alignment in 
livestock rearing, technology application (processing) and marketing.

3. Development of a robust and vibrant l eather industry that will support high capacity 
utilisation of resources for the production of sufficient and premium quality hides 
and skins, finished l eather, and Finished Leather Products (FLPs).

4. Creation of an enabling environment to foster Public Private Partnership (PPP) 
investment.
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5. Development of procedures/standards in the production process to ensure 
compliance with environmental and social best practices.

6. Enhancement of resource optimisation and improved supply chain management 
along the Nigeria l eather value chain.

7. Development of technology transfer capabilities, and stimulation of private sector 
investment in the sector – provision of support for the development of the sector 
and facilitation of horizontal and vertical integration between and within 
stakeholders' establishments.

8. Promotion of continuous research and development, and encouragement of 
synergies between research institutes and the l eather industry.

8.2.2. The Role of Government and Development Partners 
1. The United Nations’ Industrial Development Office (UNIDO) provided a shoe-making 

Common Facilities Centre (CFC) each to Aba and Kano shoe clusters.   

2. The FMARD and the State/local governments’ Hide and Skin Inspectorate cadre are 
responsible for training, inspection of skin quality and development of hide and skin 
programmes in their respective states and l ocal governments. This cadre was abandoned. 
Restoring the cadre to both the abattoirs and the slaughter slabs will ensure the desired 
quality and quantity of l eather.  

3. The Nigerian Export Promotion Council (NEPC), in recognition of the importance of  
leather as an important export commodity, established a collaboration with a number of 
state governments to enhance the production of goats in order to produce more skins in 
Nigeria. 

4. The Nigerian Institute of Leather and Science Technology (NILEST), Zaria, provides 
industrial research as well as advanced and vocational training in l eather and footwear 
technology. 

5. The Colleges of Animal Health and Production Technology throughout the country 
provide technology and training in the control of skin diseases and damages occurring 
during animal rearing.

8.3  ENTREPRENEURS IN THE LEATHER INDUSTRY
The Economist magazine, in 2016, identified one of the small tanneries in Kano, God’s Little 
Tannery (Figure 8-5), owned by Chief Ndubuisi Udeagba, as a supplier of  leather to Louis 
Vutton and Gucci, two global fashion design houses. An example of an old tanners’ 
cooperative is the Maijirma Kofar Womabari Tannery Cooperative (Figure 8-6). It is 120 years 
old, processes 5000-8000 snake and crocodile skins every month and earns up to N8000 for 
one processed snake skin.

The shoe manufacturers, e.g. Frantonia Industry Limited, produce up to 1 million pairs of 
shoes per week. Aba-made shoes (Figure 8-7) are popular in Cameroon, Cote d’Ivoire, Ghana 
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and several West African and East African countries. Annual revenue from these FLP is up to 
N 36 billion but annual FLP imports into Nigeria are worth about N 180 billion. 

The Nigerian FLP sector employs over 400,000 Nigerians directly, ranging from  leather 
producers, traders and accessories sellers to transporters, importers, wholesale and retail 
shop owners. A few Nigerian  luxury  leather goods brands, e.g. FEMI Handbags in Ibadan 
femihandbags.com (Chief Creative Director Ms Femi Olayebi) (Figure 8-8) and ZASHADU in 
Lagos (CEO and Creative Director Ms Zainab Ashadu), are using Nigerian  leather for their 
products targeted at the l uxury market.

Entrepreneurs are needed who have a vision to increase production of quality l eather from 
the primary production of hides and skins, and improve the quality of Nigerian tanned  

Figure 8-6. Tannery Multipurpose Cooperative Society

Figure 8-5. God's Little Tannery, Kano

Figure 8-7. Made-in-Aba Shoes.
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leather to achieve a higher stake of the 
global market. To achieve this vision, 
there are smaller steps and  lower goals 
to reach such as: 

1. Improve the quality and quantity of  
leather produced, processed 

2. Increase production of Finished 
Leather products from the 67 million 
pieces in 2018 to 350 million pieces 
by 2030.

3. Invest in hides and skins through 
primary production, trading, leather 
processing (particularly reactivation 
of the presently closed down 
Nigerian tanneries) and in FLPs 
manufactur ing (par t icular ly  
footwear, bags, belts and purses)

These steps can be easier achieved if 
the following actions are taken:

Ÿ Develop an efficient skin collection system in the rural areas through the establishment 
of Skin Collection Centers (SCC)

Ÿ Enhance the methods of skin preservation through adoption of best practices at the 
collection, trading and transportation l evels 

Ÿ Direct investment to skin transportation to ensure that skins are supplied in desirable 
quantity and acceptable quality to the tanneries

Ÿ Assist tanneries develop a common grading system that will ensure uniformity in skin 
supplies and prices

Ÿ Assist existing tanneries to build an efficient effluent management system to reduce 
environmental pollution

8.4.  TANNING - Conversion of Hides and Skins into Leather
Tanning is the conversion of hides and skin into a material,  leather, that resists insect 
infestation and putrefaction. Raw hides and skins contain 62 per cent water and 38 per cent 
protein, thus providing a very good medium for microbial growth. Preservation of raw hide 
and skin from microbial growth can be achieved by air-drying or by curing with solid salt or 
with brine. Curing with salt removes water from the hides and skins through increased 
osmotic pressure to the point that bacteria cannot grow. In wet-salting, the hides are 

Figure 8-8. Finished Leather Products by 
Nigerian manufacturers.
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heavily salted, then pressed into packs for about 30 days. In brine-curing, the hides are 
soaked with frequent stirring in a vat of salt water for 16 hours. The hides can also be 
preserved by storing them at very l ow temperatures. 

8.4.1. Preparation for Tanning
The material that is supplied to the tannery is air-dried, salt-cured or refrigerated hides and 
skins (Figure 8-3). The following steps are followed in the tannery to prepare hides and skins 
for conversion into l eather:

Step 1. Soaking: The hides are soaked in clean water to remove salt from curing or to 
increase the moisture so that the hide can be further treated. During the soaking, bacterial 
growth is inhibited by dithiocarbamates while fungal growth is stopped with 2-
thiocyanomethylthiobenzothiazole.

Step 2. Liming: After soaking, the hides are treated with milk of  lime (Calcium hydroxide 
Ca(OH ) suspension), sodium sulphide, cyanides, amines, etc., to remove the hair, other 2

keratinous material and mucins; to swell and split up the fibres and remove natural grease 
and fats to the desired extent and bring the collagen in the hide to a proper condition for 
satisfactory tanning. These chemicals break down the disulphide bonds of the amino acid 
cysteine in the hair protein keratin in preparation for dehairing, and the  lime brings the 
isoelectric point of the collagen protein in the hide to pH 4.7.

Step 3. Dehairing and Scudding: Sodium sulphide, sodium hydroxide, sodium 
hydrosulphite, calcium hydrosulphide, dimethyl amine and sodium sulphhydrate work to 
break down the hair while the majority of the hair is removed mechanically with a machine 
and finally by hand using a dull knife, a process called scudding.

Step 4. Deliming and Bating: The pH of the collagen is brought l ow by removing the l ime so 
that the enzymes may soften the collagen in a process called ‘baiting’. 

Step 5. Pickling: After bating, the hides are treated with sodium chloride and then with 
sulphuric acid to bring down the pH of collagen to a very  low  level so as to facilitate the 
penetration of mineral tanning agents.

8.4.2. Chrome tanning
Chromium(III) sulphate ([Cr(H O) ] (SO ) ) is the most efficient tanning agent. Chromium 2 6 2 4 3

3+(III) sulphate dissolves to give the hexaaquachromium(III) cation, [Cr(H O) ]  which at 2 6

higher pH gives the polychromium(III) compounds that are active in tanning, i.e. the cross-
linking of the collagen subunits. Collagen has a high content of glycine, proline and 
hydroxyproline in a repeated sequence “-gly-pro-hypro-gly-“ which gives the helical 
structure of  leather. Tanning is the introduction of the tanning agent (chromium salts) 
which increase the space between the protein chains by the cross-linking of the collagen by 
polychromium species. Once the desired  level of penetration of chromium into the hide is 
achieved, the pH is raised to 4.0-4.3 by the addition of sodium bicarbonate while the 

159Inedible Animal By-products



otemperature is raised to 40 C which induces the cross-linking between the collagen and 
chromium. At this stage chromium-tanned skins are greyish-blue, hence they are called “wet 
blue”. Chromium-tanned  leather contains 4-5% of chromium and are characterized by 
increased hydrothermal stability and resistance to shrinkage in heated water.

Chrome tanning (usually  less than a day) is faster than vegetable tanning and produces a 
stretchable l eather for use in handbags and garments.

8.4.3. Vegetable Tanning
Vegetable tanning uses tannins (polyphenol astringent compounds) which occur naturally 
in the bark and  leaves of many plants. In Kano, the artisanal tanneries utilise the barks of 
the following plants: Acacia nilotica, A. seyal and A. tortilis. Tannins bind to the collagen in 
the hide and cause them to be l ess water-soluble and more resistant to bacterial attack while 
making the hide more flexible. Hides are immersed for several weeks in vats of increasing 
concentrations of tannin. Vegetable-tanned hides are not flexible and so are used for  
luggage, furniture, footwear, belts and other clothing accessories.

8.4.4. Health and environmental impact of tanneries
Tanning uses chemicals (chromium, tannins, aldehydes) that have a detrimental effect on 
the environment as they increase the  levels of chemical oxygen demand (COD) and total 
dissolved solids (TDS) in water bodies into which their effluents are discharged. Tanning 
uses  large quantities of water and produces  large amounts of pollutants. Boiling and sun 
heating of the water containing tannery effluents will oxidize and convert the 
chromium(III) compounds into carcinogenic chromium(VI) compounds. Methyl 
isothiazolinone, used to inhibit fungal and bacterial growth during tanning, causes 
problems with eyes and skin. Anthracene, a tanning agent, causes problems with the kidneys 
and l ivers and is carcinogenic. Formaldehyde and arsenic, used for l eather finishing, cause 
problems in the eyes, l ungs, l iver, skin, and l ymphatic system and are carcinogenic. Clearly, 
the wastes from tanneries are detrimental to the environment and to the people who l ive in 
it. The UN Leather Working Group provides an environmental audit protocol to assess the 
facilities of l eather manufacturers for responsible management of their waste products.

Akan et al., 2007, analyzed the pollutant l evel in the effluents from five industrial tanneries 
in Kano and showed that Cr, Pb, Fe, Zn, SO , NO and dissolved oxygen (DO) were above 3 3 

maximum permissible l imits; while pH, TDS, PO , temperature, Cu, Co, Mn and redox potential 4

were below maximum and minimum permissible l imits for effluent discharge into rivers. It 
was concluded that the tanneries were the major sources of high Cr, Fe, Pb, SO , NO  and DO. 3 3

The concentration of Co, Cu, Mn, Pb, as well as temperature, TDS and PO  were below the 3

maximum permissible l imits.

This health concern has given rise to the search for alternative tanning agents such as 
aldehydes, aluminum, zirconium, titanium, iron salts or a combination, which produce an off-
white coloured l eather called “wet white”.
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As an alternative to tanning itself, hides can be dried to produce “rawhide” rather than  
leather.

8.5.   OTHER INEDIBLE ANIMAL PRODUCTS

8.5.1. Bones, Horns and Hooves
Bones are processed into bone meal, gelatin and glue. Bones contain about 50 per cent water 
and 15 per cent red and yellow marrow. The defatted and dried bones contain organic and 
inorganic salts in a ratio of 1:2. Collagen is the main content of the organic matter. The 
inorganic matter consists of 33 per cent Ca, 15 per cent P and small amounts of Na, K, Mg with 
traces of Cu, Co, Zn, Fe, Mn and S.

Steamed Bone meal is made from bones that have been cooked under steam pressure, cooled 
and ground into a meal. Burnt bone meal is the form more readily available in the Nigerian 
market. It is made from bone that is burnt using old car tyres and kerosene. The heat melts 
the fat in the bone marrow which also burns, turning the bone into ashes. It is then cooled 
and pounded into particles. 

Gelatin is obtained by boiling degreased bones in water acidified with hydrochloric acid at 
o54-60 C and the temperature gradually raised to the boiling point of water. When boiled, the 

collagen is converted into gelatin which is separated from the inorganic residue. Gelatin is 
used in the manufacture of ice cream and for coating medicinal pills. Glue is inferior gelatin. 
Other materials used to produce glue and gelatin include hide and skin trimmings, mammary 
glands, hooves and horn piths. 

The horns and hooves are treated separately. The hooves are soaked in water until they 
become spongy and can be freed from the bones, after which they are spread out in the sun to 
dry. The horns are cured in the sun until the horn pith is completely dried and can be 
removed by hammering. The horns and hooves together can be put into an autoclave and 
steam cooked for seven hours at 100-112°C. The material is then dried and finely ground.

Bones, horns and hooves (BHH) for export are crushed into 1mm-5mm particles in which 
state they fetch USD 480-620 per MT. Cow horns can fetch USD 1500-2500/MT. Exported BHH 
are used in the manufacture of plates, buttons, combs, spoons, forks, belts, buckles,  cutlery 
handles, bone meal, collagen, gelatin and glue. Locally, BHH are used for the production of 
bone meal for poultry feed and pet foods. All non-ruminant feed can have up to 2.5 per cent 
bone meal and the requirement for animal feed is about 3,675,946 MT per year. This requires 
91,899 MT of BM at a price of N 129,600 per MT and a total cost of N12 trillion. Only 30 per cent 
of slaughter houses in Nigeria collect and process BHH.

8.5.2. Blood and Rumen Content
Blood is a highly perishable product and must be processed as soon as possible after 
slaughter. Only 40 per cent of slaughter houses in Nigeria collect and process blood or rumen 
content. Aniebo et al, 2009 reported that up to 2,518 MT of blood was generated annually 
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from slaughter animals in Rivers State.

Blood meal for l ivestock feed is one of the industrial products that can be produced from the 
available blood from the slaughter operation. Blood meal can be prepared by a small-scale 
operation suitable for the slaughter slabs in all l ocations in Nigeria; it can also be produced 
by a highly industrialized process. There are different ways to prepare blood meal: solar 
drying, oven drying, drum drying, flash drying and spray drying. The drying method is 
important because there is an inverse relationship between the amount of heat applied and 
the digestibility of the protein in the resultant blood meal. In particular, l ysine content and  
lysine availability decrease as the amount of heat increases. Overcooked blood meals are 
darker, due to the destruction of the haemoglobin, and are l ess palatable.

Blood is collected in l arge drums and slowly boiled while stirring constantly. When moisture 
content is reduced to 10-12%, the cooked blood is spread on a clean cemented surface and 
then sun-dried. The resulting product is of poor and varying quality and  low digestibility 
due to the heat of cooking. To avoid this quality  loss, Sonaiya (1989) suggested that 
uncooked blood can be “carried” by a vegetable carrier that allows the surface area of the 
blood to be greatly increased such that the sun-drying can occur much faster. Suitable 
vegetable carriers suggested include grain milling offals and brans (rice, wheat, maize) as 
well as rumen content; a vegetable product that is totally appropriate as a blood carrier in 
the preparation of blood meal and is also available right at the slaughter point. Research 
coordinated by Sonaiya and funded by the Raw Materials Research and Development Council 
developed several products from the combination of rumen content, rumen content  liquor 
and blood that are quickly and efficiently sun-dried and are suitable for incorporation into 
formulated complete feed for different non-ruminant l ivestock including catfish (Makinde, 
2007, Makinde et al, 2008).

In Unit 1 of this book, rumen content was described as “undigested or partially digested feed 
remaining in the rumen of animals such as cattle, sheep and goats”. Currently, there is no 
industrial value attached to this inedible by-product that is available in  large quantities 
from every slaughter slab and slaughter house. This is a different product from the manure 
obtained from the  live animal which is sought after by farmers to the point where 
arrangements are made with l ivestock producers to provide their animal manure to the farm 
plots to be used for crop production. In contrast, the rumen content is only available after 
the animal has been slaughtered and its rumen voided of the content during the processing 
of “saki” (called tripe) - another delicacy gourmet food in Nigeria. Vegetable-carried blood 
meal with rumen content as the vegetable has shown the industrial potential for rumen 
content which generally constitutes a pollutant to the environment.

Experimental results show that 100 kg rumen content-carried blood meal can be included in 
every metric tonne of catfish feed. National annual production of catfish feed was estimated 
as 14,758 MT (Makinde and Sonaiya, 2012). Poultry and pig feed can include 150 kg and 250 kg 
of rumen content-carried blood meal per MT of feed, respectively. Annual total feed 
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requirement for poultry and pigs is about 70,000MT. Poultry feed cost N 115,200 per MT. 
Rumen content-carried blood meal, if incorporated into proprietary feed for cat fish, poultry 
and pigs can earn a revenue of N 806, 400,000 within the first year of industrial operation.
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ECONOMIC AND SOCIAL VALUE OF DISTRIBUTION 
AND  SALE OF  DOMESTICATED ANIMALS AND 
THEIR PRODUCTS

9.0.  INTRODUCTION

he value proposition underlying the Tmarketing of  live animals is different 
from that which underlie the marketing 

of animal products. For animals, the market 
value reects the management, health, 
nutr i t ion,  gene t ics,  phy s io lo gy  and 
reproduction that the animals to be marketed 
have received. For animal products the market 
value depends more directly on the handling, 
pr ocessing,  stor age,  food safety and 
packaging reected on the primary and value 
added products. Distribution and sale of  live 
animals and animal products involve many 
factors: technical, economic and legal. This 
unit will discuss the technical and  legal 
aspects of distribution and sale. The socio-
economic aspect will also be discussed to 
show the impact of the animal products 
industry on the national, state and local 
economy. Development of all points in the 
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Animal Products value chain increases 
the signicance of the Animal Products 
Industry to the Nigerian economy, both 
formal and informal. The traditional 
ethos associated with handling  live 
and slaughtered animals and the need 
to accommodate new technologies 
denitely impact the social mores.

9.1  TECHNICAL AND LEGAL 
ASPECTS OF LIVESTOCK 
DISTRIBUTION AND SALE  

Domesticated ruminant animals were 
historically driven "on the hoof" to the 
local, regional and distant markets 
(Figure 9-1). This method of driving 
cattle “on  the hoof” to the market 
became an intr insic part of the 
transhumance system in Niger ia 
(Figure 9-2). As the cattle could be 
destined for the  local, regional or 
distant markets, there is constant 
movement of cattle along the “Stock 
Routes” which were delineated on a 
permanent basis (Figure 9-3). Driving 
cattle along the stock route was not 
limited to cattle meant for the markets 
but was used as part of a response to the 
alternating dry and rain seasons in 
Nigeria which had resulted in the 
cyclical migration of cattle from the 
North to the South during the dry 
season, and vice versa during the rainy 
season. To support this massive 
movement of cattle, “Grazing Reserves” 
(Figure 9-4) were established along the 
Stock Routes until latitude 6.34 where 
the more humid agroclimatic zones 
begin and from where there was no 
need for grazing reserves as grass was 
always available all year round.           

Stock Collection
- Local

Stock 
Trading
- Local

Stock 
Trading

- Regional

Stock 
Trading

- Distant

Livestock
Transport

Figure 9-1. Livestock marketing. 

Figure 9-2. Transhumance Cattle Production 
System in Nigeria. 

Figure 9-3. National Primary Stock Routes in Nigeria.

Figure 9-4. Existing Grazing Reserves in Nigeria.
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The stock routes and grazing reserves in the Northern Region of Nigeria were gazetted in the  
Edict of Northern Nigeria No. 65. There were 241 grazing reserves and 1500 kilometres of 
stock routes. With increasing population, urban spread and infrastructural development 
(i.e. buildings, roads, expressways and airports), the stock routes and grazing reserves have 
become extinct or severely threatened. Transportation by truck of cattle meant for distant 
markets in the South has replaced driving cattle “on the hoof” to these markets. Within the 
North, local and regional cattle markets facilitate trade - buying and selling - usually 
through bargaining and haggling between the buyer and the seller to agree on a suitable 
price.

There are currently (in 2020) 13 regional cattle markets in Nigeria (Box 9-1). Of these, by far 
the l argest is the International Cattle market in Maigatari in Jigawa State. Cattle traders and 
buyers come from Mauritania, Congo Brazzaville, several parts of Central Africa and other 
countries to Maigatari, but it only operates on Thursdays when it has a turnover of more than 
N950 million on that single day. Six of the other regional cattle markets in Nigeria have a 
telephone l ine and one of them (Oregbeni Market in Benin City) is open for 24 hours of the 
day. The most outstanding is the electronic market platform provided by the 2018 Start Up,  
Livestock247.com in Ikeja, Lagos State (Box 9-2). This platform enables the sale of t-for-
slaughter  livestock by merchants, ranchers and feedlot operators; purchase of  livestock 
according to breed, weight, colour, age and sex from and delivery to anywhere in Nigeria; and 
the ability to trace the purchased  livestock in order to mitigate the spread of diseases.               
The traceability system, developed in partnership with MTN Nigeria, is based on an implant 
in each animal of a microchip which is not harmful to the animal and is approved by the 
World Organisation for Animal Health (OIE). The Livestock 247.com platform in early 2020 
was serving 137  livestock merchants to trade 6,811 cattle, 2,997 sheep and 2,882 goats. Other 
services offered include abattoir, transport and  logistics for live animals and carcasses, 
veterinary and professional clinics, pharmacy, provision of secure online payment and 

1. International Cattle market   Maigatari  Jigawa  North Central 
2. Cattle market    Mubi   Adamawa  North East
3. Livestock247.com    Ikeja   Lagos   South West
4.  Eyaen Cattle market   Benin City Edo   South South
5. Wadada market    Makurdi   Benue   North Central
6. Karmo market    Abuja   FCT  FCT
7. Idumota market    Lagos   Lagos   South West
8. Kara market    Ojodu Berger  Ogun   South West
9. Ariaria International market  Aba   Abia   South East
10. Kuto market    Abeokuta  Ogun   South West
11. Otu Nkwo market    Onitsha   Anambra   South East
12. Organic Livestock and Crops  
 Owners Association of Nigeria Abuja   FCT  FCT
13. Oregbeni market    Benin City  Edo   South South

Box 9-1. Regional Cattle Markets in Nigeria

S/N. Name    Town   State    Zone
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Livestock247 is a platform that attempts to modernize the l ivestock marketing sector 
and minimize the control of middle-men. Livestock producers, consumers, insurance 
rms, nancial service providers and investors are brought together. Everybody makes 
more money while buyers get t-for-slaughter cattle. He believes that traceability will 
be a  landmark innovation in the  livestock marketing business. “The traceability is 
based on a microchip implanted in the animals. It is not harmful on the animals and is 
based on World Organisation for Animal Health (OIE) And the International Standards 
Organisation specications.

Livestock247.com Features
• Ability to buy t for slaughter and traceable  Livestock, and Livestock 

product.
• Ability to sell Livestock by Merchants, Ranchers and feedlot operators etc.
• Ability to buy Livestock from anywhere in Nigeria and get it delivered.
• Ability to buy Livestock according to breed, weight, colour, age and sex
• Ability to trace purchased l ivestock from "farm to plate”
• Secure online payment
• Fast and stress-free delivery

Ibrahim Ahmadu (left) and with the Livestock247.com team (right)

Ibrahim Maigari Ahmadu, a  lawyer by training who became an 
IT expert, is the co-founder/chief executive of Livestock247.com, 
Nigeria’s rst  livestock online marketing and  listing platform.

Meet Nigerian entrepreneur revolutionising livestock industry

By Odinaka Aju  
June 24, 2019 

https://businessday.ng/enterpreneur/article/meet-nigerian-entrepreneur-revolutionising-livestock-industry/amp/

Box 9-2. Online Livestock Marketing in Nigeria
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insurance for risk management.

The aggregation of cattle, sheep and goats for the slaughter market covers several villages 
and involves a  lot of middlemen and market agents. Livestock may still be driven “on the 
hoof” between the villages and the  local markets. From the  local markets to the regional 
markets in the North, trucking is gradually replacing on hoof movement. Between the 
regional markets in the North and South, movement to these markets is strictly by trucks as 
required by state  laws in many transit states. From the regional markets in the South, 
animals are transported to smaller  local markets from where they are further traded to 
slaughterers or butchers and to micro markets situated in or close to urban areas that are 
called “cattle gardens”. From the cattle gardens, purchases are made for private 
slaughtering of animals. 

Cattle are supplied to the markets  
located close to  large or heavily 
populated cities by cattle dealers 
who arrange purchase through their 
buying agents. The cattle dealers sell 
to wholesale butchers who sell to 
retail butchers. The cattle value chain 
is, therefore, characterized by multiple 
levels of actors including middle men, 
some of whom sell cattle for slaughter 
along trade or trek routes. Some 
feedlot operators fatten cattle before 
sale through a feedlot system at both 
ends in the North and South, and 
transporters are the vital l ink of the 
cattle value chain (Figure 9-5).

The sources and markets for sheep 
and  long-legged goats are similar to 
those of cattle because they are also 
reared in the north (Figure 9-6). 
There is  lower demand for sheep and 
goats than for beef except on festive 
occasions. For the dwarf goats which 
are predominant in the middle belt 
and south, aggregation starts from 
the homestead to the local market, 
through the regional markets to 
terminal markets where they are 
redistributed to smaller markets for 
sale to nal consumers. The demand 

Figure 9-5. Livestock Market Value Chain in Nigeria.

Figure 9-6 (Top) Cattle market, (Bottom) Kara sheep 
market in Isheri, Ogun state near Berger, Lagos State. 
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for dwarf goats is constant year-round in the urban centres in the south. The value chain 
opportunities and 7 value chain actors are similar to those of the cattle value chain.

For an efcient  livestock market, there must be clear l egal provisions for the conduct of all 
actors in the marketing value chain. The most important  legal provision is in the mode of 
acquisition and trading of live animals. Traditionally, the haggling and bargaining was 
sufciently binding on the traders who are probably acquaintances and do business on trust. 
There are no separate  legal provisions for  livestock marketing in Nigeria outside of the 
Nigerian Livestock and Meat Authority Act XVIII 315 which was repealed in 1990. There are 
Meat Hygiene Edicts in many states of  Nigeria and a draft bill on Meat Inspection and 
Hygiene was presented before the National Assembly in 2008 (Nwanta et. al., 2008) but 
there is no distinct  legislation on the sale and distribution of  livestock within Nigeria. The 
Nigerian Animal Products Industry can learn from places where  livestock merchandising 
has become well regulated. One such place is the State of Texas in the United States of 
America (Box 9-3).

In Texas, l ive animal marketing is done primarily through Livestock commission merchants who are guided by the 
Agriculture Code, Title 6, Subtitle B on Livestock, Acts 2003, 78th Legislature. Section 147.

Denitions: A commission merchant is a person who pursues the business of selling  livestock at auction on 
consignment for a commission or other charges. A  livestock auction commission or company is subject to and 
regulated by the United States Department of Agriculture under the Packers and Stock Yards Act. Within 48 hours 
after the sale of consigned l ivestock, a commission merchant shall remit the net proceeds of the sale to each person 
entitled to receive those proceeds. Before engaging in business as a commission merchant, a person shall le a bond 
with the county judge of the commission merchant's principal place of business. Each l ivestock auction commission 
merchant shall keep a record of all  livestock sold at auction. The record must give an accurate description of the  
livestock, including: the colour; the probable age; any marks and brands; and  the l ocation of marks and brands.

Records to be kept: Each l ivestock auction commission merchant shall keep a record of 

(a)  the motor vehicle and trailer or semitrailer on which l ivestock is transported to the place of sale;

(b)  the motor vehicle and trailer or semitrailer on which l ivestock is transported from the place of sale. The record 
must be in a form prescribed by the Texas Animal Health Commission and must show the name of the owner of 
the l ivestock, the name of the owner of the vehicle, and the name, make, and l icense plate number of the vehicle. 
The commission merchant shall prepare the record and make it available for public inspection within 24 hours 
after receipt of the l ivestock.

 (c)  The  livestock auction commission merchant shall furnish a copy of the record to the driver of the vehicle 
transporting the  livestock from the place of sale. The driver shall keep that record in the driver's possession 
while transporting the l ivestock and shall exhibit the record on demand of any peace ofcer.

(d)  Each l ivestock auction commission merchant shall retain records kept under this section for at l east one year 
after the date of sale. The commission merchant shall keep the records open for public inspection at reasonable 
hours.

(e)  This section does not apply to a private sale in which the l ivestock of only one person is offered for sale.

Offences of a livestock commission merchant: Failure to remit proceeds of sale; Appropriation of proceeds of sale; 
and failure to keep or exhibit transportation records.

Box 9-3.  Regulation of Livestock Merchandising in Texas, United States of America.
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9.2. TECHNICAL AND LEGAL ASPECTS OF ANIMAL PRODUCTS DISTRIBUTION AND SALE

The provision of  logistics and 
transport services between the 
abattoir and the meat shop or 
h o t e l ,  r e s t a u r a n t  a n d 
institutional and corporate 
consumers is an investment 
oppor tuni ty.  M otor  bikes, 
tricycles, carts, head pans and 
bare heads (Figure 9-7) are the 
traditional mode of distribution 
which ignores all hygiene and 
f o o d  s a f e t y   l a w s .  T h e 
introduction of “Meat Vans” in 
Lagos State is an indication of 
the way to go. Beyond the 
v e h i c l e  o r  m o d e  o f 
transportation, however, there 
is need for surface protection 
whenever fresh meat is to be 
distributed. Whenever quarters or whole carcasses need to be moved and there is no hanging 
rail system in the vehicle, there must be packaging material preventing the meat from 
touching the ground and sides of the vehicle. The traditional distribution is done without 
any containers, wrappers or packaging. At the retail shop, cutting or deboning centre, meat 
should not be placed on wooden surfaces (Figure 9-8). Concrete slabs, or synthetic surfaces 
that can be washed, steamed and disinfected should be used. 

The use of packaging and surfaces with suitable protective material must be used to wrap or 
present meat products throughout the marketing process. Protective materials were 

Figure 9-7. Transport of beef quarters and goat carcasses by 
tricycle, head and motorcycle (top left to bottom left); 
compared with the Lagos Meat Vans (bottom right). 

Figure 9-8. How not to retail fresh meat; on bare wood or paper that cannot be cleaned.                                                                   
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traditionally simple natural materials, e.g. leaves, but manufactured materials such as 
synthetic lms are now predominant. A commitment to a reduction in plastic usage requires 
a return to renewable and sustainable plant-based packaging materials such as paper, jute 
and kenaf or other bio-degradable materials.

PURPOSE OF PACKAGING
The basic purpose of packaging is to protect meat and meat products from undesirable  loss 
of quality through microbiological and physico-chemical alterations. Packaging protects 
animal products during processing, storage and distribution from:

Ÿ contamination by dirt (through contact with surfaces and hands)

Ÿ  (bacteria, moulds, yeasts)contamination by micro-organisms

Ÿ  (mainly insects)contamination by parasites

Ÿ contamination by toxic substances (chemicals – petrol, engine oil, etc.)

Ÿ (off-odour, light, oxygen)inuences affecting colour, smell and taste 

Ÿ loss or uptake of moisture (evaporation or water absorption)

Adequate packaging can prevent secondary contamination of meat and meat products. But 
the further growth of microorganisms, which are already present in meat and meat products, 
cannot be interrupted through packaging only. To halt or reduce microbial growth, 
packaging has to be combined with other treatments, such as refrigeration, which will slow 
down or stop the further growth of microorganisms, or with heating/sterilization, which 
will reduce or completely eliminate contaminating microorganisms.

The inner surface of the packaging is in direct contact with the product. In some cases the 
packaging has an outer surface, often a cardboard box, or other materials. There are various 
properties desirable in the packaging material to be used for the inner surface, e.g. 
transparent or opaque, exible or semi-rigid, gas proof or permeable to certain gases. 
These materials are selected to serve specic purposes, such as protection from unwanted 
impacts or attractive presentation.

9.2.1.  Requirements for packaging materials
A range of synthetic materials suitable for meat packaging are available mainly in the form 
of plastic lms or foils. Petroleum is the raw material for plastics, 4% of the global annual 
production of crude oil is used for making plastics and Nigeria has a good plastic 
manufacturing capacity.

Packaging lms must be/have:

Ÿ exible

Ÿ mechanical strength

Ÿ light weight
Ÿ odourless
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Ÿ hygienic (clean and toxicologically harmless)
Ÿ easy recycling
Ÿ resistance to hot and cold temperatures
Ÿ resistance to oil and fats
Ÿ good barrier properties against gases
Ÿ sealing capability
Ÿ low-cost

Barrier against gases
Good barrier properties against oxygen and evaporation are the most important features, in 
order to ensure:

a) Exclusion of oxygen
Air contains about 20 percent oxygen. Oxygen negatively affects unpackaged meat and meat 
products during prolonged storage periods. It changes the red meat colour to grey or green 
and causes oxidation and rancidity of fats resulting in an undesirable off-avour. The l ower 
the oxygen permeability the more efcient the protection of the product quality of 
processed meat products, for which the best protection will be achieved using oxygen-
proof packaging lms together with vacuum packaging. For fresh ready-to-sell meat 
portions, however, oxygen-permeable lms are desirable to produce a bright red meat 
colour.

b) Prevention of evaporation of product moisture
Fresh meat or fresh sausages have a relatively high moisture content and will suffer 
considerable weight and quality  losses by evaporation and drying during storage if they 
remain unpacked. The packaging material must therefore be sufciently water-vapour-
proof.

Barrier against  light
The prolonged exposure of meat and meat products to daylight or articial l ight accelerates 
unattractive colour changes, oxidation and rancidity. Transparent packaging lms normally 
used for meat products allow attractive product presentation as the packaged product is 
visible. However, such lms provide no protection against  light. For products exposed to 
strong light, coloured or opaque lms (Figure 9-9) should be used. Films  laminated with 
aluminium foil (Figure  9-9) are very effective.
Sealing capability

Figure 9-9. Opaque and printed lms 
as light barrier (right); 
Aluminium foil bag (left).
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Some packaging materials are required to have good thermoplastic properties. They are 
heat sealable, which means that two of these lms, put closely in contact to each other under 
slight pressure and with simultaneous high temperature application, will melt or seal 
together along the heated area, resulting in hermetically closed plastic pouches or bags.

9.2.2.  Types of packaging lms
Practically all lms used for meat packaging derive from synthetic “plastic” materials. For 
the various purposes in the meat industry packaging lms can be divided into: Single-layer 
lms or Multi-layer lms.
One common use of single-layer lms is the wrapping of meat pieces, processed meat 
products, bone-in or boneless meat cuts or even entire carcasses. These lms are usually 
self-adhesive, i.e. they cling together -“cling lm”- in the overlapping areas. Hence, they 
provide good protection from external contamination and to some extent from 
evaporation, but they do not offer a barrier to oxygen. Films with good self-adhesive 
properties (Table 9-1) are polyethylene (PE), polyamide (PA), polyester (PET), 
polypropylene (PP), polyvinylchloride (PVC) and polyvinylidene chloride (PVDC). 

Another important utilization for single-layer lms is in freezer storage. For meat blocks, 
meat cuts or smaller portions of meat or meat products, single-layer lms are stretched 
tightly around the meat surface before freezing. The tight lm prevents evaporation  losses, 
which occur during freezer storage of unpacked products. The lm is in tight contact with 
the product's surface, in order to avoid evaporation, ice formation and freezer burn at non-
contact spots (Figure 9-10). Suitable cold resistant lms for freezer storage are PA or PE.

One specic utilization for single-layer lms is the wrapping of chilled meat portions for 
supermarkets. The meat pieces (beef, pork or chicken) are placed in a hygienic plastic tray 
and tightly wrapped with single-layer plastic lm. The ends of the foil are overlapped at the 
bottom side of the tray, where they rmly cling together. Films to be used should have l ow 
water vapour permeability to avoid the drying out of the meat during storage. But to make 

Table 9-1.  The most common synthetic materials used for meat packaging

Polyethylene (PE)

Polypropylene (PP)

Polyvinylchloride (PVC) soft

Polyester (PET)

Polyamide (PA)

Polyvinylidenchloride (PVDC)

(oxygen +, water vapour -)

(oxygen +, water vapour -)

(oxygen +, water vapour -)

(oxygen ±, water vapour -)

(oxygen -, water vapour +)

used as barrier plastics

+ = relatively permeable; - = relatively impermeable; ± = equally permeable and impermeable
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them attractive to customers, such meat needs to retain an attractive bright red surface 
colour (due to oxymyoglobin) especially in the case of fresh portioned beef. For this reason, 
the plastic foils to be used shall have a high oxygen permeability so that the oxygen of the 
air can react with the myoglobin of the meat. Oxymyoglobin is not a chemical compound but 
a l oose aggregation of oxygen to the red meat pigment myoglobin, which keeps meat bright 
red for a number of hours. Suitable single-layer lms for fresh meat packaging are PE or soft 
PVDC. To reduce the use of plastics, cellulose lms can be used; they have good oxygen 
permeability but are l ess self-adhesive and the overlapping ends do not cling together very 
well.

Practically all the other lms used for meat packaging are multi-layer lms designed as 
strong oxygen and water-vapour barriers. A very efcient combination is PA/PE. PA is used 
as the outside l ayer, for example for lms for vacuum bags. PA is relatively oxygen proof but 
permeable to some extent to water vapour. PE has the opposite properties; it is water vapour 
proof but permeable to oxygen. The combination of both renders such a multi-layer lm very 
tight against oxygen and water vapour evaporation. Moreover, the PE used as the inside  
layer has good thermoplastic properties and is therefore well suited for heat sealing. The 
PA/PE combination is the simplest structure for a multi-layer lm. Sealant  layers consist 
mostly of PE while outside layers may be PA, PE or PP. Barrier layers for oxygen are made of 
PVDC.

Many materials are used for packaging of dry meat products, such as paper, plastic lms, 
aluminum and textiles made from plant bres obtained from the jute plant (Corchorus 
capsularis) which does not grow in Nigeria, and kenaf plant (Hibiscus cannabinus) which 
grows well in Nigeria. 

CONCLUSION
To be properly developed, the API must pay attention to all activities from the point of 
purchase of animals from slaughter in the regional l ivestock markets to the transportation 
to the abattoirs through to the butchering, processing and sale of animal products to the 
consumers. Different kinds of packaging and transportation systems are needed at various 
points in the value chain.

The systems for marketing and packaging of  live animals are very different from those for 

175Economic and Social Value of Domesticated Animals 

Figure 9-10. Freezer burn (grey surface) resulting from insufcient 
protection against evaporation during freezer storage.



meat products. None of these systems are well developed yet in Nigeria. There is much 
technical, legislative and social work to be done to give the API the direction it needs to 
serve the Nigerian people well. Investment and entrepreneurship opportunities are many in 
the distribution and marketing of  live animals and meat products.

9.3 LEGAL ASPECTS OF MEAT PRODUCT DISTRIBUTION AND SALE
At the federal  level, three  legislations are pertinent to meat retail. The Public Health 
Ordinance Cap 165 of 1917 revised in 1958; the Animal Disease Control Act No. 10 of 1988 and 
the Hides and Skins Act Cap H3 Vol. 7, Laws of the Federal Republic of Nigeria of 2004 are 
related in more or  less direct ways to the meat retail business. Many states also have  laws 
that govern meat retail. These include the Meat Law of Kaduna State, 1968; Meat Inspection 
Law of Anambra State (adopted in Imo, Ebonyi, Abia and Enugu States), 1973; Meat Law of 
Oyo and Osun States, 1978; Meat (Inspection and Sales) Law of Rivers State, 1978; Meat Law of 
Akwa Ibom and Cross River States, 1985 as well as the Hides and Skins Laws of Edo, Lagos, 
Akwa Ibom, Rivers, Oyo, Osun, Kano, Jigawa, Yobe and Borno states.

In 2014, the National Policy on Food Safety and Its Implementation Strategy was developed 
by the Federal Ministry of Health and a national secretariat was domiciled in the National 
Agency for Food and Drug Administration and Control (NAFDAC). A National Food Safety 
Management Committee was established with four goals, which are, to: 

1. Modernise the Nigerian Food Safety Regulatory Framework in  line with 
international best practices; 

2. Minimise the incidences of risks associated with physical, chemical and biological 
hazards in foods and water; 

3. Strengthen institutional capacity for food safety; and 

4. Establish effective infrastructure and compliance mechanisms for the food safety 
system.

The most recent  legislative action that really addresses meat retail issues directly is the 
Lagos State  2019 Policy Directive that “major food vendors must henceforth submit a 
'Veterinary Health Certicate for the Trade of Meat' to the inspecting veterinary personnel in 
the state Ministry of Agriculture to ascertain that the animals offered for trade had been 
duly slaughtered under hygienic conditions. The policy directive conforms with Section 4, 
Cap M3 and the Fourth Schedule (Regulation 33) of the Meat Inspection Law of Lagos State 
captioned “A l aw to provide for the inspection of meat and meat products in Lagos State and 
for connected purposes, No. 15, of 1978”.

Under this new policy, veterinary divisional heads have been mandated to identify meat 
vending outlets that are major distributors and retailers of meat in their divisions.                    
The veterinary divisions are to issue  letters of notice containing an obligation for the 
distributors and retailers of meat to change their meat supply protocol to reect the new 
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policy. The veterinary personnel will carry out periodic and systematic inspection of the 
distribution and retail facilities within their jurisdiction to ensure that meat on retail come 
from mechanised abattoirs before the distributors and retailers are issued the Veterinary 
Certicate of Health for the Trade of Meat.

All actors in the meat value chain are required to comply with all extant  laws of the 
federation as well as the  laws in the state in which they operate. In addition, they need to 
ensure that all their operations comply with good environmental practices (GEP), good 
hygienic practices (GHP), good manufacturing practices (GMP), good storage practices 
(GSP) and are consistent with the Hazard Analysis and Critical Control Point (HACCP) 
protocols.

REVIEW QUESTIONS
1. Differentiate between stock routes and grazing reserves

2. With so many stock routes, why are there still clashes between cattle herders and crop 
farmers?

3. What is the major disadvantage of the Maigatari cattle market?

4. Has Livestock247 solved the problem?

5. What regulations are needed for the Livestock Markets Value Chain to operate 
efciently?

6. What is the purpose of packaging in the distribution and sale of AP?

7. What is the total number of characteristics of packaging lms covered in this Unit?

8. Name the 6 common synthetic packaging lms and identify the odd one.

9. Write a short review of the  legal and policy framework for meat distribution and sale.

10. Relate GEP, GHP, GMP, GSP and HACCP to meat distribution and trade.
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FAO. 2007. Heinz, G.; Hautzinger, P. Meat processing technology for small- to medium-

scale producers. ISBN: 978-974-7946-99-4. Series number: 1020-6221|1014-
2789|18194591|0428-9560. www.fao.org/publications/card/en/c/fb92d00f-7ff3-
593a-a77c-7b19003b2554

Nwanta, J.A, J.I. Onunkwo, V.E Ezenduka, P.O Phil-Eze and S.C Egege. 2008. Abattoir 
operations and waste management in Nigeria: A review of challenges and 
prospects. Sokoto Journal of Veterinary Sciences  7(2): 61-67.

177Economic and Social Value of Domesticated Animals 



9.4.   MONETARY VALUATION OF THE ANIMAL PRODUCTS INDUSTRY
The l ivestock production index includes meat and milk from all sources, dairy products such 
as cheese, eggs, honey, hides and skins, except fodder crops. The index is available from 1961 
to 2016 (www.theglobaleconomy.com).  Taking the national l ivestock production index in 
2004 as equal to 100, the value for the  livestock production index in Nigeria was 122.97 in 
2011 and 118.9 in 2016. Over the past 50 years, the value for this indicator has uctuated 
between 122.97 in 2011 and 20.95 in 1962. This means that  livestock production has been 
increasing consistently and especially so in the l ast two decades for which the index value is 
available (1996 – 2016).

A retrospective study (1994-1996) of food animal supply and consumption in Akwa Ibom 
State was carried out, based on records kept at the Veterinary Services Department of the 
Ministry of Agriculture (Obasi et. al., 2002). The animals that provided meat included cattle 
(47%); pig (37.5%), goat (9.2%); dog (4.8%) and sheep (1.5%). Most of these animals 
originated from the Northern part of Nigeria, and were transported by road. The calculated 
monetary value of the meat trade in Akwa Ibom for the two years under study was N1.6 
billion, representing 26.23% of the state budget for the period. It is reasonable to simply 
extrapolate this gure to the other 35 states in Nigeria and arrive at a gure of N57.6 billion 
for the monetary value of the meat trade in Nigeria. 

The National Bureau of Statistics (NBS) reported that the total household consumption 
expenditure in 2019 was �N40.20 trillion, of which 56.65% was spent on food  leaving 43.35% 
for non-food items. Of the N22.7 trillion spent on food, N1.2 trillion was spent on (red) meat, 
�800 billion on poultry and poultry products, and �500 billion on milk and milk products.              
This adds up to a total of N2.5 trillion spent on products of the API consumed within the 
household. The NBS also indicated that�N4.6 trillion was spent on food outside the home. 
Assuming that 40% of that amount was spent on animal products, this means that an 
additional N1.84 trillion was spent on animal product foods outside the home, giving a total 
of N4.34 trillion spent on products of API in 2019. If the Nigerian economy is worth N161 
trillion, animal product foods alone make up about 2.7% of the national GDP. An addition of 
the contribution to national GDP of the non-food animal by-products and co-products will 
move total contribution to national GDP by the API towards 3.5% or more. It is an industry 
worth protecting and developing in terms of jobs, income and  livelihood contributions.

9.5.   INTERNAL AND CROSS BORDER TRADE OF ANIMALS 
Nigeria is a major consumer of animal products in West Africa. It is also one of the  largest 
producers of ruminant  livestock in the region. To meet the ever-increasing domestic 
demand is a major objective for Nigeria and gaining access to the Nigerian market is a major 
economic objective for the neighbouring Sahel countries that raise ruminant l ivestock.

Nigeria produces 42% of all the cattle, sheep and goats in West Africa. Between 85% and 
90% of Nigerian cattle are herded by 8 million migratory shepherds and farmer herders, the 
majority of whom are of Fulani ethnicity, although other groups are also herders (Shuwa 
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Arabs, Koyam, Kanuri, Kanembou, Touareg, etc.). There is a great need to de-ethnicise  
livestock production the way poultry production has been, so that cultural mores will no 
longer dominate production and marketing decisions.

The import ows of l ive animals from Niger, Chad or Mali are “naturalized” when they cross 
the border, and some are fattened and nished on their way to the nal market outlets.           
A  large part of the  livestock sold in these markets come from the Sahel countries. Cross-
border movement of herds during seasonal migration also involves a signicant number of 
animals. Demand for beef is  largely driven by the domestic population of Nigeria, as 
Nigerians make up 50% of beef consumers in ECOWAS. Nigeria is experiencing a 
demographic expansion and a change in food habits. With a population growth nearing 
2.8% per year, Nigeria's domestic production is far from able to meet demand. Import of 
cattle from the ECOWAS region accounts for more than 25% of the beef consumed, making 
Nigeria a major outlet for l ivestock produced in these countries.

This inter-regional trade provides great opportunities for  livestock merchants, buyers, 
stock yard operators, transporters and for stock and transport insurance. Related is the 
supply of transport vehicles by road, rail and water as well as the ancillary services to be 
provided to the value chain actors along the trail of  livestock from the producing north to 
the consuming south.

9.6.   VALUE ADDITION IN THE AP VALUE CHAIN 
There is a strong rise in demand for animal products in Nigeria which is due not only to the 
high rate of urbanisation (60% of Nigerians are city dwellers), but above all to the 
emergence of a new middle class of consumers and their greater purchasing power. At the 
same time, more and more consumers want healthier meat from regulated, semi-mechanised 
slaughterhouses. Some industrial meat companies are now segmenting the market, selling 
frozen meat packaged in individual portions. Fast-food restaurants suited to this new type 
of consumer are also developing rapidly. Some instances of value chain integration are also 
being seen as the sector evolves, with a few companies processing meat in their own 
slaughter houses supplied by their own networks of producers. Private sector-led provision 
of bulls and steers to fatten in feedlots; feed, drugs, vaccines and veterinary services; and a 
guaranteed market to evacuate the fattened bulls and steers is currently gaining ground. 
One such scheme has over 1,000 companies participating. The plan was to handle 24,000 
cattle in 2019 – 2020 in Taraba, Kaduna, Katsina, Kano, Abuja, Lagos and Osun and selected 
states in the South-East.

Although this value chain integration is growing, it still accounts for  less than 10% of the 
overall meat product market. Many people still do not have economic access to beef, which is 
deemed to be too expensive by  less-well-off segments of the population. Thus, in relation to 
the total population, meat consumption in Nigeria (2 kg per person per year) is still below 
the ECOWAS regional average (8 kg per person per year). There is a great supply gap of  
livestock for the provision of fresh meat to Nigerian consumers which can be much better 
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lled by entrepreneurs who can  leverage science and technology in the service of the API 
than the traditional ethnic “cow men” driven more by traditional mores than by market 
forces.

Value addition through processing is another great opportunity. There is fast movement in 
this area as many traditional processed animal products l ike kilishi, suya, wara and nunu are 
increasingly available in attractive packaging in the groceries and supermarkets 
throughout Nigeria. The offer of nicely packaged Danbu nama to air travellers at the airport 
in Abuja indicates the creation and development of niche markets for different processed 
animal products.

In order to exploit the many business opportunities in l ivestock, fresh and processed animal 
products, there is a need for skills and capacity development in the API.

9.7.  SKILLS SET NEEDS FOR THE SLAUGHTER AND PROCESSING OF FOOD ANIMALS 

Many specic artisans with real knowhow are mobilised throughout the API value chain, 
usually informally: stock breeders, buyers, market intermediaries, drovers, cross-border 
handlers, truck hauliers, herders who fatten animals for market in the vicinity of nal 
markets, butchers, retailers, and roast meat ('Suya') sellers. In Lagos and other terminal 
markets, activities specic to the recovery of organs, bones and hides have gradually 
become concentrated in many neighbourhoods that are close to slaughterhouses.

Signicant numbers of herds move to markets via routes covering over 1,000 km. Herds from 
the pastoral zones of Chad, Niger and Mali follow  long routes to markets, in the recent past 
driven on hoof but now increasingly by truck. The skills of buyers in the selection of the 
animals and the skill of the drovers in bringing them safely to the market reduce the risks of 
these transactions and activities, making them protable despite the great distances 
covered from sourcing, aggregation and travelling to the l ocal, regional and nal markets. 

To illustrate, two main circuits feed into the cattle markets in Nigeria. The eastern network 
brings cattle to the international market which was in Maiduguri, Borno State but, due to the 
insurgency, has been moved to Maigatari in Jigawa State. At this cattle market, 55% of the 
livestock is thought to come from Chad, 25% from Cameroon and the Central African 
Republic and 20% from the eastern part of Niger (the route through Cameroon and Central 
African Republic is dangerous and is less and  less used). The western network collects  
livestock from Mali, western Niger, Burkina Faso and Benin and brings them to the 
international market in Kano. A great many  legal taxes and illicit charges are  levied on 
these routes, with the  latter constituting a signicant  loss of income for the actors in the  
livestock marketing value chain and for States. On some of the routes from Chad, the sums 
skimmed off may amount to as much as 63% of the total costs for an animal brought from 
central Chad and slaughtered in Lagos. The economic survival of the operators is in part 
determined by their ability to anticipate the exchange rate for the Naira and to ensure they 
can take the money back home once they have sold their animals. Given the variable CFA 
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franc–naira exchange rate and the rising demand, the price of  livestock is highly volatile.        
In constant values, the price of l ivestock is said to have risen by an estimated 78% between 
1997 and 2002. 

The international cattle market in Maigatari has replaced the international market in Kano. 
The additional professional capacity to direct so many animals (up to 4,320 cattle 
equivalent sold every Thursday in Maigatari) opens up many employment and investment 
opportunities in the  livestock trade and markets in the northern end of the API value chain. 
Due to a l egal  lacuna in the regulation of the l ivestock trade, most of the jobs available in 
the  livestock markets and transportation have remained in the informal sector rmly 
controlled by oligarchies, traditional, cultural and religious mores and customs.                      
The enforcement of existing l aws will open up great economic opportunities and minimise 
the huge economic l osses that have been borne for decades. With the establishment of clear  
legal provisions to regulate the transactions and practices of  livestock buyers (the 
informal, traditional agents) and the resolution of the controversy around the collection of 
traditional  livestock taxes (jangali), there will be greater transparency, more efcient 
market functions in price determination and the introduction of risk management through  
livestock and transport insurance as well as many more economic opportunities.

With the increase in the number of abattoirs, slaughter houses and animal products 
processors to cater for the great urban demand, there is a great need for highly trained 
skilled workers in these facilities. The need is for about two cadres of personnel: 

1.  meat inspectors that will belong to or report to the State Veterinary Service; and 

2.  animal products graders / quality control ofcers that will be employed by the 
abattoirs and processing plants. Such personnel will, according to their positions, perform 
the following outlined functions.

1.   Slaughterhouse Veterinary (Meat) Inspectors
Ÿ  Receive animal health training to learn procedures and assist veterinarians in 

conducting ante mortem and post mortem inspections of animals as well as monitoring 
the adequacy of facilities for sanitation and humane slaughter in registered abattoirs 
and poultry slaughter houses.

Ÿ  Conduct visual examination of l ive animal and poultry prior to slaughter while  looking 
for abnormalities in appearance and behaviour, whether sick, hurt and/or non-
ambulatory.

Ÿ  Determine if a veterinarian is required for disposition of unhealthy animals and record 
results.

Ÿ  Perform visual, tactile and incisory inspection of head, l ymph nodes, viscera, carcass and 
offal, including  liver, heart,  lungs, spleen, kidneys, intestinal and reproductive tract to 
determine whether or not pathological conditions are present and carcass is in clean and 
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wholesome condition.

Ÿ  Inspect all equipment, facilities and personnel to ensure acceptable sanitation  levels 
and prohibiting use of insanitary, unsafe and unapproved equipment and facilities until 
cleaned and corrected as well as pest and rodent control, use of pesticides and 
chemicals, condition and use of potable water supply and waste and sewage systems.

Ÿ  Halt production for poor sanitation or HACCP non-compliance.

Ÿ  Assure proper disposition of unt and condemned products, enforce sanitary carcass 
dressing procedures and control carcass branding.

Ÿ  Prepare, maintain and monitor required records and reports concerning carcass 
condemnations.

2. Animal Products (Meat) Graders / Quality Assurance Ofcers
Ÿ  Learn to perform meat quality assessment of carcasses and enforce state and federal 

meat processing and food safety policies, procedures and guidelines.

Ÿ  Make determination of age of beef through dentition of cattle, ensuring that those 30 
months or older have their backbone removed due to concerns about mad cow disease.

Ÿ  Learn to determine quality grades for beef, chevon, mutton, pork, poultry meat; as well as 
egg and milk.

Ÿ  Learn  labelling requirements and assist abattoir management in reviewing  labelling 
materials, proposed  labels for product formulations, production procedures, quality 
control programs, quality control records and  laboratory reports for meat or poultry 
establishments.

Ÿ  Check formulations of all types of meat food products for compliance with federal 
regulations and periodically monitor inspection procedures for maintaining compliance 
in production of meat products.

Ÿ  Learn sampling procedures and assist higher  level inspectors with submission of 
samples of products for analysis for microbiological adulterants and for consumer 
protection.

Ÿ  Ensure re-inspection of meat or poultry products and non-meat ingredients for such 
products intended for further processing or distribution.

Ÿ  Assess hazards in critical control points in the preparation and handling of meat or 
poultry products (i.e., monitor formulation, temperature controls, preparation 
procedures, use of restricted ingredients and sampling) to ensure compliance with 
HACCP.
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9.8.  CONCLUSION 

Any industry that contributes more than 4 trillion Naira to the economy every year as the 
animal products industry does should have a voice in the society. The products of API are  
life supporters in the physical sense and are imbued with l ife in the traditional culture.

The animal products industry contributes to the Nigerian GDP at various  levels: income 
provision for many employees in the stock yards, animal transport companies, abattoirs and 
processing plants is one way. Creating wealth for the entrepreneurs in the value chain and 
generating employment for eager trade school  leavers, animal science and veterinary 
science graduates is another. Finally, the API makes available highly nutritious products 
which are essential to l ife.

REVIEW QUESTIONS
1.  Dene the Livestock production index and describe its behaviour between 1966 and 

2016.
2.  Reconcile the gures of �57.6 billion with �4.34 trillion as estimates of the API in 

Nigeria.
3.  Comparing meat consumption in Nigeria and ECOWAS, make a case for AP processing 

in Nigeria. Cite some of the business opportunities in this area.
4.  Explain the difference between Slaughterhouse Inspectors and Animal Products 

Graders.
5.  Identify the various  levels of the national GDP that API makes a contribution.
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ANIMAL PRODUCTS SCIENCE 
& TECHNOLOGY

10.0. INTRODUCTION
he primary goal of animal products science and Ttechnology is to support the animal products 
industry in the production, processing and 

marketing of meat, milk and eggs. To achieve this goal, 
many disciplines make direct contributions, including the 
four primary animal sciences of genetics and breeding, 
physiology and reproduction, nutrition, and animal 
products and value addition. Other disciplines that make 
contributions are biochemistry, economics, engineering, 
environmental science, food science, microbiology and 
veterinary medicine. Most of these disciplines are built on 
the basic sciences of physics, chemistry and biology. New 
disciplines, such as biotechnology, are making increasing 
contributions in response to new emerging challenges 
such as species and animal identification and epidemics 
tracking as well as the development of meat extenders, 
analogues and substitutes. The Nigerian API must depend 
on these areas of science and technology to improve its 
efficiency and profitability as well as to reach the 
potential that it has in the quality and safety of animal 
products as food, the occupational safety of the workers in 
the industry as well the provision of protein foods to the 
consumers at affordable prices.
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10.1. THE TRAINING INSTITUTIONS 
It should be noted that physiology is a physical science, biochemistry is a chemical science 
and microbiology is a biological science. The approach of this text is to describe how these 
sciences are applied to meat, milk and eggs in the collection, slaughter or primary 
processing as well as further processing via refrigeration, heat treatment and particle size 
and moisture reduction technologies. The application of science and technology to the 
animal product industry is done wherever there is a desire to ensure the growth and 
development of the API. Each of the animal products is studied as independent, pure and 
applied disciplines: meat science, meat technology; dairy science, dairy technology; egg 
science, egg technology. In many institutions, meat science, dairy science and egg science 
are taught in the department of animal science while meat technology, dairy technology and 
egg technology are taught in the department of food science and technology. A few 
examples are provided below.

The Faculty of Animal Husbandry and Veterinary Sciences, Sindh Agriculture University, 
Tanjodam, Pakistan, established a Department of Animal Product Technology in 2006.                
The main objective of the establishment of this department is to implement education, 
research and outreach programs designed to foster knowledge and understanding of the 
composition, processing, quality and safety of foods of animal origin so as to ensure a 
wholesome, high quality and sustainable food supply to the increasing population of the 
country which was estimated at 219 million in 2019. Animal Product Technology, as this 
department defines it, is the study of dairy and meat products and by-products in relation to 
their utilization and safety through the use of the biological, chemical and physical 
sciences.

The Technology of Production and Processing of Animal Products Department of the Poltava 
State Agrarian Academy, Ukraine, was founded in 1927. Since then it has changed several 
times the specialization of students' training according to the production requirements. 
Changes in industrial conditions in the Ukraine made new demands of the training of 
specialists and stimulated the need to train not only specialists in production of animal 
products, but in their processing as well. The current training programme for the different 
levels of specialization and the research focus of the department is as follows: 

Ÿ Processing, manufacturing and evaluation of meat, milk and egg products.

Ÿ Physical, chemical, nutritional, rheological, microbiological, structural and/or 
sensory quality of animal products.

Ÿ Slaughter house by-product technologies

At the Department of Animal Products Technology and Quality Management of the Wroclaw 
University of Environmental and Life Sciences, Hungary, the areas covered by the syllabus 
include:

Assurance and improvement of meat products quality by optimizing the use of Ÿ
ingredients and processing parameters;
Energy-saving storage technologies of meat products;Ÿ
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Thermal analysis of muscle proteins using differential scanning Ÿ
calorimetry (DSC) and oscillating differential scanning calorimetry 
(ODSC);
Isolation of biologically active substances from egg;Ÿ
Unconventional pasteurisation techniques of egg products;Ÿ
Isolation of proteolytic enzymes from various microorganisms and their Ÿ
application in the dairy and meat industry.

In South Africa, training for the B. Agric degree in the Department of Animal 
Sciences, Stellenbosch University (established in 1918), includes the scientific 
study of animal products. In Nigeria, more than 45 universities, polytechnics and 
colleges of agriculture offer training in animal sciences and most of these 
institutions include courses in animal products (Table 10-1). 

Table 10-1 (A). Nigerian Polytechnics and Colleges of Agriculture and Colleges of 
Animal Health & Production Technology offering training programmes in Animal 
Science that include course(s) in Animal Products
Federal Polytechnics:
Federal Polytechnic, Mubi, Adamawa State
Federal College of Agriculture, Akure, Ondo State
Federal College of Animal Health and Production Technology, Ibadan, Oyo State
Federal College of Animal Health and Production Technology, Vom, Plateau State
Federal College of Wildlife Management, New Bussa, Niger State

State Polytechnics:
Abubakar Tatari Ali Polytechnic, Bauchi, Bauchi State
Hassan Usman Katsina Polytechnic, Katsina, Katsina State
Imo State Polytechnic, Umuagwo, Owerri
Umaru Ali Shinkafi Polytechnic, Sokoto, Sokoto State
Ramat Polytechnic, Maiduguri, Borno State
Rufus Giwa Polytechnic, Owo, Ondo State

State Colleges of Agriculture:
Adamawa State College of Agriculture, Ganye
Edo State College of Agriculture, Iguariakhi
School of Agriculture, Ikorodu, Lagos State
Akperan Orshi College of Agriculture, Yandev, Benue State 
Anambra State College of Agriculture, Mgbakwu- Igbariam
Audu Bako College of Agriculture, Danbatta, Kano
Bauchi State College of Agriculture, Bauchi
Binyaminu Usman College of Agriculture, Hadejia, Jigawa State
College of Agriculture and Animal Science, Bakura, Zamfara State
College of Agriculture and Animal Science, Mando Road, Kaduna?
College of Agriculture, Jalingo, Taraba State
College of Agriculture, Lafia, Nassarawa State
College of Agriculture, Zuru, Kebbi State
Mohammed Lawan College of Agriculture, Maiduguri, Borno State
Niger State College of Agriculture, Mokwa
Oyo State College of Agriculture, Igbo Ora
Plateau State College of Agriculture, Garkawa
Yobe State College of Agriculture, Gujba
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Federal Universities:                                                                                                                                                                          
Ahmadu Bello University, Zaria, Kaduna State                                                                                                                                                      
Federal University, Dutsin Ma, Katsina State                                                                                                                                                             
Federal University, Kashere, Gombe State                                                                                                                                                                         
Federal University of Agriculture, Makurdi, Benue State                                                                                                                                
Federal University of Agriculture, Zuru, Kebbi State                                                                                                                                    
Obafemi Awolowo University, Ile-Ife, Osun State                                                                                                                                             
University of Benin, Benin City, Edo State                                                                                                                                                              
University of Calabar, Calabar, Cross River State                                                                                                                                              
University of Ibadan, Ibadan, Oyo State                                                                                                                                                             
University of Ilorin, Ilorin, Kwara State                                                                                                                                                                     
University of Jos, Jos, Plateau State                                                                                                                                                               
University of Maiduguri, Maiduguri, Borno State                                                                                                                                                   
University of Nigeria, Nsukka, Anambra State                                                                                                                                                   
University of Port-Harcourt, Port Harcourt, Rivers State                                                                                                                       
University of Uyo, Uyo, Akwa Ibom State

State Universities:                                                                                                                                                                                      
Akwa Ibom State University, Ikot-Akpaden                                                                                                                                                    
Ambrose Alli University, Ekpoma, Edo State                                                                                                                                             
Chukwuemeka Odumegwu Ojukwu University, Uli, Anambra State                                                                                                            
Delta State University, Abraka                                                                                                                                                                                
Ebonyi State University, Abakaliki                                                                                                                                                                          
Kaduna State University, Kaduna                                                                                                                                                                                 
Nasarawa State University, Keffi                                                                                                                                                                                    
Osun State University, Osogbo (Ejigbo campus)                                                                                                                                                           
Rivers State University of Science and Technology, Port Harcourt                                                                                                                       
Taraba State University, Jalingo

Other universities offering training in Animal Products:
Available within B. Tech (Dairy and Meat Science) in:
Federal University of Technology, Owerri, Imo State
Available within B. Agric or B. Tech (Animal Production) in 
Adamawa State University
Bauchi State University
Federal University of Technology, Minna
Available within B. Agric or B. Tech (Animal Production and Health Services) in
Federal University of Agriculture, Abeokuta
Federal University of Technology, Akure
Ekiti State University, Ado-Ekiti
Available within B. Agric (Animal Production and Livestock Management) in:
Michael Okpara University of Agriculture, Umudike, Abia State
Available within B. Agric (Livestock Production) in:
Niger Delta University, Wilberforce Island, Amassoma, Bayelsa State

Table 10-1 (B). Nigerian Universities that offer B. Agric. Degree training programmes in Animal
Science that include course(s) in Animal Products

Among the first-generation federal universities, the premier University of Ibadan's 
Department of Animal Science, established in 1967, offers the course Animal Products at the 
undergraduate  level and specializations in meat science and dairy science at the 
postgraduatel evel. 

At the Obafemi Awolowo University, Ile-Ife, a course Animal Products is taught at the 
undergraduate  level while Animal Growth and Development is taught at the postgraduate  
level in the Department of Animal Sciences which was established in 1962 and where a Chair 
of Animal Products was inaugurated in 1992 with a focus on how animal products can be a 
vehicle for poverty alleviation, job and wealth creation. 

At the Ahmadu Bello University, Zaria, Animal Products (meat and dairy) Processing is taught 



at undergraduate  level while at postgraduate  level (PGD, MSc and PhD), the 
following topics are taught: Fresh Meat Technology; Meat Production, Packaging, 
Quality Control and Marketing; Abattoir Processing Practices and Slaughter House 
By-products Technology; Biotechnology and Processing in Animal Science; and Egg 
and Dairy Science (courtesy Dr Yusuf Ahmad).

At the University of Port Harcourt's Department of Animal Science, three courses 
are directly targeted at animal products training. These are ANS 503.1 Game 
Production and Utilization; ANS 509.2 Animal Products and Handling; and ANS 
816.2 Livestock Products, Processing and Marketing, a 3 units postgraduate course. 

At the College of Animal Science, Federal University of Agriculture, Zuru, Kebbi 
State, the Department of Animal Production offers B. Agric (Dairy Science) and 
B.Agric (Meat Science). 

At Federal University of Technology, Akure, on offer are two under-graduate 
courses – Animal Products and By-Products Technology, and Muscle Biology and 
Meat Science; while at the postgraduate l evel is offered Advanced Animal Products 
and By-Products Technology (courtesy Prof Gbenga Onibi).

At the Ladoke Akintola University of Technology, Ogbomoso, � Oyo�  State, the 
Animal Product and Processing Technology section of the Department of Animal 
Production offers training in meat science, dairy science and egg processing 
tehnology (courtesy Dr Akinyinka Olu Akinwunmi).

At the Osun State University, Ejigbo campus, training is offered in dairy animal 
production and animal product and processing at the undergraduate level and 
postgraduate training (M.Sc and PhD) in animal products (courtesy Prof. Pat 
Fakolade). 

The University of Jos, Jos, Plateau State offers two undergraduate courses: Animal 
Products and Handling; and Dairy, Egg and Meat Technology (courtesy Dr O. 
Oshinbanjo� ). 

The Federal University of Technology, Minna, Niger State offers an undergraduate 
course Animal Products and Processing and is about to start a postgraduate course 
in Meat Science (courtesy Prof. Elisha Zhiri Jiya). 

Ambrose Alli University, Ekpoma, Edo State offers an undergraduate course Animal 
Products and Handling (courtesy Dr Evelyn Adomeh).

Federal University, Dutsin Ma, Katsina State offers one undergraduate course 
Animal Products, Processing and Handling (courtesy Dr Ahmad Sanusi Zakari). 

At the Kaduna State University, only one undergraduate course, Animal Products 
and Processing Technology is offered which includes field visits to processing 
plants (courtesy Dr B.R. Gandi). 
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The Federal University, Kashere, Gombe State offers Animal Welfare and Products Handling 
as a 2 units undergraduate course (courtesy Dr M. Umar Musa). 

At the University of Ilorin, there is an undergraduate course, Animal Products and 
Processing and a postgraduate course Special Topics in Animal Processing are offered 
(courtesy Dr Badmos). 

At the Oyo State College of Agriculture and Technology, Igbo Ora, Animal Products Hygiene 
and Inspection as well as Beef and Dairy Production are offered at the National Diploma  
level while Animal Products and Processing and Improvement on Hides and Skins 
Production are at the HND l evel (courtesy Dorcas Opeyemi Oyinlola). 

At the Federal College of Animal Health and Production Technology, Vom, Plateau State, Meat 
and Milk Hygiene is offered at the ND and HND  levels while Beef and Diary Production and 
Hide and Skin Improvement are offered at the HND l evel (courtesy Dr Yusuf). 

At Chukwuemeka Odumegwu Ojukwu University (formally Anambra State University), 
Animal Products and Processing is offered to undergraduates, postgraduate diploma and 
postgraduate students (courtesy Dr Francisca).

At the National Open University of Nigeria (NOUN), an undergraduate course, Introduction 
to Animal Product Processing and Preservation (ANP 303), is offered. 

Academic staff at the Michael Okpara University of Agriculture, Umudike, Abia State and at 
the Abia State College of Education, Arochukwu identified the need for further training in 
the following areas: HACCP in meat handling and processing; Dairy industries operations; 
Value added livestock products with HACCP compliance for exports; and Slaughter house solid 
waste management (Kalio and Nwaoloziri, 2017) which needs could be met by attending the 
Mandatory Continuous Professional Education (MCPE) courses of the Nigerian Institute of 
Animal Science (NIAS, MCPE, 2015).

10.2. RESEARCH AND DEVELOPMENT ISSUES IN THE ANIMAL PRODUCTS 
INDUSTRY 
There are many areas of common interest to the API and the animal products science and 
technology institutions. Such include food safety throughout the AP value chain within the 
slaughter to sale period; animal species identification and tracking of the AP throughout 
the primary, secondary and further processing periods; quality challenges resulting from 
the handling of animals during the conversion of  live animals to animal products, and the 
challenge of animal products analogues and substitutes. 

10.2.1. Peri-slaughter conditions and quality of animal products
Throughout Nigeria, ritual slaughter is performed according to the dietary codes of Muslims 
and Jews. Cattle, sheep and goats have their throat cut without being first rendered 
unconscious by pre-slaughter stunning. Pigs do not undergo ritual slaughter and are usually 
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stunned before they are slaughtered. In the area of ante mortem handling, there is need to 
consider how stressful slaughter is for the animals, how basic handling principles, handler 
movement patterns and design of handling facilities such as the l airage and runs that l ead 
to the slaughter floor, and how the design of the slaughter floor and the use of stunning all 
relate to meat quality (Grandin, 2001). A stunning method must render the animal 
completely unconscious.

Rough handling is a major cause of bruising of the carcasses in all species. Bruising can 
occur right up to the moment of bleeding, especially in cattle with horns and the improper 
loading of trucks (if animals are too  loose or too tight in the truck, bruising will increase). 
Adzitey et al (2011) reported that in the Upper East Region of Ghana, trekking of animals over 
long distances without adequate rest before slaughter, mixing of different groups and kinds 
of animals during transport and non-withdrawal of feed before slaughter were part of the 
pre-mortem handling of animals. Post-slaughter, dressing of carcasses on the floor, 
inappropriate means of transporting carcasses and cuts to point of sale and the use of 
unsterilized knives and slaughtering equipment contribute to poor quality of meat.                  
The exact same conditions hold in the Nigerian API. There is need for recommended 
stocking truck densities for different types of animals and different trucks during transport, 
the cessation of l ong-distance trekking to slaughter, provision of l airage facilities to allow 
rest for the animals before slaughter as well as provision of hoist for the animal and dressing 
on rail for the carcasses. In pigs, death  losses are high at periods of high temperatures and 

o
high humidity. A recommendation is: with temperature at 30 C and relative humidity at 
50%, transport of pigs should be done early in the morning or at night. 

10.2.2. Waste management and environmental conservation
The animal products industry in Nigeria, and globally, produces meat, milk and eggs, and also 
generates large volumes of wastes that could be harmful to the environment if not well 
managed. The demand for animal products is driven by increasing per capita incomes, 
urbanization, changing  lifestyles as well as rapid population growth. Livestock keepers, in 
the quest to optimize the benefit of the ever-increasing demand for their products, increase 
their production volume and accumulate larger volumes of wastes. The disposal of these 
wastes continues to be a challenge from the standpoints of cost, environmental safety and 
bio-security. The question remains how the wastes can be managed without detrimental 
effects on food security, natural resources and human health. The Al Jazeera video with the 
title “Working Man's Death – Lions” www.dailymotion.com published in 2012, depicts the 
problem of waste management and environmental degradation in and around the slaughter 
slab in Port Harcourt, Nigeria. The situation is the same in virtually all the municipal 
slaughter houses throughout the country. The solution to this problem of waste 
management will require the application of science and technology to control the 
production and management of waste in these API working places. The media reported on 
May 19, 2020 that a research l aboratory in Singapore has developed a method for converting 
plastics into formic acid with the aid of sunlight (https://www3.ntu.edu.sg; 
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https://m.youtube.com - Scientists to harness the sun to break down plastic).                         
This demonstrates that all the different types of wastes generated by the API need to be 
subjected to research to discover how they can be managed without harming the 
environment.

10.2.3. Food Safety
Safety from microbial contamination is the first concern (Emine Baydan et al, 2017).                 
The commonest microbes found in animal products are bacteria: Salmonella, Campylobacter, 
Escherichia coli and Listeria monocytogenes. Mycotoxins like Aflatoxin (AFL), Ochratoxin 
(OTA), Deoxynivalenol (DON), fumonisin, patulin and zearalenone are also found in animal 
products. Microbial contamination is usually related to the hygienic management of farms. 
Other contaminants, such as veterinary drug, metal and pesticide residues may be from the 
environment and are related to the industrial and agricultural activities in the area where 
the animal products were produced. Veterinary drug residues that contaminate animal 
products include antimicrobials (like antibiotics), steroid hormones, benzimidazole 
antihelminthics, tetracyclines, sulphonamides and chloramphenicol. The metal residues of 
concern are the toxic residues of Arsenic, Cadmium, Mercury and Lead. Pesticide residues of 
concern are those of DDT (dichloro-diphenyl-trichloroethane) and its degradative product 
DDE (dichloro-diphenyl-dichloroethylene) which have the ability to remain in the 
environment for a  long time without disintegrating, thereby  leading to their accumulation 
in the body tissues. In highly industrialised or populated areas, dioxin, polychlorinated 
dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF) and polychlorinated 
biphenyls (PCB) are a general problem. Processes such as pasteurization, boiling, steaming 
and canning reduce the levels of most residues. The most significant decrease occurs in 
boiling during which the drug residue passes into the water. However, processes such as 
drying or dehydration increases the concentration of residues due to a reduction in the 
weight of the product resulting from  loss of moisture.

Safety from adulteration is of equal concern. Adulteration of meat from an animal forbidden 
by religious food  laws needs to be eliminated. Traceability to the farm source and species 
identification have become essential to the development of the API. In order for a retailer to 
be able to assure consumers that the AP came from a known source with certified standards, 
a paper or electronic trail is needed to trace the product from the source to the retailer. DNA 
(deoxyribose nucleic acid) analysis makes such a trail possible by identifying the particular 
animal from which the AP was derived. Each individual animal is unique in its DNA which can 
be chemically extracted from any tissue – skin, hair, feather, muscle, blood, bone. DNA is also 
remarkably stable, able to withstand boiling and freezing. Meat cooked to high temperatures 
will still give satisfactory samples for species identification. The entire DNA code of an 
animal is too  large to be used in identification, so DNA testing is based on small sections of 
DNA markers and a combination of several markers gives a DNA profile or “fingerprint”. The 
DNA profile which can be obtained from a  live animal or any products derived from the 
animal, does not change with the animal's age, nutritional status or season.

Animal Products Science and Enterprise192



Hazard Analysis Critical Control Points (HACCP)
A more generalised concern is the physical hazards which can result from the raw materials, 
poor personnel practices or faulty facilities and equipment. A list of identified physical 
contaminants includes band-aids, bones, bone fragments, bullets, cigarette ends, dirt, 
stones, feathers, glass, grease, gum wrappers, “pure water” plastic bags, hair, insects, buttons, 
paint flakes, rat droppings, wood splinters, biro caps. To prevent these materials getting into 
processed AP requires good manufacturing practices during raw material gathering, 
processing and handling of the processed product right up to sale to the final consumer.

Another food safety concern relates to contamination by chemicals used in the processing 
stages such as curing, smoking, cooking and preservation. Constant sampling and analysis 
are needed to address this hazard which points to the need for a quality control system.

In order to control microbial, chemical and physical hazards to food safety in meat, poultry 
and fish processing, a system of hazard analysis critical control points (HACCP) was 
developed in line with the International Food Standards – Codex Alimentarius 
(FAO/WHO/CAC, 1993). The objective is to provide food that is safe for consumption and free 
from chemical, physical and biological hazards. There are seven steps in HACCP (Figure 10-
1): 

1. Conduct hazard analysis, determine the risk level and preventive measures for each 
hazard. 

7 Principles 
of HACCP

Conduct a Hazard
Analysis

Establish Monitoring
Procedures

Establish Corrective
Actions

Establish Verification
Procedures

Establish Critical
Limits

Identify Critical
Control Points

Record Keeping
Procedure

Figure 10-1. The seven steps in HACCP
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2. Identify critical control points, i.e. points in the process where a control can be applied 
to prevent, reduce or eliminate a potential food safety hazard and determine a method 
for applying the control. 

3. Establish critical  limits needed for the preventive measures for each critical control 
point. 

4. Establish critical control point monitoring procedures. 

5. Establish corrective actions for any deviations from the criticall imits; 

6. Establish verification procedures to show that the whole HACCP system is working. 

7. Establish record keeping procedures on personnel, product description, intended use of 
product, flow diagram of processes, critical control points, type of hazard, preventive 
measures, critical limits, monitoring procedures, corrective actions and verification 
procedures.

10.2.4. Animal Products Replacers, Substitutes or Alternatives
A different kind of concern for the API is the growth in the number of people that are 
attracted to animal products replacers, substitutes or alternatives. 

Insects
As discussed in Unit 7, insects are a common food for many people in Nigeria. Banjo et al 
(2006) reported the nutritional value of fourteen species of edible insects in southwestern 
Nigeria and Pal and Roy (2014) estimated that 1900 
insect species provide daily protein and food 
security for 2 billion people worldwide. There is a 
call for many more people to switch to insects for 
the provision of their animal protein. Totten (2018) 
reported as follows: “Numerous insect species — 
with higher protein than commonly [found in] fish 
and soybean meals — are effectively used as animal 
feed for fish and poultry. Moreover, some insect 
species, such as black soldier fly, Hermetica illucens, 
yellow mealworm, Tenebrio molitor, and the common 
housefly, Musca domestica serve double roles:  

(1) recycling food wastes into first-rate compost-fertilizers; and, (2) use of their l arva stage 
as animal feed “.

Vegetable Replacers
A different type of animal product alternatives are the substitutes manufactured entirely 
from plant or microbial proteins. It is a growth industry. 

A meat substitute is a meat-like substance made from plants (Wikipedia). The use of soy 
proteins for replacement of meat in human diets is very old. In western Nigeria, the use of 

Figure 10-2. Canned insects available 
for sale online as human food.
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“egusi” white seed melon (Cucumeropsis mannii), “iru” fermented and processed  locust 
beans (Parkia biglobosia) and cowpea (Vigna unguiculata) not just as seasonings but 
directly as meat and fish replacers is as old as antiquity. 

The first introduction to the Nigerian consumers, known to the author, of textured vegetable 
protein (TVP) or textured soy protein (TSP) as  look-alike meat was in the  late 1960s to early 
1970s when a brand “Meatex” was offered as an extender and replacer for corned beef. The 
astringency associated with soy protein l ed to its withdrawal from the market. 

Among the justifications of an increase in industries focused on finding substitutes similar 
to meat include the global demand for more sustainable protein foods as a response to the 
oversized role animal products play in global warming and environmental degradation.

Egg substitutes are food products which can be used to replace eggs in cooking and baking. 
A brand of egg substitute known as “Egg Replacer” is a mixture of potato starch, cassava 
flour, leaven (calcium  lactate, calcium carbonate, cream of tartar), cellulose gum and 
modified cellulose.

A milk substitute is one term used to describe “milk” from plants to distinguish it from milk 
from mammals. Other terms include non-dairy creamers, nut milk, and alternative milk. 

There are increasing pressures for people to abstain from consuming animal products for 
various reasons ranging from excessive use of hormones, antibiotics and other chemicals in 
the production of food animals to the cheaper economic and environmental cost of growing 
crops as compared to animals. Many of these claims need careful examination for  lessons to 
be learned by the API. The US American Meat Institute in a Twitter series called 
@TheMeatWeEat challenged:

I) t he  mis leading  c l a ims  of  “Hor mone Fr ee”  or  “Ant ib iot ic  Fr ee”  
‘https://t.co/zzBDw4H1qe#TheMeatWeEat#hormonefree#antibioticfree’;

ii)  the charge of inhumane treatment of meat animals and poultry in: ‘Transporting Meat 

Figure 10-3. Meat patties substitute made from 
plant proteins by Impossible Foods, 

California, USA

 Figure 10-4. Egg substitute made into 
an omelette. 
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and Poultry’ ‘https://t.co/XW71WnTuos# TheMeatWeEat#redmeat#poultry#food 
safety;  and  

iii) whether vegetables are truly a substitute for meat in: ‘Are spinach and other 
vegetables a true substitute for meat as an iron source?’ 
‘https://t.co/7uwJaRxy3f#TheMeatWeEat#iron#redmeat’.

Laboratory development of animal products and substitutes
The real challenge to the global API is the breakthrough in laboratory grown animal 
products: meat, milk, cheese and even l eather. Natasha Geiling (2014) reported on progress 
in the development of l aboratory-grown animal products.

Lab-Grown Beef
Many companies have taken synthetic beef beyond the  laboratory into manufactured beef 
which are now offered in fast food restaurants in many countries. Citing concerns over 
global warming and increasing human population size, major investments have been made 
by companies such as Impossible Foods, Beyond Meat in the US; The Alternative Meat 
Company in Australia, indicating an increase in consumer awareness and in the market size 
for meat analogues in industrialised countries and markets. Impossible Foods makes its 
“Impossible Burger” by growing plant-based heme, the iron compound responsible for the 
red colour of blood, from fermentation of genetically engineered yeast.

In Israel, a company, Redefine Meat, is using industrial scale 3D printing of alternate meat 
based on analogues of muscle, blood and fat. Two other Israeli firms, Aleph Farms and Meat 
Tech 3-D are pursuing even more ambitious goals for alternate meat printing. The following  
three videos tell their stories: https://m.youtube.com -  (1) 3D-printed fake meat: The 
healthier, greener future of food?.- (2) 3D-printed, plant-based steak is here; and (3) 3D 
printed steak: is the future of meat “meatless”?

Alibaba, on its website, presents 29 meat analogue food manufacturers, distributors, 
factories and companies. One of these companies, Jinan Keysong Co., Ltd., supplies a 
complete manufacturing l ine for vegetable protein meat analogue (Figure 10-5).

Not all lab-grown meat come from plant sources. Researchers in the Netherlands have 
bioengineered beef by using muscle stem cells from a cow, which were cultured in fetal calf 

Figure 10-5. Manufactured vegetable protein meat analogues.
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serum to grow into cow myofibres. The resulting muscle cells were then woven into strips of 
muscle that could be moulded into a burger patty (Figure 10-6).

Lab-Grown Milk
Milk and dairy products have a distinctive taste due to the milk proteins whey and casein. 
Perfect Day Inc., a Californa-based start-up has grown these two proteins artificially by 
developing a genetically modified yeast that 
produces whey and casein through a fermentation 
process (Massow and Gingerich, 2019).

To make milk in a l ab, Perfect Day bioengineers were 
able to manufacture six key proteins and eight fatty 
acids by bioengineering yeast. The resulting product 
is "just  like animal-produced milk," called Muufri 
(i.e. "Moo free."). This technology makes it possible 
to design yeast to improve on natural milk, for 
instance, by including a sugar other than lactose, 
which so many find hard to digest, or by removing the 
saturated fat which contains “bad cholesterol”. 
Muufri (Figure 10-7) was introduced into the US 
market in 2017.

The research, development and production of 
animal-free dairy products that resulted in Muufri 
alternate milk, has l ed to the production of ice cream 
made from plant-based, animal-free “alternate milk”. 
The alternate dairy proteins which are produced 
through a fermentation process similar to the 
manufacture of vitamins and amino acids are 
identical to the proteins found in cow’s milk. 

P e r f e c t  D a y  F o o d s ,  
(https://www.perfectdayfoods.com/) is now 
producing ice creams, chocolate and other products offered in three flavors: Milky 

Figure 10-6. Artificial meat produced in the laboratory

Figure 10-7. Lab-grown artificial milk, 
branded and ready for sale.
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Chocolate, Vanilla Salted Fudge and Vanilla Blackberry Toffee. The company intends to be a 
global  leader in the research, development and production of animal-free dairy as they 
“reimagine” the dairy supply chain into what, they believe, will be more sustainable for 
future generations.

Lab-Grown Cheese
Milk and dairy products have a distinctive taste due to the proteins whey and casein.  Perfect 
Day Inc. a California-based start-up, has grown these two proteins artificially by developing 
a genetically modified microflora that produces whey and casein through a fermentation 
process (Massow and Gingerich, 2019).

Another US company, LegenDairy, has 
created without milking cows, prototypes 
of mozzarella and ricotta cheeses which 
are closer in taste to real cheese than 
cheese made from plant-based milk 
substitutes from cashews or other nuts.

Lab-Grown Leather
Johnson et al. (2018), staff of Knobbe 
Martens, an intellectual property  law firm 
in the United States, reported that a New 
Jersey-based biotech start up, Modern 
Meadow, launched a leather substitute 
created with their process of “bio-fabrication.” The material has “the ability to be any 
density, hold to any mould, create any shape, take on any texture, combine with any other 
material and be any size.”

The patent application of Modern Meadows details the process of biofabrication as follows: 
“First, a small skin sample is taken from an animal. Using the skin sample, cells from the 
animal are multiplied in a  lab to form multicellular bodies that are deposited to form sheets 
or layers. The cell deposition into sheets facilitates production of an extracellular matrix 
(ECM), which includes collagen and further fuses the sheets. Once the sheets are sufficiently 
fused, the sheets may be stacked to form a single, l ayered body or a “hide” as shown in step 
(5) of figure 10-9, which further enables production of ECM. The hides may then be tanned, 
dyed, conditioned, or otherwise finished to imbue them with desirable functional and 
aesthetic properties. Finally, the finished hides can be fashioned into handbags, shoes, 
watches, or any other traditional l eather product”.

10.3. CONCLUSION
The global animal products industry is totally science-based but has been operated in 
Nigeria with a near absence of the science disciplines. Instead of mechanical 
transportation by truck, rail or ships, animals are driven on hoof for hundreds of kilometres 

Figure 10-8. Laboratory-grown Mozzarella and 
Ricotta cheese
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before they are slaughtered or traded. Instead of hydraulic hoists and mechanical railings 
for  lifting slaughter animals, they are wrestled to the floor and bled without stunning or 
hoisting. Instead of mechanical refrigeration and heat application, animal products are 
dried in the open air and stored at ambient temperatures. The meat from very old cows that 
are very tough and have to be cooked for l ong periods are accepted as inevitable instead of 
the use of mechanical and electrical tenderizers on the carcasses of old cows (Sonaiya, 
1998). What are the best practices indicated by the global animal products industry? How 
can the Nigerian API adapt such advances to the operations of the stakeholders and for the 
benefit of the consumers?

The API in Nigeria has reached a cross road and needs a quantum  leap forward which is 
only possible if the required science knowledge is applied. A close collaboration between 
the API and the animal products science and technology research and training 
institutions will find solutions to the food safety, waste, environmental, product quality 
and other challenges of the industry. 

10.4. REVIEW QUESTIONS

1. What disciplines contribute to animal products science?

2. What scientific disciplines need to be introduced more in the courses offered in 
Nigerian tertiary institutions?

3. List the API concerns that animal product scientists should carry out research into.

4. Revise the units on animal slaughter and animal products processing and indicate how 

Figure 10-9. Overview of biofabrication of artificial leather. 
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HACCP can be introduced into the API operations in Nigeria.

5. Write a business plan for the introduction of two named animal products substitute 
that you consider appropriate for introduction in Nigeria at this time.
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