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1. Introduction

Expenses of feed usually constitute a huge cost in 
Aquaculture (almost 60%) (Sá  et  al., 2007; Fu, 2005). 
To gain maximum yield of fish, feed requires appropriate 
ingredients and processing technique (Tiamiyu and 
Solomon, 2012). Different qualities of fish feed including 

the pellet shape, size, water absorption quality, density, 
softness or stability, floating time may affect the quality of 
feed (Kazamzadeh, 1989). Poor or insufficient water stability 
can break feed fast. The related water pollution caused by 
unutilized feed is one of the major reason of high algal 
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Resumo
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para a poluição ótima da água e a aquicultura sustentável. O uso desses aglutinantes, ou seja, glúten de trigo, amido 
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domestic hammer mill grinding machine. The paste of each 
grain was diluted with 1 liter water to make a solution. 
The solutions were then sieved using cheese muslin cloth 
to obtain the starch soluble filtrate. The starch soluble 
filtrate of each cereal grain was left to stand overnight 
after which the supernatant was decanted to obtain the 
wet starch. Thereafter sun dried to obtain dried starch of 
each cereal grain.

Three (3) diets were formulated with these starches 
which were incorporated for the different diets at 5% 
as shown in Table  1. The different grain starches were 
incorporated with other ingredients and hot water was 
then added, stirred thoroughly to obtain good dough. 
The formed dough was then fed into motorized millet 
(pelleter) with a 3mm die. The pellet strands were cut at 
varying lengths, sun dried and packed.

2.2. Evaluation of physical properties of pellets

The following physical tests were conducted on 
prepared pellets, namely; palatability, dustiness, friability 
and water stability as reported by Orire et al. (2001) and 
Orire et al. (2005).

i. Pelletability
The percentage (%) pellet ability was obtained by 

expressing the total number of well-formed pellets as 
percentage of the total number of pellets produced. 

ii. Dustiness
This is the degree of powder or dust found in each of the 

pelleted diets. This parameter was evaluated by weighing 
50g of each pellet sample and place under normal stress-
condition, such as handling, packaging and repackaging, 
transportation for a period of 2-4 weeks. Then the dust 
particles produced by these activities were collected 
through a 2mm sieve and its weight was expressed as a 
percentage of the original sample weight.

bloom which is settle down at the pond bottom as fertilizers 
(Effiong et al., 2009). Thus, the aqua stability of feed pellets 
mainly relies on the use of suitable binding substances 
associated with appropriate processing technology 
(Ruscoe et al., 2005). Starch has an important feature of 
gelatinization and non-crystallization (Colonna et al., 1984; 
Gomez and Aguilera, 1984; Chevanan et al., 2007). They 
act like a binder and increase the durability of pellets. 

Binder performs a significant role in manufacturing of 
sinking and floating feed (Orire et al., 2010; Solomon et al., 
2011). Riaz (1997) stated that the minimum requirement 
of starch for sinking and floating feed between eighteen 
18% to twenty-two 22% and five (5) to eleven 11% relatively. 
In semi-extensive feed farming stability is more crucial 
because of accurate periodic regime. In the culture of 
prawn and shrimp, farmer used compact feed due to 
avoid disintegration. 

Feed manufacturing typically involves grinding, mixing, 
exposing them to steam and applying pressure or heat 
to form a specific shape and texture (Tidwell and Allan, 
2001; Hardy and Barrows, 2000).  To keep suitable level 
of firmness in water, feed should be well formed, so as it 
can stayed long enough (Wood, 1993). For this instance, 
the use of binder in aqua feed is fundamental. For aqua-
culturists, feed manufacturing is an expensive exercise due 
to the high price of ingredients and traditional artificial 
binders. Shrimp feed, which are commonly presented in 
dry form should not breakdown in water. Pellets absorb 
water to become soft but we have to maintain their shape 
for two hours till shrimp consume them. This requirement 
of shrimp food pellets is known as aqua stability of pellets 
(Ali et al., 2010).

Use of appropriate binders in fish feed manufacturing 
industries is an essential application. Majority of the 
binder are synthetic, further more they are expensive. 
To help mini scale fish farmers, there is a need for local 
sources of natural binders. Agricultural crops (grains) 
can also be harnessed for starch production and can also 
be used in feed as binders.  Maize (Zea mays), rice (Oryza 
stiva); wheat (Triticum aestivum), millet and guinea corn 
(Sorghum vulgare) are most general agriculture cereal grains.

Although some significant information is available on 
the use of natural binders i.e. potato starch (Wood, 1995), 
yam starch (Orire et al., 2010) cassava starch (Asiedu et al., 
1992) in fish feed but it will go a long way in addressing 
the problem confronting fish farmers at on-farm level of 
aquatic feed production. 

The present research trial was conducted to test physical 
properties such as palatability, water stability, dustiness, 
friability, settling velocity and floatation time of locally 
available starch i.e. wheat gluten, pea starch and guar 
gum in fish feed pellets and to assist their incorporation 
in on-farm aqua feed.

2. Materials and Methods 

2.1. Starch processing, diet preparation and pelleting

Each of the locally available grains i.e. wheat gluten, 
pea starch and guar gum was ground separately using 

Table 1. Ingredient’s profile per 100g of experimental diets 
formulated by locally available sources of starch.

Ingredients (%) Diet I* Diet II** Diet III***

Fish meal 35 35 35

Soya bean meal 12.87 12.87 12.87

Rice polish 42.11 42.11 42.11

Wheat gluten 5 0 0

Guar gum 0 5 0

Pea starch 0 0 5

Canola oil 4.5 4.5 4.5

Vitamins and minerals 0.5 0.5 0.5

Proximate composition (%)

Crude protein 37.33 37.33 37.33

Crude fat 15.04 15.04 15.04

Nitrogen free extract 33.17 33.17 33.17

Ash 4.9 4.9 4.9

*Diet I: wheat gluten. **Diet II: Guar gum. ***Diet III: pea starch.
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iii. Friability
Fifty grams (50g) of pellets sample of each diet was 

put in a container and fixed on to a rotary machine at 
preset speed level of rotation per minute (rpm). The dust 
generated from the agitated pellets was collected through 
2mm sieve and was weighed and expressed as a percentage 
of the sample weight.

iv. Water Stability
Fifty grams (50g) of the pellet sample was placed in 

a beaker full of tap water. Then was allowed to standstill 
but with an occasional gentle shaking for 20 seconds 
after every 2 minutes for 20 minutes. The content of the 
beaker was then passed over a 2mm sieve, the particles 
retained were sun dried and then weighed. The weight 
obtained was then expressed as a percentage (%) of the 
original sample.

v. Measurement of Settling Velocity (Vset)
Three different lengths (6mm, 9mm, and 12mm) of 

three different diets were tested at two temperature 
ranges (26 °C -28°C and 18 °C -20 °C). A verniere caliper 
was used to measure length. A 60 cm long Plexiglas tube 
with a diameter of 10cm was used to determine the settling 
velocities of pellets by following the method of Chen et al. 
(1999). The tube was set vertically and filled with fresh 
water of a specific temperature. The tube was marked 
from the top up to 5cm, to define the floating surface, and 
the time pellet took to travel was designated as floating 
time (Tf). The time it took for the pellets to fall up to 5 cm 
(Tf) and beyond 5 cm to 50cm apart was recorded with 
the aid of a 0.01s watch. Pellets were gently dropped into 
water. For each adjustment of fish feed pellet velocity, the 
temperature of the water in the device was adjusted by 

adding ice cubes. A thermometer was used to record the 
temperature of the water. For each diet, several pellets of 
various lengths were tested.

3. Results 

Table 2 exhibits the values of palatability, dustiness, 
water stability and friability of all Diets (DI, DII and DIII), 
which were bound with wheat gluten, guar gum and pea 
starch respectively. Minimum value of palatability was 
observed as 58.82 ± 4.37% by DII (guar gum), while in case 
of all other parameters i.e. dustiness, water stability and 
friability, the least mean values were obtained by DIII as 
9.6 ± 3.37%, 53.1 ± 11.37% and 0.86 ± 0.28% respectively, 
which was bound with pea starch.

Table  3  and  4 illustrate that at higher temperature 
(26 °C -28 °C), DI floated long on surface of water as 
compare to DII and DIII in case of 6 mm and 9 mm length 
(6.3 sec and 7.7 sec correspondingly), while DIII showed 
maximum flotation time limit (13 sec) at length of 12 mm. 
It was evident by Fisher’s least significant difference test 
(LSD) non-significant relationships were existed among 
all diets in all length except DI in case of 12 mm length, 
which showed lowest and significantly different from the 
other two diets (DII and DIII) (Table 4).

Similarly, significant differences were observed in 
case of settling velocity only at the length of 12 mm at 
low temperature (18-20 °C). DII floated long in 6 mm and 
9 mm length while at the length of 12 mm DIII had the 
highest flotation time. DII stood first at 6mm and 9mm 
length (0.055 in case of settling velocity 0.047) and DIII 
(0.031) at 12 mm length. 

Table 2. Physical quality parameters of experimental diets formulated by locally available sources of starch.

Pelletability (%) Dustiness (%) Water stability (%) Friability (%)

Diet I* 62.58 ±2.61 10 ±2.98 59.4 ±11.19 0.91±0.32

Diet II** 58.82 ± 4.37 10.8 ± 3.5 65±16.84 0.95±0.49

Diet III*** 59.95±4.69 9.6±3.37 53.1±11.37 0.86±0.28

*Diet I: wheat gluten. **Diet II: Guar gum. ***Diet III: pea starch.

Table 3. Values for flotation time (Tf) and settling velocity (Vset) of experimental diets.

Diets Temperature

Length of pellets

6 mm 9 mm 12 mm

Tf  (sec) Vset (m/s) Tf (sec) Vset (m/s) Tf (sec) Vset (m/s)

Diet I * 26°C – 28°C 6.3±1.63 0.05±0.01 7.7±1.63 0.04±0.00 10±1.63 0.04±0.00

Diet II** 5.7±1.70 0.064±0.01 7.6±1.71 0.046±0.00 12.7±1.63 0.033±0.00

Diet III*** 5.7±1.33 0.054±0.01 6.8±1.75 0.052±0.01 13±1.63 0.032±0.00

Diet I  18°C – 20°C 4.1±0.99 0.093±0.02 7.7±1.88 0.051±0.01 11.1±1.85 0.037±0.00

Diet II 5.5±1.64 0.055±0.01 7.9±1.28 0.047±0.00 12.5±1.58 0.033±0.00

Diet III 5.8±1.61 0.059±0.01 6.8±1.93 0.055±0.01 13.2±1.39 0.031±0.00

Tf; flotation time (sec); Vset; settling velocity (m/s). *Diet I: wheat gluten. **Diet II: Guar gum. ***Diet III: pea starch.
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4. Discussion

A number of factors can influence the physical quality 
of aqua feed which include composition of ingredients, 
processing method and the quality and quantity of the 
binder used (Silva and Anderson, 1995). Pelletability 
is a measure of pellet strength against disintegration 
(Rosentrater et al., 2005). In the present research trial, 
highest value of pelletability was observed by DI (bound 
with wheat gluten) as 62.58 ± 2.61 % (Table 2). Perhaps 
the lowest value of crude fiber accounts for this high 
rate of pelletability. These findings are in the line with 
Tiamiyu and Solomon (2012). They found highest value 
of pelletability by the diet bound with wheat gluten when 
they compare it with millet starch, rice starch, corn starch 
and maize starch. The findings of Chevanan et al. (2007) 
are also confirmed this result.

In case of dustiness (%) the lowest percentage was 
found from DIII (bound with pea starch) which indicate 
a very strong binding capacity of pea starch. The highest 
value of dustiness was determined by DII (bound with guar 
gum) which shows low binding properties of guar gum 
as compare to pea starch and wheat gluten, although DII 
showed highest water stability index (%) among all diets. 
This result is supported by Ali et al. (2010), who reported 
highest absorption of moisture (16.2 to 17.2 %) by guar 
gum in their research trial among all diets.

The least percentage of friability was determined by 
DIII (bound with pea starch), which indicate the superior 
quality of pea starch to be used as a binding agent in aqua 
feed over wheat gluten and guar gum.

By the comparison of flotation time, it was evident that 
at higher temperature (26 °C -28 °C), DI floated long on 

surface of water as compare to DII and DIII in case of 6 mm 
and 9 mm length (6.3 sec and 7.7 sec correspondingly), 
while at length of 12 mm DIII showed maximum flotation 
time limit (13 sec). Although no significant difference was 
observed by Fisher’s least significant difference test (LSD) 
among all diets in all lengths except DI in case of 12 mm 
length which showed lowest and significantly different 
from the other two diets (DII and DIII) (Table 4). 

Results revealed that among these three starch, the 
starch from pea source was proved superior over wheat 
gluten and guar gum as all physical quality parameters 
(dustiness, water stability and friability) revealed better 
performance of pea starch except pelletability in which 
guar gum performed best. Although not a single diet proved 
best in case of flotation time (Tf) and settling velocity at 
varying lengths (6mm, 9mm and 12 mm).

5. Conclusion

Results revealed that among these three starch, the 
starch from pea source was proved superior over wheat 
gluten and guar gum as all physical quality parameters 
(dustiness, water stability and friability) revealed better 
performance of pea starch except pelletability in which 
guar gum performed best. Although not a single diet proved 
best in case of flotation time (Tf) and settling velocity (Vset) 
at varying lengths (6 mm, 9 mm and 12 mm).

The use of an appropriate binder in aqua feed is 
necessary to sustain quality of pelleted feed and to reduce 
leaching of nutrients. This finding indicates the significance 
of suitable binders for minimal water pollution and 
sustainable aquaculture.

Table 4. Statistical analyses of means by Fisher’s least significant difference test (LSD).

Parameters DI DII DIII

Pelletability (%) 62.581 A 58.82 B 59.95 AB

Dustiness (%) 10.000 A 10.80 A 9.600 A

Water stability (%) 59.40 AB 65.00 A 53.10 B

Friability (%) 0.910 A 0.950 A 0.860 A

Temperature (26°C -28 °C) Flotation time Tf (sec) 6 mm 6.300 A 5.700 A 5.700 A

9 mm 7.700 A 7.600 A 6.800 A

12 mm 10.00B 12.70 A 13.00 A

Settling velocity Vset (m/s) 6 mm 0.058 A 0.064 A 0.054A

9 mm 0.049A 0.046A 0.052 A

12 mm 0.04A 0.03 B 0.032 B

Temperature (18°C -20 °C) Flotation time Tf (sec) 6 mm 4.100 B 5.955 A 5.800 A

9 mm 7.700 A 7.900A 6.800 A

12 mm 11.100 B 12.500 A 13.200 A

Settling velocity Vset (m/s) 6 mm 0.093A 0.055B 0.059 B

9 mm 0.051A 0.047 A 0.055A

12 mm 0.037 A 0.033 B 0.031 B

The same letters in the row indicate non-significant values by fishers least significant difference test (LSD).
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