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INTRODUCTION 

The Origin of Meat 

According to the holy book, “in the beginning was 

the word, the word was with God, and the word 

was God. And through him all things were made” 

(John 1:1-2). In the book of Genesis, we are told 

that on the fifth day God said “let the water be 

filled with many kinds of living beings, so God 

created the great sea monsters and all kinds of 

creatures that live in the waters.” (Genesis 1:20- 

22). That led to the birth of fishes. In the same 

spirit of creation, animals were created on the 6th 

day (Genesis 1:24-25). According to the theory of 

creation fishes were created before animals. 

Incidentally according to the theory of evolution 

life forms evolved from water to land passing 

through the amphibious stages such as frogs, 

toads etc. Although man was created last, he was 

giving dominion over other creatures. 
 

When man exercises his authority and any animal 

is exsanguinated, it becomes food in form of 

meat. 
 

Today, meat is defined as those animal tissues that 

are used as food.   According to Food and drug
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Administration, meat is defined “as the properly 

dressed flesh derived from cattle, swine, sheep or 

goats sufficiently mature and in good health at the 

time of slaughter, but is restricted to that part of 

the striated muscle which is skeletal or that which 

is found in the tongue, in the diaphragm, in the 

heart, or in the esophagus, and does not include 

that found in the lips, in the snout, or in the ears, 

with and without the accompanying and overlying 

fat, and the portions of the bone, sinew, nerve, and 

blood vessel which normally accompany the flesh 

and which may not have been separated from it in 

the process of dressing it for sale. Flesh is the 

edible part of the striated muscle of an animal. 

The term animal as herein used, indicate a 

mammal, a fowl, a fish, a crustacean, a mollusc, 

or any other animal used as a source of food. It 

includes edible organs and tendons (Price and 

Schweigert,1978; Meyer, 1987). 
 

The consumption of meat in the U.S is about 124 

kg/capita/  year  while  the  worlds  average  is 

38kg/capita/ year. The average meat consumption 

in Africa is 10.8 kg/capita/per year. This is 

grossly inadequate, therefore a number of people 

in Africa suffer from Protein Energy Malnutrition 

(PEM) (Speedy, 2003; Igene et al., 2018).
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MEAT AND FISH SUPPLY SITUATION 
 

The global fish production peaked at 171m Mt in 

2016 with aqua culture contributing 43% of the 

total (Nigerian Fisheries Statistics, 2016). 
 

The total estimated population of Nigeria as at 

2014 was 180 million. Based on this, the 

estimated fish demand in Nigeria was 3.2m Mt. 

On the supply side, the domestic fish production 

was about 1.123m Mt. In the same year, the 

contribution of fisheries to Agriculture GDP was 

0.4%, while Agriculture contributed 20.24% to 

national   GDP   (Nigerian   fisheries   Statistics, 

2016). 
 

Fish consumption per year was 13.3 kg/ per 

person /per year in Nigeria.  This is inadequate. 

Fish is important, because it helps to complement 

the high  carbohydrate diet  in  the tropics. The 

consumption of omega 3 fatty acids in fish helps 

to prevent arteriosclerosis. 
 

The Nigeria water systems include the lake Chad, 

Kainji lake, the river Niger and Benue complex, 

the Osun, Ogun and Imo rivers systems and in 

addition, Nigeria has a coast line of 853 km facing 

the Atlantic Ocean. Eight out of the 36 states of
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the federation have boundaries with the Atlantic 

Ocean, and these eight states account for about 

25% of the countries population. Although, this is 

a major resource, for reasons more than one, 

Nigeria is faced with a deficit of about 2.2m Mt 

of fish supply. In 2013 Nigeria spent 1.2 billion 

dollars in fish importation.  The amount rose to 

1.4 billion dollars in 2014 (Nigerian Fisheries 

Statistics, 2016). With population increasing 

faster than meat or food production the problem 

can become worrisome. 
 

In developed countries, the supply of electricity is 

taken for granted. It is possible to store fish for 

long periods of time, therefore resulting in 

products with longer shelf life. In Nigeria as in 

most developing countries power supply is 

epileptic, so most perishable products like meat 

and fish end up with short shelf life. As a result, 

over 30-40% of the fish produced and marketed 

in Nigeria are lost post-harvest due to inadequate 

handling, processing and storage facilities. This 

leads to a colossal loss in revenue both to the 

fisher folks and the government in terms of 

revenue (Negbenebor et al., 1999). Much of this 

could be remedied if existing supplies are 

properly harnessed and processed. One way of
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doing this is to look at ways of extending the 

storage stability of these products to reduce their 

losses and increase the revenue of the fisher folks 

and meat processors. 
 

 
 

CONVERSION OF MUSCLE TO MEAT 

Following slaughter, a series of events takes 

place leading to the conversion of muscle to 

meat. 

1.  Once   the   animal   is   well   bled,   blood 

circulation stops, this reduces the ability to 

synthesise ATP. The actin and myosin which 

normally slide across one another during 

muscle contraction and relaxation is unable to 

do so, instead actomyosin is formed leading to 

stiffness of the muscle. 

2.  Oxygen is no longer available and this in turn 

decreases    the    oxidation/reduction    (O/R) 

potential. 

3.  The amount of antioxidant and vitamin in the 

system is greatly reduced and this results in 

rancidity development 

4.  The regulation of the nervous and hormonal 

systems ends and this reduces the temperature 

of the animal and leads to the solidification of 

the fat.



11  

 

5.  Stoppage of respiration and ATP synthesis. 

6.  Initiation of Glycolysis, which leads to the 

conversion of glycogen to lactic acid and the 

resultant drop in pH from about 7.4 to 5.6 

7. The  reticuloendothelial  system  stops  its 

protective function of scavenging, thus 

allowing microorganism to grow uncontrolled 
 

There is accumulation of metabolites, this 

enhances the denaturation of the proteins (Price 

and Schweigert, 1978). 
 

FOOD DETERIORATION AND ITS 

CONTROL 
 

The shelf life of a food is sometimes defined as 

the time it takes for a food to deteriorate to 

unacceptable level under some given condition. 

People generally differ in concept and behaviour 

(See Table 1). Some people may dislike fish 

which has gone rancid, while other people may 

regard that as their speciality or delicacy. In 

general, the shelf life of a food product, which is 

determined by the retailer or manufacturer is 

regarded as the time it takes for the product to 

remain stable and acceptable for consumption 

while in the market chain (Potter and Hotchkiss, 

1996).
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Table 1. Storage life of plant and animal tissues 
 

 
 

The major causes of food deterioration include the 

following, 
 

1.  Storage of food at a temperature that is not 

suitable for such food. 

2.  Providing  an  enabling  environment  for 

rapid multiplication of microorganisms 

such as bacteria, mould, viruses etc.
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3.  Providing  an  environment  that  enhances 

the chemical reactions and that of food 

enzymes 

4. Length of time of storage in such an 

unconducive environment. 

5.  Adequate exposure to light and oxygen 

6.  Infestation and abuse by microorganisms, 

rodents, insects and animals and humans. 

7.  Storage in an environment that can lead to 

increase or decrease in water activity of the 

food product. 

8.  Any combination of the above. 

For a food product to be effectively 

preserved, all the above points must be 

effectively controlled to prevent rapid 

deterioration. For instance, in the canning 

of meat, the meat is placed in a can made of 

tin, which prevents abuse by rodent and 

insects, the head space is exhausted, thus 

preventing Interaction with oxygen. 

Furthermore, it is sealed, and this protects 

the meat from light.   Finally, the can is 

heated to inactivate food enzymes and 

microorganisms   (Potter   and   Hotchkiss, 

1996).
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Why are they perishable? 
 

Muscle foods are perishable in nature, therefore, 

it is difficult storing them for long periods of time, 

without spoilage setting in. Generally microbial 

growth is a problem in the non-frozen food, while 

oxidative stability is the major cause of 

deterioration in the frozen product (Negbenebor 

and Chen, 1985; Negbenebor et al., 2002). 
 

The meat is made up of protein, Fats, 

minerals/vitamins, water and very little 

carbohydrates, in fact it is less than 1%, unless in 

some meat products such as ham, where they are 

deliberately added during processing. The 

moisture content accounts for 42-74% for meat 

and fish products, while the protein content of 

meat varies from 11.9% in pork to 20.1% in 

turkey (Table 2). The amount of lipid in meat 

product varies from 14% in veal to 22% in beef, 

to 45% in pork. It is regarded as a vital component 

of the meat product because it is responsible for 

some of the meat characteristics such as 

tenderness, aroma, juiciness, and flavour (Potter 

and Hotchkiss, 1996; Amaral et al., 2018).
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Table 2. Percentage composition of some foods of 

animal origin 
 

 
 

RANCIDITY 
 

Lipid oxidation in meat is a process where-by 

poly unsaturated fatty acids react with reactive 

oxygen species leading to a series of secondary 

reactions, which in turn results in the deterioration 

of lipid quality and this leads to the development
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of oxidative rancidity. Lipid oxidation has 

negative influences on colour, taste, texture, 

aroma, nutritive value. These, more often than 

not, not only results in consumers rejection of 

such products, because they have become rancid, 

but reduces the product shelf-life and possible 

loss of money (Min and Ahn, 2005; Lima et al., 

2013). 
 
 

 
Lipid oxidation is a major contributor to the 

deterioration of meat and meat products. When 

foods such as meat which contain fats are stored, 

they lose their flavour with time as a result of 

onset of rancidity. Fats are made up of glycerol 

esterified with fatty acids at the α, β, and α1 

positions. They are therefore referred to as a 

mixture of mixed triglycerides. 
 

 
 

Figure 1. Chemical structure of glycerol
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The development of oxidative rancidity is 

believed to begin in meat at the time of 

exsanguination, leading to the conversion of 

muscle to meat. The unsaturated fatty acids react 

with molecular oxygen via the free radical chain- 

forming peroxides. The first autoxidation is 

closely followed by a number of secondary 

reactions. This oxidation usually begins with 

phospholipid. Phospholipids found in cell wall of 

membranes are rich sources of fatty acids, and 

oxidation  usually  begins  from  here  and  are 

usually catalysed by heme proteins such as 

haemoglobin and myoglobin, cytochromes, free 

iron, enzymes and sodium chloride (Brondum et 

al., 2000; Min and Ahn, 2005; Lima et al., 2013) 
 

Lipid Oxidation and its Mechanism 
 

Lipid is one of the unstable components that take 

part in oxidative reaction (lima et al., 2013). This 

is brought about by complex mechanisms through 

a number of factors. This includes exposure to 

light and heat, the amount of unsaturated fatty 

acid present in the meat, the prooxidant and 

antioxidant component present, the type of lipid 

structure and its immediate environment.
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Apart from these, natural components such as 

myoglobin, ascorbic acid, iron, hydrogen 

peroxide, can accelerate oxidation by enhancing 

the formation of reactive oxygen, or acting as 

enzymes to catalyse the reaction. Added to this 

are the presence of physical factors such as light 

and radiation (Wojciak and Dolatowski, 2012) 

which plays a role in oxidation. It is believed that 

oxidation in meat takes three routes: 
 

1.  Photo oxidation 

2.  Enzymatic oxidation 

3.  Auto oxidation 
 

Photo Oxidation 
 

In this process, ultraviolet radiation (which is a 

form of radiant energy) in the presence of 

myoglobin (sensitizers) can bring about photo 

oxidation. In this reaction, free radicals are 

involved leading to the formation of 

hydroperoxides. This is different from the 

hydroperoxides formed in the absence of light 

(Lorenzo and Gomez, 2012). 
 

Enzymatic Oxidation 
 

In this reaction, fatty acids are oxidized by 

lipoxygenase   leading   to   the   formation   of
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peroxides and hydroperoxides with conjugated 

double bonds which can produce several products 

from other degenerative reactions. 
 

Autoxidation 
 

This involves self-programming radicals and 

depends on catalytic action such as temperature, 

metal ion, free radicals and pH. The overall 

mechanism of the reaction involves three basic 

steps. 
 

(a) Disappearance        of        oxidative 

substrates 
 

(b)Formation of peroxides and 

hydroperoxides 
 

(C) Formation of secondary products, 

such as volatile and non-volatile 

components, aldehydes, alcohols 

(Wojciak and Dolatowski, 2012). 
 

Mechanism 
 

The mechanism of lipid oxidation consists of 

three stages. These are the initiation, propagation 

and termination phases.
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During the initiation stage a hydrogen atom is 

removed from the carbon atom next to the double 

bond in unsaturated fatty acid. This leads to the 

formation of alkyl radical (Min and Ahn, 2005) 
 

R:H +O: :O + Initiator-----------R. (Alkyl radical) 

+ HOO.
 

 

The alkyl radical reacts with molecular oxygen to 

form various radical species e.g peroxyl (ROO.) 

radical 
 

R. + O2------ROO. (peroxyl radical) 

ROO. +RH---------ROOH +L. 

These propagation mechanisms may continue 

severally before two alkyl radicals will combine 

together and this leads to the termination of the 

process (Min and Ahn, 2005; Zhang et al., 2011). 
 
 

 

Thiobarbituric   Acid   Reactive   Substances 

(TBARS) 
 

Malonaldehyde is a three-carbon compound and 

is a stable secondary product of polyunsaturated 

fatty acid. It is mostly used to monitor the lipid 

oxidation in meat and meat products through the
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Thiobarbituric Acid Reactive Substances 

(TBARS) test (Lima et al., 2013). In this assay 

malonaldehyde reacts with Thiobarbituric acid 

(TBA) to form TBA-malonaldehyde complex, 

which is measured spectrophotometrically at 530- 

535 nm, its absorption maxima (Negbenebor et 

al., 1995; Zhang et al., 2011) 
 

Factors Affecting Lipid Oxidation 
 

High   levels   of   polyunsaturated   fatty   acids 

(PUFA) in food or in the diet are generally 

associated with an increase in the concentration of 

PUFA in the meat muscle and consequently 

increase in lipid oxidation (Li and Liu, 2012). 

This results in the meat having a poor colour and 

reduced quality. 
 

Metal ions 
 

The presence of free metal ions such as iron and 

copper can lead to an increase in free radical 

production because of their ability to donate 

electron which will catalyse lipid oxidation (Lima 

et al., 2013). 
 

Complex-----Fe(II) + H202------Complex-Fe(II)+ 

OH- +.OH
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Iron 
 

Iron reportedly has been found in five locations in 

the muscle foods. These are the ferritin, heme 

pigments, transferrin, iron dependent enzymes 

and as free iron (Min et al., 2010). 
 

Complex—Fe(II)+ H202--------Complex----- 

Fe(II)+OH-+.OH 
 

Myoglobin 
 

Muscle with lower concentrations of myoglobin 

are less susceptible to oxidation. Ferrylmyoglobin 

can be formed from the reaction of metmyoglobin 

and liquid hydroperoxide. This ferrylmyoglobin 

can give rise to free radicals. Both 

ferrylmyoglobin and metmyoglobin are also 

known to degrade hydrogen peroxide with the 

resultant free radicals that can give birth to both 

initiator and terminator molecules in lipid 

oxidation (Minn et al., 2010, 2008). 
 

Ferric Reducing Power 
 

Several compounds in meat such as Nicotinamide 

adenine dinucleotide phosphate (NADPH), thiol 

compounds (glutathione), ascorbic acid act as 

antioxidants. This is usually determined by their
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ability to reduce ferric ion to ferrous ion. In the 

case of ascorbic acid, it is believed that under low 

concentrations, it acts as a prooxidant and at high 

concentrations it acts as an antioxidant by 

regenerating alpha tocopherol (antioxidant) in the 

cell membrane (Lima et al., 2013; Minn et al., 

2010, 2008). 
 

Lipoxygenase 
 

This enzyme may be involved in initiation of lipid 

oxidation in meat as it is capable of oxygenating 

PUFA forming hydroperoxides (Amaral  et al., 

2018). 
 

Lipid   Oxidation   in   Animals   of   Different 

Species 
 

The animal species, the type of muscle, its 

location in the animal, its composition, are some 

of the factors that could determine the 

susceptibility of the meat to lipid oxidation. 
 

Storage and Processing 
 

Freezing slows down lipid peroxidation by 

inactivating the Nicotinamide adenine 

dinucleotide (NADH)-dependent lipid 

peroxidation process by inactivating the enzyme
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involved. Cooking enhances the release of non- 

heme iron from heme pigments. The use of high 

temperature in cooking brings about lower 

activation energy necessary for the oxidation and 

also leads to the breakdown of hydroperoxides 

into free radicals. 
 

Exposure to oxygen during storage is an 

important ingredient that leads to the production 

of lipid oxidation process. Therefore, increase in 

surface area brought about by as a result of 

grinding, cutting, comminution, deboning or 

membrane rupture which exposes the 

phospholipid during meat processing, can rapidly 

increase the lipid oxidation. Other factors such as 

additives, maturation process, storage time also 

have been known to play a role in lipid oxidation 

in meat and meat products (Min and Ahn, 2005). 
 

Sodium Chloride 
 

Sodium chloride at low concentration of 2% or 

less  show  some prooxidant  effect, however at 

higher concentrations it exhibits little or no 

prooxidant effect in the meat. The mechanism of 

sodium chloride on lipid oxidation is not well 

understood. It is believed that the salt ruptures the 

membranes, thereby  releases  the  enzymes  that
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catalyse the substrates (Min and Ahn, 2005; Rhee 

and Ziprin, 2001). 
 

Protective Factors 
 

Grass/grain 
 

Grass fed cattle have higher amounts of omega-3- 

and conjugated linoleic acid, when compared to 

grain fed cattle. However, because of the presence 

of α tocopherol and β carotene in grass fed cattle, 

the rate of lipid oxidation in grass fed is lower 

than in grain fed cattle. Bekhit et al.,2013; Daley 

et al.,2010). 
 

Minerals 
 

Selenium (0.5-1mg/kg) which is a component of 

glutathione peroxidase is the major antioxidant 

used to control lipid oxidation in meat and have 

been reported to improve the lipid stability of 

broilers under stress. Other trace elements such as 

copper  and  nickel  at  fairly  high  doses  (200- 

300mg/kg) respectively have shown evidence of 

prooxidant effect on meat (Liu et al., 2011; 

Habibian et al., 2016). 
 

Phenolic Compounds
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Research has shown that fruits and vegetables 

with high amounts of phenolic compounds have 

shown positive results in controlling lipid 

oxidation. Table 3. Highlights some examples 

including; ginger roots (Zingiber officinalis) 

(Zhao et al., 2011), rosemary leaves (Rosmarimus 

officinalis) (Loetscher et al., 2013), gallic acid 

(Stearcevic et al., 2015). The antioxidant 

properties of phenolic compounds and flavonoids 

are due to their ability to act as hydrogen donors, 

reducing agents and singlet oxygen quenchers. In 

addition, they sometimes exhibit chelating 

properties which prevent transition metals from 

acting as prooxidants (Kumar et al., 2015)



 

Antioxidants Product Results 

Rosemary (Rosmarinus officinalis), rose hips 

( Rosa canina), chokeberrey (Aronia 
melanocarpa), and common nettle (Urtica 

dioica), compared to vitamin E 

 
Chicken breast (Gallus 

gallus domesticus) 

Among the dietary antioxidants investigated, rosemary 

proved to be the most adequate, despite having low 
concentration of vitamin E. Rose hip and Aronia also showed 

interesting properties. 

Thymol, tannic acid, and gallic acid 

 
   

Chicken thigh and 
breast (Gallus gallus 

         domesticus)   

 

The tannic and gallic acids significantly reduced TBARS 

values in broiler breast meat, as compared to the control.   

Ginger (Zingiber officinale) powder at 5 g/kg, 10 

g/kg, 15 g/kg, and 20 g/kg 
   

Broiler 
chickens(Gallus gallus 

  domesticus) (plasma)   

 

The results indicate that the optimal concentration of ginger 
powder to improve the lipid stability was 10-15 g/kg.   

Supplementation with extracts of α-tocoferil 

acetate, α-tocoferol, rosemary (Rosmarinus 
officinalis), green tea ( Camellia sinensis), grape 

seed (vitis spp), and tomato (Solanum 

lycopersicum).   

 

Young broiler 

chickens (Gallus 

gallus 
  domesticus) (plasma)   

 

Plasma oxidative state and lipid oxidation in young broiler 

chickens were not affected by supplementation with different 
natural antioxidants. However, some changes (increase) in 

the antioxidant enzyme activity were observed.   

Comparison between free-range pigs and fed diets 

supplemented with extracts: 200 mg/kg of 
synthetic α-tocoferil acetate, 200 mg/kg of natural 

α-tocoferil acetate, 200 mg/kg of extract rich in 

flavonoids, and 200 mg/kg of extract rich in 

phenolic compounds.   

 
Iberian pig muscle 

(Sus scrofa 

mediterraneus- 

longissimus dorsi .) 
   

 

Pigs fed natural a-tocopheril showed similar results to those 

of pigs free-range pigs, with lower lipid oxidation. Pigs fe d 
extracts rich in flavonoids and phenolics showed results 

similar to those of the control, with no significant influence 

on lipid oxidation.   

Supplementation with phenolic diterpenes from 
rosemary (arnosic acid and carnosol) compared to 

vitamin E. 

 

Lamb meat (Ovis aries 

-Longissimus thoracis 
et lumborum) 

Supplementation with phenolic diterpenes from rosemary or 

α-tocopherol were effective in preventing lipid oxidation, but 
supplementation with α-tocopherol proved to be the most 
adequate strategy to extend the shelf life of the lamb. 

 

 

 

        Table 3: Effect of supplementation with phenolic compounds on oxidative stability.   
Reference 
 

 
Loetscher et al. (2013) 

 

 
 St a rč evi ć  e t  a l.  (2 015 )  
   
 

 
Zhao et al. (2011) 
   

 

 
Vossen et al. (2011) 

   
 

 
 
González & Tejeda (2007) 
 

 
 
 
Ortuño et al. (2015) 

 

Source: Amaral et al., (2018) 
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ANTIOXIDANTS 
 

Antioxidants are compounds capable of donating 

hydrogen  radical  (H.) to  free radicals  available to 

prevent oxidative changes (Srinvasan et al., 2008). 

Antioxidants are either natural or synthetic. 
 

Synthetic Antioxidants 
 

Most commonly used antioxidants in the meat 

industries are Butylated hydroxy anisole (BHA), 

Butylated hydroxyl toluene (BHT) and Tertiary 

butylhydroquinone (TBHQ). They are made up of 

aromatic rings and have the capacity to donate H.  to 

the oxidising lipid. This leads to the formation of a 

more stable end product which puts an end to the 

oxidation process. Ethylene diamine tetra acetic acid 

(EDTA) another synthetic antioxidant, has a different 

mechanism. It chelates the iron and prevents it from 

catalysing lipid oxidation (Faine et al.,2006; Kumar 

et al., 2015). 
 

Natural Antioxidants 
 

These are considered to be relatively safer, more 

expensive and less efficient. Their antioxidant 

properties are due to the presence of phenolic 

compounds and flavonoids and the presence of 

vitamins A, C and E. These compounds have high
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capacity for donating H.  or accepting free radicals. 

They are found mostly in plants such as roots, peels, 

leaves seeds, kernels, fruits and grains. Herbs such as 

Oregon sage, thyme and rosemary and spices such as 

clove, cinnamon, nutmeg black pepper have a high 

concentration of phenolic compounds (Kumar et al., 

2015; Velasco and Williams, 2011, Ding et al., 2015). 
 
 

 
MICROBIOLOGY OF MEAT AND MEAT 

PRODUCTS. 
 

Microorganisms are so small that we cannot see them 

with our naked eyes, however, with the discovery of 

the microscope and Robert Hooke’s publication of 

“Micrographia” in 1665 which gave information on 

how to construct a simple microscope, the work of 

Robert Koch (1843-1910) and Fanny Hesse (1850- 

1934) who produced solidified agar and Richard Petri 

(1852-1921) who developed the petri dishes, it has 

become possible to elucidate the nature of these 

microorganisms. They can now be seen with the aid 

of microscope. Even then, they are made up of both 

the good, the bad and the ugly.  There are the good 

ones which produce desirable end products. Examples 

such as Lactobacillus bulgaricus and Streptococcus 

thermophilus. These convert milk sugar, lactose (a
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disaccharide, which is made up of galactose and 

glucose joined together by β1-4 linkage) into lactic 

acid which is what happens when milk is converted 

into yoghurt. 
 

 
 

Figure 2. The Structure of Lactose 
 

It is still the same basic process that takes place in the 

production of the traditional yoghurt i.e “Kindirmo” 

and    ‘’Nono”.    The    main    difference    between 

‘’kindirmo’’ and ‘’Nono’’ is that ‘’kindirmo’’ is 

prepared from whole milk, while ‘’Nono’’ is from 

skim milk. 

 
 

 

Figure 3. The structure of Lactic acid
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The wine yeast such as Saccharomyces cerevisae 

converts the sugar in grape juice into alcohol. 

Penicilin notatum from which penicilin a broad 

spectrum antibiotics is obtained (Potter and 

Hotchkiss, 1996) 
 

There are the spoilage organisms such as 

Pseudomonas sp. Moraxella, Achromobacter, 

Aeromonas, Enterobacter These are not pathogenic 

but end up rendering the food unacceptable and 

inedible. In fresh meat, Pseudomonas species account 

for about 25% of the microbes in the meat, however 

in spoiled meat it accounts for about 80-90% of the 

organisms. 
 

Then there are the pathogenic organisms. 

Consumption of these may bring about food 

poisoning.   It might be food infection or food 

intoxication as shown in Table 4. Examples are 

Salmonella typhi, S. paratyphi, Shigella, Listera 

monocytogenes, Vibrio parahemolyticus, Escherichia 

coli, Staphylococcus aureus, Clostridium botulinum 

etc. (Jay, 1987).
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Table 4. Some microorganisms associated with food 

poisonings 
 

Organism Incubation Symptoms Epidemiology 
period 

(hours) 

Staphylococcus 1-8 (rarely Vomiting, Staphylococci 
aureus up to 18) diarrhoea grow in meats, 

dairy and bakery 

products and 

produce 

enterotoxins 

Bacillus cereus 2-16 Vomiting, Reheated fried 
diarrhoea rice 

Clostridium 8-16 Diarrhoea Clostridia grow in 
rewarmed meat 
dishes 

perfringens 

Clostridium 18-24 Vomiting Clostridia grow in 
anoxic foods and 
produce toxin 

botulinum 

Escherichia coli 24-72 Diarrhoea, Organisms grow 
(enterotoxigenic) vomiting in gut and are a 

major cause of 
traveller’s disease 

Escherichia coli 3-5 days Diarrhoea, Associated with 
(enterohemorrhagic) vomiting ingestion of 

  undercooked 

  ground beef and 
unpasteurized 
fruit juices and 
cider 

Vibrio cholerae 24-72 Diarrhoea, Organisms grow 
vomiting in gut and 

 produce toxins 

Source: Willey et al., (2011).
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MEAT MICROORGANISMS 
 

Following slaughter and evisceration, the number of 

microorganisms remain principally the same on the 

skin while the gut contains a large number of 

organisms. The skin is usually in contact with the air, 

soil and water and additional contamination could 

also come from here. Even for healthy animals, some 

microorganisms might be found in the liver, kidney, 

lymph  nodes  and  spleen.  These  microorganisms 

might find their way to the muscle through the 

circulatory system. 
 

Eventually, these microorganisms will grow through 

the lag phase, log phase, the stationary phase before 

the phase of decline. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Bacterial growth curve 
 

Source: Willey et al., (2011).
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How rapid the organism will grow and spoil the meat 

will depend on the intrinsic and extrinsic factors in the 

environment. The intrinsic parameter are those 

properties of the food which are present and are part 

and parcel of the tissue. These include, pH, biological 

structures, antimicrobial content, oxidation/reduction 

potential and nutrient content. The extrinsic factors 

are those characteristics of the environment that affect 

the food product and its microbial content. These 

include the temperature and humidity of the 

environment and concentration of gases (Jay, 1987). 
 

Intrinsic factors 
 

pH of the Meat sample 
 

Microorganisms act best at neutral pH (7) and pH 

values which are slightly acidic or slightly basic (pH 

6.5-7.4). At pH below 4.0 most bacteria will not 

survive that environment. The moulds tend to be more 

tolerant to lower pH levels than bacteria. A well- 

rested animal will  normally have meat which has 

longer keeping quality than one from fatigued animal. 

This is because the 1% glycogen would have been 

converted to lactic acid and this would bring the pH 

to as low as 5.6 from 7.5 instead of about 6.2 that 

would probably result from meat from fatigued 

animal.
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Figure 5. Approximate pH growth range for some 

food borne organisms 
 

Source: Jay, 1996
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Moisture content 
 

Water requirement for microorganisms is usually 

evaluated on the basis of water activity. Water activity 

is defined as the ratio of water vapour pressure in the 

food substrate to that of vapour pressure of pure water 

at the same temperature. 
 

The water activity for most foods is over 0.99 and for 

Clostridium botulinum types A and B is 0.94, 

Escherichia coli 0.96, Aspergillus sp. 0.70, 

Penicillium patulum, 0.81 and most spoilage bacteria 

0.9.
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Table 5: Approximate minimum aw values for growth 

of microorganisms important in foods 
 

 
 

Source: Jay, 1996 
 

 

Oxidation-reduction potential 
 

The O/R potential of a substrate may be defined as the 

ease with which a substance gains or loses an electron. 

If a substance or substrate gains an electron it is said
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to be oxidizing agent, if it loses an electron, it is said 

to be a good reducing agent. When electrons are 

transferred from one compound to another, a potential 

difference exits. The O/R potential of a system is 

expressed as Eh values. This is usually negative for 

anaerobic organisms and positive for aerobic 

organisms. 
 

Nutrient content 
 

In order to grow, microorganisms require nutrients 

such as water, source of energy, source of nitrogen, 

vitamins and related growth factors and minerals. 

Some microorganisms may utilize B vitamins which 

are readily available in most foods. The primary 

nitrogen sources are amino acids, nucleotides and free 

amino acids, peptides and proteins. Fats are used by 

few microorganisms as sources of energy. Some 

utilize the complex carbohydrates such as starch and 

sugar. However, they generally  attack the simpler 

ones such as monosaccharides and amino acids before 

the more complex ones such as protein and starch. 
 

Antimicrobial constituent 
 

Some foods have natural anti-microbial constituent 

present in them. This enables them to maintain 

stability against microbial attack. Examples are eggs
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which contain lysozyme, conalbumin and avidin 

which enables the egg to protect itself against 

microbial attack. Others are essential oil such as 

eugenol in Cloves and allicin in garlic which have the 

ability to inhibit microorganisms (Jay, 1987; Willey 

et al., 2011). 
 

Biological factors 
 

The outer covering of most biological entities serves 

as protection against the invasion of microorganisms. 

Examples are the shell of the egg, the skin or outer 

covering of meat such as beef and pork which 

prevents the entry of microorganisms. 
 

Extrinsic Factors 
 

This include parameters such as temperature of the 

environment, the relative humidity and the 

concentration of gases in the atmosphere. 
 

Temperature 
 

Traditionally, microorganisms are divided into three 

groups based on their temperature requirements. 

Those that are able to grow and do well at or below 

70C and have their optimum between 200C and 300C 

are  referred  to  as  Psychrotrophs,  examples  are 

Alcaligenes,   Flavobacterium,   Lactobacillus   and
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Micrococcus. Those that grow well between 20 and 

450C with optima at 30 and 400C are known as 

mesophiles, examples are Enterococcus faecalis. 

Thermophiles are those that grow well at and or above 

450C with optima between 55 and 650C. Examples are 

Bacillus and Clostridium species. The lowest 

temperature at which microorganism was reported to 

grow was   -340C and the highest temperature was 

reported to be in excess of 950C. 
 

Relative Humidity 
 

Meat with low water activity (aw) when placed in an 

environment with high humidity, will absorb moisture 

from the environment until equilibrium is established. 

This may hasten the spoilage. In like manner, meat 

with high aw when placed in an environment of low 

humidity will lose moisture to the environment. This 

will lead to increased shelf-life. 
 

Concentration of gases in the atmosphere 
 

Ozone and carbon dioxide have been used extensively 

in the preservation of food including meat and meat 

products.  Carbon dioxide is often used as dry ice in 

meat products although it can also be used 

mechanically in form of a spray. Ozone should not be
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used in food containing high amount of fat, as it will 

hasten rancidity. 
 

Microflora Involved in Meat Spoilage 
 

Apart from the normal microflora which is indigenous 

to the meat, others are introduced from water used in 

washing the knives and other utensils used in 

processing, digestive tract, handlers, storage 

containers, dust and others. 
 

The fungal species usually associated with spoiling 

meat include Mucor, Rhizopus Sporotricum, and 

Chrysosporium and Thamnidium, Penicillum and 

Aspergillus sp. 
 

Among   the   genera   of   yeast   are   Candida   and 

Rhodotorula. 
 

In comminuted beef, the major spoilage organisms are 

bacteria such as Pseudomonas, Acinetobacter, 

Moraxella species (Price and Schweigert, 1978) 
 

Beef cuts such as steaks will normally undergo 

surface spoilage, which may be mould or bacteria 

spoilage. If the surface is wet, bacteria normally 

would be responsible for such spoilage. On the other 

hand, if the surface is dry as a result of treatment with
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antibiotics, then mould would be the spoilage 

organisms. 
 

The total plate count has been the major indices for 

determining the level of spoilage of the meat product. 

When the level is as high as 106  - 107cfu/g, vacuum 

packaged foods often show objectionable odour, 

while aerobically packaged beef often show evidence 

of off- odour at 107-108 cfu/g. At 108-109 there is slime 

formation in meat at this stage (Potter and Hotchkiss, 

1996). 
 
 

 
FISH SPOILAGE 

 

The inner flesh of the fish is sterile. However, bacteria 

exist in the region of the slime, gut and gills of the 

active feeding fish, so deterioration normally starts 

here. During deterioration, the fresh and salt water 

fish follow the same pattern. The most susceptible 

part is the region of the gills.   For the fresh fish, 

bacterial deterioration is the major problem, with 

Pseudomonas   and   Acinetobacter   as   the   major 

culprits, while for the dried fish product the moulds 

are the usual agents of spoilage. 
 

The spoilage organisms first utilize the simple 

compounds   and   in   return   produces   odoriferous
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products. During fish spoilage, trimethylamine oxide 

(TMAO), creatine, taurine and anserine and related 

compounds along with certain amino acids decrease 

with the production of trimethylamine, ammonia, 

histamine, hydrogen sulphide, indole and other 

compounds. In fish such as herring, mackerel, salmon 

and others, that contain a high amount of fat, these 

fish undergo rancidity as well as microbial spoilage. 
 

In determining the result of deterioration in fish, the 

reduction of TMAO to TMA has been used with some 

success. 
 
 

 

SOME APPROACHES EMPLOYED IN 

TRADITIONAL MEAT PRESERVATION 
 

Smoking 
 

The   art   of   smoking   predates   recorded   history. 

Smoked meat is a popular item in dishes across 

Nigeria where it is used for soups and or stew. In 

Hausa it is referred to banda, in Ibo it is called Anu 

ukpo, Yoruba it is kundi and in Ijaw it is called Gbana 

nama. Smoked fish is equally popular (Igene et al., 

2018).
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Smoking is carried out in local kilns. There are a wide 

range of them. They range from half drum, full drum, 

mud oven type to chockor oven and some are not 

energy efficient. 
 

 
 

Figure 6: Drum smoking klin 
 

Source: Igene et al., 2018
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Smoking accomplishes preservation in two processes, 

First, the heat that is applied reduces the moisture 

content in the meat, as well as decreasing the bacteria 

on the meat surfaces and protein coagulation. The 

smoke components on the other hand consist of 

aliphatic acids such as formic, caproic and others, 

primary and secondary alcohols, ketones, 

formaldehyde, acetaldehyde, phenols, cresols and a 

mixture of waxes and resins. Out of these, phenols and 

formaldehyde appear to be the most important 

condensables because they are responsible for the 

preservation, colour and flavour of the smoked 

product (Price and Schweigert, 1978; Igene et al., 

2018). 
 

Curing 
 

In developing countries where refrigeration and cold 

storage are lacking, curing could still be used as a 

means of meat preservation. The ingredient used are 

mainly six types. These include common salt (NaCl), 

Sugar, Sodium nitrate or nitrite, acidulant such as 

Glucono Delta Lactone (GDL), polyphosphate and 

water. The common salt is used primarily for 

flavouring, and it is able to tie up moisture and this 

reduces the water activity and inhibits microbial 

growth. The sugar is used to counteract the harsh salty
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taste, known as mellow flavour, it may serve as a 

substrate in fermented products such as sausages. 

Sodium nitrate or nitrite, potassium nitrate or nitrite 

could be used, however, the nitrite is more preferable. 

Usually the nitrate is first converted to nitrite before it 

takes part in the nitrosation reaction. The nitrite forms 

nitric oxide which reacts with myoglobin to form 

nitrosomyoglobin which is the stable pink coloured 

pigment which most people like in cured meat 

products. Nitrite is useful because it inhibits 

Clostridium botulinum, however, it forms 

nitrosamines which is carcinogenic. Regulation 

requires  that  its  usage  should  not  be  more  than 

200ppm. The acidulant such  as  GDL  provides  an 

acidic environment for nitrosation reaction to take 

place, and this helps to speed up nitrosation reaction 

and helps to counteract the formation of nitrosamines. 

The presence of polyphosphate leads to increase in pH 

of the meat, dissociation of the actomyosin into actin 

and myosin, unfolding of the protein, therefore 

making more points available for the binding of water. 

In this manner it is able to increase yield. Regulation 

requires that its usage should not be more than 0.5%. 

The water is the solvent in which all the other 

ingredients are dispersed in the meat and if it is tightly
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bound, it plays a role in increasing the yield. (Price 

and Schweigert, 1978; Igene et al., 2018). 
 

TABLE 6: Ingredients used in meat curing 
 

Ingredients Primary function 

Common salt Flavouring,  ties  up  moisture,  inhibit  microbial 
growth (NaCl)  

Sugar Counteract the harsh salty taste 

Nitrate/nitrite To  produce  the  cured  colour  reaction,  nitrite 
inhibits   Clostridium   botulinum.   It   produces 
nitrosamine  which  is  carcinogenic.  Regulation 
limits its use to 200 ppm. 

Acidulant (GDL) Counteract the formation of nitrosamine and 

provides acidic environment which speeds up 

nitrosation reaction 

Sodium Leads  to  unfolding of  protein, thereby  making 
more points available for binding of water. In this 
manner, it increases yield. Regulation regarding its 
usage, stipulates not more than 0.5%. 

tripolyphosphate 

Water It  is  the  solvent  in  which  the  solutes  are 
dispatched to various parts of the meat. 

 

 

CONTRIBUTION TO KNOWLEDGE 

MEAT PRODUCTS 

Comminuted poultry meat 
 

Albumen is a surplus product in the liquid egg 

industry, while deterioration of comminuted poultry 

meat utilized in sausage, bologna, frankfurters, patties 

and a number of other products was another issue. The 

addition  of  albumen  to  comminuted  poultry  meat
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before oxidative cooking reduced the TBA values 

with the inner thin albumen having slightly greater 

effect than the outer thin and firm albumen. 

Utilization of albumen may partially solve the surplus 

problem of the liquid egg industry and as well as the 

deterioration problems associated with those products 

(Negbenebor and Chen, 1985). 
 

Smoked meat 
 

Smoked meat produced in Nigeria was of variable 

quality, and there was need to introduce simple cost- 

effective method of producing high quality smoked 

meat product. Our team looked at effects of salting 

and precooking methods on quality of smoked meat. 
 

We were interested in looking at ways of improving 

the simple methods of meat preservation technique 

especially the quality of smoke dried meat products. 

With a grant from FAO, our team looked at various 

methods of processing smoked dried beef and 

demonstrated that salting and precooking (either with 

steam or water cooking) before smoke drying were 

beneficial to the smoke-dried products. The water 

activity, the critical moisture content and diffusion 

coefficient were lower in the salted and cooked 

samples when compared with the unsalted and 

uncooked samples. Our team further demonstrated
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that beef when dried below 25% moisture content and 

properly  packaged  were  microbiologically 

wholesome and oxidatively stable at ambient 

temperature (Igene et al., 1989). 
 

Meat patties 
 

With the introduction of fast food outlets in various 

cities in Nigeria and beyond, there was considerable 

increase in the consumption of meat patties. Patties 

are small flat cake of comminuted meat, usually 

rounded and are often processed by deep fat frying. 

We looked at ways of enhancing the shelf-life of meat 

patties held at refrigerated temperatures, which are 

sold at these outlets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stock photos 
 

Figure 7. Fresh and cooked meat patties
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Ginger treatment 
 

In one of our studies, fresh meat patties were prepared 

from broilers, beef and lamb separately, and treated 

with various concentration of ginger. Samples treated 

with 0.6% ginger significantly reduced the total 

aerobic plate count and TBA values in the treated 

samples irrespective of the species, when compared to 

the non-treated controls (Negbenebor et al.,2000). 
 

In another study, samples of meat patties were 

formulated from beef and dipped separately in various 

concentrations of potassium sorbate and ginger 

solutions either singly or in combination. Potassium 

sorbate is a Generally regarded as safe (GRAS) 

compound. The dipping of the meat in 2% ginger 

solution and 4% potassium sorbate separately and in 

combination before formulating into meat patties, 

significantly reduced the TBA values and increased 

the shelf life at refrigerated temperature (Negbenebor 

et al., 1995). Four commonly used processing 

methods (Hot oven cooking, pressure cooking, 

microwave, frying methods) were compared in terms 

of product yield. Results indicated that patties from 

microwave had the highest product yield (81%), 

followed by pressure cooking (79.9%), oven (71.7%) 

with frying showing the least (62.8%) after a dipping
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time of 180 seconds. Microbiological and sensory 

analysis also indicated that treated samples were still 

regarded as acceptable after 5 days, while the control 

was unacceptable suggesting the ability of the 

treatments to extend the shelf-life of these meat 

patties at refrigerated temperature (Negbenebor et 

al.,2002). 
 

Kilishi 
 

Kilishi, is a sundried meat product with 50% protein, 

7.5% moisture, 18% lipid and 9.6% ash content (Igene 

et al., 1990). It is an international product, being sold 

in Nigeria, Mali, Niger, Ghana, Cameroon and the 

like.  In  the production  of kilishi,  chunks  of  meat 

usually from the thigh portion are teased out into thin 

sheets about 0.17-0.20cm thick. The sheets are open 

air dried, (Ist stage drying) before dipping into the 

slurry of ingredients. The samples covered with the 

slurry were now dried in the open air (2nd stage 

drying). The samples were now placed over hot flame 

for a few minutes to heat seal the ingredients, allowed 

to cool and packaged. 
 

The yield obtained in kilishi processing using the 

traditional methods is about 54%. We looked at ways 

of increasing the yield and reducing the cost of 

production.  The  thin  slices  were  dried  to  40%
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moisture content before dipping in slurry of 

ingredients  containing  0.3%  sodium 

tripolyphosphate. This boosted the yield from 54% to 

77.27%. (Igene et al., 1993). 
 
 

 
Raw Meat 

 

 
 
 

Teased into thin slices 
 

 

First stage drying Infusion of 

ingredients in slurry Second 

stage drying 

 

 

Heat sealing of ingredient over hot 

flame 
 

 

Cool and packaged 
 
 

Flow diagram of kilishi meat production 

Source: Igene et al., (1993)
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The presence of polyphosphate not only increased the 

pH, it also led to the unfolding of proteins, 

dissociation of the actin and myosin, this increased the 

ionic strength, thereby making more points available 

for the binding of water, hence the increase in yield 

(Igene et al., 1993). Drying to 40% moisture content 

prevented excessive denaturation of the proteins, 

which increased the binding of slurry during the 

dipping process in the slurry (Igene et al., 1993). 
 

In another dimension, we looked at the microbial 

quality of polyphosphate treated kilishi meat product 

stored at ambient temperature and reported that the 

presence of polyphosphate enhanced the microbial 

quality in terms of total aerobic plate count, coliform 

count and Staphylococcal count. We also reported the 

presence of Bacillus subtilis (29%); Enterobacter 

hafnia (24%); Pseudomonas pseudomallei (14%); 

Aeromonas hydrophilia (19%) and Staphylococcus 

aureus  (14%)  in  the  product  (Negbenebor  et  al., 

1992). Although, S. aureus was isolated in this study, 

the concentration was below the critical level required 

to initiate food poisoning. The report also indicated 

that because of the low moisture content and 

consequently low water activity, the product was 

stable at ambient temperature for a considerable 

period (Negbenebor et al., 1992).
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Figure 8. Final stage kilishi 

Source: Igene et al., 2018 
 

 
 

Smoked meat and fish product 
 

Most smoked fish and meat product on retail display 

often contain high moisture content. In order to reduce 

this moisture content, they are further subjected to 

sun-drying. During this process, they may be 

contaminated with moulds. Moulds have been 

associated with aflatoxin production. This in a way 

might be one of the ways in which aflatoxins may be



 

 

transferred to man. A survey was therefore carried out 

to determine the moulds associated with smoked meat 

and fish products in Maiduguri. The mould isolated 

were both of field and storage origin. The presence of 

Aspergillus niger, A. flavus and A. fumigatus in the 

samples became worrisome as these are capable of 

causing possible health hazard, as they have been 

implicated  in  aflatoxins production  and its  related 

health  problems  as  they  are  carcinogenic 

(Negbenebor et al., 1999). 
 

 

Denderu 
 

Denderu meat product is a delicacy served in 

weddings and on special occasions. This is a spiced, 

barbecued meat product (Poultry, mutton or beef) that 

is roasted overnight in an earthenware pot in a pit over 

a glowing fire. It is a common meat product among 

the Kanuris and Shua Arabs of Northern Nigeria. 

Efforts were made to  extend  the shelf life of the 

product using acetic acid and potassium sorbate dip in 

various combinations. Result indicate significant 

reduction in microbial counts and TBA values during 

storage at ambient temperature (26-290C). This 

inhibition in oxidative deterioration and microbial 

growth is responsible for the increase in shelf-life of 

the  product.  Staphylococcus  epidemidis,  Bacillus 
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cereus, B. subtilis, B. xerosis, Rhizopus oryzae, 

Aspergillus flavus, A. niger,  and A. fumigatus were 

isolated from the samples. The potassium sorbate 

treated  samples  were rated better than acetic acid 

treated samples in sensory scores (Negbenebor et al., 

2001). 
 

 
 

Plate 1. Denderu meat after production 

Source: Gambo et al., 2019 
 

 
 

Sodium Citrate 
 

Our team also looked at the effect of sodium citrate 

and season on quality of denderu and reported that 

denderu stored in dry season at ambient temperature 

did  better  in  terms  of  shelf  life  extension  when
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compared  to  those stored  during  the rainy  season 

(Gambo et al., 2019). This was due to the higher 

ambient temperature (37-210C) and low humidity 

(30%) during the dry season when compared to that 

of the rainy season (Temperature 35-230C and 

humidity 80%).  Samples treated with a combination 

of 2.5% citrate and clove had the greatest effect in 

reducing the TBA values, peroxide values and free 

fatty acid values of the treated samples indicating 

ability to increase shelf life during the three weeks 

storage period (Gambo et al., 2019). 
 
 

 

Danbun Nama 
 

Dambun nama is a boiled spiced meat sometimes 

pounded into shreds before frying in vegetable oil. 

Since they are fried in oil, rancidity may be a problem. 

Our team investigated the effect of a combination of 

polyphosphate and vinegar on quality of Danbun 

nama. The treatment did  not  have any  significant 

effect on TBA values but significantly reduced the 

total aerobic plate count during storage for 24 weeks 

at  ambient  temperature  (Igene  and  Negbenebor, 

1992). The proximate composition of the processed 

product  indicated  moisture  content  of  14.4%  to 

17.1%, protein  ranged  from 45.7-47.5%, fat 31.1-
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32.6% and ash content of 5.7-6.5%. Samples treated 

with a combination of polyphosphate and vinegar had 

superior organoleptic properties. Microorganisms 

isolated were, Staphylococcus aureus, Bacillus cereus 

B. subtilis and Streptococcus faecalis (Negbenebor et 

al., 2001). 
 

Sharmudd 
 

This is a fermented sun-dried meat product produced 

mainly from beef and mutton. It is mostly consumed 

by the Shuwa, Kanuri and Marghi tribes in northern 

Nigeria and in the neighbouring countries of Chad and 

Niger republics. In preparing sharmudd, thin strips of 

meat approximately 30cm in length by 2.5cm in width 

weighing 66gm are hung on a rope in the sun and 

allowed to dry after treatment with various 

combinations of African nutmeg (Monodora 

myristica) seed extract and polyphosphate. After 12 

weeks of storage at ambient temperature, the moisture 

content  of sharmudd ranged  from 28-32.11%,  Fat 

(7.5-8.80%), protein (25.40-29.05%) and ash (8.30- 

9.60). The sample treated with a combination of 0.3% 

polyphosphate and 0.3% Monodora myristica during 

the storage period showed evidence of mould 

inhibition while the sensory quality was greatly 

improved as reported by the taste panellists (Aliyu
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and Negbenebor, 2019). The treatments improved the 

overall quality of sharmudd. The microorganisms 

isolated from the samples after 4 and 8 weeks of 

storage were Staphylococcus epidermidis, E.coli, 

Micrococcus and Pseudomonas aeruginosa. 
 

 

FISH PRODUCTS 

Bunyi-youri 

This is a fermented sundried fish product prepared 

from Nile perch (Lates   niloticus)   and is used as 

condiment by the Kanuris of Northern Nigeria. 
 

During processing, a lot of odoriferous compounds 

are produced which attract flies. Our team looked at 

the proximate  composition  and  also  the microbial 

flora involved in its fermentation. Micrococcus 

species accounted for 80%, while Staphylococcal 

species which were coagulase negative accounted for 

20%. It is believed that some of these microorganisms 

produced   peroxides,   bacterocins   and   antibiotics 

which inhibit pathogenic organisms.     After 

fermentation and drying, there was a significant 

increase (p<0.05) in the amount of protein, fat and ash 

with a corresponding decrease in the amount of 

moisture in the finished product when compared to 

the  fresh  fish  samples.  The  protein  content  was
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32.63±1.05%, 40.59±0.12% fat, 24.80±2.55% 

moisture and 1.88±0.32% ash content (Negbenebor et 

al., 1995). The result also indicate there were two 

major stages during the processing, the first  stage 

characterized by high microbial count, high TMA 

values, and the second phase characterized by 

decrease in mesophilic count, pH and TMA values. 

(Negbenebor et al., 1995). 
 

Attempts were made to reduce the fermentation time 

by dipping the fish in various combinations of glucose 

and clove mixtures. In order to improve on the 

hygienic aspect of the processing, samples were dried 

in a solar tent dryer at a temperature of 650C and 

relative humidity of 21.9%. The energy values for the 

treated and processed samples ranged from 447.38- 

455.78 Kcal/100g  which  were significantly  higher 

(P<0.05) than those of the controls (443.81-444.59) 

Kcal/100g and that of the fresh fish which was 86.57 

Kcal/100g (Idakwo et al., 2016a). After 12 weeks of 

storage, samples treated with a combination of 2% 

clove + 0.5% glucose were rated better than other 

samples in terms of sensory characteristics. The 

treatment reduced the fermentation time, while the 

use of the solar-tent at  a temperature higher than 

ambient led to accelerated processing and a more 

hygienic product. Such accelerated processing would
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increase the rate and volume of production, while the 

enhanced sensory characteristics would increase the 

rate of turn over for the product. This will increase the 

financial benefits of the local fisher folks (Idakwo et 

al., 2016a). In another study, the microbial population 

associated with bunyi youri dipped in a combination 

of clove and glucose solution were determined. Result 

indicate Micrococcus species constituted 45%, while 

the least was Streptococcus species 4.17%. 

Aspergillus and Penicillin sp. were isolated from all 

samples irrespective of treatment, however, the 

Cladosporium species were isolated from the controls 

but were non-detectable in the treated samples. The 

treatment showed evidence of improvement in the 

microbiological quality of the product (Idakwo et al., 

2016b). 
 

 
 

Figure 9. Pepared Bunyi youri samples 

Source: Idakwo et al., 2016
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In another study our team looked at the monolayer 

moisture content of glucose and clove treated bunyi 

youri using the Brunauer-Emmett-teller (BET) and 

Guggenhein-Anderson de Boa (GAB) equations. The 

monolayer moisture content is considered as the value 

at which the food is most stable. Going outside this 

value especially during storage could lead to 

depreciative phenomena such as rotting, mould 

growth, fragmentation, drying out and other losses 

such as enzymatic browning and lipid oxidation. The 

BET and GAB monolayer moisture contents of bunyi 

youri decreased with increase in temperature.  The 

desorption and   adsorption values for GAB and BET 

models were determined and these will enable the 

models to predict the possible behaviour of this 

product during storage and drying in well-defined 

conditions (Idakwo et al.,2013). 
 
 

Washed Minced Fish and Kamaboko Product 
 

Surimi is a term used in Japan to describe fish that has 

been deboned mechanically, has been washed with 

water and mixed with cryoprotectants to ensure its 

extended shelf-life (Lainer, 1986). 
 

Kamaboko on the other hand is a sausage type product 

obtained from surimi (Scott et al., 1988). The price of
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surimi tripled in the world market as a result of 

demand. This was as a result of the allocation of the 

Alaskan fishing limits in order to protect the stock 

(Anonymous, 1991). This led to attempts to produce 

surimi from our local resource and determine their 

acceptability after treatment with Piper guineenses. 
 

Piper guineenses is grown and marketed in Nigeria 

and its effect on surimi and kamaboko is not well 

known. We designed a study to evaluate the effect of 

piper guineense on quality of kamaboko and surimi 

stored at refrigerated temperature. The treatment had 

no effect on Trimethylamine values (TMA) but 

reduced the total aerobic plate count significantly 

during storage at refrigerated temperature. It also 

enhanced the taste and overall acceptability. Results 

suggest that high quality fish cake (kamaboko) can be 

produced from local fish resource (Clarias 

anguillaris). This should enhance fish utilization and 

reduce losses, while increasing the number of fish 

products available in the market (Negbenebor et al., 

1999) 
 

Retailed Smoked Fish 
 

We looked at the mycoflora of retailed smoked fish 

products in Maiduguri metropolis. Maiduguri is a 

major  centre  of  fish  commerce  in  the  lake  chad
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district. These include cat fish (Clarias sp.), 

Citharinus citherus, Hydrocynus vitatus, Synodontis 

clarias and concluded that these moulds isolated were 

of both field and storage origin.  Aspergillus species 

which are field fungi were most predominant with A. 

niger being isolated from all the samples (Nkama et 

al., 1990). However, A. koningiasis and A.terrus were 

each isolated only once and were therefore referred to 

as mycoflora of rare occurrence in retailed smoked 

fish in Maiduguri. However, the presence of A. niger, 

A. fumigatus and A. flavus were of some concern 

because they are capable of producing aflatoxins and 

can invade the tissues with their resultant 

consequences (Negbenebor et al., 1999; Nkama et al., 

1994 Igene et al.1993,). 
 
 

Solar-Tent and Open Air-Dried Fish 
 

As a result of the abundant amount of solar energy 

available most times of the year in Maiduguri, some 

of their fish products are sun dried, which subjected 

them to dust, microbial and insect contamination. We 

did a comparative study between solar-tent dried 

samples and open air-dried samples and concluded 

that solar tent dried samples had better microbial 

quality and therefore better keeping quality 

(Negbenebor et al., 2003; Idakwo et al., 2013).
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A simple solar tent dryer was constructed which 

consisted of a raised and insulated plat form covered 

with black polythene material at the base which 

served as a solar collector.  A few meters above the 

basement was a drying rack, made of wire mesh. The 

tent was covered by a transparent polythene cover 

through which passes solar radiation. 
 

 
 

Figure 10. Solar tent dryer 

Source; Idakwo et al., (2016)
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The advantage of the solar tent includes reduction in 

dust, insect and animal contamination, drying at 

elevated temperature which inhibit enzyme activities, 

production of fish products with low water activities 

and longer shelf life, little or no energy utilization, 

shorter drying periods leading to accelerated 

processing and thus processing can actually be carried 

out under ambient temperature conditions (Clucas and 

Ward, 1996; Negbenebor et al.,2003; Idakwo et al., 

2016). 
 

Xylopia etheopia 
 

Spices are known to have preservative and anti- 

microbial properties. Xylopia etheopia is a spice used 

in pepper soup and other meat delicacies in Nigeria. 

We investigated its effects on the quality of solar-tent 

dried and open air-dried fish (Clarias anguillaris). 

Samples were treated with various concentrations of 

Xylopia etheopia from 0- 1.5% (w/v) and were either 

open air dried or solar tent dried. After four weeks of 

storage, there was no evidence of mould growth in 

any of the samples. Studies suggest that Xylopia 

etheopia has some antifungal effect on fish products. 

The effect of Xylopia etheopia on the drying rate 

indicated that for the first 10 hours, solar tent dryer 

had a faster drying rate than the open-air dryer. This
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was followed by a constant rate of drying until after 

20 and 25 hours were reached before the drying rate 

falls off for the solar tent and open-air dryer 

respectively, due possibly to ‘’case hardening’’ at the 

surface of the fish samples. Irrespective of the drying 

period the fall in the rate of drying was concentration 

dependent (Negbenebor et al., 2003). 
 

Rice Husks Extract 
 

Rice husks is the hard outer layer of the rice grain and 

is a major by-product of the local rice milling industry 

in Nigeria. Methanol extract of the rice husks were 

obtained (Olorunsanya et al., 2009), and fresh fish 

samples were treated with them at the rate of 0, 0.5, 

1.0.and 1.5% before smoking using a local smoking 

kiln. 
 

Samples were evaluated for quality following 

smoking and storage at ambient temperature. The 

treatment had no effect on microbial count and on 

sensory scores, but significantly reduced (p<0.05) the 

Trimethylamine value and the free fatty acid content. 

Result suggest that rice husks extract can extend the 

shelf life of smoked fish product. We can turn waste 

to wealth, if we can use rejected rice husks to increase 

the storage stability of smoked dried fish (Gambo et 

al., 2018).
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Heavy Metal Content in Fish 
 

Contaminated water from mining, sugar and oil 

refineries and other human and industrial activities 

have been reported to be partly responsible for the 

presence of trace metals in our water systems. Such 

presence could lead to the bioaccumulation of these 

metals in aquatic forms. This could become a problem 

over time, if they exceed the thresh hold values for 

such metals in aquatic forms when consumed by man. 
 

Such concern led us to investigate the concentration 

of heavy metal  content in  fresh  and smoked  four 

species of fish: Tilapia nilotica (Tilapia), Synodontis 

gutheri (Kurugu), Heterotis niloticus (Bargi) and 

Clarias anguillaris (catfish) from three locations in 

lake Chad basin. The heavy metals were present in 

both fresh and smoked fish products from all the 

locations investigated.   The concentrations were 

higher in fresh fish harvested during the raining 

seasons than those in dry seasons. The concentrations 

were higher in the smoked than in the fresh fish as a 

result of concentration due to the heat applied during 

smoking. The sequence of the concentration was in 

the order Pb>Hg>Cd>As. However, none of the 

heavy metal concentrations was above the threshold 

values   recommended   by   the   WHO   and   FAO.
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Although the present levels were safe, there is need to 

ensure continuous monitoring since the presence of 

heavy metal in human diet have been associated with 

neuro-, nephro-, carcino- to immunological disorders 

(Igwegbe et al., 2015). 
 

We also investigated the effect of seasonal variation 

on level of heavy metals in the water bodies in three 

locations. The four heavy metals were detected at low 

levels in the three locations during the raining and dry 

seasons. Although there were significant differences 

in concentrations in the amount of lead and mercury 

as a result of seasonal changes in the location, the 

values were below the thresh hold values for these 

metals as recommended by the WHO and FAO, 

therefore, the consumption of such fish at present, 

does not constitute any health hazard with regard to 

heavy metal concentration. (Igwegbe et al., 2014). 
 
 

 

CONCLUSION AND RECOMMENDATIONS 
 

The meat/fish consumption pattern in Nigeria is 

below the worlds average, which suggests that most 

Nigerians suffer from protein energy malnutrition. 

Nigeria is the giant of Africa. Nigeria should also be 

the giant of meat and fish production, processing and
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export in Africa. With a coast line of 853 km Nigeria 

should not be seen to be importing fish worth 1.6 

billion dollars annually. 
 

Can we turn this around? Yes, we can. 
 

Our research has shown alternative approaches which 

can be employed in the preservation of fish/meat 

products which not only reduces spoilage and waste 

but also improves the nutritive and organoleptic 

qualities of foods with the potential to help in meeting 

the protein needs of the nation. 
 

Therefore, efforts should be directed towards 

commercial production of smoked meat and fish 

products that are shelf stable and microbiologically 

wholesome using some of these simple methods we 

have developed. 
 

Scientist should collaborate and develop simple 

drying kilns which are cheap, efficient and effective, 

so that the local processors can purchase them. 
 

We should encourage the use of solar dryers which 

produces better quality products when compared to 

open air dryer. This will not only be cost effective but 

will reduce emission problems associated with smoke 

drying.
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Such products will not only be acceptable locally, but 

also in the international market. This will bring in the 

much needed foreign exchange. 
 

Efforts should be made to develop solar refrigerator. 

This will reduce energy cost. 
 

There is need to put in place extension service agents, 

these can serve as bridges between the researchers and 

the processors or the end users 
 

The processors should be encouraged to form 

cooperatives to enable them obtain soft loans in order 

to enhance the quality of their business. 
 

Government, industries and Local producers can form 

Public-Private- Partnership to address short fall in fish 

and  meat  supply.  This  will  enable them  purchase 

trawlers and processing equipment to increase fish 

production on a large scale. 
 

Hopefully this should put Nigeria on the road map to 

protein self-sufficiency.
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