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The production of floating fish feed for the African catfish, Clarias gariepinus, in sub-Saharan African 
countries is challenged by a lack of affordable equipment and processing know-how. The present study 
aimed at defining the operating conditions for a locally built single-screw extruder. The effects of main 
ingredients and their particle size on the extrusion outcome were assessed. Moisture contents of 200 to 
250 g kg

-1 
(wet basis) led to jamming during the extrusion process and low yields of extrudates. 

However, the ideal starch source for the production of the floating feed consisted of Cassava (Manihot 
esculenta) chips. Extrusion without oil in the blend favoured the production of extrudate with increased 
floatability-moisture contents of 350 g kg

-1 
allowed smooth extrusion with high yields of extrudate albeit 

with lower floatability. The optimum moisture content for extrusion of floating extrudate was between 
275 and 300 g kg. The particle size of the blend significantly affected the physical qualities of granules. 
Extrusion of blends of 1 mm particle size without oil addition favoured the production of granules with a 
low density (≈ 0.45 kg l

-1
) and high floatability (≈ 94%). The required oil was added as a coating of the 

extrudate. 
 
Key words: Cassava, fish feed, floatability, low-cost single-screw extrusion, oil, particle size. 

 
 
INTRODUCTION 
 
A major hurdle hampering successful aquaculture in 
developing countries is the cost of fish feed, which in 
West Africa represents 60 to 75% of the total costs of fish 
production (Babalola, 2010). Presently, fish farming in 
sub-Saharan Africa  largely  depends  on  imported  feed, 

despite the availability of local ingredients for feed 
formulation (Adéyèmi et al., 2020). 

The production of floating fish feed in sub-Saharan 
African countries, with appropriate nutritional and physical 
properties is challenged by a lack of affordable equipment 
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and processing know-how. Usually, smallholder farmers 
mix local ingredients, which they moisten and press to 
obtain pellets by using simple mechanical tools. This 
practice often leads to the rapid disintegration of pellets 
(Liu et al., 2021) and subsequent pollution of the water, 
resulting in poor fish growth. Easy and affordable 
extrusion techniques to produce fish feed are therefore 
urgently needed. Worldwide, small-scale feed 
manufacturers are increasingly trying to adopt low-cost 
extruders to meet the demand for high-quality fish feed. 

Extrusion cooking is a versatile processing technique. 
The extruded products are more durable and have 
superior stability in water than simply pressed pellets. 
Basically, the extrusion process consists of transporting a 
blend of ingredients through a heated, tapering and 
pressurized barrel using single or double screws through 
a die at the exit of the barrel. During this process, the 
components of the blend, usually water, carbohydrates, 
proteins, fibres and fats, are subjected to heating, mixing 
and shearing under high pressure resulting in a cooked 
molten dough that is shaped into extrudate.  

During the extrusion process, the nutritional and 
physical properties of the extrudate are improved as a 
result of thermal treatment, gelatinization, protein 
unfolding, hydration, texture alteration, partial dehydration 
and destruction of micro-organisms and some natural 
toxic compounds (Kannadhason et al., 2011). Physical 
properties of extruded aqua-feed are strongly linked to 
the feed composition (moisture content, carbohydrates, 
proteins, fats and fibres) and processing parameters like 
particle size of the blend (Sørensen, 2012; Alam et al., 
2014; Ah-Hen et al., 2014; Singh and Muthukumarappan, 
2016; Luo et al., 2020; Ma et al., 2021). Among the feed 
constituents, carbohydrates and proteins, as structure-
forming materials, may improve the quality of extruded 
feed, whereas fat is a lubricant (Sørensen et al., 2012) 
and fibres act as diluents that reduce extrudates' physical 
quality (Ayadi et al., 2011). The latter authors reported 
that starch in aqua-feed production acts as a binder for 
blends and undergoes gelatinization. Indeed, 
gelatinization is a thermal disordering process of 
crystalline structures in native starch granules during 
extrusion. Starch gelatinization improves extrudates’ 
durability, increases expansion and floatability rates, and 
provides higher digestible energy for fish (Sørensen, 
2012). Thus, the ability of starch to swell and produce a 
viscous paste when heated in water is an important 
physical property. De Cruz et al. (2015) produced floating 
feeds using 250 g kg

-1
 starch and 400 g kg

-1 
moisture in a 

mixture extruded at a die temperature of 170°C. The 
particle size of the blend plays an important role in 
moisture distribution, heat transfer and viscosity during 
extrusion and the final extruded feed quality. According to 
Navale et al. (2015), as a general rule, the extruder feed 
should not contain particles larger than one-third of the 
diameter of the die holes. The moisture content of feed 
and temperature during extrusion are critical variables.   

 
 
 
 
They play multiple functions in barrel lubrication and 
starch gelatinization. Ma et al. (2021) reported that at 
increasing moisture contents (240 to 320 g kg

-1
) and die 

temperatures (110 to 150C), bulk density decreased 
leading to improved floatability of extrudates. Sørensen 
(2012) reported that to prevent losses of essential 
nutrients during wet extrusion of fish feed, moisture 
contents should range from 250 to 300 g kg

-1
. Controlling 

all these parameters during extrusion supports obtaining 
the desired characteristics for the extruded fish feed. 

The study used a single-screw extruder that was locally 
built in the context of the West African region using 
materials available in the area. The feed ingredients used 
to deploy the equipment were also from this area of 
Africa. The present study, therefore, explored the process 
conditions for the locally developed single-screw extruder 
to produce affordable, durable and floating fish feed for 
feeding African catfish (Clarias gariepinus) by resource-
poor fish farmers in West Africa by evaluating the effects 
of moisture, starch source, oil and particle size of various 
feed blends on the extrusion behaviour and physical 
attributes of the resulting extrudates. 
 
 
MATERIALS AND METHODS 
 

Study area and period 
 

The study was conducted from May to December 2019 in Benin 
(9°30’N 2°15’E), West Africa. 
 
 

Experimental design 
 
The effects of four processing variables on the extrusion behaviour 
and their consequences on the physical properties of the resulting 
feed extrudates were evaluated. The factors were: moisture, starch 
source, oil content and particle size of the blend. The experiment 
was conducted step by step. Firstly, the blend moisture content and 
the starch source were combined at four levels of moisture (200, 
250, 300 and 350 g kg

-1
 wet basis) and four starch sources (maize, 

lafun, Cassava chips and Tapioca) to assess their effect on 
extruder behaviour, yield and extrudate moisture content. Secondly, 
starch type and oil incorporation in the blend prior to extrusion were 
combined to evaluate their effect on the physical properties of 
extrudates. Red palm oil was added to the blend at a level of 43 g 
kg

-1
 and the water content of the blends was set at 300 g kg

-1 
(wet 

basis). Finally, the effect of the blend particle size obtained with mill 
screens of 0.5, 0.8, 1 and 2 mm mesh sizes on the physical 
properties of the extrudates was evaluated. Each treatment was 
performed in duplicate. The samples were packaged in polyethylene 
bags and stored at 4°C for further analyses. 
 
 
Characteristics of the extruder 
 
The extrusion cooking of the blends was performed using a locally 
built low-cost single-screw extruder (Figure 1). The extruder was 
powered by an 18.5 kW motor (2930 rpm) for a constant screw 
speed of 1465 rpm and had a production capacity of 50 kg h

-1
. It 

was equipped with a 55-cm-long grooved barrel of 15 cm diameter. 
The helix-shaped single-zone screw had a length of 30 cm. The 
temperatures  at  the  feeder,  mixing  and  compressing   (at  barrel  
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Figure 1. Low cost locally built single-screw extruder as commissioned by the Laboratory of 
Valorization and Quality Management of Food Bio-ingredients, Faculty of Agricultural 
Sciences, University of Abomey-Calavi, Benin. 

 
 
 

Table 1. Proximate composition of ingredients (g kg
-1

 of Dry Matter) used to formulate the experimental blends. 
 

Ingredient Dry matter Ash Proteins Lipids Carbohydrates Fibres 

Fish meal  890 375 411 78.0 26.0 19.4 

Soybean meal 895 60.3 447 30.7 357 119 

Cottonseed meal 884 66.7 406 14.9 396 120 

Cassava chips 865 35.3 14.6 06.5 808 30.9 

Maize flour 882 18.4 89.1 35.4 739 56.2 

Lafun 897 30.0 13.9 02.0 878 31.1 

Tapioca 904 06.5 01.2 02.7 894 21.2 
 

Source: Adéyèmi et al. (2020). 
 
 
 
section) and at the die zone were not adjustable and increased 
during extrusion from 60 (feeding zone) to 120°C (die zone). The 
die plate had 4 circular holes, each 6 mm in diameter. A speed die 
face cutter with two bladed knives was used to cut the extrudates. It 
was powered by a 37 W motor at the speed of 1400 rpm. 
 
 
Raw ingredients and experimental mixture  
 
Local ingredients (Table 1) available in Benin for fish feed 
formulation (Adéyèmi et al., 2020) were used to formulate the fish 
feed. The main sources of starch were maize flour, fermented 
Cassava (Manihot esculenta) flour (so-called lafun), Cassava chips 
flour and Tapioca flour. The main protein sources were soybean 
meal, cottonseed meal and fishmeal. Red palm oil was the fat 
source. Additional ingredients were a premix containing minerals 
and vitamins, and methionine. Fishmeal, soybean meal, cottonseed 
meal, premix and methionine were purchased at a livestock feed 
centre "La Confiance" at Abomey-Calavi (2°21’ E, 6°26’ N). Maize, 
oil and all starch sources were purchased at local markets at 
Abomey-Calavi. The ingredients were mixed in proportions that 
meet the minimum nutritional needs of the African catfish (C. 
gariepinus) juvenile (Robinson et al., 2006). Starch was 
incorporated at a rate of  200 g kg

-1
,  as  recommended  for  floating 

feed (Kamarudin et al., 2016). Based on the proportion of 
ingredients in the blend (Table 2), the quantities of each ingredient 
required to make 1.5 kg of the blend were calculated. Each blend 
was milled into powders of diverse particle sizes (mesh sizes 0.5, 
0.8, 1, and 2 mm) using a hammer mill (Model: 9FQ40-20, Yanbei 
Animal Husbandry Machinery Group, Langfang, China). The 
amount of water (Qw) needed to raise the moisture content of the 
blend to the desired level was calculated according to the formula 
by Hounhouigan et al. (2003). 
 
Qw = m (Hf - Hi) / (100 – Hf), where, m = mass (quantity) of the 
blend, Hf = final moisture content, Hi = initial moisture content. 
 
The blend was mixed manually and extruded to produce extrudates 
of 6 mm diameter using the extruder described previously. 
Extrudates were subsequently dried in a hot air-drying oven (Model: 
RXH-14-C, China) at 60°C for 3 h. The manufacturing process of 
the extrudates is illustrated in Figure 2. 
 
 
Physical properties 
 
The bulk density was determined according to Abubakar et al. 
(2016).  The   extrudates  were  carefully  poured  into  a  cylindrical   
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Table 2. Composition (g kg
-1

, wet basis) of blends used for the extrusion experiments. 
 

Variable Blends (B) 

Ingredients BM
1
 BL BC BT 

Fish meal  270 270 270 270 

Soybean meal 175 175 175 175 

Cottonseed meal 305 305 305 305 

Maize (M) 200 - - - 

Lafun (L) - 200 - - 

Cassava chips (C) - - 200 - 

Tapioca (T) - - - 200 

Red palm oil 43 43 43 43 

Premix (Minerals and Vitamins) 5 5 5 5 

Methionine 2 2 2 2 

     

Proximate composition (g kg
-1

, DM)
2
     

Proteins 333 318 318 315 

Lipids 81 74 75 75 

Carbohydrates 338 366 352 369 
 
1
: Blend code (BM = Maize-based blend, BL = Lafun-based blend, BC = Cassava chips-based blend, BT = Tapioca-

based blend). 
2
: Calculated from Table 1. 

 
 
 
container of known volume until a pile of extrudates developed at 
the top. A scraper was used to remove excess extrudates. The 
content of the cylindrical container was then weighed. Bulk density 
was calculated by dividing the mass of the sample by the volume of 
the cylinder and was expressed in g l

-1
. The rehydration rate of 

extrudates was determined according to Guillaume et al. (2001) by 
placing a sample (100 g) in a wire mesh basket and immersing it in 
excess water at ambient temperature for 10 min. The rehydration 
rate was calculated as: Mass of rehydrated product (Wf) / Initial 
mass (Wi) of dry product and was expressed as % w w

-1
 (percent 

weight per weight). To evaluate the percentage of floating 
extrudates, 4 Lof distilled water was poured in a cylinder and one 
hundred extrudate particles were randomly selected and dropped 
into the water from 5 cm above the water surface. The number of 
floating extrudates was counted after three minutes, and expressed 
as a percentage of the total extrudates. The moisture contents of 
the blends and extrudates were determined by official methods 
(AOAC, 2012). The measurements were duplicated for each 
sample of two different production cycles. 
 
 
Statistical analysis 
 
Statistical analysis was performed using Minitab 18 computer 
software (Minitab LLC, Pennsylvania State University). The means 
of parameter values were calculated, followed by the Analysis of 
Variance (ANOVA) to evaluate significant differences among 
means. When significant differences (p < 0.05) were observed, data 
were separated using Tukey’s post-hoc test.  
 
 
RESULTS 
 
Proximate composition of experimental blends 
 
Table 2 presents the estimated proximate composition of 
the blends. Crude protein varied  from  315  to  333 g kg

-1
 

dry matter (DM), crude fat ranged from 74 to 81 g kg
-1 

DM 
and carbohydrate from 338 to 369 g kg

-1 
DM. Blends with 

cassava as a starch source were fairly equal in terms of 
crude protein, crude fat and carbohydrate contents. They 
contained substantially more carbohydrates than the 
maize-based blends, which contained more crude protein 
and crude fat. 
 
 

Effect of blend moisture content and starch source 
on behaviour during extrusion 
 

The data recorded for the extruder’s performance as a 
function of the blend moisture content and starch sources 
are presented in Table 3. The extrusion operation was 
almost impossible for blends with moisture contents 
of200 g and 250 g kg

-1
 (wet basis), because of constant 

jamming during the process. For the moisture contents of 
300 g and 350 g kg

-1
 (wet basis), the extrusion operation 

proceeded smoothly without jamming, irrespective of the 
starch source. The extrudate yields recorded under these 
conditions were similar and averaged 82% w w

-1
. After 

drying for 3 h at 60°C, the extrudate moisture content 
made from a blend with 350 g moisture kg

-1
 became 182 

g kg
-1

, which was significantly higher than that from 
theblend with 300 g moisture kg

-1
, which resulted in 124 g 

kg
-1

 in the dried extrudates. 
 
 
Effect of starch source and blend fat content on the 
extrudates’ physical properties 
 
The  effects  of  starch  source  and  oil on the extrudates’ 
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Figure 2. Manufacturing process of feed with experimental variables. 
Source: Authors 

 
 
 
physical properties are presented in Table 4. The addition 
of red palm oil in the blend had a significant negative 
effect on the extrudates’ floatability (p < 0.05) and bulk 
density (p < 0.001). However, this treatment did not affect 
the rehydration rate of the extrudates (p < 0.05). The 
starch source significantly affected floatability (p < 0.001) 
but did not affect the rehydration rate or the bulk density 
of the extrudates. Overall, the lowest densities were 
recorded for extrudates from blends incorporating either 
cassava chips (477.5 gl

-1
),  lafun  (547.5 g l

-1
)  or  Tapioca  

(530.0 g l
-1

), all without oil addition. 
 
 
Effect of particle size on the physical properties of 
the extrudates 
 
The physical properties of the extrudates are presented 
in Table 5. The particle size had a high significant effect 
on the floatability (p < 0.001) but low significant effect on 
the density  (p < 0.05)  of  the extrudates.  The  floatability  

 

Extrudates

Drying (3 h at 60 °C) 

Soybean meal and 

cottonseed meal 

Starch sources (maize, Cassava 

chips, lafun or Tapioca) Fishmeal 

Weighing 

Water (200, 250, 300 or 350 g kg
-1

) 

Grinding (0.5 mm, 0.8 mm, 1 mm or 2 mm mesh) 

Blend Premix, methionine 

Extrusion 

Cooling 

 

Dried extrudates 

Red palm oil (when applicable) 
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Table 3. Extruder behaviour as affected by starch source and blend moisture content (g kg

-1
, wet basis). Extrusion performed with blends of 2 mm particle size. 

 

Treatments 
Jamming at beginning Jamming during extrusion 

Remark 
Yield (% w/w) and moisture content (g kg-1, DM) of extrudates 

Blend 
code 

Factors 

Starch source Moisture 1st test 2nd test 1st test 2nd test Yield*** Moisture at the die*** Moisture after drying** 

BM200# Maize 

200 

No Yes Yes  Yes 
Extrusion is not possible at 200 
g kg-1 water content of blend 
irrespective of starch source. 

0.00c - - 
BL200 Lafun Yes Yes Yes  Yes 

BC200 Cassava chips Yes Yes Yes  Yes 

BT200 Tapioca Yes  Yes Yes  Yes 

           

BM250 Maize 

250 

No No Yes  No Extrusion seems to be possible 
at 250 g kg-1 water content of 
blend regardless of starch 
source but jamming risk with 
cassava chips. 

45.40 ± 32.4b 152.1 ± 25.2c 88.3 ± 22.0b 
BL250 Lafun No No Yes  No 

BC250 Cassava chips No No Yes  Yes  

BT250 Tapioca No No No Yes  

           

BM300 Maize 

300 

No No No No 
Extrusion is easy at 300 g kg-1 
water content whatever the 
starch source. 

82.11 ± 4.00a 228.3 ± 10.7b 124.3 ± 13.2b 
BL300 Lafun No No No No 

BC300 Cassava chips No No No No 

BT300 Tapioca No No No No 

           

BM350 Maize 

350 

No No No No 
Extrusion is easy at 350 g kg-1 

water content whatever the 
starch source. 

82.03 ± 4.71a 283.6 ± 15.0a 182.3 ± 31.1a 
BL350 Lafun No No No No 

BC350 Cassava chips No No No No 

BT350 Tapioca No No No No 
 

The extruder is sensitive to formula moisture content. Higher moisture contents are favourable to good extrusion
 #

:
 
BM; 200, 250, etc: initial moisture content of pre-extrusion blend (g kg

-1
 wet basis). -: 

no data. The values (whatever the starch source) are the averages of eight measurements (2 by starch source). Average in the same column with different superscript letters are significantly different at 
p < 0.05. **: Significant difference at p≤0.01; ***: Significant difference at p ≤ 0.001. 
Source: Authors 
 
 
 
rates ranged from 28.7 to 94.3% and the highest 
value was obtained from a blend particle size of 1 
mm. The bulk density of extrudates ranged from 
476.3 to 501.3 g l

-1
 and the lowest value was 

obtained from extrudates obtained from a blend 
with a particle size of 1 mm. The rehydration rate 
ranged from 157.5 to 210.0% w w

-1
 and the water 

absorption by extrudates obtained from a blend 
particle   size  of  1 mm  was  more  advantageous  

than others. 
 
 
DISCUSSION 
 
Major criteria in feed formulation are nutrient 
requirements and floatability. The proximate 
composition of the formulated experimental 
blends used in this study was close to  the  dietary 

protein and fat recommended by Robinson et al. 
(2006) for the growth of juvenile catfish (C. 
gariepinus). These authors indicated that the 
dietary protein requirement for catfish ranges from 
250 to 500 g kg

-1
 and fat levels should not exceed 

40 to 60 g kg
-1 

in commercial catfish grow-out 
feeds. Several authors obtained good growth 
performances for African catfish juveniles fed with 
feeds containing crude  protein in the range of 250  
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Table 4. Physical properties of extrudates as a function of starch source and oil (extrusion performed with blend at 300 g 
kg

-1
 moisture content and blend particle size of 2 mm). 

 

Treatments Physical properties of extrudates 

Blend code 
Factors Bulk density 

(g l
-1

)** 

Rehydration rate 
(% w w

-1
) 

Floatability rate 
(%)* Starch source Oil 

BM300.Y
#
 

Maize 
Yes

1 
615.0 ± 67.2

ab
 176.5 ± 51.6

a
 00.5 ± 00.7

b
 

BM300.N No 600.0 ± 00.0
ab

 163.0 ± 00.0
a
 00.0 ± 00.0

b
 

      

BL300.Y 
Lafun 

Yes 607.5 ± 21.2
ab

 183.0 ± 49.5
a
 01.0 ± 01.4

b
 

BL300.N No 547.5 ± 00.0
abc

 158.0 ± 00.0
a
 12.0 ± 00.0

ab
 

      

BC300.Y 
Cassava chips 

Yes 635.0 ± 17.7
a
 144.0 ± 05.7

a
 18.0 ± 18.4

ab
 

BC300.N No 477.5 ± 00.0
c
 210.0 ± 00.0

a
 31.0 ± 00.0

a
 

      

BT300.Y 
Tapioca 

Yes 618.8 ± 15.9
ab

 150.5 ± 03.5
a
 00.0 ± 00.0

b
 

BT300.N No 530.0 ± 00.0
bc

 208.0 ± 00.0
a
 13.0 ± 00.0

ab
 

 
#
BM; 300: initial moisture content of pre-extrusion blend (g kg

-1
 wet basis); Y: with oil, N: without oil. 

1
: Incorporation oil before 

extrusion (43 g kg
-1

 as mentioned in Table 2). Values are averages of four measurements. Average in the same column with 
different superscript letters are significantly different (p < 0.05).  *: Significant difference at p˂0.05; **: Significant difference at 
p≤0.01. 
Source :Authors 

 
 
 

Table 5. Physical properties of extrudates as a function of blend particle size (extrusion performed with blend at about 300 g kg
-1

 
moisture content, cassava chip as starch source and extrusion before oil addition). 
 

Treatments Physical properties of extrudates 

Blend code 

Factor 

Bulk density (g l
-1

)* Rehydration rate (% w w
-1

)*** Floatability rate (%)*** Screen mesh 
size  

BC300.N-0.5
#
 0.5 mm 501.25 ± 06.29

a 
170.00 ± 5.77

b 
28.75 ± 18.12

b 

BC300.N-0.8 0.8 mm 495.0 ± 14.72
ab 

158.75 ± 2.50
c 

82.75 ± 7.41
a 

BC300.N-1 1 mm 476.25 ± 06.29
bc 

157.50 ± 2.89
c 

94.25 ± 4.86
a 

BC300.N-2 2 mm 477.50 ± 0.0
c
 210.0 ± 0.0

a
 31.0 ± 0.0

b
 

 
#
BC; 300: initial moisture content of pre-extrusion blend (g kg

-1
 wet basis); N: No oil addition before extrusion; 0.5, 0.8, 1 and 2: blend particle 

sizes. Values are averages of four measurements. Average in the same column with different superscript letters is significantly different (p < 
0.05). *: Significant difference at p˂0.05; ***: Significant difference at p ˂ 0.000. 
Source: Authors 

 
 
 
to 380 g kg

-1
 (Goda et al., 2007; Soltan et al., 2008; 

Alegbeleye et al., 2012; Taufek et al., 2016). Likewise, 
the carbohydrate contents of experimental blends were 
within the recommended values of 150 to 380 g kg

-1 
for a 

well-performing feed for C. gariepinus (Jimoh et al., 
2013). It is well known that the composition of a blend 
has a significant effect on the extrusion process (Ishak et 
al., 2020). Indeed, a first common way to estimate the 
performance of an extrusion process is to determine the 
extrudate yield, also referred to as mass flow rate. 
Extrusion of a blend at 300 g kg

-1
 initial moisture content 

exhibited the highest extrudate yield and seemed best for 
the tested extruder. However, this moisture level is lower 
than the 400 to  450 g kg

-1
  recommended by  Kamarudin 

et al. (2016) and Umar et al. (2013) for other types of 
single screw extruders. Navale et al. (2015) were able to 
conduct extrusion successfully using a blend containing 
between 250 and 300 g kg

-1
 of moisture. These 

differences appear to be related to the extruders’ 
characteristics. Indeed, yield in a single screw extruder 
depends on the drag flow developed by screw rotation, 
die geometry, shear rate, feed composition, moisture 
content of the blend, viscosity and the pressure flow 
generated due to the restriction of the die (Kannadhason 
et al., 2010).  

The starch type in the blend and fat content also 
affected the extrudates’ physical properties. In the 
present study,  only  extrudates  from  a  blend  based  on  
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cassava chips exhibited a relatively high floatability rate 
but had a high rehydration rate, namely 210% w w

-1
. 

Indeed, the functionality of starch is affected by the ratio 
of amylose to amylopectin, and gelatinization is 
influenced by the branch chain length of amylopectin. 
The ratio of amylose: amylopectin content in cassava and 
maize flour is approximately 18:82 and 24:76, respectively 
(Ma et al., 2021), meaning that the amylopectin content is 
likely to be higher in cassava than in maize. Thus, 
cassava starch is likely to gelatinize more extensively 
than maize starch (Monthe et al., 2019), resulting in a 
better floatability of extrudates based on Cassava. 
Additionally, cassava starch has less retrogradation than 
maize starch after heat treatment (Sigüenza-Andrés et 
al., 2021). Overall, cassava chips flour is a promising 
aquafeed binder, even though improvements are also 
needed to further increase floatability. 

Regarding the effect of the oil, the present study results 
are in line with findings by Irungu et al. (2018), who 
reported that the fat content of the blend to be extruded 
must be minimized to produce extrudates with 
satisfactory floatability. Oil is an insulator that prevents 
moisture from entering the particle at a rapid rate. When 
added to the blend before extrusion, oil would cover the 
flour particles and hamper moisture penetration during 
conditioning and extrusion. Thus, the frictional heat 
between the screw and the housing wall would not diffuse 
quickly in the blend particle to allow enough 
transformation in the composition of the starch present in 
the feed. Hence, there is little starch gelatinization, which 
specifically reduces the expansion and consequent 
floatability of extrudates, as well as their digestibility. 
Instead, post-extrusion addition of oil by coating the 
extrudates after drying has been recommended. 
According to Vijayagopal (2004), the fat level in the mass 
blend to be extruded should not exceed 60 g kg

-1
 to 

obtain floating extrudates. 
The particle size of a blend is another important factor 

that affects the physical properties of the derived 
extrudates. According to Le Gouessant (2008), extrudates 
are qualified as floating when the floatability rate is 
greater than 80%, semi-floating for 30 to 80%, and 
sinking below 30%. The floating extrudates with a 
diameter of 6 mm in this study were those obtained from 
blends with particle sizes of 1 mm and 0.8 mm. This 
result is in agreement with Roman et al. (2017), who 
indicated that larger particle sizes hinder water 
absorption and delay gelatinization. In contrast, blends of 
fine particles provide more air cells during extrusion, 
resulting in better expansion and good floatability (Alam 
et al., 2014; Navale et al., 2015; Leonard et al., 2019). 
Along this line, Jauncey et al. (2008) related blend 
particle size with extrudate diameters, and recommended 
using blends with particle sizes between 0.5 and 0.75 
mm to produce extrudates of 2 mm; for extrudates of 3 to 
5 mm, a blend of 1 mm particle size, and for extrudates 
larger than 5 mm, a blend of particle size  of  1.0  to  1.25  

 
 
 
 
mm.  
 
 
Conclusion 
 
This study outlined a procedure to define the proper 
composition of a fish feed blend composed of locally 
sourced raw ingredients in Benin for successful 
production of floating granules to feed C. gariepinus 
juveniles, using a locally developed single screw-
extruder. Cassava chips flour emerged as the best 
performing starch source in combination with a blend 
moisture content of about 280 g kg

-1
 to allow a smooth 

extrusion process. Blend particle sizes between 0.8 and 1 
mm resulted in fish feed granules with a diameter of 6 
mm with a high floatability rate. Additional studies are 
recommended to further optimise the process conditions 
for the locally developed single-screw extruder. 
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