
soybeans to be the  lowest (glycemic index = 18). 
Food low in glycemic index will release glucose 
gradually into the blood stream whereas foods 
high on the glycemic index will provoke an 
immediate response in the blood sugar levels.

In Nigeria, it is cultural to eat roots and tubers 
such as cassava and  yam as primary source of  
energy and for a feeling of satisfaction. In this 
situation people who are diagnosed to be diabetes 
are left with little or no choice of food to satisfy 
hunger or meet with energy needs. Most diabetic 
patient lack locally produced diet for their 
condition in view of the heavy starch based 
cassava product that is very common and its 
consumption seems to be monotonous to many of 
these patients. Hence, a supplement diet from 
legume been low in glycemic index may be found 
good for diabetic patient as the protein fortified the 
complex carbohydrate will match the deficiency or 
diminished effectiveness of insulin, therefore 
complementing the precautions measures against 
hyper glycemia. Thus the paper focused on 
nutritional value of fortified yam flour and to 
determine the most organoleptically acceptable 
legume fortified yam flour as probable diet for 
diabetic patients, therefore developing a recipe of 
higher nutritional value for diabetic patients.

Materials and Methods

Sample collection and preparation: Yam tuber 
(elubo) was prepared from yam tuber 
(D.rotundata) purchased from the open market, the 
Soya flour and cowpea flour were prepared from 
Soya beans and cowpea (Agwa white) respectively. 
Yam flour was prepared using Coursey method 
(1967) in which yam tubers were peeled ,washed , 
sliced and drained for parboiling , After parboiling 
it was sun dried , crushed and milled into yam flour , 

The preparation of full fat Soya flour 
followed the method of Sanni and Akinlua (1996). 
In which Soya beans was cleaned and manually 
dehulled and sun dried to 5% moisture. After sun 
drying, the bean was grinded into flour. 
         
Blending of soya yam flour: The prepared flours 
from Soya bean and yam were blended into ratio 
10 : 90 , 15 : 85 and 20 : 80 respectively while the 
prepared cowpea flours from (Agwa) and yam 
were blended into 10 : 90 , 15 : 85 , 20 : 80.

Proximate analysis of samples: The proximate 
analysis followed the AOAC methods (2005) to 
determine moisture, crude protein, crude fiber, fat, 
and Carbohydrate and total sugar.
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Abstract
Yam flour prepared from Dioscorea rotundata by 
peeling, parboiling subsequently sun drying and 
milling was fortified by Soya flour and cowpea 
flour at 10%, 15 and 20% level of fortification to 
prepare composite yam flour. The whole yam flour 
was used as control. The flour samples were 
subjected to proximate analysis, sensory 
evaluation among 40 panels of diabetic patient and 
statistical analysis. The result showed that blend 
from 20: 80 fortification of yam flour with Soya 
flour was most acceptable from the sensory 
evaluation. Also there was increase in protein 
(15.75g%±1), fat(4.58%),and fiber (1.5g%)  
content at this level , while there was a significant 
decrease of total sugar , carbohydrates , moisture 
and bulk density at 20:80fortification .  Based on 
the decrease in total sugar and carbohydrates the 
product is recommended for diabetic patient in 
Nigeria and also its high nutritional value has a 
commercial potential as it can be taken by non-
diabetic people and the elderly.

Keywords:  Yam flour, soy flour, cowpea, 
acceptability, nutrient content
 
Introduction

The use of legumes in fortifying man diet is based 
on their protein content. For example   Soybeans 
have been used in fortification over years (Osho 
1988). In recent times, 70 % of Nigerian 
consumption of legumes is from cowpea either in 
form of moinmoin (steam bean paste) or akara 
(fried bean paste). (Osagie and Eka 1998). In view 
of this relevance of legume to Nigerian dishes, it is 
necessary to use this opportunity to develop a 
legume based dish for diet therapy. Furthermore 
the FNIR (Food and Nutrition Institute of 
Research) in Philippines has published the 
glycemic index of commonly consumed 
carbohydrate foods and found legumes  especially 

 ibisumbo@yahoo.com
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0.52ｱ .01respctively ). The result of proximate 
analysis for samples of yam flour, Soya yam flour 
and cowpea were as shown  in Table 2.The fat 
content of fortified samples were highest in 20% 
fortification of Soya yam flour (4.58g%) and was 
lowest in cowpea yam flour at 10% level of 
fortification (0.49g%).

The protein content was highest with 20% 
fortification of cowpea yam flour (15.75±1g %) 
while 10% cowpea yam flour had the lowest 
among the fortified samples. The carbohydrate 
content of the sample had 20% Soya yam flour as 
the lowest value (67.17± 49g %). The fiber content 
was highest in 20% Soya yam flour (1.50g %). The 
sugar content of yam flour was 9.84±1 while those 
of composite flour ranged from 4.32 to 4.68g%. 
This is a significant reduction with fortification 
level of only 10, 15 and 20% of legumes. These 
results also agreed with Soya fufu by Oyewole and 
Aibor (1992) that Soya fufu flour at 20% level of 
fortification has the lowest total sugar content.

The result of sensory evaluation shows 20% 
fortification level of soya yam flour was more 
preferred among the fortified samples.

Although there is need to further subject the 
flour into biochemical analysis but this result can 
be used to infer that supplement diet at 15 to 20% 
Soya yam flour can be added to diet of Nigerians 
who are diabetic.
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Bulk density determination: The method of 
ASAE (1992) described Fashina and Sokhansay 
(1993) was used, in this method, a standard 
aluminum cup (diameter 300 mm, length 310 mm) 
was filled with the sample and subsequently 
happened 8  10 times before scrapping the sample 
into accurate surface level of the cup. The bulk 
density is expressed as the ratio of mass sample 
that fills the cup to its volume. The result is then 
expressed in g/cm3.

Sensory evaluation: Prepare yam flour paste 
(amala) using both fortified and unfortified yam 
flour were subjected to 40 panels of diabetes  
patient elderly  in Nigeria who are familiar with 
amala. The amala was prepared in the usual 
traditional way. (125g grain of the flour was added 
to boiling water with constant stirring of the 
mixture using a wooden spoon to prevent lumps. 
The flour paste was cooked for about 7 minutes. 
The judges were asked to determine the 
organoleptic differences between the samples.

The sensory evaluation was based on amala 
prepared using yam flour fortified at three different 
levels 10% , 15% and 20% with full-fat Soya flour 
and cowpea flour respectively. They were 
evaluated with amala prepared using 100% yam 

thflour which is the 7  sample and the control.
The 1-9 hedonic scale was used to rank 

samples for evaluation of differences in these 
parameters of samples; the taste, color texture, 
flavor, and overall acceptability in which the 
samples were arranged in order of preferences.
        1 -       Very good.              2 -      Good.

3 -       Satisfactory.           4 -       Fair.  5.Poor

Statistical analysis: All data were subjected to 
analysis of variance (ANOVA) using SPSS 
(Version 10.1 200)  Mean were separated with 
Duncan's multiple Range Test (DMRT) Duncan 
1965.

Results and Discussion 

The results of moisture content and bulk density, 
proximate analysis, total sugar content and 
sensory evaluation of yam flour, Soya yam flour an 
cowpea yam flour were computed into tables.

Table 1 presented the result of moisture 
content and bulk density of the composite yam 
flour samples. It is clear that 10: 90 cowpea yam 
flour  has the highest bulk density (0.56ｱ  0.02) 
while soy yam flour of  15 and 20 % fortification 
level have the lowest bulk density (O.52ｱ 0.03and 
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Table 1. Moisture content and bulk Density of Yam flour, Soy-yam flour and  
Cowpea flour samples
Samples                               Moisture content %                     Bulk Density %
100% Yam flour                   9.73 ± .55                                     0.53± 0.02
10: 90 Soy-yam flour           9.88±1.00                                     0.53± 0.03
15: 85 soy-yam flour           9.51±1.30                                      0.52± 0.03
20:80 soy- yamflour            9.00±1.00                                      0.52± 0.01
10: 90cowpea-yamflour      9.94±1.12                                      0.56± 0.02
15:85cowpea-yamflour       9.80±1.00                                      0.55± 0.02
20:80 cowpea-yamflour      9.12±0.62                                      0.54± 0.04
*Values are means of triplicates determinations.   * standard deviation 
*There is no significant differences at p<0.05

Table 2. Proximate Composition of yam flour and cowpea-yam flour and soy yam flour samples. 
                                                      %
     Samples                      Fat              Protein          CHO         Ash                   Fiber
100% Yamflour     0.31± 0.03a     3.50 ± 0.52a      82.46e     3.00±  .22 1.00±0.22
10:90soy-yam       2.37± 0.99b     7.88 ± 1.02c    75.83±0.53c   2.90±1.50 1.14±0.02
15:85 soy-yam      3.77± 0.01c    10.50±0.3d   72.50±0.62b 2.50±1.02    1.22±0.80  
20:80 soy-yam      4.58± 1.21c     15.75±1.02e   67.17±0.49a   2.00±0.5     1.50±0.56
10:90cowpea-yam 0.49±0.11a   5.25  ±0.2b      80.15±0.54de   2.98±0.87    1.19±0.70
15:85cowpea-yam 0.59±  .11a    6.13  ±0.03b    79.18±0.15cde 2.98±0.51     1.29±0.20
20:80cowpea-yam 0.69±  .12ª   8.75  ±0.77c       77.59±1.38cd  2.45±0.52    1.40±0.25

Table 3. Total Sugar content of Yamflour, Soy-yam flour and Cowpea-yamflour
                  Samples                            Total  Sugar 
              100% Yamflour                     9.84±1.00b
              10:90 Soy-yamflour              4.62±0.98a
              15:85 Soy-yamflour              4.46±0.52a
              20:80  Soy-yamflour             4.32±0.30a
              10:90 cowpea-yamflour        4.68±1.50a
              15:85  cowpea-yamflour       4.56±1.00a

              20:80 cowpea-yamflour        4.32±1.00a

Table 4.  Sensory evaluation of yam flour, soy-yam flour and cowpea flour made into Amala samples.

Samples Color Texture Taste Flavor Overall acceptability 
Scores
100% Yam flour  2.3ab   2.23a   2.43 2 .23a 2.23a
10:90 Soy-yamflour  2.73abc   2.90bcd   2.70 2.20a 2.65b
15:85 Soy-yamflour  2.48ab   2.65 abc   2.60 2.70ab 2.60ab
20:80 Soy-yamflour  2.25a   2.40ab   2.28 2.63ab 2.20ab
10:90cowpea-yamflour   3.05c   3.15d   2.95 3.28c 3.40cd
15:85 cowpea-yamflour   2.80c   3.00cd   2.55 2.95bc 3.15cd
20:80 cowpea-yamflour  2.68abc  2.58abc   2.48 3.05c 2.80b 



extrusion cooking technology was first applied to 
food processing in 1935 for the continuous 

(2)cooking of pasta .  It has mainly been used for 
processing cereal and cereal/legume combination 

3, 4, 5( ), and less frequently on root and tuber crops 
(7)with little work done as extruded yam starch , 

(8)extruded sweet potato mixtures .
In this work however, white yam and white 

bambara groundnut were co-extruded in a single 
screw extruder to obtain nutritious extruded snack 
product.  The extrusion cooking process was 
evaluated in an attempt to determine the technical 
feasibility of the process technology using 
indigenous crops available in Nigeria.

Materials and Methods

Preparation of raw materials: White yam was 
peeled, sliced (5mm thick) and precooked for 
about 10 minutes using a known weight of slices 
(1000g), drained and dried to about 8% moisture 
content in a laboratory scale tray drier (Model 
1996, Arm Filed Limited, Ring Wood Hampshire 

oEngland) at 60 C.  The bambara groundnut was 
cleaned dry milled (250 micron) and sifted to 
remove fibre.

Extrusion cooking process: This was done using 
yam grits (750 micron particle size) and Bambara 
flour (250 micron particle size) at a ratio 4: 1 
respectively.  They were blended and co-extruded 
in a single screw extruder at varying screw speed, 
barrel temperature and feed moisture.  The 
extrusion time and throughput of the resulting 
extrudates were determined. 

Determination of expansion ratio of yam  
bambara extrudates 
This was determined from the following 
expression as:-
Expansion ratio = Diameter of the Product

Diameter of the Die

The diameter of the product and die was 
determined using a vernier callipe, following the 

7, 9, 10method of previous workers( ).
  
Determination of bulk density of extrudates 
The product bulk density was the mass/volume 
ratio of extrudates ground to pass through a 
250micron sieve into a 25ml measuring cylinder 

5, 10, 11(100ml capacity) tapped lightly 10 times ). Ten 
measurements on each treatment were done in 
replicate.  The loose density was determined in the 
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Abstract
Extrusion cooking technology involving blends of 
processed white yam as grits (750 micron) and 
white bambara groundnut flour (250 micron) at 
160: 40 yam grits to bambara flour respectively 
was investigated in this study at three levels of 
varying screw speed (50  70rpm), feed moisture 
(12.5 to 17.5%) and at four levels of barrel 

o otemperature (135 C to 150 C).  The study showed 
that the three variables had a significant effect at 
p<0.05 on the expansion ratio and bulk and loose 
density of the extrudates, extrusion time and 
throughput of the extrudates. However screw 
speed had significant effect at p<0.05 and on all the 
textural properties while feed moisture had a 
significant effect at p<0.05 on load at break, 
deformation at break, strain at break, strain at yield, 
energy at break and energy at yield on the 
extrudates Barrel temperature had significant 
effect on load at break, load at yield, strain at break 
and energy at yield and energy at break of the 
extrudates. Barrel temperature also had a 
significant effect at p<0.05 on the trypsin inhibitor 
content of the extrudate.

Keywords: Extrusion cooking, screw speed, feed 
moisture, barrel temperature. 

Introduction

Extrusion cooking is an important technique used 
for modification and manufacture of a wide variety 

(1)of traditional and novel foods and ingredients  
During extrusion processing materials undergo 
physico-chemical changes such as starch 
gelatinization and protein denaturation.  However, 
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Experimental design
A 3 x 3 x 4 factorial experimental design was 
principally employed in this study to determine the 
effect of the process variables on desirable 
physico-chemical characteristics of the extrudates 
and this includes expansion ratio, bulk density, 
throughput of extrudates extrusion time, trypsin 
inhibitor content and textural properties of the 
extrudates. 

Results

Expansion Ratio (ER)
At 50rpm at constant feed moisture of 12.5% and 

oat the barrel temperature range of 135 to 150 C, 
there was fluctuation in the expansion ratio of the 
extrudates and hence did not follow a particular 
trend with expansion ratio range of 0.29 to 0.90.  
At 15% constant feed moisture and at same other 
extrusion conditions, the expansion ratio did not 
follow a particular trend and fluctuated between 
0.75 and 0.90.  At 17.5% constant feed moisture, 
however and at same other extrusion conditions, 
the expansion ratio increased from 0.82 to 1.06 as 

othe barrel temperature increased from 135 to 145 C 
and decreased to 0.75 as the barrel temperature 

oincreased from 145 to 150 C as shown in Table 1.   
At 60rpm, at constant feed moisture of 12.5% 

oand at the barrel temperature range of 135 to 150 C, 
there was fluctuation in the expansion ratio of the 
extrudates and did not follow a particular trend 
with the expansion ratio ranging from 0.30 to 0.99, 
at 15% feed moisture and at same other extrusion 
conditions, the expansion ratio did not follow a 
particular range and fluctuate between 0.51 and 
1.01.  At 17.5% feed moisture and at 60rpm screw 
speed and same extrusion conditions, the 
expansion ratio did not follow a particular trend 
and fluctuated between 0.1 and 0.5.

At 70rpm and at 12.5% feed moisture, and at 
same extrusion conditions, the expansion ratio 
also fluctuated between 0.75 and 0.82; 0.73 to 0.95 
at 15% feed moisture and 0.99 to 1.10 at 17.5% 
feed moisture.  
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samples without tapping the measuring cylinder.

Determination of texture in extrudates:
This was determined in all extrudates using a 
Universal Instion Testing Machine following the 

12, 13method of previous workers( ) available in 
National Centre for Agricultural Mechanization 
(NCAM), Ilorin, Kwara State, Nigeria.  
Parameters such as height of the extrudates (mm), 
load at break of the extrudates (Newton), 
deformation at break (mm) of the extrudates, 
percent strain at break, energy at break (NM) of the 
extrudates, load at yield (Newton) of the 
extrudates, deformation at yield of the extrudates 
(mm) percent strain at yield of the extrudates as 
well as energy at yield (NM) were determined on 
each extrudate produced.  Dry strands of extruded 
products were placed across the width of an Allo-
Kramer shear cell (Model 412D).  The force 
required to shear the product was recorded with an 
Instron testing machine (Model T19).

Determination of trypsin inhibitor in 
extrudates

(14)This was determined in the extrudates  one gram 
of sample was weighed and 50ml 0.01N NaOH 
was added to each sample.  The pH was adjusted to 
8.8 using INHCL to reduce pH to the required 
level and 1N NaoH to increase the pH to the 
required level.  The sample was allowed to stay for 
3 hours and stirred continuously to maintain the 
sample in suspension.

One ml of extract was withdrawn in 33mls of 
distilled water for dilution.  From the diluted 
extract, 2mls of the diluted sample was taken and 
poured into 3 test tubes each.  Approximately 2mls 
of Trypsin solution was added to two test tubes 
while no trypsin solution was added to the third test 
tube.

After 10 minutes, 5mls of BAPA solution (was 
added to all the test tubes, vortexed and warmed 
again for 10 minutes.  After 10 minutes, 1ml of 
glacial acetic acid was added to all the test tubes 
and vortexed.  Then 2mls of trypsin solution was 
added to all the test tubes except the third test tube 
that did not contain trypsin initially.  The samples 
were filtered using Whatman No. 2 filter paper and 
the absorbance read at 410nm using a 
spectrophotometer.

Calculation
Trypsin inhibitor (T.I) mg/g =     std     Sample x dilution factor
 
                                     0.019 x sample weight (g) x sample (ml) 



the loose and bulk density values of the extrudates.  
The three extrusion variables generally have an 
interactive effect on the bulk and loose density 
values of the extrudates in this study.  The loose 
density values of the extrudates ranged between 
1.72 and 1.90g/ml while the bulk density values 
ranged between 1.78 and 2.03mg/ml.  The least 
bulk density value was however recorded in the 
extrudate produced from the feed blend (i.e. 
160:40 yam grits and bambara flour respectively) 

 Bulk and loose density extrudates 
There were significant difference at p<0.05 among 
extrudates produced at different screw speeds, 
barrel temperature, and feed moisture in terms of 
the bulk and loose density values of the extrudates 
as shown in table 2.  Also the extrusion variables of 
screw speed and barrel temperature had an 
interactive effect on the loose and bulk density 
values of the extrudates at p<0.05.  Screw speed 
and feed moisture also had an interactive effect on 
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Table 1:Effect of varying screw speed, barrel temperatures and feed moisture on expansion 
ratio of yam - bambara extrudates  

  
 

Barrel 
temp 
(oC) 

Feed moisture (%)  Screw speed (rpm)  Expansion ratio  

135 12.5 50 0.65 
140 12.5 50 0.90 
145 12.5 50 0.29 
150 12.5 50 0.35 
135 15  50 0.79 
140 15  50 0.91 
145 15  50 0.75 
150 15  50 0.90 
135 17.5 50 0.82 
140 17.5 50 0.85 
145 17.5 50 1.06 
150 17.5 50 0.75 
135 12.5 60 0.55 
140 12.5 60 0.99 
145 12.5 60 0.30 
150 12.5 60 0.50 
135 15 60 0.80 
140 15 60 1.01 
145 15 60 0.80 
150 15 60 0.51 
135 17.5 60 0.84 
140 17.5 60 1.0 
145 17.5 60 0.83 
150 17.5 60 0.50 
135 12.5 70 0.68 
140 12.5 70 0.81 
145 12.5 70 0.82 
150 12.5 70 0.75 
135 15 70 0.95 
140 15 70 1.04 
145 15 70 0.82 
150 15 70 0.73 
135 17.5 70 1.02 
140 17.5 70 1.06 
145 17.5 70 1.10 
150 17.5 70 0.99 

Parameters                                                                          p (sig)  
Screw speed                                                                         .016 
Barrel temperature                                                               .834  
Feed moisture                                                                      .002  
Barrel tempera ture *feed moisture                                    .000  



 of 17.5% feed moisture, extruded at the screw 
speed of 70rpm and at the barrel temperature of 

o145 C.
At 50rpm and at constant feed moisture of 

12.5% at the barrel temperature range of 135-
o150 C, there was a gradual decrease in the bulk 

density of the extrudates as the barrel temperature 
oincreased from 135 to 150 C, it decreased from 

1.97g/ml.
At the screw speed of 50rpm and at 15% feed 

moisture, a similar trend was observed in the 
reduction of the recorded bulk density of the 
extrudates decreasing from 1.91 to 1.86g/ml, at the 

obarrel temperature range of 135-150 C.
At the screw speed of 50rpm and at 17.5% 

feed moisture, there was a gradual reduction in the 
bulk density values of the extrudates from 1.85 to 

o1.77g/ml except at 140 C where the bulk density of 
the extrudate was 1.86g/ml.

At 60rpm and at 12.5% feed, there was a 
gradual increase in the bulk density value at the 
barrel temperature range of 135-150oC, there was 
fluctuation in the bulk density values of the 
extrudates decreasing from 1.86 to 1.76g/ml, but 
fluctuated between 1.78 and 1.94g/ml.

Also as the screw speed increases at 
increasing feed moisture levels (12.5- 17.5%) 

owithin the barrel temperature range of135-150 C, 
there was generally a reduction in the bulk density 
values of the extrudates.
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At 60rpm and at constant feed moisture of 
15%, there was a gradual decrease in the bulk 
density of the extrudates from 1.89 to 1.78g/ml 
as the barrel temperature increased from 135 to 

o150 C at 17.5% feed moisture while keeping 
other extrusion conditions constant, the bulk 
density decreased from 1.84 to 1.71g/ml as the 
barrel temperature increased from 135 to 145 
and increased to 1.78g/ml as the barrel 

otemperature increased from 145 to 150 C.  
At 70rpm and at 12.5% feed moisture while 

keeping other extrusion conditions constant, the 
bulk density in the extrudate decreased from 
2.03 to 1.76g/ml as the barrel temperature 

oincreased from 135 to 150 C at 15% feed 
moisture while keeping other extrusion 
conditions constant, there was a gradual 
reduction in the bulk density of the extrudates 
from 1.82 to 1.71g/ml at 17.5% feed moisture 
while keeping other extrusion conditions 
constant. There was a gradual decrease in the 
bulk density of the extrudate from 1.83 to 
1.69g/ml as the barrel temperature increased 

o ofrom 135 to 145 C.  Beyond 145 C there was an 
increase in the bulk density of the extrudate 
from 1.69 to 1.74 as the barrel temperature 

oincreased from 145 to 150 C.



effect (p<0.05) on the textural properties of 
deformation at break, strain at break, strain at yield, 
energy at break and energy at yield of extrudates.  
The extrusion variable of barrel temperature also 
had a significant effect an the textural properties of 
the extrudates at p<0.05 on load at break, load at 
yield, deformation at break, strain at break, energy 
at break and energy at yield of the yam-bambara 
extrudates.  There was however no interactive 
effect among the extrusion variables on the 
textural properties of the extrudates. 

Generally, the load at break of the extrudates 
ranged between 43.01 and 391.0N, load at yield 
ranged between 37.10 and 317.10N, deformation 
at break ranged between 0.35 and 5.09mm, 
deformation at yield ranged between 0.10 and 

Textural Properties of Extrudates
Table 3 shows the textural properties of yam-
bambara extrudates under varying extrusion 
conditions of screw speed, barrel temperatures and 
feed moisture.  There were significant differences 
(p<0.05) in the textural properties among the 
extrudates at different screw speed, barrel 
temperature and feed moisture used.  Maximum 
textural properties were obtained in terms of load 
at break, load at yield, deformation at break and 
deformation at yield at 60rpm while minimum 
textural properties were obtained at 50rpm.  It was 
found that the extrusion variables of screw speed 
had a significant effect (p<0.05) on all the textural 
properties determined in this study.  The extrusion 
variable of feed moisture also had a significant 
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Table 2: Effect on varying screw speed, barrel temperatures and feed moisture on bulk and loose density of yam-bambara extrudates    

 

  
Screw speed (rpm)  Feed Moisture 

(%)  

Barrel Temperature 

(oC) 

Loose Density 

(g/ml) 

Bulk Density 

(g/ml) 

50 12.5 135 1.82 1.97 

60 12.5 135 1.81 1.86 

70 12.5 135 1.80 2.03 

50 15 135 1.84 1.91 

60 15 135 1.83 1.89 

70 15 135 1.82 1.84 

50 17.5 135 1.80 1.85 

60 17.5 135 1.83 1.84 

70 17.5 135 1.80 1.83 

50 12.5 140 1.88 1.90 

60 12.5 140 1.88 1.94 

70 12.5 140 1.89 1.94 

50 15 140 1.64 1.78 

60 15 140 1.62 1.82 

70 15 140 1.73 1.80 

50 17.5 140 1.80 1.86 

60 17.5 140 1.78 1.81 

70 17.5 140 1.72 1.78 

Parameters                                                 p(sig)                                          p(sig)  
                                                                  Loose density                       B ulk density  

.000                                      .000 

.004                                      .000 

                                     .000                                      .000 

.000                                      .000 

.000                                         - 

.000                                      .000  

Screw speed                                                    

Barrel temperature                                          

Feed moisture             

Screw speed *Barrel temperature                  

Screw speed *Feed moisture                          

Barrel temperature *Feed moisture                

Screw speed *Barrel temp. *Feed moisture   .000                                      .000  



otemperature increases from 135 to 145 C.  Beyond 
o145 C, however, there was a gradual decrease in 

the load at break value from 229.3 to 189.15N, i.e. 
as the barrel temperature increased from 145 to 

o150 C at the constant feed moisture level of 17.5%.
At the screw speed of 70rpm and at 12.5% 

feed moisture, there was a gradual decrease in the 
load at break values from 240 to 96.4N at the barrel 

otemperature range of 135  150 C.
At 15% feed moisture and at the screw speed 

of 70rpm, there was also a gradual decrease in the 
load at break values from 129.3 to 102.2N as the 

obarrel temperature increased from 135 to 150 C.
At 17.5% feed moisture and at the screw speed 

of 70rpm, there was gradual increase in the load at 
break value from 43.07 to 149.05N at the barrel 

o otemperature of 145 C.  Beyond 145 C there was a 
gradual decrease from 149.05 to 145.21N in the 
load at break of the extrudates at constant 70rpm 
screw speed, constant feed moisture of 17.5% and 
at the varying barrel temperature range of 135  

o150 C. 

 
 
 

0.82mm, strain at break ranged between 2.63 and 
26.52%, strain at yield ranged between 0.04 and 
18.78%, energy at break ranged between 0.04 and 
1.19Nm and energy at yield ranged between 0.01 
and 0.22Nm in this study. Minimum load at break, 
load at yield, deformation at break, energy at break, 
energy at yield, strain at break, strain at yield was 
obtained at the screw speed of 50rpm in the 
extrudates obtained from the feed blend that 
contained 12.5% feed moisture extruded at the 

otemperature of 145 C at different screw of 50, 60 
and 70rpm.  Beyond 50rpm, the textural properties 
in the extrudates began to increase in values.  A 
similar trend was observed in the extrudate at the 
feed moisture of 15% while at 17.5% feed 
moisture beyond 60rpm (which is the peak) 
maximum textural properties was obtained in the 
extrudates, the textural properties measured in the 
extrudates began to decrease. 

Hence at 70rpm, a decline in the textural 
properties of the extrudates was generally 
observed and was pronounced. A similar 
observation was also observed in the yam-
bambara extrudates that was extruded at the barrel 

otemperature of 140 C under similar feed moisture 
levels in the feed blends. 

At 50rpm, the load at break decreased from 
338.0N to 221.42N at the barrel temperature range 

oof 135 - 150 C and at constant feed moisture of 
12.5%.  A similar trend was also observed at 15% 
feed moisture barrel temperature range of 135  

o150 C and at 50rpm screw.  A similar trend in terms 
of gradual reduction in load at break was also 

orecorded at 17.5% feed moisture 135 -150 C barrel 
temperature range and at constant screw speed of 
50rpm.

At screw speed of 60rpm and at constant feed 
moisture of 12.5%, there was no definite trend in 
the reduction pattern in the load at peak.  However 
considerable reduction occurred (more than 65%) 
from 278 to 187N as the barrel temperature 

o oincreased from 135 to 140 C.  Beyond 140 C there 
was a gradual reduction in the load at break values 
at 12.5% feed moisture, at 60rpm screw speed and 

oat 145 to 150 C.     
At screw speed of 60rpm and at 15% feed 

moisture there was also a gradual reduction in the 
load at break from 278.47N to 123.27N as the 

obarrel temperature increases from 135 to 150 C, at 
constant feed moisture of 15% and at 60rpm screw 
speed.     

At screw speed 60rpm and at 17.5% feed 
moisture, there was an increase in the load at break 
value from 93.6 to 229.3N as the barrel 
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Table 3: Effect of varying extrusion conditions on textural properties of yam bambara extrudates   

 

Parameters

      p(sig)    p(sig)        p(sig) 
    Screw speed            Feed moisture         Barrel temperature  
 
Load at break .000
Load at yield                          .000
Deformation at break             .04
Deformation at yield               .13
Strain at break                       .004
Strain at yield                         .059
Energy at yield                       .002
Energy at break                     

              .000                        
.000                        
.000                 
.000                       
.000                        
.000                        
.000                        
.000       

.000                               

.104                               
       .000                                

.745                                

.001                              

.011                             

.001                             
                 .000                               .24                         

screw 
Speed 
(rpm)  

Feed 
Moisture 

(%)  

Height 
(mm) 

Load at 
Break 

(N) 

Load at 
Yield 
(N) 

Deformati on 
at Break 

(mm) 

Deformation 
at Yield 

(mm) 

Strain at 
Break (%)  

Strain 
at Yield 

(mm) 

Energy 
at Break 

(Nm) 

Energy at 
Yield 
(Nm)  

Barrel 
Temp. 

(oC) 
50 10.23 338.0 290 1.52 0.42 14.74 4.6 0.19 0.08 135 

60 9.85 278.4 243.23 1.24 0.32 11.50 3.69 0.13 0.05 135 

70 6.91 240 196.4 0.39 0.32 5.60 2.40 0.11 0.01 135 

50 10.7  234 182.5 1.60 0.58 13.88 2.65 0.16 0.05 140 

60 9.2 187.6 127.16 0.70 0.27 10.34 2.49 0.12 0.03 140 

70 6.5 108.57 85.32 0.35 0.15 6.13 2.43 0.1 0.02 140 

50 10.9  249.03 135.4 1.16 0.82 10.13 2.43 0.11 0.2 145 

60 9.5 225.1 101.25 0.95 0.68 7.11 2.41 0.09 0.1 145 

70 7.2 99.23 70.42 0.51 0.36 6.14 1.91 0.07 0.1 145 

50 10.52 221.42 121.22 1.15 0.43 9.80 2.25 0.1 0.1 150 

60 9.1 203.38 89.98 0.94 0.63 7.87 1.12 0.06 0.07` 150 

70 6.1 96.4 60.69 0.42 0.22 5.20 0.89 0.04 0.01 150 

50 12.33 391 317.1 2.08 1.04 30.14 18.78 1.19 0.22 135 

60 9.28 317 243.01 1.31 0.93 26.52 15.17 0.4 0.12 135 

70 7.2 129.3 139.3 0.78 0.10 17.63 10.92 0.19 0.01 135 

50 11.73 335  281 1.62 0.58 24.74 8.65 0.66 0.1 140 

60 7.21 278.47 243.23 1.10 0.27 10.34 2.50 0.42 0.05 140 

70 5.75 196.4 240.4 0.35 0.15 6.14 2.43 0.1 0.01 140 

50 11.21 298.1 190.4 1.52 0.48 20.32 7.90 0.32 0.09 145 

60 6.15 196.4 145.6 0.99 0.19 7.15 6.12 0.1 0.02 145 

70 4.22 101.22 122.9 0.92 0.12 4.31 4.25 0.08 0.01 145 

50 11.01  149.03 133.63 1.36 1.0 8.99 6.90 0.26 0.06 150 

60 5.21 123.27 114.15 0.85 0.43 5.20 5.16 0.19 0.02 150 

70 3.12 102.2 177.2 0.64 0.23 3.27 3.15 0.07 0.01 150 

60 4.9  93.6 74 0.81 0.27 4.73 0.12 0.12 0.01 135 
50 14.35 268.73 201.93 5.09 1.51 42.43 10.31 0.83 0.05 140 
60 10.23 187.13 156.63 1.63 0.43 15.20 4.16 0.28 0.02 140 

70 6.52 149.03 133.63 1.56 0.41 14.63 3.92 0.12 0.01 140 

50 14.04 243.3 210.5 3.49 0.49 24.97 9.53 0.6 0.04 145 
60 9.28 229.3 142.4 1.43 0.26 15.19 8.72 0.23 0.02 145 
70 5.68 149.05 130.3 0.39 0.20 10.30 4.11 0.1 0.01 145 

50 14.01 232.2 209.12 1.10 0.46 20.10 7.11 0.4 0.03 150 
60

 
9.12

 
189.15
 

140.19
 

0.39
 

0.20
 

12.22
 

6.25
 

0.1
 

0.01
 

150
 

70 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

17.5 
17.5 
17.5 
17.5 

17.5 
17.5 
17.5 

17.5 
17.5
 
17.5 5.66 145.21 111.5 0.37 0.15 8.15 2.19 0.1 0.01 150 

Trypsin inhibitor content of extrudates 
Table 4 shows that at the screw speed of 50rpm and 
at 12.5% feed moisture, there was a gradual 
reduction in the trypsin inhibitor content of the 
extrudates from 8.90 to 5.57mg/g as the barrel 

otemperature increased from 135 to 150 C.  At 15% 
feed moisture while keeping other extrusion 
conditions constant, a similar trend was observed 
in which the trypsin inhibitor content in the 
extrudates decreased from 6.77 to 5.87mg/g.  at 
17.5% feed moisture, there was also a decrease in 

the trypsin inhibitor content of the extrudate as the 
obarrel temperature increases from 135 to 150 C, 

the level of decrease in the trypsin inhibitor content 
was however as high as 57% in these extrudates.  
At 60rpm and at 12.5% feed moisture, there was 
also a gradual decrease in the trypsin inhibitor 
content of the extrudates from 6.60 to 5.44mg/g as 

othe barrel temperature increased from 135 to 140 C 
and decreased drastically as the barrel temperature 

oincreased to 145 and 150 C resulting into 
extrudates that contained 1.54mg/g trypsin 



Table 4: Effect of variation of screw speed, barrel temperature and feed moisture on trypsin inhibitor 
content of yam-bambara extrudates

oinhibitor at 145 C and 1.01mg/g trypsin inhibitor 
oat 150 C. At 15% feed moisture while keeping 

other extrusion conditions constant, there was a 
gradual decrease in the trypsin inhibitor content of 
the extrudates from 6.68 to 5.69mg/g as the barrel 

otemperature increased from 135 to 150 C.  At 
17.5% feed moisture while keeping other 
extrusion conditions constant, there was also a 
gradual decrease in the trypsin inhibitor content of 
the extrudates decreasing from 6.79 to 5.78mg/g as 
the barrel temperature increased from 135 to 

o145 C.  When the barrel temperature increased to 
o150 C, there was however a drastic reduction to 

1.67mg/g of trypsin inhibitor in the extrudate.

At 70rpm and at 12.5 to 17.5% feed moisture 
while keeping other extrusion conditions constant, 
the trypsin inhibitor content in the extrudates 
reduced from 8.08 to 4.68mg/g at 12.5% feed 
moisture, reduced from 8.08mg/g to 3.78mg/g at 
15% feed moisture and 7.44 to 3.46mg/g at 17.5% 
feed moisture in the extrudates as the barrel 

otemperature increased from 135 to 150 C.  
Generally there was a reduction in the trypsin 

inhibitor content as the barrel temperature 
oincreased from 135 to 150 C at all the screw speeds 

(i.e. 50 to 70rpm) and at all the feed moisture levels 
(i.e. 12.5% to 17.5%) employed in this study. 

50rpm and at the barrel temperature range of 135 to 
o150 C, the extrusion time steadily increased from 

12 to 12.6 minutes as the barrel temperature 
o oincreased from 130 C to 150 C while it fluctuated 

between 12.1 and 12.30 minutes at 15% feed 
moisture and at other same extrusion conditions of 
screw speed barrel temperature.  It also fluctuated 
between 12.20 and 12.40 minutes at 17.5% feed 
moisture as the barrel temperature increased from 

o o135 C to 150 C.    
At the screw speed of 60rpm at 12.5% 

constant feed moisture and at the barrel 
otemperature range of 135 to 145 C, the extrusion 

time increased from 9.90 to 11.10 minutes as the 

Extrusion time 
Table 5 shows the effect of using different screw 
speeds, barrel temperature and feed moisture on 
the extrusion time of the yam  bambara extrudates.  
It was found that at p<0.05 there significant 
differences in the extrusion time among the 
extrudates produced at the different screw speed, 
barrel investigated in this study.  The extrusion 
time varied between 6.0 and 12.60 minutes in the 
yam  bambara extrudates.  However, at the highest 
screw speed of 70rpm, highest feed moisture level 
of 17.5% required the least extrusion time at all the 

odifferent barrel temperatures of 135  150 C.    
At 12.5% feed moisture, at the screw speed of 
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150
135
140
145
150
135
140
145
150

Moisture Content (%) Screw  Speed 

Independent variables p(sig)
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Table 5: Effect of varying extrusion conditions on extrusion time of yam-bambara extrudates     
 

Barrel Temperature (oC) Feed Moisture (%)  Screw Speed (rpm)  Extrusion Time (min.)  

135 12.5 50 12.0 ± 0.03 
140 12.5 50 12.20 ± 0.02 
145 12.5 50 12.40 ± 0.02 
150 12.5 50 12.60 ± 0.02 
135 15 50 12.20 ± 0.03 
140 15 50 12.10 ± 0.04 
145 15 50 12.30 ± 0.02 
150 15 50 12.30 ± 0.02 
135 17.5 50 12.40 ± 0.02 
140 17.5 50 12.20 ± 0.01 
145 17.5 50 12.30 ± 0.01 
150 17.5 50 12.30 ± 0.01 
135 12.5 60 9.90 ± 0.01 
140 12.5 60 11.0 ± 0.02 
145 12.5 60 11.10 ± 0.02 
150 12.5 60 11.0 ± 0.01 
135 15 60 9.90 ± 0.01 
140 15 60 10.10 ± 0.02 
145 15 60 10.20 ± 0.02 
150 15 60 10.20 ± 0.02 
135 17.5 60 10.0 ± 0.01 
140 17.5 60 10.20 ± 0.02 
145 17.5 60 10.40 ± 0.02 
150 17.5 60 10.30 ± 0.02 
135  12.5 70 9.0 ± 0.02 
140 12.5 70 8.0 ± 0.01 
145 12.5 70 8.20 ± 0.01 
150 12.5 70 8.0 ± 0.01  
135 15 70 8.0 ± 0.01 
140 15 70 7.0 ± 0.01 
145 15 70 7.0 ± 0.01 
150 15 70 7.0 ± 0.02 
135 17.5 70 6.0 ± 0.01 
140 17.5 70 6.0 ± 0.01 
145 17.5 70 6.0 ± 0.01 
150 17.5 70 6.0 ± 0.01 

 

obarrel temperature increased from 135 to 145 C 
and decreased to 11.0 minutes as the barrel 

otemperature increased from 145 to 150 C; at 15% 
feed moisture and at same other extrusion 
conditions, there was a gradual increase in the 
extrusion time from 9.90 minutes to 10.20 minutes 
as the barrel temperature increased from 135 to 

o150 C; at 17.5% feed moisture and at same other 
extrusion conditions, there was fluctuations in the 
extrusion time from 10 to 10.40 minutes within the 
barrel temperature range employed.

At 70rpm, 12.5% feed moisture; there were 

fluctuations in the extrusion time of the extrudate 
between 8 and 9 minutes, while at 15% feed 
moisture and at same extrusion conditions, the 
extrusion time decreased from 8 to 7 minutes and 
remained constant at 6 minutes as the barrel 

otemperature increased from 135 to 150 C at the 
screw speed of 70rpm and at 17.5% feed moisture. 

 

Parameters  p(sig)
Screw speed .000
Barrel temperature .000
Feed moisture .000



17.5% moisture, there was a gradual increase in the 
throughput of the extrudates from 14.03 to 15.03%.  

oAt 150 C, 12.5-17.5% feed moisture, 50rpm screw 
speed, there was also a gradual increase in the 
throughput of the extrudates from 13.10 to 16.03%. 
However at 60rpm and 70rpm and at 12.5-17.5% 
feed moisture, at 60 and 70rpm there were 
fluctuations in the throughput of the extrudates and 

odid not follow a particular trend except at 140 C, 
12.5-17.5% feed moisture and at 70rpm where 
there was a steady increase in the throughput of the 
extrudates from 23.10 to 29.03%.  

 

Throughput of extrudates 
Table 6 shows the throughput of the yam  bambara 
extrudates produced at varying screw speed, barrel 
temperature and feed moisture.  As feed moisture 
increased from 12.5 to 17.5%, there was a gradual 
increase in the throughput of the extrudates from 

o12.03 to 15.22g/hr.  At 140 C and at 12.5-17.5% 
feed moisture at 50rpm; there was an increase in 
the throughput of the extrudates from 12.83 to 
14.9g/hr. while there was a decrease in the 
throughput of the extrudates from 15% feed 
moisture to 17.5% feed moisture at the barrel 

o otemperature of 140 C.  At 145 C, 50rpm and 12.5-

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

596

Table 6: Effect of varying screw speed, barrel temperature and feedmoisture on throughput of 
yam-bambara extrudates    

   
Screw Speed  Barrel Temperature (oC)  Feed Moisture (%)  Throughput (g/hr.)  

50 135 12.5 12.03 
50 140 12.5 12.83 
50 145 12.5 14.03 
50 150 12.5 13.10 
50 135 15.0 13.80 
50 140 15.0 14.90 
50 145 15.0 14.03 
50 150 15.0 14.96 
50 135 17.5 15.22 
50 140 17.5 13.03 
50 145 17.5 15.03 
50 150 17.5 16.03 
60 135 12.5 14.10 
60 140 12.5 15.97 
60 145 12.5 17.10 
60 150 12.5 18.90 
60 135 15.0 21.27 
60 140 15.0 24.86 
60 145 15.0 22.50 
60 150 15.0 14.76 
60 135 17.5 19.80 
60 140 17.5 20.73 
60 145 17.5 20.03 
60 150 17.5 27.93 
70 135 12.5 26.03 
70 140 12.5 19.15 
70 145 12.5 23.10 
70 150 12.5 29.03 
70 135 15.0 14.90 
70 140 15.0 17.10 
70 145 15.0 28.03 
70 150 15.0 27.99 
70 135 17.5 15.21 
70 140 17.5 24.24 
70 145 17.5 29.03 
70 150 17.5 29.05 

  
Screw speed p(sig)
Barrel temperature .000
Feed moisture .000
Feed moisture *Barrel temperature .000

Screw speed *Barrel temperature .000
Feed moisture *Barrel temperature 
*Screw speed .000
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Generalized linear regression models for 
predicting effect of extrusion variables on yam  
bambara extrudate properties

Table 7 shows the Generalized Linear Models 
(GLM) for predicting yam-bambara extrudate 
properties (expansion ratio, bulk density, textural 
properties and trypsin inhibitor content of the 
extrudates as well as the throughput of the process. 
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destroyed as reported by previous workers on 
22-25extruded food products( ).

The process variables (screw speed and feed 
moisture) had a significant effect (p<0.05) on the 
extrusion time of the extrudates probably because 
at elevated screw speed and feed moisture, the feed 
blends were more properly homogenized and more 
water was available for the extrusion cooking 
process thus favouring production of extrudate 
with the least extrusion time of 6 minutes obtained 
at the screw speed of 70rpm and 17.5% feed 
moisture.

The throughput is a parameter that determines 
the production efficiency in terms of production 
output per unit time.  It is a process factor that must 
be taken into serious consideration particularly 
when considering pilot plant and commercial 
production of the extruded products.  The 
throughput results obtained were, however, 
favourable particularly at the screw speed of 
70rpm implying that this extrusion condition of 

o70rpm; 145 C barrel temperature and 17.5% feed 
moisture should be suitable for pilot plant scale 
production of the extrudates.

The predictive regression equations between 
the process variable (barrel temperature, screw 
speed and feed moisture) and some of the product 
characteristics and process parameters such as the 
expansion ratio, load at break, load at yield, 
deformation at break, deformation at yield, 
throughput of extrudates, bulk density and trypsin 
inhibitor showed that the relationship obtained 
were non linear and the coefficient of regression 

2(R ) values were generally positive, implying that 
the equations obtained can be used to predict the 
product characteristics and process parameters 
given a particular extrusion condition of barrel 
temperature, screw speed and feed moisture that 
lie within the range of values of these variables 
investigated in this study.  
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qualidade e consequentemente com muitas 
restrições na comercialização. Este facto é de certo 
modo prejudicial para os produtores que 
geralmente vendem a batata doce aos grossistas 
que tendem a comprar somente produto de boa 
qualidade em detrimento da maior parte da batata 
doce trazida ao mercado.

Partindo do principio que a batata doce é uma 
das culturas de fácil cultivo, com custos de 
produção relativamente baixos e que permite 
colheitas prolongadas, não se justifica que o 
proveito que o agricultor retira seja ainda muito 
baixo. Para colmatar esta situação, e no sentido de 
relançar a cultura como um produto que pode gerar 
dividendos aos pequenos produtores, foram 
tomadas as seguintes medidas: 1  Pesquisar 
mercados e identificar oportunidades para 
estabelecer compromissos e parcerias de venda e, 
junto dos produtores, 2  Verificar e criar condições 
para a produção de batata doce de alta qualidade, 
num sistema de produção programado tendo em 
conta os compromissos previamente estabelecidos 
com o mercado.

Metodologia 
Para o arranque desta actividade, foram escolhidas 
3 províncias piloto: Maputo, Manica e Tete, por 
apresentarem já alguma tradição não só no cultivo, 
mas também na venda da batata doce. Como é do 
conhecimento que a extensão da amostra ou 
universo dos vendedores da batata doce é pequeno, 
optou-se por realizar uma pesquisa de natureza 
exploratória, tendo-se usado para tal um inquérito 
semi-estruturado para obtenção de informações 
relevantes dos intervenientes do mercado. 

O trabalho realizou-se  entre Fevereiro e 
Março de 2007 em 15 mercados, sendo: 

� 7 mercados de Maputo Cidade e Matola; 
� 2  do distrito de Angonia;
� 1 de Moatize;
� 2 da Cidade de Tete; 
� 2 da Cidade de Chimoio; 
� 1 de  Gondola, na província de Manica; 

Com excepção do mercado 38 na cidade de 
Chimoio onde estavam na altura 6 comerciantes da 
batata doce de venda a retalho, em média, todos os 
outros mercados apresentavam ou tinham pelo 
menos 2 vendedores, tendo-se para isso optado em 
entrevistá-los todos, sem recorrer a amostragem.

Principais constatações
� A venda da batata doce é feita tanto por 

homens como por mulheres. Esta informação 

Batata doce de polpa alaranjada 
como fonte de rendimento para os 
agricultores moçambicanos 
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Resumo
Com objectivo de potenciar a comercialização da 
batata-doce de polpa alaranjada como fonte 
alternativa de rendimento para os produtores rurais, 
foi desenhado um “estudo piloto” a ser realizado 
nas provincias de Manica, Maputo e Tete, para 
pesquisar mercados e identificar oportunidades 
para estabelecer compromissos e parcerias de 
venda de batata-doce de polpa alaranjada; e, junto 
dos produtores, verificar e criar condições para a 
produção de batata-doce de alta qualidade, num 
sistema de produção programado tendo em conta 
os compromissos previamente estabelecidos. A 
pesquisa foi de natureza exploratória, tendo-se 
usado para tal um inquerito semi-estruturado. 
Quinze mercados foram identificados para o 
estudo. Pelo menos 2 vendedores foram 
entrevistados em cada mercado.

Os resultados obtidos mostraram que a venda 
da batata-doce é feita tanto por homens como por 
mulheres; o preço de venda não varia com o tipo de 
batata-doce (polpa branca, amarela ou alaranjada); 
em Tete e Chimoio, a margem liquida obtida varia 
de 125,00 a 250,00 MT por semana por cada saco 
de 90 kg vendido. A projecçao da margem líquida 
mensal ronda os 1125,00 a 2250,00 Mt.

Pequenos produtores apoiados pelo CIP 
iniciarão com produções escalonadas para 
fornecer regularmente o mercado de Maputo que 
tem um potencial de transaçaõ semanal de 1000 kg 
de batata-doce. Em Marracuene, 13 agricultores 
voluntários protificaram-se a estabelecer parcerias 
e acordos com revendedores/grossistas de maputo 
apoiados.

Introdução
A batata doce é uma das culturas produzidas em 
quase todo o país. Apesar de muito bem 
disseminada, o investimento na cultura ainda é 
muito baixo, o que de certa forma contribui para 
que o produto obtido seja no geral de baixa 

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

600



é relevante porque a maior parte da produção 
da batata doce em Moçambique é feita por 
mulheres. O envolvimento do homem na 
venda deste produto revela que já começa a 
crescer a sensibilidade de que a cultura 
constitui uma fonte alternativa e credível de 
obtenção de rendimento ao nível dos 
agregados familiares;

� Unanimamente, todos os vendedores 
afirmaram que conhecem tanto a batata doce 
de polpa branca, amarela e laranja (OFSP). 
T o d o s ,  e m  a l g u m  m o m e n t o  j á  
comercializaram estes tipos de batata doce. 
Os entrevistados e informantes chaves 
afirmaram que muitas vezes, a procura da 
batata doce de polpa branca e laranja não tem 
sido muito diferenciada, contudo, muitas 
vezes, as pessoas optam pela batata de polpa 
laranja, devido o seu valor nutritivo; 

� Em média, os entrevistados encontram-se a 
exercer a actividade a mais de 3 anos, 
constituindo portanto, um grupo de pessoas 
com alguma experiência e conhecimento na 
área, motivados pelos lucros gerados, e pela 
sustentabilidade da actividade, pois, 
en tendem que  a  ba ta ta  doce  tem 
particularidade de se conservar melhor que as 
hortícolas comuns;

� O preço de venda não varia consoante o tipo de 
batata doce (polpa branca, amarela ou laranja), 
contudo, constatou-se que a quantidade de 
raízes num molho de batata doce de polpa 
alaranja era claramente inferior ao de polpa 
branca. Só para exemplificar, quase a 
totalidade da batata doce é vendida em molhos 
de 5 Mt (1kg) e 10 Mt (1,5kg) e, a OFSP 
encontrada a venda a 10 Mt/molho pesava 
1,1kg. Portanto, quantidade próxima da batata 
doce branca vendida a 5 Mt, o que revela um 
grande potencial destas variedades;

� Depois de deduzidos os custos inerentes a 
actividade, um vendedor típico da batata doce, 
tanto em Tete, como em Chimoio, 
normalmente obtém margem liquida em torno 
de 125,00  250,00 Mt por cada saco de 90 kg 
vendido por semana. O que quer dizer que 
aqueles que compram 3 sacos por semana, no 
fim do mês podem obter entre 1125,00 a 
2250,00 Mt como resultado líquido do seu 
negócio (Tabela 1).
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Na sequência deste estudo:
� O projecto iniciou um programa piloto de 

apoio e incentivo a pequenos produtores 
organizados no sentido de iniciarem com 
produções escalonadas para fornecer o 
mercado de Maputo, que tem um potencial de 
transação de 1000 kg de batata doce 
semanalmente;

� Foram identificados 13 agricultores potencias 
e m  M a r r a c u e n e  q u e  p r o n t a m e n t e  
voluntariam-se a estabelecer parcerias e 
acordos com revendedores/grossistas de 
Maputo. Estes produtores, receberam o 
material de plantação, foram instruídos em 
relação aos aspectos de qualidade e 
encontram-se em fase de produção 
programada de batata doce.
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Tabela 1. Custos e margens líquidas obtidos na venda de batata-doce em alguns mercados de 
Manica, Maputo e Tete. Fev-Março de 2007.

Nome do 
entrevistado 

Provincial/ 

Distrito 
Mercado 

Quantidade 
de batata-

doce 
adquirida 

Media 
de  

dias 
que 
leva 
para 

vender 

Custo 
da 

compra 
por 

unidade 
(MT) 

Custo 
total* 

(MT) 

Receitas 
totais 

Margem 

calculada 
(MT) 

Margem 

calculada 
(MT) 

Ericida 
magaia 

Maputo Xipamanine 4 sacos de 
90 kg 

3 180 804 1160 356 450 

Fajardo 8 sacos de 
50 kg 

6 140 1224 1760 536 600 

Gaboa 
Manuel 

 Nguenha 8 sacos de 
90 kg 

3 150 706 1350 644 700 

Rachid 
Rodrigues 

 Nguenha 4 sacos de 
90 kg 

3 270 1022 1410 388 400 

Maria 
Candrinho 

 Nguenha 1 sacos de 
90 kg 

1 120 175 450 275 250 

Domingos
José 

Tete cidade Kuachena 4 sacos de 
90 kg 

4 245 4605.9 2200 594 300 

Fátima
Dame

Tete cidade Kuachena 3 sacos de 
90 kg 

3 245 1176.5 2000 823.5 600 

Layton 
Lassico 

 Bagamoyo 10 sacos de 
90 kg 

10 400 5038 7200 2162 1500 

Helena 
Joaquim 

Manica/Chimoio 38 4 sacos de 
50 kg 

2 65 361 800 439 350 

Fabione 
Coco

Manica/Chimoio 38 2000 kg 2 2/kg 4987 6000 1013 3000 

 Manica/Chimoio Vila Feira 4 latas de 
20L 

1 70/lata 323 480 157 150 

Alfredo 
Enoque 

Manica/Chimoio 38 4 sacos de 
50kg 

2 65 361 800 439 350 

1 USD = 26.5 Mt 

* Os custos totais incluem outros custos implicitos 

Etivalda 
manhiça

Maputo
Fajardo8

Tete/Angónia

Tete/Angónia

Tete/Angónia

Tete/Angónia

Joana José

liquida liquida



the 5 million Sierra Leoneans live in rural area and 
earn their living from farming. Nearly 5.4 million 
out of 7.23 million ha of Sierra Leone is arable.  
The uplands accountant for about 4.3 million ha 
(80%) and swamps about 20%, amounting to about 
1.06 million ha.  Swamps are classified as: (1) 
mangroves (200,000 ha), (2) riverain grassland 
(100,000 ha), (3) Bolilands (120,000 ha) and (4) 
inland valley swamps (IVS) (640, 000 ha) (Figure 
1). It is estimated that 149,000 ha, i.e. about 14.1% 
of swamps are classified as highly suitable (>50% 
suitability) for crop production, especially rice in 
the rainy and other crops, including cassava and 
vegetables in the dry season.

Innovative systems to improve 
small to medium scale cassava 
processing in Sierra Leone
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Abstract
Cassava (Manihot esculenta Crantz) is the most 
important root crop in Sierra Leone, and the 
second most important food crop after rice, the 
staple in Sierra Leone; it is also the most important 
root and tuber crop.  It is followed by sweet potato 
(Ipomoea batatas L.), yam (Dioscorea spp.), 
which forms part of the traditional farming system. 
The latter has only recently been included in the 
research agenda of Njala Agricultural Research 
Centre (NARC) of the Sierra Leone Agricultural 
Research Institute (SLARI), and potato (Solanum 
tuberosum L) aka “Irish” potato in Sierra Leone, an 
introduced crop from neighbouring Republic of 
Guinea.  Cassava transformation into many useful 
food products, especially gari, fufu and high 
quality cassava flour (HQCF) is receiving 
tremendous boost in many parts of the country by 
both national and regional projects like 
CFC/IITA/SLARI Cassava Value Addition project, 
USAID/IITA-Sierra Leone Unleashing the Power 
of Cassava in Africa (UpoCA) project and the 
World Bank/ (Ministry of Agriculture, Forestry 
and Food Security ( MAFFS)'s Rural and Private 
Sector Agricultural Development Project 
(RPSAD) and several Non-Governmental 
Organizations (both national and international) 
and private enterprises. Strides made in that 
direction, especially by the CFF-West Africa  
Cassava Value Addition Project  in Sierra Leone 
are  summarized and presented. 

Keywords: Manihot esculenta, gari, fufu, flour

Introduction
Sierra Leone is located on the West Coast of Africa 

2and has a land area of 72, 000 km .  It is located 
o obetween latitudes 6  55' and 10  00' North and 

o olongitudes 10 16' and 13  18' West.  About 70% of 
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The climate is tropical with rainfall ranging from 
<2000mm in the far north to >3000 in the southeast 

o(Figure 2); temperature range of 24-28 C; relative 
humidity (50-90%); sunshine duration (2-8 
hours/day); evapotranspiration (3.5-4.5 mm/day).  
The wind conditions are described as generally 
light with occasional thunderstorms. Rainfall 
pattern is given in Figure 2 below. Temperature and 
sunshine hours indicating drying potential in Sierra 
Leone is also given in Figure 3 below.



Even though about 74% of the total land area of 
Sierra Leone is considered to be suitable for 
cultivation of crops on a sustainable basis, less 
than 10% is cultivated annually.  This is due to the 
need for upland fallow in order to prevent land 
degradation, the need for forest cover to protect 
swamp ecosystems, the need for land for mining, 
plantation crops, and other purposes, limited 
suitability of some arable land for cropping of the 
staple food- rice, high labour requirements to bring 
virgin swamps under cultivation, lack of feeder 
roads to access many lowland ecosystems, and the 
adverse environmental impact of land clearing. All 
of these limit the possibilities for area expansion.
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Figure 2:  Rainfall.

Figure 3.  Drying potential 
(temperature and sunshine hours).

Even though about 74% of the total land area of 
Sierra Leone is considered to be suitable for 
cultivation of crops on a sustainable basis, less 
than 10% is cultivated annually.  This is due to the 
need for upland fallow in order to prevent land 
degradation, the need for forest cover to protect 
swamp ecosystems, the need for land for mining, 
plantation crops, and other purposes, limited 
suitability of some arable land for cropping of the 
staple food- rice, high labour requirements to bring 
virgin swamps under cultivation, lack of feeder 
roads to access many lowland ecosystems, and the 
adverse environmental impact of land clearing. All 
of these limit the possibilities for area expansion.

Sierra Leone's economy is highly dependent 
on agriculture to which it contributes between 40-
48% (Table 1). It provides employment for about 
75% of the population (with women as the 
predominant labour force).  Table 1 below shows 
the composition of the sector and sub-sectoral 
contribution to Agriculture GDP.  The crops sub-
sector dominates followed by fisheries.  
Contribution of the forestry sector has declined 
over the years from 6% in 2001 to 3% in 2008 
whilst livestock has maintained a 3% contribution 
over the last 7 years.

 



country's staple. The tuberous roots of cassava are 
eaten in a variety of ways ranging from the boiled 
form to processed products like gari and foofoo. A 
considerable amount of cassava is also processed 
into starch. The leaves are used to prepare the very 
popular national cassava leaf sauce. 

Constraints limiting production

One of the major factors responsible for the low 
production of cassava in the country is the 
widespread cultivation of inherently low-yielding 
local varieties that are also highly susceptible to 
the yield-depressing African Cassava Mosaic 
Disease (ACMD). Low soil fertility in most parts 
of the country and high pest incidence 
(grasshoppers,  mealy bug, and green spider mites) 
also contribute towards the low root yields 
obtained by farmers.

Traditional food processing activities for root 
and tuber crops in Sierra Leone  

Cassava: Popular cassava products in Sierra 
Leone include Gari, Fufu, Kondogbala, Starch, 
Flour, Cassava bread (served with stew), Boiled 
cassava served with beans/stew, Atheke, Fried 
cassava chips, Gbodor, Cassava and potato leaves 
sauce are the major foods in Sierra Leone. Their 
status in terms of food processing activities ranges 
from small to large depending on the consumption 
pattern of consumers. These are summarized in the 
Table 2 below. 
 

The tropical root crops are a group of plants which 
includes cassava (Manihot esculenta Crantz), 
sweet potato (Ipomoea batatas Lam.), yams 
(Dioscorea spp.) and the edible aroids (Colocasia 
esculenta (L.) Schott. and Xanthosoma spp.( L. ) 
Schott). They provide stable carbohydrate source 
for an estimated population of over 500 million 
people (Coursey,1983; O'Hair, 1990). Roots and 
tubers belong to the class of foods that basically 
provide energy in the human diet in the form of 
carbohydrates. The terms refer to any growing 
plant that stores edible material in subterranean 
root, corm or tuber. Tropical root crops such as 
cassava, yam, sweet potato, and cocoyam are 
important staple foods throughout Africa. 
Estimates suggest that over 90% of the world's 
yam production and more than half of its cassava is 
produced in Africa, especially Nigeria (Dipleolu, 
et al., 2002). The increased use of major roots and 
tubers for food and livestock feed in developing 
countries will have wide-ranging effects on global 
public-and private-sector policies and investments 
(IFPRI, 2000). 

Importance and use of root and tuber crops in 
Sierra Leone
Root and tubers will continue to play a significant 
role in Sierra Leone's food systems because they 
contribute to the energy and nutrition requirements 
of the people; and produced and consumed by 
many of the households. They also provide an 
important source of employment and income in 
rural and often marginal areas, especially for 
women and are adaptable to a wide range of uses, 
from food-security crops to cash crops, and from 
fresh to processed products.

Cassava

In Sierra Leone, Cassava (Manihot esculenta 
Crantz) is the most important root crop and the 
second most important food crop after rice, the 
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                Table 1:  Percent Contribution of Major Agricultural Sub-sectors to    
Agricultural Gross Domestic Product (GDP). 

Percent Yearly Contribution to GDP  
Sub-sector 2001  2002  2003  2004  2005  2006  2007  2008
Crops 
Livestock 
Forestry 
Fishery 
 

  25      29      28      30      32      32      31      32 
    2       3        3        3        3        3         3        3 
    6       5         5       4        4        4         4        3  
    7       7         8       9        9        8         8        8  
 

Agricultures Contribution to 
GDP 

    40    44       44     46      48      47       46       46

Source:  Statistics Sierra Leone data 
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Table 2: Products/ Recipes Developed at NARC/SLARI, Sierra Leone  
 
No. Product Product definition 
1. Cassava bread 

 
 Grated, fermented and pressed cassava 
 Sifted cassava cake into flour 

 
2. Cassava rich cake 

 
 Grated, fermented and pressed fresh cassava 

tubers 
 Break cake and sift into flour 
 Baked using varying ingredients 

 
3. Cassava croquette 

 
 Grated, fermented and pressed fresh cassava 

tubers 
 Break cake and sift into flour 
 Baked using varying ingredients 

 
4. Gari  Fried, milled, sifted  and packaged product 

of cassava 
5. Foofoo  Soaked, pulped and sieved cassava tubers 

 Dewatered (Pressed), dry and grind 
 Packaged 

6. Kondogbala  Chopped, partially cooked/boiled fresh 
cassava 

 Completely sun dried 
 Packaged in sacks and stored for 

consumption during shortage by re -boiling 
to softness and served with sauce / soup / 
beans 

7. Cassava bread (with 
stew) 
 

 Grated, fermented and pressed fresh cassava 
tubers 

 Break cake and sift  
 Fried in small ringed metallic plates 
 Served / sold with stew and fried fish 

8. Atheke 
 

 Grated, fermented and pressed cassava 
tubers 

 Break cake, sift and fried  
 Pour hot water on product for few minutes 

and dewatered 
 Mixed with salt and serve with fish/meat, 

egg, tomato paste, mayonnaise, lettuce etc. 
 

9. Fried cassava chips  Grated, fermented and pressed cassava 
tubers 

 Break cake and sift 
 Addition of salt, pepper, maggi, sometimes 

pounded fish 
 Made into smaller balls and fried 
 Packaged and served/sold 

10. Gbodor  Grated, fermented and pressed cassava 
tubers 

 Break cake and sift 
 Addition of salt, pepper, maggi, sometimes 

pounded fish 
 Made into smaller balls and fried 
 Packaged and served/sold 
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foofoo under medium scale mechanized 
conditions. The use of graters is yet limited. Efforts 
needed to be directed towards rapid use of the 
equipment if the increased production of the crop 
should be met with faster conversion into forms 
acceptable for consumption.

Since 2008, six new cassava processing 
centres were constructed and/or equipped with 
modern processing machines and equipment at 
Makeni, in the Bombali District (Figure 2) and at 
Hamdalai/Lunsar in the Port Loko District  both in 
the North of the country by CFC/IITA/SLARI 
Cassava Value Addition Project.  Similarly, two 
such centres were also constructed and equipped in 
Bo District in Southern Sierra Leone: Bo City and 
Walihun village  in the Bo District; a similar but 
larger centre constructed by SLARI at the Njala 
Agricultural Research Centre (NARC) but 
equipped by the same project above.  Finally a 
small cassava bread processing centre at Waterloo 
in the Western Rural District of Sierra Leone, a 
popular traditional  cassava product in Sierra 
Leone .

The USAID/IITA  Unleashing the Power of 
Cassava in Africa (UpoCA) Project is also 
involved in the dissemination of improved cassava 
varieties and transformation activities in  10 
districts across the country.

Marketing of cassava
Due to the short shelf life of cassava roots, nearly 
79% of cassava produced is consumed almost 
immediately in the fresh cooked form. Similarly, 
cassava leaves a preferred vegetable dish in Sierra 
Leone is plucked fresh and prepared as source 
which is eaten usually with rice.

Cassava passes through two main channels to 
reach the consumer. In the first channel, traders 
may purchase within a day or two, already 
harvested cassava ready for market from farmers 
in villages. Alternatively, traders may purchase the 
standing crop and spend few days, depending on 
the acreage, harvesting the roots. The cassava 
purchased is usually assembled in sufficient 
quantities in sacs and immediately shipped to 
urban market using land or sea transportation on 
the place of assembly and case of shipment.

The second channel is one in which petty 
traders purchase cassava from either farmers or 
other traders that have moved (normally by head 
load in small quantities) their produce to periodic 
markets. The constraint associated with marketing 
is that there are inadequate markets for the product 
in the rural areas where the crop is produced. In the 
urban areas too, the market is yet to expand since 

Root and tuber crop processing infrastruc-ture, 
dissemination, marketing and gender issues

Cassava processing infrastructure
Whereas the growth of cassava requires a low 
input of man hours in comparison with other crops, 
the preparation of cassava root for consumption as 
a staple food requires labour intensive and 
prolonged processing (Essers, 1986 and Rosaling, 
1988).Primary processing by producers gives 
added value to a traditionally low-earning crop and 
helps stabilize fresh root prices (Obrien and 
Jones,1994). Koch et al (1994) noted that the prime 
purpose of the processing procedure is to reduce 
the content of poisonous cyanogenic glucosides or 
their degradation products (cyanohydrins and free 
cyanide) in the final products. Secondly, the 
harvested root rots if they are not processed shortly 
after harvest. Thirdly, the processing considerably 
reduces the water content (about 70% in the freshly 
harvested tuber) and thus facilitates transportation. 
Fourthly, the processing serves to make the starch 
of the cassava root suitable for consumption as a 
major food component in the form of boiled paste, 
flour or granules in the many different dishes 
prepared according to cultural preferences.

Thus, the ultimate income generated from the 
cassava enterprises depends on how fast the fresh 
tuber is sold or processed into gari, foofoo, or 
starch in Sierra Leone. The extent to which the 
potential market for cassava may be expanded 
depends largely on the degree to which the quality 
of various processed products can be improved to 
make them attractive to various markets without 
significant increase in processing cost and with 
little delay.

Though cassava processing in the country is 
largely traditional, yet with the increase in 
marketed surplus resulting from the use of 
improved cassava cultivars and response to 
growing domestic market,  mechanized 
innovations are gradually being adopted. The hand 
and pedal operated grater fabricated locally by the 
former Tikonko Agricultural Extension Centre in 
the early 1980's (TABC- destroyed to the rebel 
war) are among the early innovations widely 
distributed and used by cassava processors. Most 
of these are gradually being replaced by 
electrically powered mechanical graters.

A gari plant was built at Robinke in the 
Tonkolili District for large scale production of gari 
but because of technical problems and 
unavailability of reliable cassava suppliers, the 
plant has still not been commissioned. The growth 
centre in Bo now produces both gari, flour and 
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Chiefdom, Bo District, Southertn Sierra 
Leone

• Upwards Sierra Leone Ltd, Hamdalai Village, 
Buya Romende Chiefdom, Port Loko District, 
Nothern Sierra Leone. 

• Adamaris Industries Ltd, Makeni City, 
Bombali Shebora Chiefdom, Bombali District, 
Northern Sierra Leone.

These are shown in Figure 4 below. 
 

cassava is only recently being considered as an 
important crop.

There are no special locations for marketing 
cassava. At the wholesale level in the urban areas, 
marketing normally takes place in lorry parks or 
any large open space. Traders sell their produce to 
retailers in sacs, avoiding retiling it themselves to 
customers. This is to prevent the risk of spoilage 
and take advantage of the time and possibility of 
making another cassava purchase trip back to the 
village. Retailers then sell to customers by laying 
the tubers on tables at market centres or on the 
ground in piles outside the market building. The 
size of each pile varies with the negotiable price 
charged. 

Transportation of cassava
In Sierra Leone a good percentage of farmers  
(over 60%), head load their produce from the farm 
site to their villages and may require walking 
distances varying from 3 to 7 miles to periodic 
markets  distances to sell their produce or to access 
a motorable road for onward transportation to 
urban markets. The rural transport system in Sierra 
Leone is grossly inadequate (Spencer, 1996). The 
level of coverage of feeder roads in Sierra Leone is 
constraining marketing of both farm production 
inputs and outputs, which will continue to serve as 
a disincentive to producers of cassava as well as 
other crops. Due to this difficulty, over 80% of 
farmers producing cassava sell their produce in 
their villages to traders coming from bigger towns 
to the village mainly at harvest time. Due to lack of 
market information, these traders usually have the 
advantage to determine the farm gate price of such 
produce. Cassava being perishable if not 
processed, puts the farmers at the disadvantaged 
end of bargaining, thus accepting the price dictates 
of the traders which in most situations act as a 
disincentive to increase production.

Summary of current cassava processing centres 
in Sierra Leone (CFC-West Africa sponsored)
• Dunstan S.C. Spencer Cassava Products 

Enterprises Centre, NARC, Njala, Kori 
Chiefdom, Moyamba District, Southern 
Sierra Leone

• Cassava Bread Processing Association, 
Waterloo, Western Area II Rural District, 
Western Sierra leone. 

• Walihun Cassava Farmers Association, 
Walihun village, Bumpe Ngao Chiefdom, Bo 
District, Southern Sierra Leone ( completed 
on 30 August 2010).

• Gbotima Gari Processing Centre, Kakua 
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Figure 4. current cassava processing locations 

except Walihun (CFC-West Africa sponsored)



installed at all centres: 
> Hydraulic presses 
> Stainless steel fryers 
> Stainless steel sifters 

•  Signposts erected along the roads and centres 

Interventions by CFC Project (Cont'd) 
• Procured and installed: 

>  Mechanized gari fryers at Hamdalai 
(the one for Adamaris is being 
fabricated by a local fabricator in Bo 
City, Southern Sierra Leone) 

> Grating machines 
> Mechanized sifters 

• A 3.5 KVA generator  provided to Adamaris 
by proprietor; Makeni City to pump water 
and provide light during work shifts.

CFC intervention at Gbotima, Bo City, 
Southern Sierra Leone
• A modern processing centre built 
• Provided 1 High output ( 3 t/hr.) 

Mechanized Grater 
• Provided 2 Fryers (stainless steel) 
• Provided 1 Sifter (Stainless steel) 
• Provided 2 Sign posts 

Interventions by CFC-WA Project :
• Five modern processing centres  constructed    

and/or equipped (the sixth has just been 
completed at Walihun village and was 
commissioned on 30 August 2010) 

• High output (3t/hr) mechanized graters 
procured and installed 

• The following items were procured and

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

609

Poor equipment, factory layout, poor branding 

or no packaging, drudgery labor, poor hygiene 

etc. (before CFC) intervention)) 

Figure 5.  Processing centre before 
CFC-WA Intervention.

Gbotima, Bo following CFC Intervention
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Processing of cassava tubers, Gbotima Centre, 

Bo City, Southern Sierra Leone during commissioning.

Peeling Section

Grating Section

D.S.C Spencer Cassava Products Enterprises 
Centre at Njala following CFC Intervention 

Grating section

Pressing section

Frying section
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Pressing equipment

Frying sections.

Original site was a typical forest in foreground

Newly constructed and equipped with support 
from CFC-WA and proprietor.

Upwards following CFC Intervention: 

Grating Machine                                    

Adamaris Processing Centre, Makeni follwing 
CFC Intervention 

Pressing section.



Commissioning of CFC-WA Funded 
Processing Centres 

• Commissioned the following centers on 14th 
and 15th December 2009: 

• Waterloo (cassava bread), in the Western 
Rural Districts in Sierra Leone. 

•  Njala Agricultural Research Centre 
(NARC), Kori Chiefdom, Moyamba District 

• Gbotima, Bo City, Bo  District 
• Adamaris Industries Limited, Makeni City, 

Bombali District 
• UPWARDS Sierra Leone, Hamdalai / 

Lunsar, Port Loko District  
• Representatives from IITA Nigeria, SLARI, 

MAFFS, NGOs,  FAO, etc. graced the 
occasion 
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Mechanical fryer

Mechanical fryer in action

President of National Federation of Farmers of 
Sierra leone, (NAFFSL), Mr. Olu John cutting the 
tape at Waterloo Cassava Bread Processing Centre

Processors in action

Dignitaries at commissioning

ACTIVITIES IN PHOTOS

Commissioning of the Centres 
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