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Cassava is a plant that has been processed into many products and there are still
emerging new products from cassava. These products have fed millions of people
and others have economic value. This has elicited interest in cassava-based
products. This paper therefore reviews recent development in cassava-based
product research. Biofuel production, starch production and industrial utilization
of cassava starch are treated. Similarly, glucose production and animal feed from
cassava are reviewed. The paper highlights, the production of high quality cassava
flour (HQCF) and their derivatives as well as iodine supplementation and protein
enrichment of cassava product. This research attention on cassava-based
products, has high potential for industrialization.
Key words: Recent development, cassava-based products, biofuels, starch production, high quality cassava flour.

INTRODUCTION
Cassava (Manihot esculenta crantz, also known as manioc or
yucca) is one of the leading food and feed plants in the
world: it ranks fourth among staple crops with a global
production of about 160 milllion tons per year (Lawrence
and Moore, 2005). Most of these are grown in three regions,
West Africa, and the Congo basin, tropical South America,
and South East Asia (Kawano, 2003), while in Western
countries it is not commonly used, because of the presence
of cyanoglucosides (linamarin and lotaustralin). A great
number of recent studies have reported many
biotechnological approaches to improve the safety and
quality of cassava flour (Santana et al., 2002; Shittu et al.,
2007; Onitilo et al., 2007), and the effect of different
processing modalities of the tuberous roots on the level of
these toxic substances and functional properties has been
assessed (Cooke and Maduagwu, 1978; Nambisan and
Sundaresan, 1985; Udensi et al., 2005).
Cassava is a staple food that provides carbohydrates or
energy, for more than 2 billion people in the tropics.
Cassava is a higher producer of carbohydrate per hectare
than the main cereal crops and can be grown at a consi-

derably lower cost. Cassava also grows at a suboptimal
conditions; it is tolerant of soil infertility and drought stress
and can be stored underground for several months after
maturation (Onabolu, 1988; Vlavonou, 1988). The crop is
amenable to agronomic as well as genetic improvement,
has a high yield potential under good conditions and
performs better than other crops under suboptimal
conditions. The adoption of disease and pest resistant
varieties released by the international institute of tropical
Agriculture (IITA) has increased cassava production in
many African countries (IITA, 1990; Bokanga and Otoo,
1991).
Nigeria currently is the largest producer of cassava in the
whole world with an annual output of over 34 million tons
of tuberous root and it plays a dominant role in the rural
economy in the southern agro-ecological zone (Adeniji et
al., 2001). As a food crop, cassava fits well into the farming
system of the small holder farmers in Nigeria because it is
available year round, thus providing household food
security. Cassava tubers can be kept in the ground prior to
harvesting up to two years but once harvested, they begin to
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Table 1. Some advantages of biofuel produced from cassava starch.
It is not poisonous
It does not cause air pollution or any environmental hazard
It does not contribute to the green house effect problem (CO2 addition to the atmosphere, causing global warming)
It has a higher octane rating than petrol as fuel. That is, ethanol is an octane booster and anti-knocking agent
It is an excellent raw material for synthetic chemicals.
Ethanol provides jobs and economic development to rural areas.
Ethanol reduces country’s dependence on petroleum and it is a source of non – oil revenue for any producing country
Ethanol is capable of reducing the adverse foreign balance trade.

deteriorate. To forestall early deterioration and also due to
its bulky nature, cassava is usually traded in their
processed form. The bulky roots contain much moisture
(60-65%), making their transportation from rural areas
difficult and expensive. Processing the tuber into a dry form
reduces the moisture content and converts into a more
durable and stable product with less volume which makes
it more transportable (IITA, 1990; Ugwu, 1996). Over the
years cassava has been transformed into a number of
product both for domestic use (depending on local customs
and preference) and industrial uses. Cassava in the fresh
form contains cyanide which is extremely toxic to humans
and animals and therefore needs to be processed to reduce
the cyanide content to safe level (Eggelston et al., 1992).
Traditional cassava processing method involve several
steps including peeling, soaking, grinding, steeping in water
and left in air to allow fermentation to occur, drying,
milling, roasting, steaming, pounding and mixing in cold or
hot water. Specific combination of these steps leads to a
myriad of different cassava products with acceptable taste
to wide range of consumers (Bokanga and Otoo, 1991).
Cassava processing by traditional method is labourintensive but the application of improved processing
technology has reduced processing time, labour and
encourage further production (Adeniji et al., 2001). In
Nigeria, almost all the cassava produced is used for human
consumption and less than 5% is used in the industry.
One of the greatest challenges of food processing in the
developing countries is the transformation of traditional or
indigenous processing method into modern industrial
operations. Indigenous processing techniques for making
traditional food product differ within and between
countries because of differences in food culture, available
raw materials, and processing equipment utilized. Many
traditional methods of food processing and preservation in
Africa require review and upgrading for industrial
production (Falade and Akingbala, 2011).
Cassava roots comprise of the peel and bulky storage root
with a heavy concentration of carbohydrate of about 80%
and only 2-4% crude proteins on dry weight basis (Falade
and Akingbala, 2011). Like other roots and tuber crops,
cassava has a high water content (65%) which is probably
the major limitation in improving the utilization potential.
The chemical composition of cassava roots shows that it is a

principal source of carbohydrates for the consumers. It is
therefore imperative to convert cassava into more
utilizable products. Effort in this regard is gradually
developing. Hence this paper reviews recent developments
on the utilization of cassava for home and industrial
application.
Biofuels Prodution
Ethanol is generally produced by fermentation of sugar,
cellulose, or converted starch and has long history (Sanchez
and Cardona, 2008). In Nigeria, local production of ethanol
from maize, guinea corn, millet, and other starch substrate,
and cellulose is as old as the country itself (Taiwo, 2006).
Apart from food and pharmaceutical uses of starch, ethanol
is finding itself alternative use for biofuel in most of the
developed world for several reasons (Kosugi et al., 2009)
(Table 1).
Cassava is a good feed stock to produce ethanol because
it has high starch content and it is abundant in the southern
provinces of China (Leng et al., 2008). Cassava starch can be
converted readily to ethyl alcohol in a two-stage process
involving the hydrolysis of starch slurry into glucose by
liquefaction so that dextrin and subsequently fermentable
sugar can be obtained. The glucose solution is diluted and
converted to ethyl alcohol by the anaerobic action of yeast,
ethanol of 95.6% w/w comes out through dehydration
which is concentrated to 99.5% w/w (Ramasamy and
Paramasamy, 2001; Kosugi et al., 2009). Thus cassavabased fuel ethanol is produced and it is usually denatured
by small volume of gasoline or other materials added
preventing people from drinking it, (Leng et al., 2008). The
ethanol produced is of high quality similar to cereal alcohol
(Taiwo, 2006). The cassava chips can be used instead of the
tuber in which case the chips are ground, cooked to release
the starch etc (Ajibola, 1988). Saccharification can be
accomplished either by hydrolytic process or the biological
process. The hydrolytic process uses hydrochloric acid or
sulphuric acid. Yields are low and continuous use of acid
causes equipment corrosion and is dangerous to handlers.
The biological process uses amylolytic enzymes, which can
be obtained from barley malt and moulds that grow on rice
or wheat bran. This process results in higher yields than the
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Table 2. Major industries using modified cassava starch and its products in
Nigeria.
Industry
Flour mill
Sugar
Brewery
Gin/spirit industry
Soft drink and carbonated water
Bakeries
Pharmaceutical
Textile mills
Paper mills

State of the raw material utilization
major
major
major
major
minor
major
minor
minor
minor

Source: Daramola and Falade (2006).

acid process (Sanni, 1991; Ceballos et al., 2008).
Starch production
Starch is one of the most abundant substance in nature,
renewable and almost unlimited resources (Jenkins and
Donald, 1995; Pandey et al., 2000). Starch is produced from
grain and root crops. It is mainly used as food but it is also
readily converted chemically, physically and biologically
into many useful products to date (James and West, 1997;
Matsui et al., 2004). Starch is used to produce such diverse
product as food, paper textile, adhesives, beverages,
confectionary, pharmaceuticals and building materials
(Daramola and Osanyinlusi, 2005).
Cassava starch has many remarkable characteristics,
including high paste viscosity, high paste clarity, and high
freeze – thaw stability, which are advantageous to many
industries (Gomes et al., 2005; Nzigamasabo and Ming,
2006; Zaidul et al., 2007). Cassava starch is produced
primarily by wet milling of fresh cassava roots but in some
countries such as Thailand, it is produced from dry cassava
chips (Larotonda, 2002; Ceballos et al., 2006). Starch is the
main constituent of cassava; about 25% starch may be
obtained from mature, good quality tuber. About 60%
starch may be obtained from dry cassava chips and about
10% dry pulp may be obtain per 100 kg of cassava roots.
The development of both the food and non food uses of
cassava starch has made much progress and continues to
have a bright future (Abraham et al., 1984; Srirotha et al.,
1999; Jyothi et al., 2007). Both old and important new
product, such as modified starches, starch sugar, starch
based plastics and fuel alcohol, have been reviewed briefly
(Blennow, 2003). Table 2 indicates the extent of utilization
of modified starch by industries in Nigeria.
Native starch
Native starches are produced through separation of

naturally occurring starch from either grain or root crops
such as cassava, maize and sweet potato, and can be used
directly in producing certain foods such as noodles (Wang
et al., 1993). The raw starches produced still retain the
original structure and characteristics and are called “native
starch” (Ene, 1992). Native starch is the basic starch
product that is marketed in the dry powder form under
different grades for food, and as pharmaceutical, human
and industrial materials. Native starch has different
functional properties depending on the crop source and
specific types of starch are preferred for certain
applications.
Native starches have limited usage, mainly in the food
industry, because they lack certain desired functional
properties. The native granules hydrate easily when heated
in water. They swell and gelatinize, the viscosity increases
to a peak value, followed by a rapid decrease, yielding weak
boiled, stringy, and cohesive paste of poor stability and
poor tolerance to the acidity with low resistance to shear
pressure, as commonly employed in modern food
processing (Balagopalan et al., 1988). However, food
metallurgic, pharmaceutical, paper and cardboard, and
textile industries among others use native starch in its
traditional form.
Modified starch
For those characteristics which are maintainable with
native starch, modified starch can be used for other
industrial applications through a series of techniques,
chemical, physical and enzymatic modification (Feuer,
1998). Thus, modified starch is native starch that has been
changed in its physical and/or chemical properties.
Modification may involve altering the form of granule or
changing the shape and composition of the constituent
amylose and amylopectin molecules. Modification is
therefore carried on the native starch to confer it with
properties needed for specific uses in many industries such
as food, pharmaceutical, textile, petroleum and paper pulp
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Table 3. Some of the positive attribute of modified starch.
To modify pasting attributes
To decrease the retrogradation crystallinity
To decrease gelling tendencies of paste
To increase freeze-thaw stability of paste
To decrease paste and/or gel syneresis
To improve paste and/or gel clarity/sheen
To improve paste and/or gel texture
To improve film formation
To improve adhesion
To add hydrophobic groups for emulsion stabilization
Source: James and West, (1997).

industries (Fringant et al., 1996; Curvelo et al., 2001). The
reasons why native starch is modified include: modifying
cooking characteristics (gelatinization); to reduce
retrogradation and paste stability when cooled or frozen; to
increase transparency and texture of pastes and gels; and to
improve adhesiveness between different surfaces such as in
paper applications (Table 3).
Utilization Of Cassava Starch In The Industries
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dirt and fiber content and above all, uniformity of lots are
needed in this instance. An important new application of
starch is in the machine coating magazine paper, formally
done exclusively with caseins (Essers, 1994). There are
indications that cassava is particularly well-suited to the
purpose, however, definite specification for the starch still
has worked out.
Textile industry
In the textile industry, the properties of the starch used are
abrasion resistance, flexibility, ability to form a bond to the
fiber, to penetrate the fiber bundle to some extent and to
have enough water holding capacity so that the fiber itself
does not rob the size of its hydration. Textile printing or the
impression of the design on fabrics requires a carrier for
the dyes and pigment and modified starches have found
special uses in this application. Printing pastes are high
viscosity of media that preferably will not change on ageing
and will not resist the effect of added acids or alkalis as
required by the colour agent. A sharp image is required and
thus a short non stringy paste. Modified starches are
frequently mixed with other industrial gums to give the
required viscosity and paste characteristics (Balagopalan et
al., 1988).

Paper industry
The paper industry uses various types of starches for
different purposes. Currently, the most common starches
used for paper manufacture are from maize, potato and
cassava. Cassava starch has very good properties that are
highly desirable for the paper manufacturer. Cassava
starch, as a dominant source of starch in Nigeria, posses a
strong film, clear paste, good water holding properties, and
stable viscosity (Srirotha, 1999). It should be the most
suitable material for the paper industry in West Africa. In
the paper and board industries, starch is used in large
quantities at three points during the manufacturing
process.
 At the end of wet treatment, when the basic cellulose
fiber is beaten to the
desired pulp to increase the
strength of the finished paper and to impart body and
resistance to
scuffing and folding.
 At the size press, when the paper sheet or board has
been formed and partially dried, starch generally oxidized
(or modified) is usually added to one or both sides of the
paper sheet or board to improve the finished product
appearance, strength and printing properties.
 In the coating operation, when a pigment coating is
required for paper, starch acts as coating agents and as
adhesive.
Cassava starch has been widely used as tube size and a
beater size in the manufacture of paper in the past mainly
on account of its low price. A high colour (whiteness), low

Adhesive industry
Starch is a popular base for adhesives, particularly those
designed to bond paper in some form to itself or to other
materials such as glass, mineral wool, and clay. Starch can
also be used as a binder or adhesive for non paper
substance such as charcoal in charcoal briquettes, minerals
wool in ceiling tiles and ceramics before firing. The starches
most commonly used for the manufacturing of adhesives
are from maize, potato and cassava, (Graffham et al., 1998)
of this, cassava starch appears more suitable in several
respects.
Cassava starch adhesives are more viscous and smoother
for working. They are fluid, stable glues of neutral pH that
can be easily prepared and can be combined with many
synthetic resin emulsions (Dziedzoave et al., 1999). For top
quality work, cassava starch is thought to be ideal, because
it is slightly stronger than potato starch adhesive while
being odourless and tasteless, excellent as an adhesive for
postage stamps, envelope flaps, and labels (Graffham et al.,
1998). Certain potato pastes have bitter tasting properties
while cereal starch exhibit a cereal flavour.
Satisfactory texture or slip properties may be achieved
via cross-linking. Properties required include low shear
resistance or “slip” permitting the paper to be aligned
precisely without losing contact with the substrate, good
open time (range of tack), and slow setting speed (Delcour
et al., 2000). To meet these requirements, it is important that
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the starch should have little or no tendency to retrograde in
the dried film. Using starches low in amylose can readily
achieve this property and/or by subjecting the starch to
retrogradation inhibiting treatment on base starches such
as cassava, potato, or waxy cereal starches which are the
preferred approaches.
Glucose Production (Monosodium Glutamate)
Cassava tubers processing for large scale production of
starch result in solid and liquid waste (Balagopalan et al.,
1987). The fibrous slurry constitute about 15-20% of the
cassava chips/tuber processed, which contain about 5070% starch on dry weight basis. The residue from cassava
tubers are naturally rich in organic matters which render it
suitable as a good substrate for microorganisms for the
production of different product like organic acids, flavour
and aroma compounds (Adriane-Medeiros et al., 2000;
Pandey et al., 2000, Nair et al., 2011). In view of the high
starch content, various starch-derived products like
maltose, malto-dextrin, corn syrup solids, etc. can also be
produced from cassava residues (Ghildyal and Lonsane,
1990; Pandey et al., 2000). Monosodium glutamate (MSG),
the sodium salt of L-glutamic acid is a popular flavour
enhancer and an additive for foods. It was used primarily in
Asian foods but its use is now widespread (Jyothi et al.,
2005). The product is used extremely in many parts of the
continent in powder or crystal form as a flavouring agent in
food such as meats, vegetables, sauces, and gravies. Cassava
starch and molasses are the major raw materials used in
the manufacture of monosodium glutamate in the Far East
and the Latin American countries (Sanni et al., 2005). The
starch is usually hydrolyzed into glucose by boiling with
hydrochloric or sulphuric acid solution in closed converters
under pressure. The glucose is filtered and converted into
glutamic acid by bacterial fermentation. The resulting
glutamic acid is refined, filtered and treated with caustic
soda to produce monosodium glutamate, which is then
centrifuged and dried in drum driers. The finished product
is usually at least 99% pure (Sanni et al., 2005).

Animal Feed
During recent years, there has been a remarkable increase
in livestock production in the third world. Because of this,
the requirement for animal feed materials also is
increasing. The spiraling price hike of cereals has
necessitated the search for alternative source of energy for
animals (Balagopalan et al., 1988). Being a cheap
carbohydrate source capable of supplying adequate
calories, cassava tubers offer great potentials as an animal
feed. Cassava is widely used in most tropical areas in
feeding pigs, cattle, sheep and poultry. Dried peel of cassava
roots are fed to the sheep and goats, and raw or boiled root
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are mixed into a mash with protein concentrate such as
maize, sorghum, groundnut or oil palm kernel meal and
mineral salts for livestock feeding (Onuma et al., 1983).
Cassava is similar to feed grain as it consist almost
entirely of starch and its easy to digest. The roots are,
therefore especially suited to feeding young animals and
fattening pigs. Many feeding experiments have shown that
cassava provide a good quality carbohydrate, which may be
substituted for maize or barley and that cassava rations are
especially suitable for swine, diary cattle and poultry
(Nzigamasabo and Ming, 2006). However cassava cannot be
used as a sole feedstuff because of its deficiency in protein
and vitamins, but must be supplemented by other feeds
that are rich in these elements (Ajibola, 1988; Charles et al.,
2004).The maximum cyanide content that can be ingested
safely depends not only on the cyanide content of the dried
cassava chips but also on the level of inclusion of the
cassava meal in animals diet and the age of the animal
(Taiwo, 2006). The composition of the compound animal
feed varies according to the animal (cattle, pigs and
poultry) as well as the kind of production (diary meat or
egg). There are many constituent that could be used to
supply the main element in the compound feed, such as
starch, protein, fat, mineral and vitamins. Cassava can be
incorporated in practical ration at levels of 20-30% for
broiler (0-8 weeks) and 30-40% for growing pigs weaning
to market weight, (Gomez and Valdivieso, 1984). The
amount of cassava used in animal feed production have not
been estimated but with the Nigeria Federal Government
regulation on local sourcing and the need to use cheaper
energy sources, the inclusion of cassava in animal feed
formulation becomes urgent (Taiwo, 2006).
Proper formulation of the diet is equally important to
make the feed nutritionally balanced, since animal
performance is highly dependent on it. Cassava leaf meal is
a highly nutritious protein-rich ingredient that offers a vast
scope for inclusion in root meal diets. However the leaves
have to be properly detoxified by drying prior to its
inclusion in compound feeds. Cassava leaves have been
found to contribute substantially to the energy requirement
of poultry, swine and ruminants (Balagopalan, 2002).
Cassava Flour (High Quality Cassava Flour)
High quality cassava flour (HQCF) is simply unfermented
cassava flour. The IITA production process minimize the
capital investment requirement for flour production by
making use of simple equipment already used for garri
processing (Onabolu, 1988). This technique is suitable for
preparing cassava flour from both sweet and bitter
varieties. Mini chippers are also tried in place of the
mechanical grater but is found to be unsuitable for bitter
varieties because of the concentration of cyanogenic
glycosides which is not reduced sufficiently during
processing (Abass et al., 1998; Onabolu and Bokanga,
1998).
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Table 4. Level of inclusion and the benefits of use of cassava flour in specific product
made by home caterers, bakers and industrial users.
Cassava product
Bread
Biscuits
Noodles
Cake
Maize semovita
Chips
Pies
Cookies
Chin-chin
Flakes

User
Bread bakers
Biscuit factory
Pasta factory
Caterers
Restaurant
Confectionery
Caterer
Caterer
Caterer
Confectionery

HQCF is made within a day of harvesting the root. It is very
white, has a low fat content; not sour like the traditional
fermented cassava flour, does not give a bad smell or taste
to food product and can be mixed very well with wheat
floor for use in bread or cake (IITA, 2005). The most
promising market to develop is HQCF and its use as a
replacement for wheat flour in the bakery sector, in
plywood manufacture and also as an alternative or
component in traditional cassava product e.g. instant fufu in
Ghana, fermented fufu in Nigeria (Adebayo et al., 2010). The
main reason for focusing on HQCF are that value can be
added at the rural household level by processing of the
intermediate product (cassava grits or waste paste),
thereby increasing income for farmers, the requirement for
the capital investment is lower and less environmental
damage is caused than starch manufacture; and many
farmers already know how to create the basic raw
materials for HQCF (grated cassava). Therefore, a huge
technology leap at the farmer level is not required to attain
the development objectives (Adebayo et al., 2003; Adebayo
et al., 2010). Consequently, HQCF offers the easiest entry
point, benefits the most small holder farmer/processor in
the immediate and provides a spring board for investment
in other product.
Drying has been identified as the major tool for
expanding the processing of cassava into HQCF. Various
options have been considered so far in cassava project at
IITA (IITA, 2005). Local processors expose cassava mash on
polythene sheet directly to the sun. This is referred to as
“sun drying”. The project observed that drying in rural or
domestic levels cannot be done artificially because of the
high capital investment in equipment and energy required
and hence, natural sun drying is done. Sun drying is beset
by several inherent draw backs, such as susceptibility to
damage due to inclement weather, slow drying rates and
contamination. In view of these limitations, the high cost
and low utilization of more efficient traditional dryers, the
adoption of a modified sun drying process, solar drying
have been considered for drying HQCF in rural areas (IITA,

Level of inclusion of high quality
cassava flour in the product (%)
5-25
10-50
10
5-100
18.0
not specified
10-100
10-100
25-100
not specified

2005; Sanni et al., 2009).
Using the IITA process, peeled roots are washed and
grated. The grated mash is subsequently pulverized into
particulates and then sun-dried or mechanically
dehydrated using solar, cabinet, rotary or flash driers. The
dried material is then finely milled into flour, sieved and
packaged into moisture proof high density polythene bags
and sealed (Abass, 1993; Onabolu et al., 1998). Table 4
indicates the usage of flours.
Cassava chips
Chipping (using a modified IITA mini chipper) is found to
be the best option for processing cassava roots with low
cyanogens. This option proved to be cheaper, less labour
intensive, resulted in lower microbial load and less loss of
starch when compared to grating (Graffham et al., 1999).
Tapioca grit is a partially gelatinize dried cassava starch,
which appears as flakes or irregular shaped granule. It is
consumed in many parts of West Africa and widely
accepted as a convenient diet (Raji et al., 2008). It is the
cheapest form of storable cassava. They are typically
popular in transitional and savannah areas where sun
drying is relatively easier than forest zones. Peeled chips
are often slightly molded or fermented to a certain degree,
according to climatic conditions, local taste, and
consumption habit. They are milled or pounded into
(fermented) flour that does not comply with standards for
replacing wheat.
The fermentation alters the sensory characteristics of the
roots in a way that is often appreciated by local consumers.
The process is mainly manual and offers some potential for
mechanization for short and medium term in dry areas or
seasons. The reduction of chip size by a slicer or shredder
can speed up drying, thereby avoiding fermentation and
moldiness and after milling, chips can be turned into flour.
The faster drying of intact cassava pieces means that
this accelerated process should be applied only for non
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consumable product, e.g. as a glue – extender in the
plywood industry (Sanni et al., 2009). High quality chips
and flour could be prepared under rural condition at lower
cost when compared to centralize processing. However,
conversion of chips into flour in lager quantities would be a
bottle neck for rural processors. A better option would be
to transport the dry chips from rural areas to a centralize
processor for conversion into flour (Graffham et al., 1999).

cassava is readily available. If cassava is to be processed to
dry flour before incorporation into bread, low temperature
drying at 50oC is recommended to ensure that the flour is
light in colour. The use of composite flour will enable the
developing countries to save some scarce foreign exchange
expanded on importing flour (Ogunsua, 1989).

Cassava bread

The International Institute for Tropical Agriculture (IITA)
has been promoting the production of high quality cassava
flour (HQCF) which is used increasingly as substitute for
wheat flour in meat or fish pies (12.5%); bread-making (520%); and other cassava food products (Abass et al., 1998).
These newer uses of cassava are generating more income
for local cassava processors. Akinlonu (2011) investigated
the nutritional quality and sensory properties of some
products from fresh cassava roots and high quality cassava
flour (HQCF) from which cassava meat pies and cassava
sausage roll were produced. Proximate, mineral and
cyanide composition of all the products were determined
using standard analytical procedures. The proximate
composition showed that there was no significant
difference (P>0.05) in the moisture content of HQCF
products and the cassava flour. HQCF products with the
highest protein were meat pie (7.68%) and also had the
highest iron content (4.89 mg/100 g). The cyanide
composition of all the products was between 0.95-4.09
mg/100 g which is lower than the acceptable limit by codex
standard of 10 mg/kg for HQCF and 50 mg/kg of fresh
cassava root. Sensory acceptance scores showed that all the
products were generally acceptable (Akinlonu, 2011).
Oyewole (2002) and Akinlonu (2011) reported that HQCF
could be used to produce safe, nutritious and acceptable
food products, and also recommended that the products
should be further enriched in order to meet the nutritional
requirements of people of different age groups and also to
be used for nutrition intervention programmes.

Bread and other bakery products like doughnuts, pies,
cakes, etc, have become important item in the diet of many
people living in towns and cities. The major raw material
used in this bakery product is wheat flour, which has
become increasingly expensive because it is imported.
The use of cassava flour as a raw material for the bakery
and pastry industries is fast growing and gaining
recognition as reliable partial substitute for wheat
(Balagopalan et al., 1988; Day et al., 1996; Adebayo et al.,
2010). Using high quality cassava flour particularly is
suitable since it has no fat content which is important for
storage life. Other possible advantages include its bland
taste offering no foreign odour or flavour. It is impossible to
increase the level of non wheat flour considerably without
great change in the bread characteristics, provided certain
bread improvers as calcium stearyl lactylate is added or
relatively high percentage of fat and sugar is used (Ajibola,
1988; Taiwo, 2006). Mechanical leavening rather than bulk
fermentation for the ripening of the dough and a blend of
60% wheat flour, 30% cassava starch, and 10% soybean
flour, produced a bread of good quality almost equal to the
normal wheat flour bread in volume, appearance and eaten
quality (Taiwo et al., 2002).
In spite of the considerable research on bread making
and the use of composite flour, there has been little impact
in commercial practice except where government control
the importation of wheat in Nigeria in the year 2002 to
2008 (Adebayo et al., 2010). Different wheat flours have
been diluted with various proportions of cassava starch and
flour (Shittu et al., 2007, Shittu et al., 2008). Defloor et al.
(1993), Defloor et al. (1994, 1995), Khalil et al. (2000),
specifically reported that inclusion of cassava flour into
wheat flour up to about 30% could still give an acceptable
fresh loaf depending on the source of the flour. Bread
containing 20% fresh minced cassava showed higher
sensory evaluation rating (Crabtree et al., 1978). Federal
Institute of Industrial Research Oshodi (FIIRO) Nigeria, has
developed cassava bread with 20% high quality cassava
flour substituted with 80% wheat flour, which gives similar
characteristics of bread produced with 100% wheat flour
both in sensory and nutritional properties. This technique
has the advantage of eliminating the need for energy
consuming drying stage and should be of special interest to
bakeries in rural areas of the developing world where fresh

Cassava pies

Cassava cookies
Cookies are flat, dry, and sweet biscuits. Research into the
use of tropical crops has shown that cookies could be made
from flours of locally available crops such as sweet potato,
cassava, corn, millet, sorghum etc (IITA, 1985; Falade and
Akingbala, 2008). Cookies are convenient food product
dried to very low moisture content, taken among young
people and adult to provide energy (Okaka and Potter,
1997). It is produced from a mixture of flour and water
which may contain fat, sugar and other ingredients mixed
together into dough which is rested for a period and passed
between rollers to make a sheet (Drake et al., 1989). It
provides an excellent means of improving the nutritional
quality of foods through incorporation of less expensive
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high quality protein, mineral, vitamins and has been
employed in food product enrichment (Okafor et al., 2002).
The consumption of cookies is steady and increasing in
Nigeria. It is however relatively expensive, being made from
imported wheat that is not cultivated in the tropics for
climatic reasons (Falola et al., 2011). Wheat importation
represents an immense drain on the economy while also
suppressing and displacing indigenous crops, with a
resultant detrimental effect on agricultural and
technological development. The need for strategic
development and use of inexpensive local resources in the
production of popular foods such as cookies has been
recognized by organizations such as the Food and
Agricultural Organization (FAO), the International Institute
for Tropical Agriculture (IITA), Nigeria and the Federal
Institute for Industrial Research Oshodi (FIIRO), Nigeria
(Falola et al., 2011). Research at IITA has shown that
cassava flour (100%) can be used to prepare bakery
products such as cookies and doughnuts (Onabolu and
Bokanga, 1998). The resulting products are readily
available and sold in Nigeria, thus helping to improve food
and livelihood security.
Cassava biscuits
Cassava flour proved effective as a partial substitute for
imported wheat flour in biscuits. High quality cassava flour
can substitute for up to 30% of wheat flour in sweet dough
biscuit and 40% in hard dough biscuit, without consumers
being able to detect any adverse change in colour, taste or
texture when compared to 100% wheat flour control
(Abass et al., 1998; Oyewole, 2002). At higher levels
(>40%) of substitution the flour texture was found to be
too light. These could be overcome with additional
margarine, but this caused an unacceptable increase in
production cost (Graffham et al., 1999). Consumers found
biscuit containing >40% cassava flour to be less crispy,
bland in flavour and susceptible to crumbling. Biscuits
containing a minimum of 40% cassava flour had very low
microbial counts and cyanogens levels that are below the
limits of detection after baking.
Cassava flakes
Cassava flakes also known as tapioca grit is a partially
gelatinized dried cassava starch which appears as
irregularly shaped flakes (Adebowale et al., 2008). It is
consumed in most part of West Africa and widely accepted
as a convenient diet (Cheeke, 1995; Mac-Mahon et al.,
1995). In the traditional method, the moist starch flour is
roasted over an open firewood flame in a large, shallow
stainless steel pan for 20 min at temperature range of 120 –
150oC with constant stirring using a piece of stainless steel
plate. Vegetable oil is used to rub the pan before roasting to
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prevent stickiness and burning (Adebowale et al., 2006).
The roasted tapioca appears as irregular lumps called
flakes or perfectly round beads (Sanni et al., 2009). The
processing steps are very labour-demanding and make the
product quite expensive. The sorption characteristics
tapioca produced using the rotary dryer are different from
the traditional roasting method, but the sorption
characteristic of the tapioca grits produced using the rotary
dryer roasting method are significantly dependent on the
cassava variety (Adebowale et al., 2006). Such information
could be useful for process development and optimization,
drying time prediction, packaging production and modeling
moisture changes, which occur during storage and
predicting shelf life stability of tapioca.
Cassava noodles
Among the popular cassava products in Nigeria such as
gari, fufu and lafun, cassava flour is the easiest and cheapest
to make, and the highest income generator (Abass et al.,
1998). The use of cassava flour in food rations has clear
advantages. The inclusion of cassava in composite flour for
the production of fast food would reduce cost and enhance
the production of noodles, breakfast cereals, and pastries
among others (Falade and Akingbala, 2009). Apart from the
industries, bakers, caterers and individuals also produce
and purchase cassava flour for home use for the
preparation of chin-chin, pie (meat and fish), buns and cake
among others (Falade and Akingbala, 2008). Inclusions of
cassava flour at 10% in wheat flour have been used for
producing acceptable noodles.
Cassava cakes
Several kinds of traditional food which are usually prepared
from wheat flour, rice flour or maize starch are made using
cassava flour as a partial or total substitute for these
ingredients. The basic procedure for cake preparation is
mixing of sugar, egg and a leavening agent. Composite flour
and melted margarine are then added and mixed
thoroughly into dough. The dough is poured into a pan
already swiped with margarine and coated with wheat
flour, then baked for approximately 30 min. Acceptable
cake can be made from varying replacement of wheat flour
with cassava flour. There are many flavours of cake such as
coconut cake, palm sugar, pineapple etc (Table 5).
Iodine Supplemented Cassava Product
Iodine is an essential trace element of great importance in
human nutrition. The element is an integral part of the
thyroid hormones (Dunn and Dunn, 2001). Iodine
deficiency due to iodine decrease or loss during processing
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Table 5. Summary of Recent developed Industrial cassava-based products
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and their applications.

Cassava-based products
Biofuel (ethanol)

Industrial applications
Distilleries

Starch

Paper, Textile, Adhesives, Breweries, Pharmaceutical Industries

Glucose
Animal feed

Sugar Industry
Feed Industry

HQCF products (chips, bread, noodles,
biscuits etc.)

Confectionery, Caterers, Flour mills, Pasta Industries

Table 6. Iodine and moisture content of cassava and its products.
Cassava and its product
Fresh cassava tuber(edible portion)
Cassava flour (lafun)
Cassava meal (Gari)

Moisture content (g%)
a
58.25±1.18
b
14.15±0.22
c
18.32±0.38

Iodine content (µg/100g dry matter)
592.50±8.22
216.90±1.23
366.03±3.82

Values in the same column with the same superscript are not significantly different from each others. Source: Salau et al.,
2010.

or cooking is still a major public health problem in several
areas of the world, especially in developing countries
(Wisnu, 2008; Ozedemir et al., 2009).
The absorption and/or utilization of iodine are inhibited
by components of certain foods, these food component
called goitrogenic compounds are found primarily in
cruciferous vegetables (e.g. cabbage and broccoli), soybeans product, cassava roots, peanuts, mustard and millet.
Over consumption of these food may lead to thyroid
problems by reducing the amount of available iodine for the
manufacture of thyroids hormones (Kontras et al., 2002;
Soetan, 2008). It is believed that cooking can inactivate the
goitrogenic compounds in these foods, thereby eliminating
their negative impact on iodine status (Kontras et al., 2002).
Salau et al. (2010) reports that the result of moisture and
iodine content of cassava and its products shows that the
two processed products (Cassava flour and cassava meal)
were significantly lower (p<0.05) in iodine content when
compared with the raw edible portion (Table 6). The least
reduction in iodine content was observed in gari (38.22%)
while lafun had the highest reduction (63.39%).
Protein Enriched Cassava Product
Gari (fried fermented cassava flour), is the most popular
cassava product consumed in West Africa and the most
important food products in the diet of millions of Ghanaians
and Nigerians (Kordylas, 1990; Oduro et al., 2000; Edem et
al., 2001). It forms a significant part of the diet in many
countries such as Cameroon, Sierra Leone, Zaire and Brazil

where it is called Farinhade moniaca (Lancaster et al.,
1982). Although cassava is high in linamarin (Vasconcelos
et al., 1990), about 83% of the total cyanogenic glucosides
(Linamarin and Lotaustralin) are detoxified during the
processing of tuber into gari and 98% of the cyanide is lost
when it is cooked into eba (Mahungwu et al., 1987).
However, cassava and its products are low in protein and
deficient in essential amino acids, and therefore have low
protein quality, with a protein content of between 3.6 and
4.4% dry weight (Oboh and Akindahunsi, 2003). Thus,
continuous dependence on gari without supplementation
with meat, fish and/or other protein-rich sources would
result in protein deficiency (Agbon et al., 2010). However,
because of the high cost of animal proteins, majority of the
population cannot afford such fortification for gari, hence
the need to search for cheaper and good quality protein
sources that are readily available for the fortification of
gari. Soybean, a protein rich legume with essential amino
acid profile, is potentially the most useful protein source for
complementing and enhancing the nutritional value of Gari.
Soybean (Glycine max Merr), an inexpensive protein
source, is readily available in many countries where starchy
tubers are consumed in large quantities. In comparison
with most other legumes, soybean is much higher in protein
38.9% -41.8% (Nagata et al., 1998; Kumar et al., 2006;
Redondo-Cuenca et al., 2006). Soy protein is reported to
lower cholesterol level in the blood (Nagata et al., 1998;
Henkel, 2000), and its amino acid content is considered key
in its ability to control blood pressure, and this appears to
be related to calcium conservation (Dadson and Noureldin,
2001). Supplementation of soy proteins to gari is therefore
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Fresh cassava

Peeling, cutting and washing

Primary fermentation (48h)
Pre-treated legume flour
(Cowpea/soy-bean)

Decant water
Secondary fermentation
(Fermented cassava with 20% legume)

Pulping and screening

Sedimentation, Decantation and Dewatering

Drying (75oC)

Fufu flour
(5.5%/8.2% protein in cowpea and soy-bean respectively)
Figure 1. Scheme for the co-fermentation of cassava with legumes to produce
enriched fufu, (Oyewole and Aibor, 1992).

expected to enhance its protein quantity and quality as well
as improve its health promoting benefits. However
acceptability of gari depends on the final texture and
sensory attributes after processing and these vary based on
the extent of souring/acidification during fermentation and
the starch behaviour during heat processing.
Afoakwa et al. (2010) reports that fortification of cassava
dough with 20% soy-beans caused only minimal and
insignificant variation in the acid generation relative to the
unfortified cassava fufu after 48 h of fermentation.
Increasing the soy concentration to 30% cause significant
increase in acid production, with consequential significant
reduction in starch content which would have negatively
affected the flavour, colour and texture of the product.

Starch pasting characteristics is also affected by the soy
fortification but the effect is insignificant at the 20% soy
fortification level. These suggest that cassava dough could
be effectively co-fermented for 48 h with soybean up to
20% concentration without significant effect on acid
production and starch pasting characteristics of resulting
product (Afoakwa et al., 2010). This would improve the
nutritional quality of the product without affecting the
process
development
and/or
product
quality
characteristics.
Agbon et al. (2010) also reported that cassava-cowpea
fufu which underwent 48 h of fermentation had better
sensory rating than cassava fufu, and with development of
newly cassava-cowpea fufu (Figure 1), it will provide viable
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alternatives for dwellers in various developing countries of
Africa including Nigeria, who consume fermented cassava
fufu during the three meals of the day. Fufu from cassavacowpea mixtures contain higher amount of protein and
micronutrients than the commonly consumed cassava fufu.
CONCLUSION
Cassava has the potential to be processed into different
products. Production of biofuel through fermentation has
been identified as a source of economic wealth. Native and
modified starches are used for various purposes in the
industry such as paper, textile and adhesive industries.
Monosodium glutamate and animal feeds can be obtained
from cassava. There is currently high focus on cassava flour
(HQCF) and derivatives such as cassava chip, cassava bread,
cassava pies, cassava cookies, cassava biscuits, cassava
flakes, cassava noodles and cassava cakes may be obtained.
Iodine supplementation and protein enrichment of cassava
products are been evaluated. Cassava is a rich source of
many products.
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