
China (PRC) and provides an important item in the 
diet of consumers in many other Southeast Asian 
countries. While the PRC grows large quantities of 
wheat to supply much of its needs, it also is a major 
wheat importer. The other countries in that region 
with a Chinese dietary tradition are similarly major 
importers of wheat. The requirements of flour to 
make high- quality steamed breads are poorly 
defined. On-sight visits of flour mills and bakeries 
revealed large variations in flours produced and 
resulting baked product quality (Rubenthaler et al 
1987).

The PRC produces both hard red (winter and 
spring). The formula for steamed bread is simply 
flour, water, salt, and yeast, and may sometimes 
include sugar and/or shortening. Traditionally, the 
bread is produced from a starter "mother dough," 
in place of yeast, to make a sour-type bread. Much 
of the bread in rural China is still produced this way. 
Steamed bread is commonly made in a sponge-
dough system, with fermentation times of 3-4 hr. It 
is prepared in a variety of shapes and often filled 
with meats, vegetables, or a sweet bean paste prior 
to steaming. Common to all forms, characteristics 
sought in steamed bread are a smooth semi glossy 
finish, white color inside and out, a soft, moist, and 
uniform crumb texture, and a large specific 
volume. Very little is known about the suitability 
of sour cassava starch for the production of 
Chinese steamed bread. A previous study (Faridi 
and Rubenthaler, 1983) indicated significant 
varietal differences among soft white and club 
wheats of medium to low flour strengths in 
addition to large effects from protein content (in 
the range 8-12%). The higher the protein within a 
cultivar, the better the steamed bread quality. 
Preston et al (1986) studied the effects of flour 
extraction rates of Canadian wheats on the 
performance of steamed bread.

Some of the functions of steaming bread 
include (i) improve crumb softness; (ii) extend 
shelf life; (iii) increase bread volume and (iv) 
improve crumb whiteness. The nutritive value of 
protein in regular and fortified breads was 
significantly affected by methods of baking. Rat-
feeding tests demonstrated that protein efficiency 
ratios (PERs) of breads were significantly 
improved and feed conversion ratios were reduced 
by substituting steaming or microwave baking for 
conventional baking. Lysine and other amino acids 
varied little among conventionally baked, 
microwave baked, and steamed breads. The 
significantly low PER of conventionally baked 
bread indicated that lysine became less available 
nutritionally with conventional baking than with 
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Abstract
The effects of steaming (10min, 20min and 30min) 
on the properties of sour cassava starch bread were 
evaluated. Properties examined include pH, 
moisture content, protein, ash, starch, sugar, 
amylose content and sensory analysis. Amylose 
content ranged between (14.04-15.73%), 
Amylopectin ranged between (84.27-85.96 %), 
protein content ranged between (3.85-4.18%), 
Starch and Sugar content ranged between (68.07-
69.01%) and (10.12-10.34%) respectively. As the 
level of steaming increases the fat (11.64-12.59%) 
and protein content (3.85-4.18%) increases.  
10min-steamed bread was adjudged the best for 
sour cassava starch bread production as its bread 
had the highest score for overall acceptability (6.0) 
and other sensory parameters evaluated.

Keywords: Cassava, sour, starch, bread, proper-
ties, steaming.

Introduction

Bread is a popular food in Western and most other 
societies except for the Asian societies that 
typically prefer rice. It is often made from wheat-
flour dough that is cultured with yeast, allowed to 
rise, and finally baked in an oven. Owing to its high 
levels of gluten (which give the dough sponginess 
and elasticity), common wheat (also known as 
bread wheat) is the most common grain used for 
the preparation of bread, but bread is also made 
from the flour of other wheat species (including 
durum, spelt and emmer), rye, barley, maize (or 
corn), and oats, usually, but not always, in 
combination with wheat flour. Steamed bread is a 
major use of wheat in the People's Republic of 
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fat, protein, ash, pH) of the steamed sour cassava 
starch bread samples were determined by the 
methods of Association of Official Analytical 
Chemists (AOAC, 2001) on dry matter basis.       

Amylose content:  This was determined by the 
iodine binding method described by Williams et al, 
(1970). An amount of 0.1g of sample was weighed 
into a 100ml conical flask and dissolved with 1ml 
of 95% ethanol.9ml of 1N NaOH was added to 
hydrolysed the starch. It was transferred into water 
bath to boil for 10minutes, after 10 minutes it was 
removed and distilled water was added to make up 
to 100ml. 5ml was taken from the 100ml into 
another conical flask and 1ml of acetic acid was 
pipette into each plus 2ml iodine solution to 
change colour. Distilled water was added to make 
up to 100ml and the absorbance was read at 620nm 
on the spectrophotometer (Milton Roy Spectronic 
601, USA)

Starch and sugar contents: This was determined 
by the method of Dubois et al (1956). This involves 
weighing 0.02g of the sample into a centrifuge 
tube and 1ml ethanol, 2ml distilled water and 10ml 
hot ethanol was added. 

The mixture was vortex and centrifuged at 
2000rpm for 10 minutes. The supernatant was 
decanted and used for determining sugar content 
while the sediment was hydrolyzed with 
perchloric acid and used to estimate starch content, 
phenol- sulfuric reagent was used for colour 
development and glucose standards were used for 
estimation of sugar and the absorbance was read 
with spectrophotometer (Milton Roy Spectronic 
601,USA) at 490nm. 

 Sugar   = Absorbance - I (0.0044)
                 Sample wt x 0.55

Starch = (Absorbance  0.0044) 4.5
      Sample wt x 0.55

Physical properties: The weights, heights and 
volumes of steamed sour cassava starch bread 
samples were determined by standard methods 
(Lonner and Preve-Akesson, 1989; Sanni et al. 
1998). Bread crumb/crust structure and colour 
were judged. The regularity of the porosity of the 
bread crumb was also judged.

Steamed bread evaluation: Steamed breads were 
allowed to cool for 30 min, and then weighed. 
Volumes were  determined by rapeseed 
displacement. The width and height of each bread 

either microwave baking or steaming. Lysine or 
soy fortification could effectively raise the PER of 
conventionally baked bread. Loaf volume and 
crumb qualities of conventionally baked bread 
were better than those of microwave-baked or 
steamed bread. However, conventional baking 
produced a much darker brown crust and crumb 
than did microwave baking or steaming. The effect 
of heating, as shown by browning, on reducing the 
bread's nutritive value could be greatly minimized 
by replacing conventional baking with microwave 
baking or steaming. The aim of the study therefore 
was to evaluate effect of steaming on sour cassava 
starch bread.

Materials and Methods

Materials: Freshly harvested cassava (TMS 
30572) was obtained from the farms of 
International Institute of Tropical Agriculture, 
Ibadan. The variety was grown under rain-fed 
conditions. No fertilizer or herbicides were used, 
and hand weeding was done when necessary.  The 
cassava variety was harvested at 12 months after 
planting. The harvested roots were processed 
within 60 min after harvesting.  

Sour starch processing: The modified traditional 
Eastern Nigerian methods (Osunsami et al, 1989; 
Oyewole and Obieze, 1995; Brabet et al, 1998) 
were used. Cassava roots (10kg) were peeled, 
washed in water and grated with a commercial 
mechanical grater.  The resultant pulp was 
immediately sieved through a screen and 
suspended in 70l of water. This separates the 
fibrous and other coarse root material from the 
starch pulp. The starch pulp was allowed to 
ferment for 30 days before decanting.  The thick 
sour starch cake at the bottom of the bowl was 
pressed to remove water.  This was oven dried at 

o50 C for 18hrs.The dried sample was milled and 
stored in a cool place for analysis.

Procedure for making steamed bread: Sour 
cassava starch (100 g), water (variable), yeast 
solution (15 g fresh yeast dissolved in 100 g of 

owater at 36 C), sugar (5 g) and shortening (5 g) 
were mixed in the GRL-1000 mixer for 30 sec at 45 
rpm, then the batter was developed at 105 rpm for 
the required time. The batters were placed in a 
steamer tray, steamed for10, 20, and 30 min in a 
commercial aluminum steamer (Fu et. al., 2005).  
Samples were analyzed for bread qualities.

Analysis: The proximate compositions (moisture, 
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caramelization of the crust. As a crust forms on the 
surface, oven spring is reduced, and the bread's 
ability to attain further volume is impeded. On the 
other hand, in a steamed oven, the surface of the 
dough remains moist longer, enabling greater oven 
spring to occur before the formation of a surface 
crust, and the result is bread with superior volume.

Table 2 shows the proximate and chemical 
composition of 10 min, 20min and 30min steamed 
cassava sour starch bread. 30min steamed sour 
bread has the highest value in fat content (12.59%), 
protein content (4.18%), starch content (10.34%) 
and amylose content (15.73%). As the steaming 
time increases, protein and fat content also 
increases. Statistical analysis revealed that the 
proximate and chemical composition differed 
significantly in pH, protein, amylose and 
amylopectin but no significant differences were 
observed in fat, ash, sugar and starch content 
(Table2). A properly steamed oven promotes a 
crust with a good sheen to it. This is because steam 
at the initial stages of baking provides moisture 
that gelatinizes the starches on the surface of the 
loaf. The starches swell and become glossy, giving 
us a shining crust. 

Conclusion
The study has shown that steaming has significant 
effect on the physical and proximate properties of 
sour cassava starch bread. A properly steamed 
oven results in bread with better volume. When we 
load an oven without steam, the surface of the loaf 
quickly heats up. The benefits of steam occur only 
during the first third or so of the baking cycle. If the 
baker neglects to inject steam at the time of bread 
loading, he cannot compensate by steaming the 
oven several minutes later. In order to ensure that 
the crust remains thin and crisp, it is important to 
finish the baking in a dry oven. 

Acknowledgement 
The author warmly thanks the Common Fund for 
Commodities CFC-WA-IITA PROJECT and EU-
ACP for sponsoring my trip to present the report 
at Kinshasa, DRC.

References
Abass  AB. (1992). Effect of some processing 

parameters on gari quality. M. Sc
thesis, University of Ibadan, Nigeria.  Pp. 
108.

AOAC (2001). Official methods of analysis. 
Association of Official Analytical 
Chemist. Washington D.C pp 152-154, 
252

were measured at three different locations, and the 
average recorded. The colour of the steamed bread 
skin and crumb were measured by a Minolta 
Chroma Meter CR-310 equipped with a C 
illuminant using the L*, a*, and b* colour scale. 
Breads used for sensory scoring were re- steamed 
for 10 min, and allowed to cool for 15 min before 
evaluation. Breads were scored by a trained 
sensory panel using 9-point hedonic scale of 9 (like 
extremely) to 1 (dislike extremely) for appearance, 
texture, taste, crumb and overall acceptability.  

Results and Discussion

Table 1 shows the physical parameters of 10 min, 
20min and 30min steamed cassava sour starch 
bread. 10min steamed bread has the highest weight 
value (125.80g), and volume (120.00ml). 30min 
steamed bread has the highest crumb dry matter 

3(68.66%) and height (2.75cm ). All the bread has 
regular shape with pores; strong in term of 
elasticity, not crispy with big cracks on top of the 
bread and the crust colour is light brown. The 
flavours of steamed bread mainly result from the 
fermentation process. With baked breads, the 
brown crust formed by maillard reactions during 
baking, is the major source of bread flavours. 
Steamed bread is usually served when it is warm 
and can be refreshed by re-steaming. Water 
absorption, mixing time, the amounts of 
shortening and sugar added could greatly affect the 
final product quality. The other way in which water 
has an effect on bread is in the form of steam that is 
injected into the oven at the time of loading. Proper 
steaming has a profound effect on bread for a 
number of reasons. It promotes a rich color to the 
crust, a surface shine on the loaf and also increases 
the volume of the bread.

Crust color is enhanced when steam is injected 
into the oven. This is because at the early stages of 
baking, there is a rapid increase in enzymatic 
activity on the surface of a loaf. These enzymes 
break down the starches in the dough into sugar-
like compounds called dextrins, and other simple 
sugars called reducing sugars. Steaming the oven 
has a cooling effect on the dough, and this enables 
the enzymes to remain active for a longer period of 
time. This in turn contributes to crust browning 
through the Maillard reaction, and later through 

Statistical analysis: Data generated from all 
experiments were subjected to Analysis of 
variance and means were separated using 
Duncan's Multiple Range Test .

Proc. 11th ISTRC-AB Symp. Kinshasa, DR Congo.  4-8 October, 2010

516



Kilborn RH,  Tully D (1986). The 
suitability of various Canadian wheats 
for steamed bread and noodle processing 
for the People's Republic of China. Can. 
Inst. Food Sci. Technol. J. 19:114.

Ross  AS, Walker CE,  Booth  RI, Orth RA, 
Wrigley  CW (1987). The Rapid Visco 
Analyzer: A new technique for the 
estimation of sprout damage. Cereals 
Food World 32, 827  829.

Rubenthaler GL, Sullivan JW, and Liu CT (1987). 
Wheat Quality Characteristics. USDA, 
Office of International Cooperation and 
Development (OICD) and Ministry of 
Agriculture, Animal Husbandry, and 
Fisheries (MAAF) of People's Republic 
of China. Team Trip Report. U.S. Dep. 
Agric.: Washington, DC.

Sanni AI, Onilude AA,  Fatungase MO (1998). 
Production of sour maize bread using 
starter cultures. Wor J. Microbiol. 
Biotechnol. 14(1) 101-106.

Sosulski FN (1962). The centrifuge method for 
determining flour absorptivity in hard 
red spring wheat. Cereal Chem. 39. pp 
344.

Walker CE, Ross AS, Wrigley CW, McMaster GJ 
(1988). Accelerated starch paste 
characterization with the rapid Visco 
analyzer. Cereals food world. 33, 491  
194.

Williams PC,  Kuzina FD,  Hlynka I (1970). A 
rapid colorimetric procedure for 
estimating the amylose content of 
starches and flours. Cereal Chemistry 47 
(4):411.

 Brabet C, Bricas N,  Hounhouigan J,  Nago M,  
Wack AL (1998). Use of African Cassava 
varieties in Benin for producing sour 
starch: a traditional Latin American 
baking product. In  ISTRC-AB 
proceedings 1998. pp 686-694.

Dubois M, Gilles KA, Hamilton JK, Rebers PA,  
Smith F (1956). Colorimetric method for 
determination of sugars and related 
substances. Analy chem.. 28, 350-356.

Faridi HA,  Rubenthaler, GL(1983). Laboratory 
method for producing Chinese steamed 
bread and effects of formula, steaming 
a n d  s t o r a g e  o n  b r e a d  s t a r c h  
gelatinization. Proc. Int. Wheat Genet. 
Symp. 6th, p. 863.

IITA (2001). Operation manual for the series 3 
Rapid Visco Analysis using thermocline 
for windows. Newport Scientific pty. Ltd. 
1995. 

Leach  HW, McCowen  LD, Schoch TJ (1959). 
Structure of the starch granule. I. 
Swelling and solubility patterns of 
various starches. Cereal Chem 36:534-
544.

Lonne C, Preve-Akesson  K (1989). Effect of LAB 
on the properties of sour dough bread. 
Food Microbiol (6) 1: 19-28.

Osunsami  AT, Akingbala JO  Oguntimehin, GB 
(1989). Effect of storage on  Starch 
content and modification of cassava 
starch.  Starch / starke  41: 54-57.

Oyewole OB, Obieze  N (1995). Processing and 
characteristics of tapioca meal from 
cassava. Tropical Science 35: 401 - 404.

Preston  KR, Matsuo RR, Dexter JE, Tweed AR,  

Proc. 11th ISTRC-AB Symp. Kinshasa, DR Congo.  4-8 October, 2010

517

Table 1: Physical parameters of steamed sour cassava starch bread.

Parameters  10  minutes 

steamed bread  

20  minutes steamed 

bread  

30  minutes 
steamed bread

Weight (g)  125.80a  108.40b  92.20c  

Height (cm3) 2.60c  2.65b  2.75a  

Volume (ml) 120.00a  118.00b  109.00b  

Crumb dry 

matter (%)  

64.29b  68.52a  68.66a  

Por osity  Regular with pores  Regular with pores  Regular with pores

Crumb 

colour  

Dirty white  Dirty white  Dirty white  

Elasticity  Strong  Strong  Strong  

Crispiness  Not crispy  Not crispy  Not crispy  

Crack 

formation  

Big cracks  Big cracks  Big cracks  

Crust colour Light brown  Light brown  Light brown  
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Each value represent mean of three replicates.
Mean values having the same superscript within column are not significantly different at 5% confidence level.
*P<0.05
**P<0.01
***P<0.0001
NS Not Significant

Bread  Crust 
Colour  Flavour  Texture  Taste  

Crump 
Firmness  

Crump 
Colour  

Overall 
Acceptability  

10 minutes 
steamed bread 6.00a 6.20a 6.30a 7.30a 5.70a 6.50a 6.00a 

20 minutes 
steamed bread  5.90a 6.10a 5.60a 7.00ab 4.90b 5.50b 5.80a 

30 minutes 
steamed bread  5.80a 6.10a 5.30a 6.50ab 5.10ab 5.50b 5.70a 

Table 3: Sensory analysis of steamed cassava sour starch bread

Table 2: Proximate and chemical composition of steamed cassava sour starch bread.

Bread  
pH ` Ash % 

Protein 

% 

Amylopectin 

% 

Amylose 

% Sugar % Starch % 

10 Minutes
Steamed Bread

 

4.25b  11.64a  1.73a  3.85b  84.45b  15.55a  68.07a  10.18a  

20 Minutes 
Steamed bread  

4.95a  11.94a  1.73a  3.93b  85.96a  14.04b  69.01a  10.12a  

30 minutes 
Steamed bread  

4.30b  12.59a  1.72a  4.18a  84.27b  15.73a  67.37a  10.34a  

         
Mean 

R-Square

 4.50  12.05  1.72  3.99  84.89  15.11  68.15  10.21  

 0.95  0.55  0. 70  0.98  0.98  0.98  0.48  0.46  

C.V 2.22  4.23  0.34  0.71  0.16  0.91  1.46  0.14  
Std Dev 0.39  0.49  0.007  0.17  0.92  0.92  0.82  0.11  
Std error

 0.23  0.28  0.004  0.10  0.53  0.53  0.48  0.06  

Range 4.25 -

4.95  

11.64 -

12.59  

1.72 -

1.73  

3.85 -

4.18  

84.27 -

85.96  

14.04 -

15.73  

68.07 -

6 9.01  

10.12 -

10.34  
P of Clone *  NS  NS  **  **  **  NS  NS  



by farmers and processors alike in West Africa, 
some common drying practices include Open air 
or Sun drying, Cabinet drying, Flash drying, using 
rotary dryer, Solar cabinet dryers, and recently a 
combination of solar and indirect heating of the 
drying room, which can be described as a hybrid 
drying system. Sun drying as the name implies is a 
traditional practice, whereby grains to be dried are 
displayed in the open air under the rays of the sun, 
In  open  air  Solar drying the heat is  supplied  by  
direct absorption  of  solar radiation by material  
being dried. The vapor  produced  is  carried  away 
by  air  moving  past  the material,  the  air  motion  
being  due  either  to   natural convection resulting 
from contact with the heated material or to winds, 
however this method of drying has its limit and its 
inherent challenges. Some of the challenge 
includes quality of dried product as a result of 
inconsistent drying, No of days used to dry, and 
contaminants such as dust, insects, birds and 
weather conditions, consistent drying is not 
possible during the raining seasons, there is a limit 
to the quantity dried since drying is achieved in 
batches. However it remains a very cheap method 
of drying, since the sun is a free source of energy. 
Solar dryers have some advantages as compared 
with Sun drying, the drying is quicker and there is 
no insect or rodent infestation since it is not 
exposed as in sun drying. 

IITA has been in the fore front of fast tracking 
design, training and introduction of drying 
technology in the West Africa sub region, since 
2005.  IITA has introduced and installed various 
drying equipment's such as flash dryer, rotary 
dryer in more than 25 centers under the IITA CMD, 
CEDP projects in Nigeria and recently an hybrid 
drying system in Benin republic. Flash dryer and 
rotary drying uses diesel, charcoal and gas 
respectively as energy source, making it expensive 
for deployment in rural setting and only useful on a 
commercial based processing. Higher cost of 
energy and uncertainty regarding future cost and 
availability of dryers, use of solar energy in food 
processing are becoming attractive to play a 
prominent role providing a clean and free source of 
energy and therefore negates deforestation 
challenges as currently being experienced in 
Africa and provides a viable alternative. This 
paper presents our findings on the test 
performance of a pilot hybrid dryer unit in Hounvi 
village in Benin republic. 

Methodology
The dryer consist of four parts, the drying chamber 
which was built into a brickwork measuring 6.8M 
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Abstract
An appropriate drying system remains a critical 
factor for the development of cassava enterprises 
in Africa, most especially at the rural sector. As 
part of solving this problem,  the Cassava value 
chain development in West Africa - a project 
sponsored by the Common Fund for 
Commodities source information on existing 
solar drying systems in Nigeria, Ghana, Uganda, 
Cameroon, and Sierra Leone. Findings from the 
survey assisted in the design and fabrication of an 
hybrid solar drying system with less impact on 
deforestation. The dryer was installed in Hounvi 
village in Benin republic; one of the project 
countries. The design, which is a combination of 
solar and indirect heating of the drying chamber, 
consists of a drying building roofed with white 
plastics while the inside contains drying trays on 
raised platforms.  The dryer make use of solar 
energy during the day while in the evening; heat is 
supplied from outside the chamber to continue 
drying. The heating chamber was made of hollow 
drum inserted from outside of the building. The 

ohighest drying temperature attained was 58.55 C 
with a drying rate of 100-160 kg wet mash/day and 
an average final moisture content of 11 %.  The 
processors now have opportunity of drying their 
products any time of the day with less dependence 
on use of firewood. Wide range of products could 
be dried hygienically using this drying facility 
within some hours with little or no quality loss. The 
functionality, suitability and acceptability by the 
processors have been confirmed with confidence 
for replication in other sites and other countries 
within the tropics.

Introduction

Drying is a moisture removing process where 
water is removed from food product to a level 
whereby deterioration is controlled, and this is 
achieved by the movement of hot air on food 
product, this process allow for  food  preservation 
and stability, examples are cassava chips and 
grains from cassava tubers. Different kinds of 
drying systems have been and are still widely used 
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150kg of pulverised cassava mash with a moisture 
content of about 35% wet was loaded in to the 
dryer at about 12.oopm and after 4 hours in the 
solar dryer, the mash was dry to a moisture content 
of 11%( the moisture content was measred with a 
moister meter) The energy utilised for the drying 
was solely derived from the solar rays from the sun. 
50kg was weighed after drying the differnce in 
weight of the wet and dry product shows that 
100kg (104.1L) of water was removed within the 
drying time.

Drying efficiency
The drying efficiency of the hybrid dryer has been 
estimated by considering the solar energy rays 
reflected to the metal drying surface and the 
following factors were considered for estimating 
the dryer efficiency:
a) Total radiation incident on the collector 

(considering the total duration of solar drying)
b) Initial and final weight of the product and thus 

the amount of water evaporated
The dryer drying efficiency  is put as the 

energy used to remove moisture in the cassava 
mash divided by the energy input in to the dryer. 

The total capacity of the dryer is 
conservatively put at 150kg per drying batch. 
Measurements of flow rate within the dryer was 
not measured during this study, natural air 
movement was relied on to remove moisture 
through vents, electrical fan circulatory solution 
was not considered here since the dryer is expected 
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Design considerations
 The following criteria were employed in the 
design of the solar hybrid dryer: 
• Method of trapping solar energy

• Drying temperature between 50°C -70°C

• Alternative method of heating

• Wind direction.

Field test
A no load test to determine the heat gradient of the 

thPilot dryer was performed on the 20  of November 
2009 and the temperature was logged at 20 minutes 
interval using a “Hobo” data logging device, it was 
positioned on the stainless steel drying surface. A 

otemperature of 58.55 C was the highest 
temperature achieved, which is within the design 
consideration temperature ideal for drying cassava 
products.

Temperature/time chart for the initial testrun of 

cfc hybrid dryer at Hounvi

Maximum temperature obtained  

Light transmission through plastic roof  90%

Maximum loading capacity  150 kg

58°C

Load test

X 6.8M with 4 sides but without window, with 
netted openings serving as vent holes (lower and 
upper) for moisture to escape and allow natural air 
movement in the dryer. The plastic polycarbonate 
material that doubles as roof and Solar radiator. 2 
metal drums cemented to the back wall and 
protruding inside the drying chambers serving as a 
means for radiating heat into the drying chamber. 
Two options were considered on how to place the 
products a rack system or a raised metal platform, 
the raised platform option was selected since it will 
And the drying surface made of stainless steel top 
with metal angle iron as stands, the drying surface 
also double as energy receptor as the surface is 
heated heat is retained and transferred unto the 
grains to be dried which is spread thinly on it.   

Moisture Vents (3nos)

Metal Drum (2nos) 

Rear View 

Fresh Air Vents (3nos) 

Transparent Roofing Sheet 

Front View 

Dimensions in Metres 

Side View 
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to be simple and electrical power was not expected 
to be available in the village, however solar option 
is being considered for lightning purposes within 
the dryer house.

Result and Discussion

The weather condition at the time of the year when 
the dryer was put to test played a prominent role in 
the drying rate as it was in the dry seasons and sun 
energy was very available and this had direct 
influence on the drying time experienced. the air 
flow rate was aided by the natural wind direction 
which was considered in locating the vents, the 
inflow of air aided the moisture removal as the hot 
drying air rises transporting moisture in its path out 
through the upper vent holes. The test was carried 
out using the free energy from the sun, further 
drying could be done even when the sun is down by 
completing the drying using the metal drums at the 
rear of the dryer, little quantity of firewood is 
required as compared to when the drying is done 
relying solely on firewood. 

This hybrid drying system is simple and 
effective a design adoptable at the village level and 
at the farm gate level. This is a cheap alternative to 
expensive dryers such as the flash dryers and 
rotary dryers that relies on diesel for operation. 
Because of different tempeature spread in the 
drying chamber especially when the metal drum 
heat exchanger option is used to complete drying, 
manual agitation is required twice before the 
drying is concluded, this is however not the case 
with the solar option, since  solar energy reflects 
through the translucent plastic material used for 
the roof is reflected on the stainless steel drying 
surface thereby acting as a heat collector

Conclusion 
In conclusion, the hybrid dryer can effectively be 
utilised by rural processors in solving the 
challenges being presently experienced 
concerning quality of processed grains. The shelf 
life of flour dried from the hybrid dryer has been 
determined to be above 6 months. Other kinds of 
solar dryer in Cameroon and Uganda did not 
compare favourably with the solar/hybrid dryer at 
Hounvi in Benin on the basis of the temperature 
achieved during testing. Based on the results 

oobtained during the test, temperature of 58.5 C was 
attained during testing and the monthly usage data 
from Hounvi village in Benin republic, the 
adoption of this technology in rural areas can go a 
long way to reduce postharvest losses being 
experienced during wet seasons and product 
quality is also improved.
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Materials  Cost CFA

3.5 tons cement 286,500

Transparent plastic 

roofing material 442000

Met al drums  50,000

Planks  130,000

Nails  49,850

Gravel  15,000

Material for stainless 

steel drying surface  1,260,000

Labor  146,000
Transport of material to 
site  40,000
Paint and other 
accessories 28,000
 Total  2,447,350

Dryer Cost

Dollar rate $5549.55
Exchange rate $1=441 CFA-
Nov. 2009
Cost was supplied by the country manager CFC 
project Benin.
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Cassava flour being dried in the pilot hybrid dryer.

*1 basin is 40 kg
Production figures from the processors based on usage of the pilot hybrid dryer 

MONTH 
2010  

GARI  TAPIOCA  LAFOU  FARINE  KIMPOUKA  

JANUARY  13 BASIN  13 KG 258KG 233KG - 

FEBUARY  19 BASIN  79 KG 278KG 100KG - 

MARCH  43 BASIN  25 KG 310KG 190KG - 

APRIL   5 BASIN     9KG   35KG - - 

MAY  27 BASIN  45KG 250KG 400KG - 

JUNE 13 BASIN  70KG 400KG 612KG - 

JULY  16 BASIN  40KG 305KG 275KG - 

AUGUST  21 BASIN  71KG 427KG 353KG 225KG 
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Hybrid dryer Back view showing Metal drum 
Positioning/vent holes

Drying chamber showing metal heat 

exchanger drums                             



to be grown in a controlled ecological life support 
system as a primary food sources (Hoff et al., 
1982). It can be boiled, steamed, baked, fried, 
chipped, candied, canned, frozen, made into flour 
and starch or processed into a number of products 
(Chadha and Dakshinamur, 1965; Palomer et al., 
1981; Chandra 1984; Truong Van Den 1985; 
Takeda et al., 1986a; Woolfe, 1992). 

The use of Irish potato for chips in fast food 
outlets and homes is the most common use of Irish 
potato where as sweet potato find no relevance for 
the same purpose. Oduro et al (2000) identified 
some important nutrient of interest in sweet-potato 
which include  Carotene, Vitamins B  and C, 2

Polyphenols, Thiamins, Phosphorus, niacin, Iron, 
calcium and carbohydrates (Islam, 2006; Kinarno, 
1982).         

Therefore, the high nutrient content of sweet 
potato and high yield in terms of quantity call for 
the need to find an alternative utilization of sweet 
potato for chips in fast food outlets and 
subsequently for packaging. The objective of this 
paper is to compare the chemical, functional and 
sensory properties of sweet and Irish potato for 
chips production.

Materials and Methods

Materials:   The potatoes (sweet and Irish) used 
for this study were purchased from Mile III Market 
within Port Harcourt Metropolis.  The potatoes 
were washed, peeled and cut into slices.  Peeled 
slices were soaked in 0.1% sodium metabisulphide 
solution for 15 minutes to prevent enzymic 
browning.  The wet chips were drained and oven 

odried at 50 C for 24 hours.  Dried chips were 
oallowed to cool at room temperature (30 C) and 

milled in a dry milling machine.  Flour samples 
were sieved through 50mm mesh size, packed and 
sealed in polyethylene bag for further analysis.

Methods:  Protein, moisture content and ash 
content of the potatoe flour sample were 
determined by the AOAC (1990) method.  Starch 
damage was determined by the method described 
by McDermortt (1980) while amylose and colour 
were determined by the methods of Williams et al 
(1970) and Francis 1998 respectively.

Dispersibility of potato flour was determined 
using the method described by Kulkarni et al 
(1991), swelling power and solubility was 
determined as described by Takashi and Sieb 
(1988). Least gelation concentration and water 
absorption capacity were determined using the 
methods of Coffman and Garcia (1997) and 
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Abstract
Chemical, pasting, functional and sensory 
properties of sweet and irish potato chips were 
investigated. The potatoes (sweet and Irish) used 
for this study were purchased from Mile III Market 
within Port Harcourt Metropolis.  The potatoes 
were pretreated with 0.1% sodium metabisulphide 

osolution for 15 minutes and oven dried at 50 C for 
24 hours.  Dried chips were milled into flour and 
analysed. Starch values (29.71-30.46 %), 
Dispensability (57.5-63.5 %), water absorption 
capacity (water absorption capacity (170.31-
183.01 %), solubility (29.91-40.85%), and oil 
absorption capacity (101.1-230.4%), peak 
viscosity (117.98-120.10 RVU), final viscosity 
(146.10-155.05 RVU) and setback value (44.65-
50.05 RVU) were significantly different (p < 0.05). 
Irish potato chip samples were highly rated in 
terms of all the attributes including overall 
acceptability.   

Keywords: Sweet potato, irish potato, properties, 
chips 

Introduction

Potatoes are essentially a food security crop with 
steadily growing Urban and domestic market.  It is 
believed to be a native of South America because 
the greatest diversity of wild varieties of the plant 
exists there. Today, potato is grown in nearly all 
parts of the tropical and subtropical world 
(Adeniyi et al., 2005). Potato is a cool-season 
vegetable that ranks with wheat and rice as one of 
the most important crops in the human diet around 
the world (http:// urban-ext.  Illinois. 
edu/veggies/potato l. html). There are more than 
100 verities of potatoes. White and redskinned 
verities with white flesh are the most common in 
home gardens.

Sweet potato (Ipomoea batatas (L) Lam) is 
the seventh most important food crop in the world 
(FAO 1997) and is among the group selected by the 
US National Aeronautics and space administration 

joyekee@yahoo.co.uk
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while Irish potato had 2.8% and 3.0% respectively.  
Sweet potato scored 2.0% for months feel and 
1.5% for overall acceptability while Irish potato 
scored 2.9% and 2.4% for the same parameters 
respectively.

Table 3 shows the pasting properties of sweet 
and Irish potato flour. Sweet potato flour had 
higher values for all the parameters determined in 
terms of peak viscosity (120.10RVU), trough 
(115.59RVU), breakdown (20.05RVU), final 
viscosity (155.05RVU), setback (50.05 RVU), 
pasting time (6.03min), and pasting temperature 

o(65.13 C).

Discussions
The amylose content of sweet potato 19.58% and 
Irish potato 19.74% in the present study are higher 
than that reported by Katayam et al (2005) of 16%.  
Amylose is the linear component of starch and it 
imparts definite characteristics to starch. The 
amylose content of raw material is an important 
factor with regard to the end-use properties of 
products (Sievert and Lausanne 1993). de la 
Gueriviere (1976) also reported that amylose 
provided surface and textural regularity, elasticity 
and a sticky characteristics to starch  based 
products. In general, sweet potato can have an 
amylose content slightly higher than that of 
cassava but less than that of wheat, and maize 
(Bushukan) Bihaderis 1989; Richarel et al (1991). 
Amylose content of sweet and Irish potatoes 
showed no significant difference.

Amylopectin content of 80.41% and 80.26% 
for sweet and Irish potato showed that amylopectin 
increased with a decrease in amylose meaning that 
one is a function of the other and both properties 
are important in food preparation and development.  
Amylopectin contributes high viscosity and 
waxiness in starch.

Protein content of 13.72% for sweet potato 
and 10.80% for Irish potatoe shows a marked 
difference in their protein content.  This observed 
variation could be attributed to varietals 
differences.  Sugar content (4.4%) and starch 
content of (30.46%) in sweet potato, were higher 
than that for Irish potato. Starch damage of 
(1.39%) and fat of (3.70%) were lower in sweet 
potato than Irish potato.  Moisture content for both 
samples were the Same (6.7%).  Moorthy and 
Ramanujan (1992) reported that age, variety, 
growth season and cultivars' type affect their 
physico-chemical properties.

Functional properties are the properties, 
which define the consumers' requirement.  They 
are the characteristics which determine the 

Sosulski (1962) respectively. Relative bulk 
density and oil absorption capacity where 
determined by the methods of Narayana and 
Narasinga (1984) and Beuchat (1977) respectively.

Sensory evaluation of potato chips  
Sensory evaluation of sweet and Irish potatos 
chips were, carried out by the method of Larmond, 
(1977) using a 5-point hedonic scale where 1 
represents like extremely and 5 represents dislike-
extremely.  Evaluation was done using 30 
panelists who were regular consumers of chips and 
who were neither sick nor allergic to fried foods.  
The panelists were instructed to taste the samples 
and rinse their mouth with water after each sample 
taste. The parameters evaluated are colour, taste, 
crispness, mouth feel and overall acceptability. 
Statistical analysis: - Differences between means 
were assessed by analysis of variance and means 
separated by Duncan's multiple range tests 
according to Steel and Torrie (1981).

Results

Table 1 shows the chemical properties of sweet and 
Irish potato flour.  Sweet potato flour has 19.58% 
amylose and 80.41% amylopectin while Irish 
potato flour has 19.74% amylose and 80.26% 
amylopectin.  Protein content ranged from 10.80% 
to 13.72% with Irish potato having the lowest 
value.  Sweet potato flour had sugar content of 
4.4% while Irish had 4.0%.  Sweet potato flour had 
a lower degree of starch damage of 1.39% as 
compare to Irish with 1.47% starch damage.  
Sweet potato flour has higher value for starch 
(30.46%) while Irish potato had (29.71%).  Sweet 
potato had 3.70% fat while Irish potato had 3.74% 
fat. Moisture content for both sweet and Irish 
potato was 6.7%.

Table 2 shows that functional properties of 
sweet and Irish potato flour. Sweet potato flour had 
higher values for dispersibility (63.5%), water 
absorption capacity (183.01%), colour (74.75%) 
and oil absorption capacity of (230.4%).  While 
Irish potato had dispersibility of (57.5%), water 
absorption capacity of (170.31%), colour 
(73.45%) and oil absorption capacity of (101.1%). 
Sweet potato flour has the lowest values for 
swelling power (14.14) and solubility of (29.91).  
Irish potato has (19.99) and (40.85) respectively 
for swelling power and solubility.

Table 4 shows the sensory evaluation of sweet 
and Irish potato chips.  Sweet potatoes had 1.6% 
for colour while Irish potato 2.4%.  Taste and 
crispness for sweet potato were 1.7% and 1.9% 
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evaluated and was most preferred.  This is a 
reflection of the fact that sweet potato will do 
better and even replace Irish potato in homes and 
fast food outlets and can also store for a longer time 
due to its crispy nature than Irish potato which is 
presently in use in term of packaging.

Conclusion
Values obtained for chemical, pasting, functional 
and sensory properties of sweet and irish potato 
chips have shown the potential usefulness of these 
crops in Nigeria. General acceptance was recorded 
for chips from Irish potato. 
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Table 1: Chemical Properties of Sweet and Irish potato Flour

Table 2 : Functional Properties of Sweet and Irish Potato Flour

Table 3:   Pasting Properties of Sweet potato and Irish Potato Flour

Table 4: Sensory qualities of Sweet and Irish potato chips
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+ Standard deviation of three replicates. Mean values followed by different superscript within the same 

column are significantly different (P<0.05).

Samples  Amylose   
 

%  

Amylopectin  
 

%  

Protein  
 

%  

Sugar  
 

%  

Starch 
Damage  

 %
 

Starch  
 

%  

Fat  
 

%  

Moisture  
 

%  

Sweet potato 
chips 

19.58 a 80.41 a 13.72 a 4.4 a 1.39 a 30.46 a 3.70 

a 
6.7 a 

Irish potato 
chips 

19.74 a 80.26 a 10.80 a 4.0 a 1.47 a 29.71 b 3.74 

a 
6.7 a 

+ Standard deviation of three replicates. Mean values followed by different superscript within the same 
column are significantly different (P<0.05).

Samples  Dispensability  

 
% 

Water 
Absorption 

Capacity  
 %

 

Swelling 
power  

% 

Solubility  

 
%  

Least Gelation 
Concentration  

Colour  

%
 

Oil Absorption 
Capacity

%

Sweet potato 
chips 

63.5 a 183.01 a 14.14 a 29.91 b  8.0 a  74.75 a  230.4 a

Irish potato 
chips 

57.5 b 170.31 b 19.99 a 40.85 a  8.0 a  73.45 a  101.1 b

+ Standard deviation of three replicates. Mean values followed by different superscript within the same 
column are significantly different (P<0.05).

Samples  Peak 
Viscosities  

(RVU)  

Trough  

(RVU)  

Break 
down   

 

 

Final 
Viscosity  
 (RVU) 

 

Setback  

 (RVU)  

Pasting 
time 
(min)  

Pasting 
temperature  
 (oC)

 

Sweet 
potato chips 

117.98  b

 102.63 b

 18.34 a

 146.10 b

 44.65 b

 5.75 
a

 65.02 a

 

Irish potato  
chips 

120.10 a 115.59  a 20.05 a 155.05 a 50.05 a 6.03 a 65.13 a

 + Standard deviation of three replicates. Mean values followed by different superscript within the same 
column are significantly different (P<0.05).

Samples  Colour  Taste  Crispness  Mouth feel  Overall Acceptability  

Sweet potato chips 1.6 b 1.7 b 1.9 b 1.5 b 1.5 b 

Irish potato chips 2.4a 2.8 a 3.0 a 3.9 a 3.4 a 



nutritionists in disseminating information on need 
for longer period of fermentation of cassava pulp 
during gari processing.

Keywords: Cassava-pulp, fermentation, gari 
processing, cyanide, toxic 

Introduction
The negative effects of high levels of cyanide in 
cassava products on health of consumers have 
been in the increase especially with growing 
dependence of many Nigerian households on 
cassava for sustenance. Cassava roots contain 
cynogenic glucosides, linamarin and lotaustralin 
which, on hydrolyses, yield hydrogen cyanide 
(HCN) which is toxic to man and animals. 
Achinewhu and Owuamanam (2001) reported that 
some disease conditions such as endemic goitre, 
tropical diabetes and cretinism have been linked to 
consumption of cassava diets with high HCN. As a 
result, high level of HCN in cassava limits the use 
of cassava and its products for food and feed, more 
so as fresh cassava roots cannot be stored beyond 3  
4 days after harvest. Therefore, cassava must be 
processed into various forms in order to increase 
shelf life of the products, reduce its cyanide 
content and post harvest losses of fresh tubers as 
well as provide raw materials for small-scale 
cassava based rural enterprises.  'Gari' is one of the 
local important primary products of cassava in 
Nigeria. It is the grated, fermented and fried 
cassava mash in its final form (Ekwe, 2004). In 
Nigeria, cassava is processed into such major 
staples like gari, flour and paste (fufu). But among 
the three, gari is the most popular and 
indispensable in Nigerian households for a variety 
of reasons. It is convenient, ready to eat, storable 
and easily processed to conform to the 
organoleptic preferences of the consumers (Sani et 
al 1994).  The importance of gari in the diet of 
Nigerian households is long established. Sani et al 
(1995) indicated that approximately 28, 41 and 
31% of a Nigeria community consumed gari once 
twice and thrice daily respectively. A good 
evidence of the importance of gari in Nigeria's 
food system was given by a newsletter report of 
what happened in Akwa Ibom State when the 
cassava crop failed in 1993 due to certain leaf 
disease. The price of gari responsively increased 
threefold and famine threatened numerous 
households in the State. The crisis so affected the 
State's population that gari has to be brought in 
from neighbouring states by the State government 
in order to keep the market price down and arrest 
the famine (Anonymous, 1993).
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Abstract
This paper examined factors influencing cassava 
pulp fermentation period for gari processing 
among cassava processors in Southeastern Nigeria. 
Five out of nine states that constitute Southeast 
Agro-ecological zone of Nigeria were purposively 
sampled on the basis of being notable for cassava 
production. From each sampled state and by 
simple random sampling technique, 64 cassava 
processors were selected evenly from across the 
agricultural zones of the state. This summed up to a 
sample size of 320 respondents from the entire 
study area.  Using structured interview schedule, 
data on age of farmers, educational status, years of 
gari processing experience, marital status, 
membership of cooperative societies, etc were 
collected from the respondents. Data collected 
were analyzed with descriptive statistics and 
Probit model analysis. Result of probit model 

2analysis at 5% significance level shows an R  value 
0.4728 indicating that 47.28% of factors affecting 
cassava-pulp fermentation practices in the study 
area were accounted for by the variables 
considered in this study. Marital status (2.236**) 
and respondents' cultural influences (1.960**) 
were positively related to long period fermentation 
of cassava-pulp among the respondents. On the 
contrary, socio-economic statuses (-2.466**) of 
the respondents were negatively related to long 
period fermentation of cassava-pulp among the 
respondents. It is therefore, recommended that 
awareness campaign should be mounted to 
sensitize cassava processors on the health risks 
associated with short period of fermentation of 
cassava-pulp during gari processing. Similarly, 
Extension agents should use occasion of personal 
visits to farmers to educate them on the importance 
of adequate fermentation of cassava pulp during 
gari processing. Cultural groups and activities 
should be explored by extension agents and 

kcekwe@yahoo.com
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years among 30% of selected villages across the 
African continent it studied. The report also 
indicated that decline in fermentation period was 
closely attributed to commercialization of gari, 
high population density as well as mechanization 
of gari processing techniques. 

In Southeastern Nigeria, gari processing is a 
major off-farm activity among farmers in the zone. 
Infact, gari processing and marketing are two 
enterprises that serve as livelihood strategies for 
many farm households in the area. As important as 
gari processing could be to the livelihoods of 
cassava processors in the study area, 
detoxification of the cyanide content of cassava 
pulp remains a major challenge in maintaining 
high quality standard of the commodity in view of 
the risks associated with consumption of poorly 
fermented gari. 

The main objective of this study is to 
determine factors influencing fermentation period 
of cassava-pulp during gari processing among 
cassava processors in Southeastern Nigeria.  
Specifically, the study examines the following
a) the socio economic characteristics of 

cassava processors in the study area
b) gari processing practices  among cassava 

processors in the study area
c) factors influencing cassava-pulp fermentation 

period for gari processing among cassava 
processors in the study area.

Methodology

The study area
The South East Agrecological Zone of Nigeria lies 

0 0between latitudes 4  20' and 7  25' N and longitudes 
0 05  25' and 8  51' E covering a land area of about 

109524 sq.km or 11.86% of the total land area of 
Nigeria. It is bounded on the South by Bight of 
Bonny, on the East by the Republic of Cameroun, 
on the West by River Niger and on the North by 
Benue State. The zone has a an approximate 
population of about 18.29 million people (FSON, 
1998; NPC,1991)

Sampling  procedure
In 2003, a survey was carried out to examine 
factors associated wih processing of gari in the 
Southeast agro-ecological zone of Nigeria. To 
achieve this, five out of nine states that constitute 
the Southeast Agro-ecological zones of Nigeria 
were purposively sampled for the study because 
they were identified as notable cassava growing 
states. The sampled states included Abia, Akwa 
Ibom, Ebonyi, Enugu and Imo. In each state, two 

Traditionally, gari is processed by peeling, 
washing and grating fresh cassava roots. The 
grated cassava pulp is put in sacks, and the sacks 
are placed under heavy objects to drain excess 
liquid from the pulp while it is fermenting .The 
dewatered and fermented lumps of pulp are sieved 
and resulting fine pulp is roasted in a pan. However, 
enhancement of gari quality during processing to a 
large extent influences consumption and market 
potentials of the commodity. Again, processed gari 
could be improved to make them attractive 
consumers without significant increase in the 
processing cost (Ekwe and Nwachukwu, 2007). 
On the other hand, the modern and improved 
techniques for processing cassava into gari 
requires that the peeled roots are first of all 
converted into soft, pliable mass of cassava-pulp 
through manual or mechanical grating. Hence, for 
the purpose of fermentation, the cassava-pulp is 
bagged and left under a shade for a period of 3-5 
days as recommended by IITA (1990) so that 
substantial quantity of cyanide content of the pulp 
could be lost by process of microbial activities. 
Effective fermentation of the cassava pulp as well 
as expressing the cyanide water content of the pulp 
are very necessary in achieving high quality gari 
(Ekwe, 2004).  

Fermentation is indeed a very important stage 
in gari processing because it is a means of 
detoxifying the hydrogen cyanide content of 
cassava. According to Nweke et al (1999), 
hydrogen cyanide can be eliminated by leaching in 
water and hydrolysis in to less stable compounds. 
Microorganisms present in cassava pulp during 
fermentation create conditions favourable to 
leaching and hydrolysis (Bokanga, 1992). 
Therefore, the longer the period of fermentation, 
the lesser the cyanide content of gari and the safer 
it becomes to consume gari too. A period of 3-5 
days have been recommended as the appropriate 
duration for the fermentation of cassava pulp so to 
achieve a safe level of cyanide content of 1mg 
HCN/100g of gari (IITA, 1990). However, in some 
areas in Southeastern Nigeria, keeping cassava 
pulps some days for fermentation to occur is no 
longer in practice among farmers. Rather, 
fermentation duration is only limited to the period 
cassava pulp is placed under dewatering machine 
for expression of water.  The result is substantial 
cyanide content in processed gari which is not 
sufficiently safe for consumption (Ekwe, 2004).  A 
technical report by Collaborative Study of Cassava 
in Africa (COSCA) (1999) revealed that 
fermentation period for cassava products 
especially gari had declined in the previous five 
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Results and Discussion

Socio economic characteristics of the cassava 
processors
The results in Table 1 revealed that 34% of the 
respondents in the entire study were between 31- 
40 years of age followed by 28% of the 
respondents who were between 41-50 years of age. 
The respondents were made up of both youthful 
and ageing cassava processors. Also, results in 
Table 1 indicated that there was relatively no much 
difference in the proportions of male and female 
farmers involved gari processing in the study area. 
While 52% of the respondents were males, 
48%were females. However, there were more 
female cassava processors in states like Imo (59%) 
and Enugu (55%) than in Abia (40%), Akwa Ibom 
(47%) and Ebonyi (31%). The large proportion of 
male folks in gari processing is indicative of the 
gradual shift of the gari enterprise from women to 
men probably because of the involvement of 
machines mostly operated by men as well as the 
economic potentials of gari as sustainable income 
source in the area. Traditionally, gari was usually 
processed as means of livelihood mostly by 
women of low economic status (Sanni et al, 1995).  
Again, many (41%) of the respondents obtained 
secondary education while 18% of the respondents 
had post secondary education. The results 
indicated that there was relatively high level of 
education among the respondents (60%) 
considering also the proportion (19%) that had 
post secondary education. Furthermore, results in 
Table 1 showed there was long years of experience 
in gari processing among farmers in the study area. 
For instance, 42% of the respondents had up to 11-
20 years experience while 22% had 21-30 years.  
From results in Table 1, most (70%) of the 
respondents were married while 19% were single. 
This implies that gari processing was 
predominantly carried out among the married farm 
folks. Using gari to fend for household members 
might have endeared the product to the married 
ones.  

 
 
 

agricultural zones were selected by simple random 
sampling method. By same random sampling 
method, two blocks from each agricultural zone, 
two circles from each block and then eight cassava 
processors from each circle were also selected for 
the study. Thus, 64 cassava processors were 
selected from each state which summed up a 
sample size of 320 respondents for the entire study 
area. 

Data collection and analysis
Using structured interview schedule, data 
regarding the respondents' age, sex, educational 
statuses, membership of cooperative societies, 
years of experience in gari processing, influences 
of cassava processors' culture and social statuses, 
were collected and analyzed with descriptive and 
quantitative statistics. Specifically, Probit model 
statistics was used to determine variables that 
influenced cassava pulp fermentation among 
farmers in the study area. The Probit model is 
implicitly expressed thus:

Yi* = Bi Xi…n + E
Yi = if yi* <0
Yi = 1 if Yi* >0 where
Yi* = an underlying variable indexing 

cassava pulp fermentation 
period.

 Yi =  Observable variable indexing 
fermentation period. (Eg….1,2, 
3,4,5) days(s).

Bi = Vector of estimated parameter 
(Liao 1994)

E = the error term while
Xi…n = Outcomes of individual varia-

bless considered in the study. 
These were as follows:
� Age (X ) = Age of cassava processors in years1

� Educational status (X ) = Number of years 2

spent in school
� Years of gari processing experience (X ) = 3

Number of years of gari processing 
experience 

� Marital status (X ) = Marital status of cassava 4

processors (married = 1 otherwise = 0)
� Membership of cooperative societies (X ) = 5

Membership of cooperative societies (Yes = 1, 
otherwise = 0)

� Cultural influence (X ) = Influence of culture 6

on pulp fermentation period  (Yes = 1, 
otherwise = 0)

� Social status (X ) = influence of social status 7

on pulp fermentation (Yes 1, otherwise = 0)
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processors cash in on the opportunity to make 
quick cash income. The consequence is that 
instead of the recommended 3-5 days of 
fermentation, only a period of one or two days is 
now given for fermentation of cassava pulp 
thereby sacrificing gari quality and safety for 
money (Nweke, et.al, 1999, Ekwe, 2004). 

 

Gari processing practices among Cassava 
processors
Results in Table 2 revealed that majority (60%) of 
respondents fermented cassava-pulp for only 1-2 
days while 39% fermented cassava-pulp for as 
long as 3-5 days to ensure full detoxification of the 
cassava pulp. Results from the individual states 
showed that majority of respondents in Abia (64%), 
Akwa Ibom (56%) Ebonyi (69%) and Imo (66%) 
also fermented cassava-pulp for only 1-2 days. 
This short duration in fermenting cassava pulp 
among majority of cassava processors in the study 
area does not indicate sufficient safety for gari 
consumers considering high cyanide content in 
poorly fermented gari.  The trend could be 
explained by the fact that over the years, gari has 
merged as both food and income sources for most 
farm households. Following appreciation in 
market value and demand for gari, cassava 
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Table 1: percentage distribution of respondents according to age, educational status, years of gari 
processing experience and marital status

Total  100.00 100.00 100.00 100.00 100.00 100.00 

Variable  Abia  Akwa 
Ibom  

Ebonyi  Enugu  Imo Mean  

N = 64 N = 64 N = 64 N = 64 N = 64 N = 320
Age        
<20 years 3.13 0.00 0.00 0.00 3.13 1.25 
21  30 12.50 6.25 20.31 9.38 21.88 14.06 
31  40 20.31 32.81 43.75 32.81 42.19 34.38 
41  50 29.69 35.94 26.56 29.69 20.31 28.48 
> 50 34.37 25.00 9.38 28.12 12.51 21.88 
Total  100.00 100.00 100.00 100.00 100.00 100.00 
Sex       
Male 59.37 53.12 60.94 45.31 40.62 51.88 
Female 40.63 46.88 39.06 54.69 59.38 48.12 
Tota l 100.00 100.00 100.00 100.00 100.00 100.00 
Educational Status        
No Formal School 6.25 6.25 17.19 10.94 4.69 9.06 
Primary School 40.63 35.94 23.44 37.50 17.19 30.94 
Secondary School 39.07 40.09 46.87 31.25 48.43 41.25 
Post Secondary School  14.06 17.19 12.50 20.31 29.69 18.75 
Total  100.00 100.00 100.00 100.00 100.00 100.00 
Years of Gari Processing Experience       
<10 years 29.69 17.19 25.00 39.06 56.25 33.44 
11  20 34.38 59.17 40.63 42.19 32.82 41.87 
21  30 34.38 21.88 28.12 17.19 9.32 22.19 
>30 1.56 1.56 6.25 1.56 1.56 2.50 
Total  100.00 100.00 100.00 100.00 100.00 100.00 
Marital Status        
Single 18.75 4.69 34.37 7.82 31.25 19.38 
Married  71.88 85.94 46.87 81.24 65.06 70.31 
Widowed 7.81 6.25 9.38 6.25 4.69 6.56 
Divorced  1.56 3.13 9.38 4.69 0.00 3.75 

 

Source: Field survey, 2003



79% of respondents that indicated so. However, 
20% of respondents indicated otherwise.

Factors influencing cassava-pulp fermentation 
period for gari processing
A Probit model analysis of effects of selected 
variables on cassava-pulp fermentation in the 

2study area revealed an adjusted R  value of 0.4728 
indicating that 47% of the factors affecting 
cassava-pulp fermentation practice in the study 
area were accounted for by the variables 
considered in this study. Specifically, the result 
revealed that respondents' marital statuses 
(2.236**) were positively related to long period 
cassava-pulp fermentation at 5% significant level. 
This implies that the practice of several days of 
cassava-pulp fermentation was more popular 
among the married farmers. Considering that the 
processed gari was essentially for household 
consumption, the married would endeavour to 
ferment the cassava pulp for many days to ensure 
safety of their household members in gari 
consumption.

 

Furthermore, results in Table 2 indicated that 
majority (66%) of respondents did not belong to 
any farmers' cooperative societies, while only 34% 
belonged. In most sampled states like Abia (80%), 
Akwa Ibom (55%), Ebonyi (78%) and Imo (67%), 
proportion of respondents who did not belong to 
farmers 'cooperatives societies were more than 
those who were members except in Enugu(53%).  
This implies that majority of respondents did not 
benefit from the advantages accruable to members 
of cooperative societies such as credits, extension 
advice, access to farm inputs.

Enquiry was made on whether the farmers' 
culture encouraged fermenting of cassava pulp for 
many days to ensure safety. Results in Table 2 
showed that the people's culture strongly 
stipulated long period fermentation of cassava 
pulp as indicated by most (84%) respondents in the 
study area. This overwhelming affirmative 
response suggested that cassava processors 
themselves were quite aware of the presence and 
dangers of the poisonous cyanide in poorly 
fermented gari. For example, in the study area, it 
was regarded as a taboo to consume cassava meals 
especially fufu that was fermented within a day or 
two. Similarly, enquiry was made on whether 
cassava procesors' social statuses affected 
cassava-pulp fermentation practice in the area. 
Results in Table 2 also confirmed that the 
fermentation practices were affected by the social 
statuses of the cassava processors as evidenced by 
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Table 2: Percentage Distribution of Respondents According to Cassava-Pulp Fermentation Period, 
Membership of Cooperative Society, Influence of Culture and Social Status 

Variable  Abia  Akwa 
Ibom  

Ebonyi  Enugu  Imo Mean  

 N = 64 N = 64 N = 64 N = 64 N = 64 N = 320 
Cassava Pulp Fermentation Duration       
1  2 days 64.06 56.25 68.75 48.44 65.62 60.62 
3  5 days  35.94 43.75 31.25 51.56 34.38 39.38 
Total  100  100  100  100  100  100  
Membership of Cooperative Society      
Yes 20.31 45.31 21.88 53.12 32.81 34.06 
No 79.69 54.69 78.12 46.88 67.19 65.94 
Total  100  100  100  100  100  100  
Culture Encourage Many Days Fermentation       
Yes  81.25 95.31 68.75 98.44 81.25 84.37 
No 18.75 4.61 31.25 1.56 18.75 15.63 
Total  100  100  100 100 100 100 
Whether  Social Status affects the Fermentation Practice     
Yes  84.37 85.94 59.37 84.37 81.25 79.06 
No 15.63 14.06 40.63 15.63 18.75 20.94 
Total  100 100 100 100 100 100 

 Source: Field Survey, 2003.



reduce the cyanide content of the pulp though 
microbial activities to a level safe enough for gari 
consumption. 

However, results of the study revealed that 
majority of the respondents fermented cassava-
pulp for only one or two days thereby producing 
gari that has propensity for high cyanide content 
which indeed could be unsafe for consumption. 
Adequate detoxification of the poisonous cassava 
pulp was consciously ignored perhaps for some 
other purposes. The study also revealed that 
respondents' marital statuses and culture were 
positively related to long period cassava pulp 
fermentation practice among cassava processors in 
the study area while respondents' social statuses 
had a negative relationship with long period 
fermentation practice. 

It is, therefore, recommended that awareness 
campaign should be mounted to sensitize farm 
households on the risk of inadequate fermentation 
of cassava pulp during gari processing. Cassava 
processors in the study area should also be 
encouraged to join cooperative societies so that 
they could be easily be accessed by extension 
agents for delivery of current agricultural 
information. Similarly, extension agents should 
use occasion of personal visits to farmers to 
educate them on the importance of adequate 
fermentation of cassava pulp during gari 
processing.  Again, cultural groups and activities 
should be explored by extension agents and 
nutritionists in disseminating information on need 
for adequate fermentation of cassava pulp during 
gari processing.
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Table 3: Probit model estimate of variables affecting cassava pulp fermentation periods in Southeastern 

Nigeria

Variables  Coefficients  T.ratio  
Age of Farmers (X1) -0.1986 -0.697 
Sex of farmers 0.8914 1.577 
Educational Status 0.2091 1.075 
Years of Gari Processing Experience (X3) -.1518 -0.799 
Marital Status (X4) 0.1033 2.236** 
Membership of Cooperative Societies (X5) 0.5506 0.3430 
Cultural Influences (X6) 0.4282 1.960** 
Socio  Economics Status (X7) -0.4680 -2.466** 
Constant  0.8097 1.652** 
Adjust ed R2 0.4728   
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Sample preparation:

�Standard recipe and preparation of cocoyam 
fritters.

� 1 kg of unpeeled corms of the three cocoyam 
varieties was washed and boiled for 10 
minutes.

� Boiled corms were cooled, peeled and grated.
� 50g of wheat flour, 18.75g baking powder, 

50g chopped onions and 4 lightly beaten eggs 
were mixed to give a stiff batter.

� A spoonful of the mixture was dropped into 
hot oil (750ml) and fried for 5 to 10 minutes or 
until puffed and golden.

Standard recipe and preparation of cocoyam 
fish cake.
� 1 kg of corms of Nxs 002, Nce 001 and Nce 006 

varieties were peeled, washed and cooked in 3 
litres of distilled water for 45 minutes.

� 750g of cooked cocoyam were mashed.
� 37.5g of cooked, deboned and flaked fish, 50g 

finely chopped onions, 2 lightly beaten eggs, 
25g curry, 25g salt, 25g pepper were mixed 
into the mashed cocoyam to for paste.

� Small balls were formed from the paste, 
flattened into round cakes.

� Cakes were coated with wheat flour and fried 
in 750ml of hot oil for 7 to 10 minutes.

� Product was removed and served hot.

Sensory evaluation: sensory evaluation on the 
degree of liking of the fritters and fish cakes were 
carried out using ten trained panelists with 9-point 
hedonic scale. Parameters rated were appearance, 
taste, flavour, mouth- feel and overall acceptability.

Statistical analysis: Statistical Analytical System 
(SAS) software (version 8) was used for the 
statistical analysis. Analysis of variance 
(ANOVA) was done and mean separation to 
determine significant differences using Fischer 
LSD at 5% probability.
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Introduction
Cocoyam is generally grouped into Xanthosoma 
sagittifolium (Tania) and Colocasia esculenta 
(Dasheen). (Onwueme, 1978).

In most parts of the world, the corms and 
cormels of the various edible cocoyams are 
prepared for food simply by boiling or roasting. 
Cassava, sweetpotato and cocoyam are still major 
staples in some parts of the tropics and sub tropics 
(Opara, 2002). Cocoyams have nutritional 
advantage over root crops and other tuber crops 
(Lyonga and Nzietchueng, 1986); the starch 
granules are very small and hence highly 
digestible.

In Nigeria, cocoyam is prepared and 
consumed in a similar method as those applied to 
yam.  Ekpan nkukwu is a traditional dish from 
specie of cocoyam among the Efiks of Cross River 
State. It is also converted into achicha another 
local food form for storage or immediate 
consumption. Cocoyam is used as a soup thickener 
in some parts of Nigeria.

Varieties in the Colocasia are also suitable for 
manufacture of fufu a traditional African dish 
originally made from yam. However, there is much 
limitation in the utilization of cocoyam in many 
households in Nigeria, unlike in many Southeast 
Asian countries and West Indies.

This work is therefore aimed at diversifying 
the use of cocoyam thereby adding variety to the 
menu and value to the crop.    

Materials and Methods

The experimental cocoyam varieties: Ede uhie, 
Cocoindia and Ghana (Nxs 002, Nce 001 and Nce 
006) corms were obtained from the Cocoyam 
Programme, NRCRI Umudike, Abia state. 
Condiments and other materials used in the 
preparation of the products were obtained from 
Umuahia main market, Abia state.
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prepared from the cocoyam species were 
acceptable to the panelists in terms of appearance, 
taste, flavour, mouth feel and overall acceptability. 
There were no significant differences (P>0.05) in 
the parameters rated by the panelists. 

Table 4 shows that protein, fat and fibre 
contents of the cocoyam fish cake respectively 
ranged from 7.75 % -10.70 % , 3.00 % -5.10 and 
0.68  0.70 %.

Fish cake prepared from ede uhie tended to 
have the highest levels of protein, fat and fibre. Ede 
uhie tended to absorb more oil during the frying 
process than the other cocoyam varieties and 
consequently, the fish cake produced from it is 
likely to have a shorter shelf life than cocoindia 
and Ghana based fish cakes. Table 5 shows that the 
protein, fat and fibre contents of cocoyam fritters 
respectively ranged from 2.84  4.99 %, 6.40  7.30 
% and 0.20  0.30 %, ede uhie tending to have the 
highest levels of protein and fat. The level of fat in 
ede uhie based fritters could reduce the shelf life of 
this product.  

Conclusion
The study showed that corms of cocoyam varieties 
Cocoindia, Ghana and Ede uhie are suitable for the 
production of cocoyam fritters and fish cakes. 
Nutritionally, Ede Uhie was observed to have 
higher protein, fat and crude fibre respectively.  
The variety is therefore recommended for the 
preparation of cocoyam fritters and fish cake for 
children and the aged. However,  there is a needto 
check the fat content in the products, alternative 
processing methods such as baking could be 
employed. To enhance value addition to cocoyam, 
cocoyam fish cakes and fritters utilization should 
be promoted.

Results and Discussion
Table 2 shows that there was no significant 
difference (p>0.05) in the appearance, taste, 
flavour, mouth feel and overall acceptability of the 
fritters prepared from the three cocoyam species. 
Therefore, all fritter samples were acceptable to 
the panelists. Table 3 shows that fish cakes 
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Cocoindia Fish Cake

Ede-uhie Fish Cake

Ghana fish Cake
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Table 1. Proximate composition of fresh cocoyam

Table 2. Effect of varieties on sensory* evaluation of cocoyam fritters.

* 9- Point hedonic scale where 9 = like extremely, 5 = neither like nor dislike, 1 = dislike extremely.

Table 3.  Effect of varieties on sensory* evaluation of cocoyam fish cake. 

Table 4: Varietal effect on the proximate composition of cocoyam- fish cake.

Sample  Protein 
% 

Fat 
% 

Fiber  
% 

Ash 
% 

Moisture 
 content %
 

CHO  
 

Dry 
matter  

% 

Oxalate 
% 

 Ede-uhie  5.60c  0.46a  1.28c  2.0c  59.35d    90.66a   40.65a
 
 0.22d 

Ede-ofe 7.35b  0.38c  1.48a  3.5ab  72.60a    87.29d   27.4d   0.36a 

Ghana  5.25d  0.42b  1.24d  4.0a  61.70c    89.09b   38.3b   0.25c 

Cocoindia  7.70a  0.34d  1.46b  3.0bc  67.05b    87.5c   32.95c
 
 0.30b 

LSD 
(0.05) 

0.10  0.01  0.02  0.10  0.14    0.02   0.14   0.01 

CHO = total carbohydrates 

Cocoyam variety Appearance Taste Flavour Mouth feel Overacceptability 

Cocoindia 7.08a 6.46a 7.15a 6.39a 7.23a 

Ede-uhie 6.92ab 6.69a 7.00a 6.31a 6.92a 

Ghana 6.23b 7.00a 6.85a 6.54a 6.69a 

LSD (0.05) NSD NSD NSD NSD NSD 

 

Cocoyam variety  Appearance Taste Flavour Mouth feel O/Acceptability 

Ede-uhie 6.25a 7.00a 6.88a 7.00a 7.38a 

Ghana 6.88a 7.00a 6.88a 6.75a 6.75a 

Cocoindia  6.50a 6.38a 6.13a 5.88a 6.25a 

LSD (0.05) NSD NSD NSD NSD NSD 

* 9- point hedonic scale

 Cocoyam variety  Protein (%) Fat (%) Fibre (%) 

Coco India 7.70 + 0.40 4.60 + 0.05 0.68 + 0.05 

Ede Uhie 10.70 + 0.020 5.10 + 0.10 0.70 + 0.04 

Ghana 8.79 + 0.01 3.00 + 0.22 0.30 + 0.02 

 
Means of triplicate determination + SD
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Table 5: Varietal effect on the proximate composition of cocoyam-fritters

 Cocoyam Variety Protein (%) Fat (%) Fibre (%) 

Coco India 4.29 + 0.01 6.40 + 0.04 0.20 + 0.02 

Ede Uhie 4.99 + 0.07 7.30 + 0.54 0.30 + 0.00 

Ghana 2.84 + 0.01 6.80 + 0.20 0.30 + 0.00 

Means of triplicate determinations + SD



1994).  Besides the cultivated yam species, there 
are a number of wild types, which are also 
harvested for food. The commonest of these is the 
D. praehensilis, which is found in the forest belt of 
the coastal West Africa (Tetteh and Saakwa, 1994). 

Yam is cultivated predominantly in the 
humid forest, forest/savanna transition, and the 
southern Guinea savanna (SGS) zones of West 
Africa with most of the current production in the 
SGS. Nigeria, the world's largest producer of yam, 
accounts for 68% of the world's production and 
74% of the total production in West Africa 
(FAOSTAT, 2002).  In Nigeria, yams are 
processed into various food forms, which include 
pounded yam, boiled yam, roasted or grilled, fried 
yam slices and yam balls, mashed yam, yam chips 
and flakes. Fresh tubers are also peeled, chipped, 
dried and milled into flour (elubo). This flour is 
cooked in boiling water and turned into a thick 
paste and eaten with soup. Among the 'Yoruba' in 
Western Nigeria, this is called amala, and in the 
east of River Niger it is called akwuna ji (Orkwor, 
1998). 

Consequently the need to process yam 
into a storable product becomes inevitable due to 
the very low commercial utilization which arose 
from its seasonal availability, poor storage of 
tubers, post-harvest constraints while ascertaining 
the extent of storage stability of the products is 
very important. This work provides suggestions on 
how to develop a quality, nourishing and 
convenience food that will meet the nutritional 
needs of Nigerians using yam flour as the main 
ingredient. Improving yam productivity is very 
important in order to ensure sustainable food 
security and alleviate poverty for many people in 
Nigeria and Africa at large. This can be a 
contribution towards the attainment of millennium 
development goals. Expanded utilization 
opportunities through yam processing into novel 
or convenience (Noodle) food product and 
improvements in the marketing channels can 
influence the productivity of yam and also bring 
the benefits from the crop to a broader range of 
consumers (Scott et al, 2000). The world 
consumption of instant noodles was 43.4 billion 
packages in 2001 while it is expected to increase to 
100 billion packages by 2010 (Pennapa, 2001). 
The work was carried out with the aim of finding 
the possibility of substituting wheat flour with yam 
flour.

Materials and Methods

D. cayenensis variety of Yam was obtained from 

Yam flour - a suitable substitute in 
the production of noodle  
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Abstract
The suitability of yam flour as a substitute to wheat 
flour in the production of noodle was investigated 
in this study. Dioscorea cayenensis was used in 
study and were obtained from the Teaching and 
Research Farm of Ladoke Akintola University of 
Technology, Ogbomoso, Nigeria. The yam was 
peeled inside water containing sodium 
metabisulphite to prevent browning and dried in a 
cabinet dryer to desired moisture content and 
packed in different lots for the storage studies. 
Various substitution levels of wheat and yam 
flours were used in the production of noodles with 
the use of a locally fabricated extrusion-like hand-
operated machine. The extruded noodle was then 
dried.  Different substitution levels of 50:50, 75:25, 
25:75 and 0:100 of yam: wheat flour ratios were 
studied. The result obtained showed that 
Dioscorea cayenensis  substituted at ratio 75: 25 % 
of  wheat : yam flour gave the best result in terms 
of cooking time, cooking loss and re  hydration 
weight when the noodle produced were subjected 
to evaluation and also gave the best rating when 
subjected to acceptability tests. The study showed 
that yam flour can be used as a substitute for wheat 
flour at a ratio of 25% yam flour: 75% wheat flour. 
It is also been suggested that textural evaluation 
studies be further conducted on the noodle in order 
to fully complement the findings in this study.

Keywords: Yam flour, wheat flour, noodle and 
flour substitute

Introduction

Yams belong to the genus Dioscorea of the family 
Dioscoreaceae. The genus contains some 600 
species with more than ten cultivated for food and 
six for pharmaceutical use (Coursey, 1976). The 
following six are important staples: white yam (D. 
rotundata), water yam (D. alata), yellow yam ((D. 
cayenensis), trifoliate yam ((D. dumetorum), 
aerial yam ((D. bulbifera) and Chinese yam (D. 
esculenta) (Ng and Ng, 1994; Tetteh and Saakwa, 
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for three months and freshly harvested yam flour 
for the two yam varieties used in this Study. It was 
also observed from the results, that the sensory 
quality of the noodles from flours stored for 
different storage periods was not dependent on the 
storage periods of the flour; the values obtained 
were not significantly different.  From the results 
obtained for the two yam varieties that were used 
in the studies, it was observed that D. cayenesis at 
25% level of yam flour incorporation into wheat 
flour in the production of noodle gave the best 
result close to what was obtained for noodle 
produced from 100% wheat flour in terms of 
colour, glossiness, Firmness, slipperiness and 
general acceptability. The colour obtained may be 
attributed to the colour of D. cayenensis which 
complements that of wheat flour.  The amylose 
value obtained for the three different levels of 
substitution were significantly different from the 
value obtained for Noodle wholly produced from 
wheat flour. Amylose plays an important role in gel 
firmness. Values obtained for swelling and 
solubility properties followed the same trend for 
the noodles produced from the three different 
levels of substitution. The high solubility values 
for the noodle from composite flour are 
accompanied by a relatively higher swelling 
property than noodles from whole wheat flour.

 
 
 

the research farm of Ladoke Akintola University 
of Technology, Ogbomoso, Nigeria. The yam 
tubers were harvested at full maturity and 
processed immediately. The yam was peeled 
inside water containing sodium metabisulphite to 
prevent browning and dried in a cabinet dryer to 
desired moisture content and packed in different 
lots for the storage studies.

Different substitution levels of 50:50, 
75:25, 25:75 and 0:100 of yam: wheat flour ratios 
were used in the production of noodles with the use 
of a locally fabricated extrusion-like hand-
operated machine. The extruded noodle was then 
dried. A taste panel evaluation of cooked noodles 
from fresh and stored products was conducted 
using commercial noodle as control and a trained 
panel of 10members.  Cooked samples were coded 
with 3-figure random numbers and presented in 
random order to each panelist at ambient room 
conditions (25-30oC). The judges were asked to 
score for colour, glossiness, slipperiness, firmness 
and acceptability using a 5-point hedonic scale, 
where 1 and 5 represent dislike extremely and like 
extremely, respectively.  Dataobtained were be 
subjected to Analysis of Variance (ANOVA) using 
SAS (Version 12.0, 2004) and means were 
separated using Duncan Multiple Range Test with 
a statistical significant of p <0.05.

Results and Discussionerties of Noodles produced 
from commercial wheat flour and Composite 
flours of different substitution levels with 
cayenensis are presented in Tables 1. The Protein 
value obtained for commercial wheat flour fall 
within the range reported by Lee et al., (1995) 
while the observed increase as the percentage of 
wheat in the composite increases is not unexpected 
because of the gluten content of wheat. The values 
observed for the sugar content ranged between 
3.31 and 3.88 with 25% wheat and 75% Yam 
having the highest, giving an indication of the 
higher sugar content of yam flour than wheat flour. 
The variations in the sugar contents may be 
attributed to varieties, location and cultural 
treatments (Osagie, 1992). From the results 
presented, it was observed that as the percentage of 
Yam flour increases, the level of Lipid in the 
composite flour reduces. However the differences 
are not significantly different and the values fall 
within the range reported by Juliano (1971). 

The results for the Sensory studies are 
presented in Tables 2 - 4. Generally from the 
results obtained, it was observed that there were 
significant differences between values obtained 
for noodles from wheat flour and yam flour stored 
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SAMPLE LIPID PROTEIN SUGAR STARCH AMYLOSE SOLUBILITY  SWELLING 
W 0.57a 14.96a 3.31a 72.24a 17.08a 16.44a 4.63a 
25%W & 
75% Y          

0.52a 3.30b 4.00b 71.18a 19.10b 13.10b 7.54b 

50%W & 
50% Y          

0.53a 4.90c 3.92b 71.26a 18.92b 12.98bc 6.91c 

75%W & 
25% Y          

0.54a 10.20d 3.84b 71.65a 18.84b 12.72c 6.58c 

 

will in no small measure increase the production 
rate by farmers. The increase in production will 
translate into increased per capital income of an 
average yam farmer which is one of the 
Millennium Development Goals. It is here been 
suggested that textural evaluation studies be 
carried out on noodles produced from yam flour 
substituted with Wheat flour.   

Conclusion
From the results obtained from this work, sensory 
panelists rated noodles from 75% wheat flour and 
25% Yam flour blends best compared with 50% 
wheat flour: 50% and 25% wheat flour and 75% 
yam flour samples. The direct implication the use 
of yam flour for this purpose will have is that an 
industrial use will have been found for yam, this 
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Table 1: Properties of Noodles produced from commercial Wheat flour and Wheat and Yam 
(D. cayenensis) Composite flours.

Note: Values are mean of triplicates samples. Values with the same superscripts are not significantly different at  P<0.05.

Table 2: Sensory scores for Noodles produced from 25% wheat flour and 75% yam flour of D.  
                Cayenensis

WF = Noodle from 100% Wheat flour       FHC = Noodle from Freshly harvested D. cayenensis
Note: Values are mean of scores from Ten Panelists. Values with different superscript are significantly different at P<0.05

Table 3: Sensory scores for Noodles produced from 50% wheat flour and 50% yam 
               flour of D. Cayenensis

WF = Noodle from 100% Wheat flour                      FHC = Noodle from Freshly harvested D. cayenensis
Note: Values are mean of scores from Ten Panelists. Values with different superscript are significant different at P<0.05

Table 4: Sensory scores for Noodles produced from 75% wheat flour and 25% yam 
                flour of  D. Cayenensis

WF = Noodle from 100% Wheat flour      FHC = Noodle from Freshly harvested D. cayenensis
Note: Values are mean of scores from Ten Panelists. Values with different superscript are significant different at P<0.05

Samples Colour Glossiness Firmness Slipperiness Acceptability 

WF 4.8b 4.8b 4.8b 4.8b 4.8b 

FHC 1.0a 1.0a 1.0a 1.0a 1.0a 

Samples Colour Glossiness Firmness Slipperiness Acceptability 

WF 4.8b 4.8b 4.8b 4.8b 4.8b 

FHC 1.2a 1.2a 1.2a 1.2a 1.2a 

Samples Colour Glossiness Firmness Slipperiness Acceptability 

WF 4.8b 4.8b 4.8b 4.8b 4.8b 

FHC 2.8a 2.5a 2.5a 2.5a 2.8a 
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Abstract
Cassava sub-sectors in Eastern and Southern 
Africa have been neglected for several decades by 
all concerned sectors.  However, experience from 
other parts of the world suggests that the crop is 
versatile and that its commercialization could lead 
to several benefits including food security, 
industrial uses, income generation, and others. A 
case study of Madagascar, Tanzania and Zambia 
(commissioned by CFC) has proved that through 
the use of simple, but appropriate technologies, 
small-scale farmers and other interested 
stakeholders can profitably convert raw cassava 
into different derivative products for different end-
uses.  The same study also determined that several 
industries in Madagascar, Tanzania and Zambia 
can profitably use cassava derivative products in 
the manufacture of different consumer items.  
Estimations undertaken suggest that current 
demand for the different cassava derivative 
products, especially High Quality Cassava Flour, 
is high.  The combination of cost differential and 
the inherent characteristics of the cassava 
derivative products vis-à-vis the alternative 
products make the cassava products very 
competitive.  Demand for the same products has 
been projected to grow steadily in the medium-
term.  The demand-pull emanating from this 
process will necessarily stimulate a supply 
response thereby boosting cassava production and, 
therefore, improve food security in the three 
countries. However, to ensure sustainability of a 
commercialized cassava value chain, it is 
important that all stakeholders along the chain play 
their respective roles and get adequately rewarded 
for it. The study identified several challenges that 
need to be overcome to enable the countries to 
convert the cassava sub-sectors from subsistence 
to commercial operations.
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Cassava Flour (HQCF), is high.  This was 
confirmed by the authors' discussions with 
different potential users in the different countries.  
The combination of cost differential and the 
inherent characteristics of the cassava derivative 
products vis-à-vis the alternative products make 
the cassava products very competitive.  Demand 
for the same products has been projected to grow 
steadily in the medium-term.  Potential end-users 
have explicitly expressed their preparedness to 
start using the different cassava derivative 
products but they want to be assured of constant 
and consistent supplies of the quantity and quality 
they require.

Cassava sub-sectors in Madagascar, Tanzania 
and Zambia
Various studies have estimated that agriculture 
contributes to more than 70% of total employment 
in Eastern and Southern Africa and is recognised as 
a central component in the achievement of food 
security and economic growth. To achieve 
sustainable agricultural growth and food self-
sufficiency, market opportunities beyond home 
use must be created to motivate farmers to produce 
greater volumes of a more diverse range of crops, 
including cassava, for the market. 

Cassava is a very important food staple and a 
substitute for cereals in the project countries.  In 
2006, FAO estimated cassava production in these 
countries at about 6.5 million tonnes for Tanzania, 
2.4 million tonnes for Madagascar and 1 million 
tonnes for Zambia. Cassava is the second most 
important crop after rice in Madagascar and after 
maize in Tanzania and Zambia.  However, 
productivity is still very low.  In 2006, the three 
project countries accounted for over 10% of total 
cassava harvested area in Africa but only 8% of 
Africa's production; yields in all three countries 
were lower than the African average.

Since the 1990s, cassava has served as an 
emergency crop during civil unrest in many of the 
countries in the region. During the drought seasons, 
when all other crops fail or at the time of year when 
households' cereal stocks are declining and prices 
become too high, cassava serves as a significant 
dietary supplement, taking the place of rice and 
maize on the household menu in the three countries. 
This situation endows cassava with substantial 
market opportunity, particularly when processed 
and used in high quality foods.  Recent reductions 
in global stocks of cereals, including wheat, rice 
and maize, pose danger for countries that import 
these commodities and depend heavily on them as 
food. 

Keywords: HQCF, cassava derivative products, 
food security, income security, industrial uses.

Introduction

Cassava is a versatile crop.  In some parts of Africa, 
cassava is referred to as a 'complete' crop.  
Complete in the sense that its leaves are consumed 
by humans as a vegetable or can be fed to animals 
as silage; its stems are used as a means of 
propagation and can be used as firewood/energy 
source for cooking purposes in rural areas; and, its 
roots can be used in a variety of ways  human food, 
animal feed or as an industrial raw material (starch, 
pharmaceuticals, etc.).

Rice in Madagascar and maize in Tanzania 
and Zambia have been the most visibly recognized 
staple foods in rural and urban areas during the last 
several decades. As such, food security policies 
and strategies in those countries have concentrated 
on ensuring self sufficiency in those food 
commodities. Traditional food crops like cassava, 
sorghum and millet that are better adapted to most 
agro-ecological conditions of the countries and 
whose consumption was widely accepted in pre-
colonial era are in danger of extinction (CATISA 
2007). However, governments of many countries 
in Eastern and Southern Africa have felt the need to 
diversify their food crop base.  This is in 
recognition of the fact that rice and maize-based 
national food security has become increasingly 
vulnerable to droughts and adverse weather 
conditions as well as economic factors such as the 
cost of chemical inputs (CATISA 2007).  
Experience of food and industrial systems in Asia, 
Western Africa as well as other tropical countries 
has demonstrated that with political will, good 
institutions and the right market signals, and that 
when properly promoted cassava can be a reliable 
staple food and industrial raw material.

The CFC funded pilot project (Small Scale 
Cassava Processing and Vertical Integration of the 
Cassava Sub-Sector in Southern and Eastern 
Africa  Phase I (CFC/FIGG/12)) proved that 
through the use of simple, but appropriate 
technologies, small-scale farmers and other 
interested stakeholders can profitably convert raw 
cassava into different derivative products for 
different end-uses.  The same pilot phase also 
determined that several industries in Madagascar, 
Tanzania and Zambia can profitably use cassava 
derivative products in the manufacture of different 
consumer items.  Estimations undertaken suggest 
that current demand for the different cassava 
derivative products, especially the High Quality 
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Current and projected demand for the different 
cassava derivative products: A number of 
studies have established that global cassava 
consumption has exhibited an increasing trend 
over the past two decades.  While in Asia and 
Europe most of the increased consumption is 
driven by non-food uses (mostly animal feed), in 
Africa the demand emanates mostly from the 
human food sector.  In fact, it was determined that 
Africa has the greatest growth potential for the use 
of cassava for human food (FAO and IFAD, 2004).  
According to FAOSTAT, cassava consumption in 
Africa has been trending upwards over the last 
several years and there are indications that this 
trend will continue well up to the year 2020 (FAO 
and IFAD, 2004).  This trend is attributed to a 
number of different factors including: a) high 
population growth rates; b) high rates of 
urbanisation; c) growth in the consumption of 
cassava-based convenience foods; and, d) severe 
droughts, civil disturbances, and other disasters.

In addition to human food use, other uses are 
also showing significant potential in Africa.  In a 
number of African countries, cassava use in animal 
feed has been growing at rates of between 2 
percent and 5 percent per year.  In 2004, FAO and 
IFAD reported a 3.1percent growth in the global 
demand for starch; with an increase of 2.3percent 
in Africa (FAO and IFAD, 2004). Cassava starch is 
of high quality and can match, if not better, other 
starches (maize, wheat, sweet potato and rice) and 
it is relatively easier and cheaper to extract. Lower 
quality starch is also an option and requires less 
exacting production and processing criteria (FAO 
and IFAD 2004).

The CFC funded pilot phase, indeed, 
confirmed the above observations.  It clearly 
demonstrated that cassava roots can be used in 
different ways as a raw material for further 
processing. High quality cassava flour and chips 
can be produced and fed into rural and urban-based 
industries for use by the confectionery, food 
processing, and livestock feed industries.  Cassava 
starch can be used as a binder in petroleum 
exploration, sizing in the textile industry, and as 
raw material input for the production of adhesives, 
ethanol, glucose, etc.  While all the cassava 
derivative products produced and tested during the 
pilot phase showed a big 'takeoff' potential in the 
region, HQCF exhibited the highest potential. 

The pilot phase worked with a number of 
potential end-users of cassava derivative products 
and helped them establish different ways of 
incorporating them in the manufacture of their end 
products.  Factories successfully tested and found 
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Source: FAO Food Outlook, June 2008
 

Figure 1: FAO Cereal Price Index  
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Unfortunately, the imported items have become 
too expensive beyond national resources, as 
reflected in the FAO Cereal Price Index (Figure 1), 
yet most of the people are accustomed to 
consuming products made from them.

According to FAO (2008), the price of United 
States' wheat (N0.2 Hard Red Winter, f.o.b. Gulf) 
averaged US$382 per tonne by April 2008.  
Although the April price was down from a high of 
US$449 per tonne in February, it was 
approximately 80% higher than the corresponding 
period in 2007. These high export prices and 
sustained demand combined with soaring freight 
rates are pushing up domestic prices of bread and 
other basic foods in importing developing 
countries, significantly increasing the import bills 
of the world's poorest countries particularly the 
Low-Income Food-Deficit countries (LIFDCs), 
like Madagascar, Tanzania and Zambia, causing 
social unrest in many other places. Overall, 
developing countries are estimated to have spent a 
record US$285 billion on food imports in 2007 and 
this is forecast to reach a new high of US$356 
billion in 2008.

Many countries in the region are strategically 
embarking on developing locally sourced 
substitutes for wheat flour just like Nigeria has 
done in the case of HQCF.  These countries need to 
be helped in their endeavour of developing 
substitutes for imported food items at a time when 
many low income nations can no longer afford 
their food imports, particularly wheat and rice. It is 
clear that a successful development of the cassava 
value chain in the project countries will provide 
tremendous opportunities for smallholder farmers 
to be integrated into new profitable markets.  In 
addition, the same endeavour will certainly help in 
achieving sustainable development and poverty 
reduction, particularly if the HQCF market chain 
can be efficient and end-users are assured of its 
consistent availability, suitability and the financial 
benefits.



were estimated. The estimates were based on 
official country statistics, FAO statistics and 
project-determined information on conversion 
factors.  The evaluation mission conservatively 
assumed that cassava flour for starch and bakery 
(HQCF) products can replace wheat imports by 10 
percent in Tanzania and Zambia and by 20 percent 
in Madagascar. Although the consumption of 
cassava in animal feed was not as vigorously tested 
as industrial use of HQCF in the countries 
concerned during the pilot phase, the evaluation 
mission assumed that 10% (consistent with 
previous studies on the subject matter) of maize in 
poultry feed can be replaced by cassava chips.

Based on the above assumptions Table 1 was 
compiled. From the table, it follows that Tanzania 
has the highest market potential for both HQCF 
and cassava chips; Madagascar and Zambia also 
have a substantial market potential in both 
products. When converted into raw cassava 
equivalent, the market for industrially processed 
cassava products represents an absorption capacity 
of about 6 percent of the annual average raw 
cassava production in Tanzania, 8 percent in 
Madagascar and 22 percent in Zambia. 

it practical and profitable to include high quality 
cassava flour in biscuit making, bread baking, for 
textile manufacture and as flour sold through local 
markets and supermarkets. There was a significant 
growth in demand in all the three countries as 
industrial end-users placed demands for the 
cassava based raw materials (starch, chips, HQCF) 
that exceeded the capacities of pilot cooperatives 
and above the production capacity of the 
technologies introduced during the pilot phase.

In Madagascar, cassava chips were found to be 
a highly competitive substitute for maize and rice 
in locally produced animal feeds. However, HQCF 
was identified as the most profitable processed 
cassava product, destined for utilisation in bread 
and biscuits as a partial substitute for wheat. 
Indeed, end-users such as bread and biscuit 
factories in Antananarivo expressed the need to 
expand processing capacity to meet the growing 
demand for HQCF.  The demand for HQCF by the 
eight bread bakers that the project worked with 
was 425 tonnes per year while the estimated annual 
demand by Antananarivo city based pastry makers 
was estimated at 1,000 tonnes.

JB Biscuits, the largest biscuit factory in 
Madagascar, worked with the project to test the 
inclusion of HQCF in their line of production.  
After several tests, they concluded that they can 
substitute HQCF for wheat in biscuit production 
by up to 25 percent.  On the other hand, the 
substitution rate could be up to 50 percent for 
wafers.  At the moment, the factory uses about 300 
tonnes of wheat per month (250 tonnes for biscuits 
and 50 tonnes for wafers). For biscuits, and 
assuming a substitution rate of 25 percent, their 
monthly use for HQCF would be about 63 tonnes 
per month.  With a 50 percent substitution rate for 
wafers, the demand for HQCF would be 25 tonnes 
per month.  This translates into over 1,000 tonnes 
of HQCF per year.

In Tanzania, two supermarkets, six food 
processors and two textile manufacturers that 
tested cassava collectively demanded for 95 
tonnes of cassava flour and 42 tonnes of cassava 
starch monthly representing annual market 
opportunity for over 1,100 tonnes of HQCF and 
500 tonnes of starch.

In Zambia, the end-users that worked with the 
project (mostly the paper industry but also the 
bakery industries) collectively required over 500 
tonnes of HQCF annually for use in different 
processes.

During the final evaluation of the pilot phase, 
the respective market sizes of cassava derivative 
products in Madagascar, Tanzania and Zambia 
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Source: Extrapolations from FAOSTAT data; difference between wheat 
consumption and local production for each country is taken as imports.  

  

Figure 2: Projected Demand for HQCF in 
Madagascar, Tanzania & Zambia, 2007-2013
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prices, they are more likely to utilise improved 
cassava varieties, fertiliser and machinery inputs, 
and improved farming practices, especially if they 
have access to credit. If supported by continued 
R&D in soil fertility, tissue culture rapid 
multiplication of planting material, and crop 
protection, a substantial increase in yields per area 
would be registered.  This would lead to a 
reduction in unit costs of production and greatly 
improve the global competitiveness of cassava 
products as industrial raw materials or export 
commodities.

b. Innovative processing for value addition: An 
extensive range of cassava processing 
technologies and strategies were developed, tested 
and proved suitable for use by farmer and village 
processor co-operatives. Simple technologies are 
now available that allow farmers to harvest 
cassava and process it into shelf stable industrial 
items that can be stored for several months without 
fear of spoilage. Adoption of these simple 
processing technologies (such as cassava grater, 
hammer mill, chopper, press, etc.) reduces the cost 
of primary processed cassava products and 
increases the competitiveness of cassava as a 
tradable commodity in Eastern and Southern 
Africa.

c. Profitability of small-scale cassava 
processing enterprises: Results of economic 
analysis of the pilot centres of Phase I, showed that 
on the average, 5-10 daily-paid workers were 
engaged by the cooperative groups to process 850 
kg -1,000 kg of fresh cassava to starch, flour or 
chips and the labour cost ranged from US$855  
US$1,705. The processing operations include 
peeling, washing, grating, pressing, etc. to final 
packaging. Working capital was about US$2,015, 
US$1,623 and US$1,033 for starch, flour and 
chips respectively. The break-even point for 
HQCF, starch and chips processing units were 

It should be noted that the above demand estimates 
are as of 2007; demand is projected to grow 
steadily in the medium term, particularly that for 
HQCF (Figure 2).  The projected HQCF demand 
was computed based on the estimation that about 
10 percent of imported wheat could be replaced by 
HQCF (FAO and IFAD, 2004).  In reality, the 
actual replacement levels could range from 10 
percent to 50 percent for the different products 
(biscuits, wafers, bread, noodles, etc.). 
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 Cassava flour 

(tonnes) 

Cassava Chips for 
Animal Feed 
(tonnes) 

Raw cassava equivalent 

(tonnes) 

Percentage of 
annual raw 
material supply 

Tanzania 

Madagascar 

Zambia  

47,500 

  9,400 

  7,720 

45,000 

36,000 

45,000 

370,000 

181,600 

210,900 

  6.0 

  8.0 

22.0  

Table 1: Estimated size of the 2007 potential market for cassava products

Source: Evaluation mission estimates

Hence, it was established by the pilot phase that: a) 
demand for cassava derivative products exists in 
the three countries and is steadily growing; b) 
cassava derivative products can be produced in a 
cost-effective way which makes them very 
competitive vis-à-vis alternative products; and, c) 
cassava derivative products can be profitably 
produced.

Findings
a. Increasing the productivity and efficiency of 
cassava production systems: If small-scale cassava 
producers are able to negotiate favourable 
contracts with processors for the supply of set 
volumes of quality raw cassava at predetermined 



HQCF), processing, packaging, marketing, etc. 
could have been created. 

e. Dormant demand for shelf-stable cassava 
derivative products: The results of the pilot phase 
demonstrated that cassava roots can be used in 
different ways as a raw material for further 
processing. High quality cassava flour and chips 
can be produced and fed into rural and urban-based 
industries for use by food processing and livestock 
feed industries. Cassava starch can be used as a 
binder in petroleum exploration, sizing in the 
textile industry, and as raw material input for the 
production of adhesives, ethanol, glucose, etc. The 
foliage and other plant parts - leftover after 
harvesting cassava  are good sources of protein, 
vitamins and minerals that could generate 
additional income when used to reduce the cost of 
animal feed and also increase the access of 
consumers to animal protein.

Challenges of transiting cassava into an 
industrial commodity

Although the research thus far has made a 
significant contribution to designing and testing  
processing technologies and institutional 
approaches that integrate market opportunities and 
processing technologies with efficient or 
competitive production practices, these 
technologies and institutional approaches still 
require further development and refinement.  This 
is necessary in order to underpin the successful 
scaling-up (more processing centres and higher 
processing capacities) and scaling out (the 
development of sufficient human and social 
capital) of cassava processing.  The major 
challenges identified include:

Raw material supply:  Experience thus far 
suggests that there are many characteristics of 
cassava production and supply systems that affect 
the efficiency of processing, contributing to non-
uniformity in quantity, quality and regularity of 
supply of primary cassava products to end-users;

Scale of technology: Due to the small-scale nature 
of cassava processing technologies, small-scale 
farmers and processors are often unable to process 
during the rainy season or meet the quantity, 
quality, continuity and safety standards required 
by the industrial users or the quality standards set 
by the national regulatory agencies;

estimated at 57 tonnes, 38 tonnes and 46 tonnes of 
fresh roots per year respectively while gross 
margin per kg of final products was in the range of 
$0.1-0.24 or a profit of between US$ 2,000 and 
US$10,000 per annum. The rates of return of the 
processing units at full capacity utilization were 
105% for flour, 404% for starch, and 103% for 
chips while the net present values were in the range 
of $7,557 to $12,066. Therefore, considering a 
bank interest rate of 15% for the investment costs, 
the processing enterprises could be very profitable 
to the cooperative farmers provided there is 
regular inflow of fresh cassava roots and the plants 
operate at optimum operating capacity since these 
greatly affect total revenue.  Profitability can be 
greatly improved upon if stakeholders can be 
facilitated to access lower priced credit facilities.

d. Impact of small-scale processing plants on 
cassava producing communities and countries: It 
was observed that substantial demand for fresh 
cassava and new job opportunities can be created 
in cassava communities where small-scale-
processing is done. During Phase I, processing 
activities in the rural communities increased 
demand for fresh cassava. It enhanced farmers' 
willingness to adopt improved production 
technologies particularly new varieties, which can 
increase cassava productivity and expand 
production.

Results from the pilot phase also showed that 
the use of cassava starch, chips and HQCF as 
substitutes for imported starch, wheat flour and 
maize in the local industries (brewing, textile, food, 
adhesives, bakeries, feed mills, etc) can offer 
tremendous economic benefits to smallholder 
farmers, create jobs, reduce poverty and enhance 
rural development. In 2004 about 10,484 tonnes of 
starch and 730,000 tonnes of wheat were imported 
by Tanzania at the rate of US$400/tonne and 
US$168/tonne respectively; an expenditure of 
over US$124 million.  Assuming that the 
appropriate technology to produce HQCF was in 
place at that time, substituting the imported wheat 
by just 10% (could be much more depending on the 
end-product-biscuits, wafers, bread, etc.) with 
HQCF, would have created demand for an 
estimated 292, 000 tonnes of fresh cassava from 
some 292,000 farmers (if each farmer supplied 1 
tonne of fresh cassava per year).  A value of at least 
US$12 million in foreign exchange could have 
been saved and redistributed to farmers, 
processors and others involved in the whole value 
chain.  Several jobs, including farm maintenance, 
transportation (of fresh cassava, cassava grits and 
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Tanzania and Zambia suggests that substantial 
amounts of cassava derivative products can be 
readily absorbed by several industries and that 
demand is projected to grow steadily in the 
medium-term.  All that is needed is to put a system 
in place that will consistently supply the required 
quantity and quality.

It has also been established that converting the 
cassava sub-sector from subsistence to 
commercial operation would benefit several 
thousands, particularly the small-scale farmers 
and processors that would be able to produce and 
add value to cassava and improve their livelihoods 
greatly.

However, the process of commercializing the 
cassava sub-sector in the three countries faces 
several challenges which must be dealt with in 
order to ensure its sustainability.    But, all these 
problems are avoidable with a wider dissemination 
of appropriate cassava processing techniques and 
quality assurance checks.  There is significant 
scope for the realisation of enhanced productivity 
and diversification of cassava through local 
processing. The objective here would be to 
promote rural industrialization and integration of 
cassava into the manufacturing industries as a 
reliable raw material or its promotion as an export 
crop. This is poised to lead to sustained economic 
growth for a significant number of rural producers, 
processors and traders and provide good quality 
food products for both rural and urban consumers.
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Infrastructure: Seasonal variation in availability 
and cost of raw materials, access to product market, 
availability of water, availability or lack of support 
infrastructure such as roads and transport systems 
were found to have serious consequences on the 
efficient, feasibility and viability of the small-scale 
processing centres;

Access to processing equipment: Major 
technical constraints still exit in the area of 
equipment manufacture in the region, particularly 
regarding availability of cassava dryers, chipping 
discs, quality materials for construction and 
engines - all of which are still imported. Expertise 
for the manufacture of these processing machines 
is still limited thereby limiting access to them by 
farmers and processors. Purchase of machines is 
an investment beyond the reach of the majority of 
small-scale cassava farmers. Poor credit facilities 
and high interest rates may make acquiring simple 
processing equipment risky for farmers and may 
hinder the development of the economic potential 
of cassava. With the existence of a dormant market 
for processed cassava derivative products at 
lucrative prices in Eastern and Southern Africa (as 
revealed in Phase I), enabling farmers and 
processors to access reasonably priced credit 
facilities would bring real benefits to the farmers 
and processors and develop the cassava producing 
communities.

Poor image: Although cassava is a very useful 
crop, it is, however, a subject of many myths and 
half-truths ranging from its being perceived as not 
nutritious, a poor man's food, and a potentially 
poisonous food.  These have negat ive 
consequences on the image of HQCF and its 
marketability. 

Conclusion
Cassava in Eastern and Southern Africa has, 
traditionally, been considered a poor man's crop 
that is of little financial value and low in nutrition.  
To that end, its cultivation has tended to be 
confined to those parts of the family farm that are 
considered least fertile.

However, it has been proved that that image of 
cassava can be changed and that cassava can be 
profitably produced and processed into high 
quality products that can serve as a raw material in 
several industrial processes.  Potential end-users 
that tested the application of different cassava 
derivative products were convinced about their 
technical applicability and profitability.  An 
estimation of potential demand in Madagascar, 
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