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Abstract Africa is faced with dire food security challenge. Despite the fact that Africa remains the continent with
greater arable land to feed it growing population and beyond, yet the continent remain the most impoverished in
food security. Nearly 240 million people in sub-Saharan Africa lack adequate food for a healthy and active life.
There is therefore an urgent need to look for more practical ways to tackle this challenge. One of such ways is the
promotion and utilization of indigenous knowledge (IK) of food processing, preservation and storage. Africa is
blessed with various types of food produce and also possesses diverse indigenous knowledge systems for their
preservation and storage. Using of indigenous knowledge (IK) in solving food shortage therefore remains a powerful
means of sustaining household food security. These indigenous methods of food preservation such as sun drying,
fermentation, germination and soaking are time tested and has been used by locals over generation to preserve their
produce after harvest thereby serving as a survival strategy. Simple, low-cost, traditional food processing techniques
are also the bedrock of small-scale food processing enterprises that are crucial to rural development in Africa.
Traditional/indigenous foods also provide inexpensive, safe, nutritious foods throughout the whole year thus
boosting overall food security. Traditionally, long-term methods like fermentation and drying have been used for
fruits and vegetables. They also provide an economic means of preserving food thus making it available during the
period of scarcity. Unfortunately, despite these benefits, IK is fast eroding. Factors enhancing this gradual
destruction include influence of western culture, changing socio-cultural status of women, lack of documentation,
high illiteracy level among women. This review recommends that there is an urgent need to preserve and promote IK
as a very important resource. All stakeholders must therefore be involved - governmental, and non-governmental
bodies as well as the local people themselves. The inclusion of indigenous knowledge of food processing and
preservation into any policy of program geared towards reduction of food insecurity will not only boost the peoples’
confidence on themselves but also in their ability to be part of the solutions to the challenges facing them, thus
increasing the chances of success of such programs.
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1. Introduction
Africa remains the continent with greater arable land to
feed it growing population and beyond, yet the continent
remain the most impoverished in food security. High postharvest food losses, arising largely from limited food
preservation capacity, are a major factor constraining food
and nutrition security in the developing countries of West
Africa, where seasonal food shortages and nutritional
deficiency diseases are still a major concern. Proteinenergy malnutrition (PEM) and the various micronutrient
deficiency disorders including vitamin A deficiency
(VAD), nutritional anemias due to deficiencies of iron,
folic acid and vitamin B12, and iodine deficiency
disorders (IDD) remain important public health problems.

A high level of malnutrition is, particularly reported
among rural children with figure varying from 56 percent
in rural communities in South West to 84.3 percent of
those in Northern Nigeria [8]. It has been documented that
Sub-Saharan Africa is home to 30 million under nourished
children i.e. about one in five [18] and this figure is
expected to increase by 2015 [38].
High post-harvest food losses, arising largely from
limited food preservation capacity, is a major factor
constraining food and nutrition security in the developing
countries of Africa, where seasonal food shortages and
nutritional deficiency diseases are still a major concern.
Greater portions of this amount is lost due to various
factors such as poor infrastructure, low levels of
technology and low investment in the food production
systems, pest, inadequate policies, storage, climate and
other factors [46]. It has been estimated that the in sub-
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Saharan Africa more than 40% of food losses occur at post
harvest and processing levels, while in the industrialized
countries more than 40% of the food losses occur at retail
and consumer levels. [34] Tanzania, for instance, is
known to have 30% of cereals and 70% of fruits and
vegetables lost every year due to poor handling, storage
and processing [40]. This loss is huge considering that in
these countries food represents as much as 80% of
household spending and crop production remains the
principal source of income for most households [99]. One
way the arrest this huge post harvest losses and improve
food security is the recognition, promotion and utilization
of African indigenous knowledge, skills and practices in
food processing, preservation, and storage. This is because
indigenous knowledge (IK) has been used at the local
level by communities as the basis for decisions pertaining
to food security, human and animal health, education,
natural resources management, and other vital activities
[44]. World Bank [102] has recognized that African
indigenous knowledge is innovative and unique among the
local producers and can help in the fight against hunger
and malnutrition. While indigenous agricultural knowledge
is of immense value in improving food preservation, its
documentation and dissemination remain a big challenge
confronting librarians and other information professionals,
particularly in Africa where cultural practices are
prevalent. Indigenous knowledge is important because it
often the only asset for many poor, rural societies and its
significance increases as other resources disappear or
dwindle.
Indigenous knowledge refers to what indigenous people
know and do, and what they have known and done for
generations –practices that evolved through trial and error
and proved flexible enough to cope with change [61].
According to Sundamari and Ranganathan [88], African
indigenous knowledge (AIK) is an unwritten body of
knowledge. It is held in different brains, languages and
skills, in as many groups, cultures and environment as are
available today. Indigenous people have developed
indigenous practices and technology for the storage,
processing and preservation of food.
By storing and preserving food, households ensure that
they secure food without jeopardizing future food
consumption [53], thus translating into access, entitlement
and security. In most parts of Africa, the bulk of the
agricultural produce is preserved and processed using
simple indigenous knowledge and practices. Women use
these techniques predominantly and they provide income
and employment. For example, cereals and legumes play
an important role in the diet of the majority of the
population and in issues related to their production,
storage, marketing, and processing are very important.
The outcome expected is to provide Africans with
adequate and nutritionally balanced diets at affordable
prices, both now and in the future. The cereals grown in
Ghana can be used in many various foods using
indigenous knowledge and technology. Some of the foods
from maize include fried cakes (akpiti), steamed or baked
dumplings (abolo), boiled maize porridge, corn-wine
(nmeda), or just corn on the cob. Legumes are used in
various forms in Ghana, such as boiled beans, cakes
(akara), bean stews, bambara porridge (aboboe), roasted
or boiled groundnuts, ground-nut paste, groundnut soup,
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and groundnut cakes. Certainly in Africa indigenous
knowledge and practices cannot be overlooked.
IK is being a locally owned and controlled resource,
could be harnessed into a developmental tool in improving
the quality of life of the rural poor. Indigenous knowledge
represents valuable source of local solutions to the food
insecurity in terms of accessibility by the rural population,
particularly during seasonal food shortage or major stress
periods such as droughts Building on IK can be
particularly effective in helping to reach the poor since IK
is often the only asset they control, and certainly one with
which they are very familiar [44]. In sub-Saharan Africa
in general people have also traditionally utilized
indigenous knowledge and skills, most often locally
developed and handed down in the course of centuries
[76].
These benefits notwithstanding, IK is regarded as
inferior because people regard traditional practices as
primitive and outdated which has led to a decline in its
effectiveness in the enhancement of food security. There
is therefore an abandonment of the indigenous ways of
food storage and preservation that used to help a great deal
in sustaining food security in most households [53].
Colonialism, commercialization, globalization and
modernization, lack of efficient codification, breakdown
of the traditional family structure and function,
developmentally induced human displacements, the
decline in the practitioner base and many other reasons.
Eyong, [30] have hastened the reduction in IK practices.
Parawira and Muchuweti [81] also noted that Zimbabwe is
rich in traditional and indigenous foods but unfortunately
little research has been undertaken to show their
nutritional values and methods of improving their
processing and preservation.
The need for improvement in food availability and
access calls for innovations in the manner post-harvest
staples, vegetables, fruits surplus and meat products can
be processed and preserved and sold cheaper and safer for
consumption by human and non-human (household and
farm animals and birds including fish). Utilization of the
IK of the locals could achieve this. There is therefore a
need for a paradigm shift in terms of agricultural food
security that would emphasize a thrust on the promotion,
the adoption, adaption and utilization of traditional
knowledge and technologies for food security [23]. The
potential for indigenous knowledge to contribute to the
achievement of household food security is tremendous
because the livelihood of the rural poor depends almost
entirely on indigenous skills and knowledge which are
essential for their survival. It is logical then that for any
developmental plan and process to be effective,
indigenous knowledge is of particular relevance.
Unfortunately, indigenous knowledge is a resource widely
ignored by development planners and policymakers [50].
In order to position IK of food preservation and
processing into the mainstream of efforts to reduce food
insecurity especially among the rural poor, this paper aims
at x-raying the indigenous knowledge systems with which
African rural farmers process, preserve and store the
abundance of food crops available in the continent.
Improvements or changes that have taken place in some of
the local methods have also been highlighted with a view
to securing the harvest. The paper also discusses some of
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the challenges of utilizing indigenous food preservation
and processing knowledge and suggests way forward.

2. IK and Food Security
World population is expected to reach 9 billion by 2050
[95]. The expected demands by this large population for
food, shelter and medicines will have to be met. One area
which is of great concern to the world is how to ensure
food security for all nations and eliminate extreme poverty
and hunger [49]. Hunter and Fanzo [49] again assert that
there is an urgent need for collective action to address
food and nutrition security at the global level. Food and
nutrition security can only be achieved when adequate
food (quantity, quality, safety, socio-cultural acceptability)
is available and accessible for and satisfactorily used and
utilized by all individuals at all times to live a healthy and
active life [22]. Food security is built on four pillars: (i)
Food availability: sufficient quantities of food available on
a consistent basis; (ii) Food access: having sufficient
resources to obtain appropriate foods for a nutritious diet;
and (iii) Food use: appropriate use based on knowledge of
basic nutrition and care; (iv) Stability in food availability,
access and utilization [93]. Food security also involves the
quality of food, the continuity and regularity of its supply
as well as distribution among different population groups
and areas, and within households [63]. Access to adequate
and nutritious food is limited by low income of the
majority of the populace. Consequently, access to food is
now perceived by many as a privilege rather than a basic
human right.
High post-harvest food losses, arising from limited food
preservation capacity, are a major factor constraining food
and nutrition security in developing countries of Africa
where seasonal food shortages and nutritional deficiency
diseases are still a major concern. It is estimated that about
50% of perishable farm produce including fruits,
vegetables, roots and tubers and about 30% of food grains
including maize, cowpea, millet, rice and so on are lost
after harvest in West Africa [75]. This high post harvest
losses could be minimized by promoting traditional food
processing and preservation techniques with the view of
upgrading them. Traditional technologies of food
processing and preservation date back thousands of years
and unlike the electronic and other modern high
technology industries, they long preceded any scientist
understanding of their inherent nature and consequences.
Traditional foods and traditional food processing and
preservation techniques form part of the culture of the
people. They constitute a vital body of indigenous
knowledge handed down from parent to child over several
generations, which should be properly guided, documented
and promoted. These simple low-cost, traditional food
preservation techniques are indeed the bedrock of small
scale food processing industries. Unfortunately however,
this knowledge is often undervalued which has
consequently led to the loss of some of them.
Indigenous knowledge has been defined in different
ways but all have the same focus. It is the local knowledge,
which has been institutionalized, built upon and passed
from one generation to the next [72,79,98]. Indigenous
knowledge systems (IKS) are a body of knowledge, or

bodies of knowledge of the indigenous people of
particular geographical areas that they have survived on
for a very long time. IKS is local knowledge that is unique
to a given culture or society [58]. Indigenous knowledge
encapsulates the common-good-sense ideas and cultural
knowledge of local peoples concerning the everyday
realities of living [87]. It is the local knowledge that is
unique to the given community and forms the basis for
their local level decision making in agriculture and
connects people directly with their environment [14]. This
knowledge is passed down from generation to generation
by word of mouth and generally relies on intuition.
Indigenous knowledge usually includes the cultures,
traditions, values and beliefs of the local community [14].
Rural women particularly are one group within a
community who hold enormous indigenous knowledge of
food production, storage and processing which can assist
modern efforts of reducing food insecurity and hunger. In
fact, Brown [19] noted that women play a significant role
in food security, though they are constrained by various
factors. Makamure et al. (2005) are also of the view that it
is women who tend to be responsible for food crops,
storage, processing and preservation. Parawira and
Muchuweti [81] also cited that in Zimbabwe processing
and storage is mostly done by women.
In surveys conducted in rural western Sudan, 80.4
percent of those surveyed confirmed that indigenous
processed and preserved food products represent essential
sources of foods and this is not limited to times of food
shortage [50]. Walingo [97] noted that indigenous
methods are a cheaper, acceptable, economically feasible
and sustainable means for improved zinc status. During
seasonal food gaps, rural people are entirely dependent on
the preserved foods as the only food source until the onset
of harvest later in the year. Indigenous methods of food
preservation in many parts of Africa vary but generally
not without serious problems [67]. Some of these
problems are the tenacious continuity of practices and
beliefs that lack openness and flexibility to necessary or
constructive changes [89].
Table 1. The extent of use of some indigenous food processing
methods in some parts of Anambra State Nigeria
Frequency

Percentage (%)

Sun drying

Indigenous practices

113

94.2

Pounding with locally made mortar

43

35.8

Roasting and frying food

75

62.5

Grinding with stone

48

40.0

Early harvest with hand

91

75.8

Use of sacks

82

68.3

Burying in moistened soil

20

16.7

Mixture of red pepper

92

76.7

Wood ash application

56

46.7

Placing under fire

102

85.0

Source: [71].

Sun drying and fermentation are among the common
indigenous methods of food processing and preservation
being practiced by a majority of people living in the rural
areas. Table 1 shows the extent of use of some indigenous
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food processing methods in some parts of Anambra State
Nigeria. Processing of such foods using indigenous
practices and technologies could therefore enhance food
availability and access to household in periods of scarcity
[69]. They also enhance food security by stabilizing foods
supplies beyond the area and season of production.
Utilization of IK in food processing and preservation also
promotes great diet diversity and gives people access to a
wider choice of products and hence to a higher level of
nutrients such as vitamins and minerals than they would
otherwise consume.

3. Sun Drying and Food Security
Drying is one of the oldest methods of food
preservation. It is important in food security because when
water is removed from farm products to a reasonable level,
the shelf-life is extended. The dried products is later
rehydrated prior to use in order to produce a food that
resembles the fresh crop especially during the dry season
when the people have to eat products preserved in various
ways. Drying is also an intermediate process in the
processing of food e.g. foods need to be dried before they
are ground into flour. Drying is therefore a prominent
means of preserving surplus food products for the offseason. Drying can be in the form of the ordinary sundrying which involves spreading the food material on the
bare grounds, road sides or on roof tops. Sun drying is a
key traditional and inexpensive method of food
preservation. This is because of its versatile application to
numerous foods. Almost all food items can be sun dried –
tubers, cereals, vegetables, fruits, fish, meat etc. Sun
drying has been used to keep foods for a long time without
spoiling; examples of food that can be sun dried are maize,
peeled cassava, peeled yam, vegetables etc. Meat and fish
are dried over smoke which adds flavor besides increasing
shelf life [97]. Other food is first salted if there is danger
of decaying during the drying process, as is the case with
meats and tomatoes and afterwards stored in dry place at
room temperature. Dried-tomatoes are then soaked in
warm water to be turned into tomatoes sauce.
In Sudan, meat from slain animal sheep, goats, cow,
and camel is first cut in long pieces, salted, smeared with
powdered coriander, and dried for about a week to give a
product called “shermout” [50]. In Ethiopia and northern
Kenya, among the pastoralists, meat that is cut into long
pieces (quanta) is smeared with powdered pep-per, salted,
and dried by hanging it above the fireplace for 5-7 days
[76]. Among the Somali, dried meat (otkac or nyirnyir) is
prepared from camel meat (hilib gel). Strips of sun-dried
meat are cut into small pieces that are fried (usually in oil
with garlic and iliki) and immersed in camel ghee (subag).
Nyirnyir can last for several months and is usually eaten
with tea, honey, chapatti, and enjera [54]. In Nigeria
tomatoes are sun dried and the soaked in warm water,
ground and used to prepare sauce. These dried tomatoes
can keep to up to a year. In Malawi, dried vegetables are
prepared by parboiling them, followed by sun-drying for
some days, depending on the intensity of the insulation.
They were stored in large pots called mtsuko, in order to
maintain their flavour. These pots were not used for other
storage; only for these preserved vegetables [54]. These
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vegetables would be kept for over a year. In Zimbabwe,
vegetables are sun-dried after boiling in salted water for a
few minutes. These are then stored in a safe, dry place.
This method is also used to dry edible insects such as
white ants, termites, and caterpillars [76].
Another method is to directly spread the food in the sun.
The food is first salted if there is danger of decaying
during the drying process, as is the case with mushrooms
and tomatoes. Food drying is an important activity for
women as they bear responsibility for food preparation,
even during the dry seasons [37]. These indigenous
knowledge help in maintaining food access at all times
[53]. Food crops like maize, beans and groundnuts were
sun-dried before storage to increase their shelf life for
about six months. A study carried out in Uganda revealed
that as many as 95% of respondents still used sun drying
as the major indigenous practice for food processing [5],
while a survey carried out in Anambra state of Nigeria,
showed that more than 80% of the respondents still used
sun drying for food preservation [71].
Traditional African drying methods include spreading
the material on flat stones, linen, canvas, wire-mesh, or
leaves and even on the soil where there is little control of
the drying process. Products dried in this traditional
method are therefore subject to spoilage from unsuspected
or abrupt rains, windborne dirt, vermin, vermin excrement,
insects, insect parts, and worms including dirt from the
activities of the workers. Toxins can also develop in such
uncontrolled drying set-ups leading to degradation of
quality beyond edibility. The greatest disadvantages of
drying food however include loss of colour, loss of
flavour and loss of vitamins, some of these losses can be
mitigated by not drying the food too long. To minimize
these contaminations, sun-drying could be done on raised
platforms rather on flat surfaces.

4. The Role of Fermentation in Food
Security
Fermented foods are defined as those foods which have
been subjected to the action of microorganisms and
enzymes [20] for the production of foods with distinct
quality attributes that are quite different from the original
agricultural raw material. When food ferments, it produces
acids that prevent the growth of organisms that cause
spoilage and confers some desirable attributes to the food
such as pleasant flavours, textures, consistencies,
improved cooking qualities, improved digestibility etc.
According to FAO [35], during the fermentation of raw
vegetables, lactic acid bacteria develop, transforming the
natural sugars present and the added sugar into acid. The
characteristic flavour and texture of fermented vegetables
is produced by the action of lactic acid bacteria. It is a
technique that has been employed for generations to
preserve food for consumption at a later date and to
improve food security.
Fermentation is one of the oldest, traditional method of
food preservation and has become part of people's culture.
The fermentation technology constitutes an important
body of indigenous knowledge used for food preservation,
acquired by observations and experience, and passed on
from generation to generation [74]. Fermented foods and
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beverages are estimated to make up approximately 1/3rd
of the human diet [96]. Fermentation is a traditional way
of preserving vegetable surpluses which, when used,
enhances the overall flavor of the meal. The technique
provides a suitable environment for lactic acid bacteria to
grow, thus imparting an acid flavor to the vegetable. On
the other hand, roots and tubers are mainly fermented to
add variety to the diet. Cassava and sweet potatoes are the
most commonly fermented ones. Two well-known types
of fermented cassava are gari and fufu, products of natural
fermentation. Other traditional fermented foods include
products sourced from cereals, fruits, legumes, meat, fish,
milk and wild foods. These traditional fermented foods are
of great importance because they provide and preserve
vast quantities of nutritious foods in a wide diversity of
flavors which improve the value of foods [50]. Banana
beer, a popular drink in Uganda, Rwanda, Burundi, Gabon,
and Cameroon, is made by allowing banana juice to
ferment. Palm wine and coconut wine are made through
the same process. The examples cited are few of many
hundreds of foods produced by fermentation processes
that are consumed all over Africa. Fermentation also
provides a low-cost way of preserving meat and fish, as
well as adding variety to the diet. There is a wide range of
fermented meat products from Sudan that include
fermented strips of fatty meat, and similar products made
from intestines and offal [83].
Some traditional fermented foods in Nigeria include
gari which is fermented cassava, ogi (fermented product
from maize), fufu, lafun, dawadawa (fermented product from
African locust beans), ogiri, (from castor oil seeds) ugba
(from African oil beans ), kunu zaki (from maize), palm
wine, shekete and the traditional fermented milks, cheese
etc. Lactic acid bacteria and yeasts are responsible for most
of these fermentations [24]. The nomadic tribes of Sudan
make a type of cheese called kush-kush, which is eaten with
sorghum porridge. Another kind of sour milk consumed is
Sudan is fermented camel milk, called gariss. The milk is
fermented in a skin bag hitched to the saddle of a camel
that is allowed to go about its business as usual [27].
Fermentation enhances the nutritional quality of foods
and contributes to food safety particularly under
conditions where refrigeration or other foods processing
facilities are not available [66]. Fermentation enhances
food security in that it provides an economic means of
preserving food thus making it available during the period
of scarcity, it could also contribute to food safety by
controlling the growth and multiplication of a number of
pathogens in foods especially in the developing countries
where economic problems pose a challenge to food safety
[2]. This control of growth of pathogens consequently
reduces the risk of pathogenic diarrhea, a leading cause of
infant death in sub Saharan Africa. Microbial analysis of
the sorghum before and after fermentation revealed that
coliform bacteria, E. coli counts exceeded 2.400 colony
forming unites per gram (cfu/g) in the raw sorghum flour
but the counts were very low in the fermented dough [104].
Salmonella detected in the different sorghum varieties also
disappeared in the fermented dough after 24 hours
fermentation. This might be due to the reduction of pH
and accumulation of organic acids in the fermented
sorghum flour or/and to production of certain microbial
byproducts which eliminated these pathogens [104].

Fermentation improves digestibility of food by
enzymatic modification of primary food products through
the hydrolysis of polysaccharides, proteins and lipids [3].
It may lead to significant improvement in the nutritional
quality of foods by increasing the digestibility of proteins
through hydrolysis of proteins to amino acids, increasing
bio-availability of minerals such as calcium, phosphorus,
zinc and iron through hydrolysis of complexing agents
such as phytate and oxalate, and increasing nutrient levels,
especially B-vitamins, through microbial synthesis [75].
Fermentation processes can result in increased levels of
vitamins in the final product. Saccharomyces cerevisiae is
able to concentrate large quantities of thiamin, nicotinic
acid and biotin and thus form enriched products.
Fermentation technology therefore plays important role in
the nutrition of infants and young people as it is used for
the preparation of complimentary foods [106].
FAO [33] also confirms that nutrient level of some
fermented beverages are enhanced during fermentation.
For instance Sorghum beer in Southern Africa contains
relatively high levels of riboflavin and nicotinic acid,
which are important for people consuming a high maize
diet. Pellagra (a vitamin deficiency disease associated with
high maize diets) is unusual in communities in which
sorghum beer is consumed. Even children benefit from
consuming the dregs which contain relatively little alcohol
but are rich in vitamins. Palm wine in West Africa is high
in vitamin B12, which is very important for people with
low meat intake, and who subsist primarily on a
vegetarian diet.
In southern Sudan, duma (a type of alcoholic drink) is
made by fermenting diluted honey. The duma-making
process is unique to southern Sudan, it is very fast, taking
less than 12 hrs; organisms which tolerate heat are
involved; and the key link in the process is a special
starter culture called iyal-duma (seeds of duma) [28]. The
most widespread indigenous dairy products of Sudan are
roob, kush-kush cheese and mish (spiced traditional
yoghurt) which are usually produced during the rainy
season and can be stored for use for the whole year [50].
During fermentation, detoxification by the elimination
of naturally occurring nutritional stress factors
(anti-nutritional factors) occurs. Other benefits of
traditional fermentation include reduction of mycotoxins
such as aflatoxins and the conversion of otherwise
inedible plant items such as African locust seed and bean
to foods [11]. In natural or pure mixed-culture
fermentation of plant foods by yeasts, molds, and bacteria,
anti-nutritional components (e.g. phytate in whole wheat
breads) can be reduced by up to 50%; toxic components,
such as lectins in fermented foods made from beans, can
be reduced up to 95% [11].
Some fermented foods like fermented milk contain high
concentrations of probiotics which have health benefits.
Some of the beneficial effect of lactic acid bacteria
consumption include: (i) improving intestinal tract health;
(ii) enhancing the immune system, synthesizing and
enhancing the bioavailability of nutrients; (iii) reducing
symptoms of lactose intolerance, decreasing the
prevalence of allergy in susceptible individuals; and (iv)
reducing risk of certain cancers [82].
Fermentation is an important food processing
technology usually developed by women in most Africa
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and Asian countries. For instance, Sudanese women
invented unique fermented products which are white and
red abreh/hulu-mur, a non-alcoholic fermented sorghum
refreshing soft drinks for Ramadan (the holy month of
fasting). Ogi a fermented starch is a major complimentary
food for infants in Nigeria and many West African
countries. The potential therapeutic effects of lactic acid
bacteria and ogi, including their immune-stimulatory
effect, are due primarily to changes in the gastrointestinal
(GI) microflora to suppress the growth of pathogens [26].
The conversion of cassava (Manihot esculenta, Crantz
syn. Manihot utilissima Pohl) to gari illustrates the
importance of traditional fermentations. Without the
benefits of modern techniques, a process for detoxifying
cassava roots by converting potentially toxic roots into
gari was developed, presumably empirically, in West
Africa [13]. The production of gari from fresh cassava
tubers is a major way of cassava utilization in Nigeria.
This is because Nigeria is one of the leading producers of
cassava in the world with an annual production of 57
million metric tons (FAO, 2015). Over 40 varieties of
cassava are grown in Nigeria and cassava is the most
important dietary staple in the country accounting for over
20% of all food crops consumed in Nigeria. Gari is a
popular product in Nigeria, consumed by both the poor
and the rich. It is either prepared with hot water into a stiff
gel and eaten accompanied by a sauce/soup or it can be
soaked in cold water and taken with groundnut, palm
kernel or cooked bean porridge.
Processing cassava roots into gari is the most effective
traditional means of reducing cyanide content to a safe
level by WHO standards [39] of 10 ppm, and is more
effective than heap fermentation and sun drying,
commonly used in eastern and southern Africa [21]. This
cyanide reduction during gari processing is very
significant because despite its vast potential, the presence
of two cyanogenic glucosides, linamarin (accounting for
93% of the total content) and lotaustralin or methyl
linamarin, that on hydrolysis by the enzyme linamarase
release toxic HCN, is the most important problem limiting
cassava utilization. Apart from acute toxicity that may
result in death, consumption of sub-lethal doses of cyanide
from cassava products over long periods of time results in
chronic cyanide toxicity that increases the prevalence of
goiter and cretinism in iodine-deficient areas. Symptoms
of cyanide poisoning from consumption of cassava with
high levels of cyanogens include vomiting, stomach pains,
dizziness, headache, weakness and diarrhea [7]. Chronic
cyanide toxicity is also associated with several
pathological conditions including an irreversible paralysis
of the legs reported in eastern, central and southern Africa
[47], and tropical ataxic neuropathy, reported in West
Africa, characterized by lesions of the skin, mucous
membranes, optic and auditory nerves, spinal cord and
peripheral nerves and other symptoms [80].
Gari is a popular product and its production is the most
improved technology in cassava processing. Gari with a
moisture content of 6 to 10% has a long shelf-life when
appropriately packaged. It’s wide consumption is
attributed to its relatively long shelf life compared to other
food products from cassava, as well as its ease of
preparation for eating [85]. Processing gari from cassava
involves fermenting cassava pulp from peeled, grated
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roots in cloth bags and after dewatering, the mash is sifted
and fried to produce a pre-gelatinized grit with varying
particle. During fermentation, endogenous linamarase
present in cassava roots hydrolyze linamarin and
lotaustralin releasing HCN. Crushing of the tubers
exposes the cyanogens which are located in the cell
vacuole to the enzyme which is located on the outer cell
membrane, facilitating their hydrolysis. Most of the
cyanide in cassava tubers is eliminated during the peeling,
pressing and frying operations though all the unit
operations involved contributes to the detoxification of
cassava [15,25].

Figure 1. Process flow chart for gari production showing points of
cyanide removal (HCN values cited from [78])
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The technologies adopted for the intermediate and
large scale production of gari are similar to the
traditional process, in many respects but differ in not
having the simultaneous but slower in the bag
dewatering/fermentation step. Instead, hydraulic presses
are used to dewater the grated cassava after fermentation
of the mash in separate aluminium tanks. Another
difference between the traditional and industrial
processing of gari manufacture is the replacement of the
predominantly manual steps with some level of
mechanisation. Well packaged gari with a moisture
content of about 6 – 8 percent can keep for about one year.
Gari for use within the shortest possible time may be dried
to about 12 – 24 percent moisture content.
Lactic acid fermentation which is generally employed
in processing cassava products also assists in hydrolysis of
the cyanogenic glycosides to sugar and volatile HCN
which is removed during further processing by heating.
Apart from the detoxifying effect on cassava, it is safe to
presume that lactic acid fermentation also confers on
cassava products such as fufu and fermented flours the
same advantages it confers on milk, nuts and other
proteinous products, e.g. increased digestibility, increased
protein content, improved protein quality and increased
vitamin content. Increased protein contents have also been
reported in the conversion of cassava into gari [6].
Other beneficial effects associated with fermented
foods include reduced loss of raw materials, reduced
cooking time, increased shelf life and microbiological
safety of a food and improved bioavailability of
micronutrients, general improvement in the texture, taste,
aroma and elimination of toxic and anti-nutritional factors
(Iwuoha and Eke, 1996; Mensah, 1997; Motarjemi, 2002).
Combination of two or three indigenous food processing
techniques is common practices among women for
example fermentation and drying or salting, fermentation,
and drying germination for enhanced shelf life. Processing
of some products by women entails a complicated
multi-step process, especially those involving double
methods of fermentation and sun-drying, are rather
complicated and may take up to two weeks to complete.
Fermented products are usually stored for a long period
regardless of the weather conditions.

5. Other Processing Methods and Food
Security
Traditional treatments such as soaking, cooking,
germinating as well as fermenting have been used to
improve nutritional quality of the legume [92]. Sprouting
or germination is a complex metabolic process during
which storage proteins, carbohydrates and lipids are
broken down to provide energy necessary for the
developing plant [107]. As seeds are soaked, enzyme
inhibitors are disabled and the seed explodes to life [16].
Germination then proceeds, and enzymes trigger elaborate
biochemical changes [108]. Ascorbic acid which is
practically absent in dry grain legumes [102] increased in
significant amount after sprouting [55,86]. The metabolic
changes during sprouting improve the bioavailability,
palatability and digestibility of essential nutrients. Soaking
and/or sprouting of grains help to reduce antinutrients,

oligosaccharides and enzyme inhibitors, thereby
increasing the bioavailability of important elements, such
as iron, zinc [4] and other minerals [41]. Processing
techniques such as soaking, germination and fermentation
have been found to reduce significantly the levels of
phytates and tannins by exogenous and endogenous
enzymes formed during processing [4]. Soaking oats
followed by sprouting the oats reduces phytate content and
doubles the amount of absorbed zinc in comparison with
untreated oats. Zinc content is improved when leavened
products are used [43]. Lou and Xie [57] also reported that
soaking and sprouting decreased phytate content in green
and white faba bean. The in vitro availability of iron and
zinc were significantly improved as a result of soaking
and sprouting treatments. Initial sprouting can also
increase the content of important vitamins and reduce the
cooking time required. Sprouting has been found to
increase digestibility of legumes and cereals [74]. The
increase in protein content after germination was also
found in other legumes such as soybean [65], mungbean
[68], fenugreek [29] and dry bean, lentils, faba beans [48].
Sprouting also increases protein digestibility [10].
Crude fibre also appreciated significantly during sprouting
[60]. This increase in dietary fibre was reported to be
mostly due to changes in the polysaccharides found in the
cell wall such as cellulose, glucose and mannose,
suggesting that the changes were due to an increase in the
cellular structure of the plant during germination [59].
Sorghum, for example, is soaked, germinated and eaten or
ground to flour and added to ungerminated cereal flour,
reducing the cereal viscosity and activating endogenous
cereal phytases that break down phytate into lower inositol
phosphates. Soaking and germination enhance enzymic
hydrolysis of phytates [97]. The initial enzymic changes
which precede germination result in both transfer and
increase of the B-complex vitamins. It also breaks down
the higher carbohydrates and other storage molecules such
as calcium, magnesium and phytate [9].

6. Indigenous Methods of Food Storage
and Food Security
People are accustomed to traditional food crops, know
how to cultivate them and prepare them, and enjoy eating
dishes made from them. For example, to see them through
the hungry season, rural people grow traditional food
plants near their homes. Many of these crops are
drought-resistant, can be grown without expensive inputs,
and have good storage qualities [54]. Indigenous people
hasve therefore developed methods of storing these crops
since time immemorial. Proper crop storage plays an
integral part in ensuring domestic food supply [91] and
that seed quality and vigour is maintained [1].
Insect pests are one of the major organisms that are
responsible for the decline in quantity, quality and
germination potential of seeds in storage [52]. This makes
proper storage an imperative. Storage facilities not only
offer the opportunity to provide a supply of food between
staple crop harvests but farmers are able to improve farm
incomes by storing crops and selling at premium prices
when demand outstrips supply later in the post-harvest
period [73]. In Kenya, as an indigenous grain storage
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strategy, sneeze wood is used for storing maize. ‘Sneeze
wood’ (Ptaeroxylon obliguum) leaves and bark are used
for storing maize. Branches of sneeze wood are used to
store unshelled maize. The bark of the tree is burnt and the
ash is also mixed with grains while storing. The powdered
bark is also an effective pest repellent. The smoke out of
burning sneeze wood also helps in warding off insects
during storage of maize. The use of ash for grain
preservation has a long history in the Bar-Sauri, Kenya
and continues to be popular with the farmers. Apart from
the use of sneeze wood, the farmers also use leaves from
some trees which have been known to have medicinal
values. The leaves are then burnt and the powder used to
preserve the grains
Dried foods like corn, dried pepper and dried
vegetables are stored over the fireplace to prevent spoilage,
grains. They are also stored in bags with the combination
of local pesticides like pepper, tobacco, neem leaves,
wood ash etc. Weevils could be prevented from burrowing
all kinds of grain by putting dry gum tree leaves between
layers of grain in the sacks or granary [23]. A survey
carried out in Uganda showed that majority (77%) of the
households reported to be using locally-made pesticides
red pepper, banana juice, wood ash, citrus lemon leaves,
neem tree, tobacco and tephrosia leaves to control array of
pests such as maize stem borers and cabbage diamondback
moths that destroy food crops while in the gardens and
those such as rodents and bean weevils (bruchids) that
destroy foods in storage. Only about 5% of households
interviewed depended on synthetic pesticides. Modern
synthetic pesticides were said to be costly to buy thus its
low use by the farmers [5]. Other storage structures
include a traditional silo that is made of mud and twigs.
This structure is relatively inexpensive but it is not airtight
and often exposes the stored maize to harsh environmental
conditions such as sun and rain. This method, especially
when combined with local bio-pesticides have been
proved effective. A study carried out in Senegal confirmed
that the most effective method proved to be the storage of
maize in granaries with intermittent layers of H. spicigera
(a local mint plant), which resulted in full protection of the
commodity against any insect damage [45]. It is therefore
thought that the mode of action of both Hyptis species is
due to the release of bioactive molecules contained in the
essential oil [70,90].
In Malawi, a raised wooden structure known as the
msanja constructed above the fire place is used as a
storage place for grains such as millet, sorghum, maize
and all sorts of peas. The reason for storing harvested
crops in this structure was to protect them from weevils
and other pests. The soot coating made grains bitter and
not edible by both pests and rodents. This was not only a
cost-free technology but an effective way of ensuring food
security [53]. Some of these structures were sometimes
weak and so could allow insects to enter and provide an
environment for storage fungi to thrive [64]. In Zimbabwe,
local granaries known as matura/tsapi in Shona or izipala
in Ndebele which were cleaned, smeared with cow-dung
before being filled with grain and then latter completely
sealed. The sealing itself was very critical and it was
informed by a lot of local wisdom on the life cycles of
pests and pest control systems. Sealing the granary
ensured that no living organism accessed oxygen for
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respiratory and reproductive purposes [23]. In most
situations, maize is traditionally left to dry in the fields
prior to harvesting [73].
In Nigeria, yams are stored in barns, which are usually
built on an open ground but is usually shaded to protect
the yams from the scorching effect of the sun. barns
basically consist of walls of vertical poles cut from the
bush or planks bought from the market, if left unbarked,
will take root when set on the ground [31]. Barns are
effective for yam storage especially in the dry season
when yams can store for up to six months. In the rainy
season however, the tubers stored begin to deteriorate
rapidly.
Other indigenous methods of food storage include
storing in baskets, storing cocoyam and potatoes in the
soil to prevent spoilage. Various traditional methods of
sweet potato storage such as heap storage, in-ground
storage, platform and pit storage methods have been
practiced in Nigeria and across African countries by
farmers but the most common traditional method is the pit
storage. Pit storage of sweet potatoes has been reported in
Indonesia, Zimbabwe, and Malawi by Woolfe [100] and in
Nigeria by Awojobi [12]. Pit storage can generally be
considered to be cheap for the rural communities since it
requires minimum materials. Sandifolo et al. [84] reported
that the chemical composition of sweet potatoes was not
much affected after 4 months storage. According to
Yakubu [105] the pit storage method appeared to be the
best traditional method because deteriorations such as
sprouting moisture loss and pathological losses were
minimal compared to other storage methods. This agrees
with earlier results of Mbeza and Kwapata (1995) who
also stated that in Malawi the pit storage method is the
most common traditional method of sweet potato storage.
This pit is called nkhuti and they helped maintained their
sweetness and could be kept for one year [53].

7. Constraints to Using Indigenous
Knowledge
In most parts of Africa, the bulk of the agricultural
produce is processed using simple indigenous knowledge
and practices. Women use these techniques predominantly
and they provide income and employment. For example,
cereals and legumes play an important role in the diet of
the majority of the population and in issues related to their
production, storage, marketing, and processing are very
important. The outcome expected is to provide Africans
with adequate and nutritionally balanced diets at
affordable prices, both now and in the future. The cereals
grown in Ghana can be used in many various foods using
indigenous knowledge and technology. Some of the foods
from maize include fried cakes (akpiti), steamed or baked
dumplings (abolo), boiled maize porridge, corn-wine
(nmeda), or just corn on the cob. Legumes are used in
various forms in Ghana, such as boiled beans, cakes
(akara), bean stews, bambara porridge (aboboe), roasted
or boiled groundnuts, ground-nut paste, groundnut soup,
and groundnut cakes. Certainly in Africa indigenous
knowledge and practices cannot be overlooked. The
traditional methods are therefore affordable, acceptable,
economically and socially feasible as well as a sustainable
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means for reduction of food insecurity and hunger, but
that notwithstanding, there are some constraints to the use
of IK [76]. According to a survey carried out by Onoh et
al. [77], the major constraints to IK utilization were their
labour intensiveness, the custodians of IK were unwilling
to divulge information and practice of IK was time
consumption. Some of these constraints are highlighted in
Table two. This agrees with the findings of Nnadi et al.
[71], who also identified the major constraints of IK use
as lack of documentation, time demanding and poor
recognition.
The changing socio-economic status of women on one
hand and the influence of western culture have also
negatively affected IK utilization. Lifestyles, diet and
tastes are constantly changing to suit the western culture.
Time has also become a major constraint in food
preparation with populations resorting to convenience and
easy to prepare foods that are generally of low nutritional
quality, monotonous and lack variety [97]. Indigenous
methods of food preparation, preservation ad processing
should be therefore improved to reduce time and drudgery.
Research should be geared towards the development of
simple and affordable labour and time saving devices for
some traditional processes. Tremendous success has been
recorded with small-scale gari processing factories in
which some of the tedious manual operations of traditional
cassava processing such as grating, pressing and sifting
are replaced by machines while still retaining other
manual operations. Such improvements is needed in other
indigenous food processing e.g. in the production of ogiri,
machines to peel the locust beans instead of the tedious
manual peeling. Since women are largely involved in
traditional food processing, reducing the drudgery
associated with traditional food processing operations,
through the introduction of simple machines, would make

life a lot easier for women with attendant benefits for the
well-being of the family and society at large [13].
Lack of documentation is another major drawback to IK
utilization. The custodians of IK are unwilling to divulge
such information to others and consequently the die with
such valuable information. When IK is not documented,
useful information that could be exploited to enhance food
security are lost from one generation to another [14].
Concerted efforts must be made to document these IK for
the future generation. Collected data should be carefully
documented, preliminary findings shared with local
communities through interactive workshops and seminars.
The final outcome of research on collective memories
should be taught in basic, secondary and tertiary
institutions of learning as well as specialized training
schools to ensure continuity [30].
Rural women possess an enormous amount of
indigenous knowledge about food processing, preservation
and other important survival skills. Hence, women are
major custodians of IK, through their indigenous
knowledge of food storage and preservation; they have
contributed immensely to food security in many nations
[101]. The use of indigenous knowledge by rural women
is critical to the development in African countries. As such,
it should be recognized and given precedence on the
developmental agenda. Effort should be made to increase
the literacy level of the rural women, through adult
education programs with a view to documenting
indigenous knowledge. Stakeholders should encourage
and support the rural women to confidently use their
indigenous knowledge and integrate indigenous
knowledge into policymaking and extension practice.
There is a need for developing agricultural and nutritional
training programs which address ways of preserving
indigenous knowledge for sustainable food security [50].

Figure 2. Constraints of documenting and disseminating African indigenous knowledge
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IK is often perceived by people as inferior and
primitive, this has led to the decline and/or abandonment
of the indigenous ways of food storage and preservation,
which used to help a great deal in sustaining food security
in most households. Information professionals should
make efforts to capture, store, and disseminate indigenous
knowledge through the use of information technology.
Simple, low-cost, traditional food processing techniques
should serve as bedrock for small-scale food processing
enterprises that are crucial to rural development in West
Africa. The death of research on IK is a hindrance to its
utilization therefore interdisciplinary researches on indigenous
knowledge related to food should be developed to better
utilization of the resources. Research into the nutritional
values of the indigenous food should be undertaken with
the aim of a positive change of attitude towards IK and the
possible future propagation of those indigenous foods. The
findings of such analysis should be disseminated through
publications and extension workers to benefit the population
at large. These will help in identifying and documenting
what already exists [50]. Government should provide
ICTs such as computer, internet, digital cameras and
camcorders and so on, to allow libraries to make indigenous
knowledge accessible. The constraints of documenting
and disseminating African IK is summarized in Figure 2.

8. Conclusion
Developing the agricultural sector remains a critical
factor towards the achievement of sustainable food
production and, indeed, global food security. Recent
development in the field of agriculture and rural
development has seen a steady rejuvenated recognition of
indigenous knowledge for sustainable development.
However, this recognition has not downplayed the role
that modern scientific knowledge has played. It is
therefore justifiable to advocate for a marriage-ofconvenience between the two knowledge systems for
effective output and eventual sustainability. IK is cheap,
available and have been used over the years by indigenous
people. The decline in the use of IK as a result of
influence of western culture and because many of the
carriers of this knowledge are dying without the
documentation of this knowledge will definitely
undermine developmental efforts to reduce food insecurity
in Africa. The loss of such knowledge will not only lead
to increased food insecurity, but also increased conflicts,
livelihoods decline and biodiversity loss.
There is therefore an urgent need to preserve and
promote this very important resource. To preserve such
knowledge, a new path must be charted and a
paradigm shift is imperative. All stakeholders must be
involved - governmental, and non-governmental bodies as
well as the local people themselves. Nigeria as in most
developing countries, the traditional skill and low level
technology small-scale sector exist side by side with
sophisticated technologies. These simple, low cost IK of
food preservation, processing and storage serve as the
bedrock for small scale food industries that would produce
low-cost products for mass consumption leading to
improved food security of the people. The promotion of

84

IK should therefore be an important policy objective of
the government and the government should provide the
necessary technical assistance to these units through
national research and development, extension services and
adequate financial assistance.
In conclusion, we posit that inclusion of indigenous
knowledge of food processing and preservation into any
policy of program geared towards reduction of food
insecurity will boost the peoples’ confidence on
themselves and in their ability to be part of the solutions to
the challenges facing them. Building on this IK to ensure
food security in Africa can be particularly effective as this
is an asset that the people of Africa control and certainly
one with which they are very familiar. Utilizing IK will
help increase the sustainability of food security efforts
because the IK integration process provides for mutual
learning and adaptation, which in turn contributes to the
empowerment of local communities. Building on IK
systems will empower local communities in Africa,
enabling them to shape their own food security agenda by
actively participating in it.

Statement of Competing Interest
I declare that I have no significant competing financial,
professional or personal interests that might have
influenced the performance or publication of the work
described in this manuscript.

References
[1]
[2]
[3]

[4]

[5]

[6]

[7]
[8]

[9]

Abba, E.J and Lovato, A , Effect of seed storage temperature and
relative humidity on maize (Zea mays L.) seed viability and vigour.
Seed Science and Technology. 27. 101-114. 1999.
Adesulu, A.T. and Awojobi, K.O, Enhancing sustainable
development through indigenous fermented food products in
Nigeria, Journal of Microbiology Research. 8(2). 1338-134. 2014.
Adeyemi, O.T. and Muhamad, N.O, Biochemical assessment of
the chemical constituents of Aspergillus niger fermented
Chrsophyllum seed meal. MSc Thesis. Dept of Biochemistry,
University of Ilorin, Nigeria. 2008.
Afify, A.M.R., EL-Beltagi, H.S., Abd El-Salam, S.M. and Omran,
A.A, Effect of soaking, cooking, germination and fermentation
processing on proximate analysis and mineral content of three
white sorghum varieties (Sorghum bicolor L. Moench). Notulae
Botanicae Horti Agrobotanici Cluj-Napoca. 40(2). 92-98. 2012.
Agea, J.G., Lugangwa, E., Obua, J. and Kambugu, R.K., Role of
indigenous knowledge in enhancing household food security: A
case study of Mukungwe, Masaka district, Central Uganda.
Indilinga – African Journal of Indigenous Knowledge Systems,
7(1). 65-71. 2008.
Akingbala, J.O., Oyewole, O. B., Uzo-Peters, P. I., Karim, R. O.
and Bacuss-Taylor, G.S.H, Evaluating stored cassava quality in
gari production. Journal of Food, Agriculture and Environment. 3.
75-80. 2005.
Akintonw, A.J., Tunwashe, O.; and Onifade, A, Fatal and nonfatal acute poisoning attributed to cassava-based meal. Acta
Horticulturae. 375. 323-329. 1994.
Akinyele, I.O, Ensuring food and nutrition security in rural
Nigeria. Available at http://www.ifpri.org/publication/ensuringfood-and-nutrition-security-rural-nigeria. 2009. (Retrieved 13th
April 2017).
Akpapunam, M., and Sefa-Dedeh, A, Some physiological
properties and antinutritional factors of raw, cooked and
germinated Jack beans (Canavalia ensiformis). Food Chemistry.
59. 121-125.1997.

85

Journal of Food Security

[10] Akporhonor, E.E., Egwaikhide, P.A., and Eguavoen, I.O, Effect of

[11]

[12]

[13]

[14]

[15]
[16]

[17]
[18]

[19]

[20]
[21]

[22]

[23]

[24]
[25]

[26]
[27]

Sprouting on invitro digestibility of some locally consumed
leguminous seeds. Journal of Applied Sciences and Environmental
Management. 10(3). 55-58. 2006.
Ari, M.M., Ayanwale, B.A., Adama, T.Z. and Olatunji, E.A,
Effects of Different Fermentation Methods on the Proximate
Composition, Amino Acid Profile and Some Antinutritional
Factors (ANFs) In Soyabeans (Glycine Max). Fermentation
Technology and Bioengineering. 2. 6-13. 2012.
Awojobi, B.F, Indigenous knowledge in potato utilization,
processing and preservation. In Olakesusi, F. (Eds). Proceedings
of Post Harvest Seminar. Ilorin: Nigerian Stored Products
Research Institute. 1-127. 2004.
Aworh, O. C, The role of traditional food processing technologies
in national development: The West African experience. In:
Robertson, G. L. & Lupien, J. R. (Eds ), Using Food Science and
Technology to Improve Nutrition and Promote National
Development. International Union of Food Science and
Technology (IUFoST), 2008.
http:/iufost.org/sites/default/files/docs/case_studies/chapter3_Robe
rtsonLupien.pdfFAO. (Date accessed 16th April, 2017).
Awuor, A, Integrating Indigenous Knowledge for Food Security:
Perspectives from the Millennium Village Project at Bar-Sauri in
Nyanza Province in Kenya. In: The International Conference on
Enhancing Food Security in the Eastern and Horn of Africa
regions.. A Paper presented to the African Research and Resource
Forum (ARRF) and the Economic Policy Research Centre (EPRC)
for held Kampala, Uganda on 16-17, November 2011.
Ayernor, G .S, Analysis of Indigenous Post-harvest technologies
on roots and tubers. FA0 Technical Document, Rome. 1-92. 1981.
Bau, H.M., Villaume, C, Nicolas, J.P, and Mejean, L, Effects of
germination on chemical composition, biochemical constituents
and antinutritional factors of soya bean seeds. Journal of the
Science of Food and Agriculture. 73. 1-9. 1997.
Belton, P.S. and Taylor, J.R.N, Sorghum and millets: protein
sources for Africa. Trends in Food Science and Technology. 15.
94-98. 2004.
Black, R.E., Allen, L.H, Bhutta, Z.A., Caulfield, L.E., de Onis, M.,
Ezzati, M., Mathers, C and Rivera, J, Maternal and child under
nutrition: global and regional exposures and health consequences.
The Lancet. 371 (960). 243-260. 2008.
Brown, L, (2011). Women and food security; roles, constraints
and missed opportunities. In: The role of food, agriculture,
forestry and fisheries in human nutrition. Squires, V.R edunescoeolss e-book. 2011.
http://www.eolss.net/Eolss-sampleAllChapter.aspx (Date accessed
14th May, 2017).
Campbell-Platt, G, Fermented foods of the world – A dictionary
and guide. Butterworth-Heinemann, London. 1987.
Cardoso, A. P., Mirione, E., Ernesto, M., Massaza, F., Cliff, J.,
Haque, M. R., Bradbury, J. H, Processing of cassava roots to
remove cyanogens. Journal of Food Composition and Analysis, 18.
451-460. 2005.
CFS, Coming to terms with terminology: Food security, Nutrition
security, Food security and nutrition, Food and nutrition security.
Committee on World Food Security (CFS), Thirty-ninth Session,
Rome. 15th -20th October 2012.
Chirimuuta, C and Mapolisa, T, Centering the peripherised
systems: Zimbabwean indigenous knowledge systems for food
security. Zimbabwe International Journal of Open & Distance
Learning. 1(2). .52-56. 2011.
Cooke, R. D., Twiddy, D. R. and Reilly, P. J, Lactic-acid
fermentation as a low-cost means of food preservation in tropical
countries. Microbiology Reviews. 46. 369-379. 1987.
Coursey, D.G, Cassava toxicity and processing. In: Nestel, B. and
Mclntyre, R. (eds), Chronic Cassavaa Toxicity, Proceeding of
Interdisciplinary Workshop. London, 29-30 February. IDRC-010e:
Ottawa, Canada. p.2736. 1973.
David, O.M. and Famurewa, O, Prophylactic and bio-therapeutic
benefits of `ogi’: A lactic acid fermented food. Bulletin of
Biological Science, 2(9). 72-77. 2010.
Dirar, H.A, Sudan’s fermented food heritage. In: Applications of
biotechnology to fermented foods: Report of an d Ad-hoc Panel of
the Board on Science and Technology for International
Development Board on Science and Technology for International
Developments of the National Research Council (US) Panel on the

[28]
[29]

[30]
[31]

[32]

[33]
[34]
[35]
[36]
[37]
[38]

[39]
[40]

[41]

[42]

[43]
[44]

[45]

[46]

Applications of Biotechnology to Fermented Foods. National
Academies Press: Washington. 1992.
https://www.ncbi.nlm.nih.gov/books/NBK234677/.
Dirar, H.A, The Indigenous Fermented Foods of the Sudan: A
Study in African Food and Nutrition. CAB International,
Wallingford, Oxon, UK.. 1993.
El-Mahdy, A and L. El-Sebaiy, Effect of germination on the
nitrogenous constituents, protein fractions, in vitro digestibility
and antinutritional factors of fenugreek seeds (Trigonella foenum
graecum L.). Food Chemistry, 8(4). 253-262. 1982.
Eyong, C.T, Indigenous Knowledge and Sustainable Development
in Africa: Case Study on Central Africa. Tribes and Tribals, 1.
121-139. 2007.
Ezeike, G.O.I, Successful introduction of improved yam storage
methods for Nigerian farmers. In: FAO (ed.) Proceeding of the
Workshop on the African Experience on Post-harvest Technology
Development, Accra (Ghana), 4-8 July 1994. 1995.
FAO, Expert consultation on planning the development of
sundrying techniques in Africa. Proceedings of the Expert
Consultation on Planning the Development of Sundrying
Techniques in Africa. Food and Agriculture Organization of the
United Nations, Rome. 1985.
FAO, Fermented fruits and vegetables: A global perspective. Food
and Agriculture Organization of the United Nations, Rome.1998.
FAO, Global food losses and food waste – extent, causes and
prevention. Food and Agriculture Organization of the United
States, Rome. 2011.
FAO, Handling and Preservation of Fruits and Vegetables by
Combined Methods for Rural Areas. FAO Agricultural Services
Bulletin 149. Food and Agriculture Organization, Rome. 2003.
FAO, The state of food insecurity in the world—Addressing Food
Insecurity in Protracted Crises. Food and Agriculture Organization
of the United States, Rome. 2010.
FAO. Agriculture, food and nutrition for Africa. A Resource Book
for Teachers of Agriculture. Food and Agriculture Organization,
Rome. 1997.
FAO/IFPRI (2008). Impact of Climate Change and Bioenergy on
Nutrition. Food and Agriculture Organization/ The International
Food Policy Research Institute, Rome. 2003.
http://www.fao.org/docrep/010/ai799e/ai799e00.HTM
(Date
accessed 16th April, 2017).
FAO/WHO, Joint FAO/WHO Food Standards Programme. Codex
Alimentarius Commission XII, Supplement 4, Food and
Agriculture Organization of the United States, Rome.1991.
Filou, E. 2011. Investing in food processing: Ensuring that Africa
can build up indigenous food-processing capacity will reduce food
security concerns and help build flourishing local companies.
[Online]. Available at: http://www.theafricareport.com/specialreports/sector-reports/agribusiness/5140880-investing-in-foodprocessing-.html (Accessed Nov. 18th, 2015).
Ghavidel, R.A. and Prakash, J, The impact of germination and
dehulling on nutrients, antinutrients, in vitro iron and calcium
bioavailability and in vitro starch and protein digestibility of some
legume seeds. LWT - Food Science and Technology. 40 (7). 12921299. 2007.
Gibson, R., and Hotz, C, Dietary diversification/modification
strategies to enhance micronutrient content and bioavailability of
diets in developing countries. British Journal of Nutrition.
85(Suppl 2). S159-S166. 2001.
Gibson, R.S, Content and bioavailability of trace elements in
vegetarian diets. American Journal of Clinical Nutrition. 59
(Suppl). 1223S-1232S. 1994.
Gorjestani, N, Indigenous knowledge for development
opportunities and challenges. In: Twarog, S. and Kapoor, P, (Eds),
Protecting and promoting traditional knowledge systems, national
experiences and international dimensions. United Nations
Publication, Symbol No. UNCTAD/DITC/TED/10. 2004.
Gueye, M.T., Goergen, G., Ndiaye, S., Asiedu, E.A., Wathelet, JP., Lognay, G. and Seck, D, Efficiency of traditional maize
storage and control methods in rural grain granaries: a case study
from Senegal. Tropicultura. 31 (2). 39-46. 2013.
Gustavsson, J, Cederberg, C., Sonesson, U., Otterdijk, R. and
Meybeck, A, Global Food Losses and Food Wastes: Extent,
Causes and Prevention. [Online] Available at:
http://www.fao.org/fileadmin/user_upload/ags/publications/GFL_
web.pdf. 2011. (Accessed Nov. 19th, 2015).

Journal of Food Security
[47] Howlett, W P. Konzo; a new human disease entity. Acta
[48]

[49]

[50]
[51]

[52]
[53]
[54]
[55]

[56]
[57]

[58]
[59]

[60]

[61]
[62]
[63]
[64]
[65]
[66]
[67]

[68]
[69]
[70]

Horticulturae, 1994, 375, 323-329.
Hsu, D., Leung, H., Finney, P. and Morad, M, Effect of
Germination on Nutritive Value and Baking Properties of Dry
Peas, Lentils, and Faba Beans. Journal of Food Science. 45 (1).
87-92. 1980.
Hunter, D., Fanzo, J, Agricultural Biodiversity, Diverse Diets and
Improving Nutrition. In: Fanzo, J., Hunter, D., Mikkelsen, J. H.,
and Langohr, R, (Eds), Diversifying Food and Diets: Using
Agricultural Biodiversity to Improve Nutrition and Health; Issues
in Agricultural Biodiversity. Earthscan. UK. p1-13. 2013.
Ibnouf, F.O, “The value of women's indigenous knowledge in food
processing and preservation for achieving household food security
in rural Sudan. Journal of Food Research. 1(1). 238-253. 2012.
Iwuoha, C. I. and Eke, O. S, Nigerian indigenous fermented foods:
their traditional process operation, inherent problems, improvements
and current status. Food Research International. 29. (5-6). 527-540.
1996.
Jayas, D.S and White, N.D.G, Storage and drying of grain in
Canada: low cost approaches. Food Control. 14. 255-261. 2003.
Kamwendo, G. and Kamwendo, J, Indigenous Knowledge-Systems
and Food Security: Some Examples from Malawi. Journal of
Human Ecology. 48(1). 97-101. 2014.
Katz, H.S. and Weaver W.W, Encyclopedia of food culture
Volume 1. 2003.
Khattak A.B., Zeb, AKhan, M., Bibi, N., Ihsanullah, I. and
Khattak, M.S, Influence of germination techniques on sprout yield,
biosynthesis of ascorbic acid and cooking ability, in chickpea
(Cicer arietinum L.). Food Chemistry. 103. 115-120. 2007.
Kumari, M. and Jain, S, Effect of processing on ingredients and
loss of nutrients. Global Journal of Multidisciplinary Studies. 3 (9).
326-347. 2014.
Luo, Y. and Xie, W, Effect of soaking and sprouting on iron and
zinc availability in green and white faba bean (Vicia faba L.).
Journal of Food Science and Technology. 51(12). 3970-3976.
December 2014.
Mapara, J, Indigenous knowledge systems in Zimbabwe:
Juxtaposing postcolonial theory. The Journal of Pan African
Studies, 3. 139-155. 2009.
Martin-Cabrejas, M., Ariza, N., Esteban, R., Molla, E., Waldron,
K and Lopez-Andreu, F, Effect of Germination on the Carbohydrate
Composition of the Dietary Fiber of Peas (Pisum sativum L.).
Journal of Agriculture and Food Chemistry, 51(5). 1254-1259. 2003.
Masood, T., Shah, H. U. and Zeb, A, Effect of sprouting time on
proximate composition and ascorbic acid level of mung bean
(Vigna radiate l.) and chickpea (Cicer arietinum l.) seeds. The
Journal of Animal and Plant Sciences. 24(3). 850-859. 2014.
Melchias, G, Biodiversity and Conservation. Science Publishers,
Inc., Enfield, 2001.
Mensah, P, Fermentation – the key to food safety assurance in
Africa? Food Control. 8(5-6). 271-278. 1997.
Ministry for Foreign Affairs of Finland, Development policy
guidelines on agriculture and food security. 2010.
Modi, A.T. Short-term preservation of maize landrace seed and
taro propagules using indigenous storage methods, South African
Journal of Botany, 70. 16-28. 2004.
Mostafa, M.M and Rahma, E. H. “Chemical and nutritional
change in soybean during germination,” Food Chemistry, 23 (4).
257-275. 1987.
Motarjemi, Y, Impact of small scale Fermentation technology on
food safety in developing countries. International Journal of Food
Microbiology. 75(3). 213-229. 2002.
Mroso, P. V, An Overview of Food Preservation Methods in
Practice in Africa. 2003.
http://www.suite101.com/article.cfm/african_food_preservers/980
58/1. (Date accessed 14th May, 2017).
Mubarak, A.E, Nutritional composition and antinutri-tional factors
of mung bean seeds (Phaseolus aureus) as affected by some home
traditional processes. Food Chemistry. 89(4). 489-495. 2005.
Mukiibi, J.K., Agriculture in Uganda. Vol. 2. National Agricultural
Research Organization (NARO), Fountain publishers, Kampala.
2001.
Ngassoum M.B., Tinkeu L. S.N., Ngatanko I., Tapondjou Lognay,
L.A., G., Malaisse F. and Hance T, Chemical composition,
insecticidal effect and repellent activity of essential oils of three
aromatic plants, alone and in combination, towards

[71]

[72]
[73]
[74]
[75]
[76]

[77]

[78]

[79]
[80]
[81]

[82]
[83]

[84]

[85]
[86]
[87]
[88]
[89]

[90]

86

Sitophilus oryzae L. (Coleoptera:Curculionidae). Natural Product
Communications. 2. 12. 2007.
Nnadi, F.N., Chikaire, J. and Ezudike, K.E, Assessment of
Indigenous Knowledge Practices for Sustainable Agriculture and
Food Security in Idemili South Local Government Area of
Anambra State. Nigeria. Journal of Resources Development and
Management. 1. 14-21. 2013.
Odhiambo, T. and Johan, R.K, You Cannot Fix Indigenous
Knowledge. ILEIA (Information Centre for Low External Input
and Sustainable Agriculture) Newsletter. 1990.
Olakojo, S.A. and Akinlosotu, T.A, Comparative study of storage
methods of maize grains in South Western Nigeria. African
Journal of Biotechnology. 7. 362-365. 2004.
Olu, M., Alamu, A.E. and Oluwajoba, S.O, The effect of sprouting
on the in-vitro digestibility of maize and cowpea, Journal of
Advanced Laboratory Research in Biology. 4(2). 72-76. 2013.
Olunike, A.A., Storage, preservation and processing of farm
produce. Food Science and Quality Management. 27. 28-32. 2014.
Oniang’o, R., Allotey, J. and Malaba, S.J, (2004). Contribution of
indigenous knowledge and practices in food technology to the
attainment of food security in Africa. Journal of Food Science. 69
(3). CRH87–CRH91. 2004.
Onoh, P. A, Peter-Onoh, C.A.,Echetama, J.,Ugwoke, F.O,
Ekwugha, E.U. Use of Indigenous Knowledge System by Farmers
of Isu Local Government Area of Imo State, Nigeria. International
Journal of Agriculture and Rural Development. 15(3). 1317-1321.
2012.
Onyekwere, O. O, The processing of roots and tubers. In:
Onyekwere, O. O., Ngoddy, P. O., Ossai, G. E. A., and Olorunda,
A. O, (Eds). Proceedings of the Launching and First Annual
Conference of the Nigerian Institute of Food Science and
Technology, Lagos, May 5-7, 1977. NIFST: Lagos, Nigeria. 89-93.
1977.
Osunade, M.A.A, Identification of Crop Soils by Small Farmers of
South-Western Nigeria. Environmental Management. 35 (3). 193203. 1992.
Osuntokun, B. O, Chronic cyanide intoxication of dietary origin
and a degenerative neuropathy in Nigerians. Acta Horticulturae,
375. 311-321. 1994.
Parawira, W. and Muchuweti, M, An Overview of the Trend and
Status of Food Science and Technology Research in Zimbabwe
over a Period of 30 Years. Scientific Research and Essays. 3(12).
599-612. 2008.
Parvez, S., Malik, K.A., Ah Kang, S and Kim, H.Y, “Probiotics
and their fermented food products are beneficial for health,”
Journal of Applied Microbiology, 100(6). 1171-85. June 2006.
RANDFORUM, Sourcebook on African Food Technology.
Production and Processing Technologies for Commercialization.
RANDFORUM (Research and development forum for science-led
development in Africa). 1995.
Sandifolo, V.S, Moyo, C.C. and Bevesi, I. R. M, Evaluation of
Effectiveness of storage methods for root of improved sweet
potato varieties. In: Akoroda, M.O. and Teri, J.M. (Eds). Food
security and crop diversification in SADC countries. Proceedings
of Scientific workshop of Southern Africa Root Crops Research
network. Lusaka Zambia. 460-464. 1998.
Sanni, L.O., Adebowale, A.A., Awoyale, W and Fetuga, G.O.
Quality of gari (roasted cassava mash) in Lagos State, Nigeria.
Nigerian Food Journal. 26. 125-130. 2008.
Sattar, A., Badshah, A and Aurang, Z, Biosynthesis of ascorbic
acid in germinated rapeseed cultivars. Plant Foods Human
Nutrition. 47. 63-70. 1995.
Sefa Dei, G.J, Rethinking The Role of Indigenous Knowledges in
the Academy. The Research Network for New Approaches to
Lifelong Learning. NALL Working Paper # 58. 2002.
Sundamari, M. and Ranganathan, T.T, (2003). Indigenous
agricultural practices for sustainable farming. Agrobios (India).
Jodhpur, India. 2003.
Tanyanyiwa, V.I. and Chikwanha, M, The role of indigenous
knowledge systems in the management of forest resources in
Mugabe area, Masvingo, Zimbabwe. Journal of Sustainable
Development in Africa. 3(3). 132-149. 2011.
Tchoumbougnang F., Zollo, P.H.A., Boyom, F.F., Nyegue, M.A.,
Bessière, J.M. and Menut, C., “Aromatic plants of tropical Central
Africa. XLVIII. Comparative study of the essential oils of four
Hyptis species from Cameroon: H. lanceolata Poit., H. pectinata

87

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

Journal of Food Security
(L.) Poit., H. spicigera Lam. and H. suaveolens Poit. Flavour
Fragrance. 20. 340-343. 2005.
Thamaga-Chitja, J.M., Hendriks, S.L., Ortmann, G.F. and Green,
M, Impact of maize storage on rural household food security in
northern KwaZulu- Natal. Journal of Family Ecology and
Consumer Science. 32. 8-15. 2004.
Traoré T, Mouquet C, Icard-Verniere C, Traore AS, Treche S,
Changes in nutrient composition, phytate and cyanide contents and
α-amylase activity during cereal malting in small production units
in Ouagadougou (Burkina Faso). Food Chemistry. 88. 105-114.
2004.
UN-HLTF, Food and Nutrition Security: Comprehensive
Framework for Action. Summary of the Updated Comprehensive
Framework for Action (UCFA), United Nations System High
Level Task Force on Global Food Security (HLTF);
Rome/Genève/New York, 2011.
UNIFEM (2004) Gender Perspectives in Macro Economics: For
Understanding and Eradicating Feminised Poverty in Southern
Africa. United Nations Development Fund for Women Harare,
UNIFEM. 2004.
United Nations (2013). World population projected to reach 9.6
billion by 2050. [Online]. .
https://www.un.org/en/development/desa/news/population/unreport-world-population-projected-to-reach-9-6-billion-by2050.html (Accessed April. 12th, 2017).
van Hylckama Vlieg, J. E., Veiga, P., Zhang, C., Derrien, M. and
Zhao, L, Impact of microbial transformation of food on healthfrom fermented foods to fermentation in the gastro-intestinal tract.
Current Opinion in Biotechnology. 22(2). 211-219. 2011.
Walingo, M.K, Indigenous Food Processing Methods that Improve
Nutrient Bioavailability in Plant-based Diets of the Kenyan
Population: the Example of Zinc. In: Robertson, G.L. and Lupien,
J.R. (Eds), Using Food Science and Technology to Improve
Nutrition and Promote National Development.1-9. 2008.
Warren, D.M, A Preliminary Analysis of Indigenous soil
Classification and Management Systems in Four Ecozones of

Nigeria. Nigerian Institute of Socio Economic Research (NISER),
Nigeria. 1992.
[99] WFP, Reducing food losses in sub-Saharan Africa . an action
research evaluation trial from Uganda and Burkina Faso. UN
World Food Programme, Kampala, Uganda. 2014.
[100] Woolfe, J, Sweet potato: A versatile and Nutritious Food for all. In:
Scott, G., Ferguson, P.I. and Herara, J.E. (Eds). Product
Development for Root and Tubers Crops Vol III. Proceedings of
Workshop on Processing, Marketing and Utilization of Root and
Tuber Crops in Africa, International Institute for Tropical
Agriculture Ibadan. 91-102. 1992.
[101] World Bank, Gender Equality and the Millennium Development
Goals. World Bank, Washington, DC. 2003.
[102] World Bank, Indigenous Knowledge for Developmental
Framework for Action. Knowledge Learning Center Africa
Region. World Bank , Washington, DC. 1998.
[103] Xu, M. J., Dong, J.D. and Zhu, M, Effects of germination conditions
on ascorbic acid level and yield of soybean sprouts. Journal of the
Science of Food and Agriculture. 85(6). 943-947. 2005.
[104] Yagoub, A. E., Suleiman, A. M. E. and Abdel-Gadir, W. S, Effect
of fermentation on the Nutritional and Microbiological of Quality
of Dough of Different Sorghum Varieties. Journal of Science and
Technology. 10(3).109-119. 2009.
[105] Yakubu, D.A, A study of various local methods of potato storage.
Kaduna, Nigeria. Kaduna Polytechnic, National Diploma project
(unpublished). 2000.
[106] Yasmine, M, Impact of small scale fermentation technology on
food safety in developing countries. International Journal of Food
Microbiology. 75 (3). 213-229. 2000.
[107] Ziegler, P, Carbohydrate degradation during germination. In Kigel,
J. and Galili, G. (Eds), Seed development and germination. Marcel
Dekker Inc, New York. 447-474. 1995.
[108] Zielinski, H., Frias, M., Mariusz, K., Kozlowska, P.H, and VidalValverde, C, Vitamin B1 and B2, dietary fiber and mineral content
of cruciferae sprouts. European Food Research and Technology.
221. 78-83. 2005.

