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1. Introduction

Fish is an essential source of animal protein and other
nutrients in human diets, especially in the sub-Saharan
Africa !
consciousness about healthy living, people prefer fish-

| With the geometric rise in world population and

based protein diets, hence, an increase in fish farming
either at subsistence or commercial levels. Aquaculture
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crude or gelatinized tapioca starch as sources of energy. The bulk density
(BD), water absorption index (WAI), water solubility index (WSI),
pellet durability index (PDI) and water stability (WS) were measured in
both experimental diets. The results showed significant variations (p<0.05)
in BD and WALI in diet with crude tapioca starch while non-significant
variations (p>0.05) were recorded for WSI and WS in both diets. The
higher BD of a diet, the better its ability in resisting external forces that can
cause disintegration. A high BD also reduces ability to the feed material
shrinking, thereby preventing loss to feed dust and fines. The results of
WSI, WS and PDI of diets denotes that both pellets were water stable and
could spend about same time in water but diet with gelatinized starch had
a better water absorption index and pellet durability index. Furthermore,
proximate composition of diets showed that diets with gelatinized starch
had low moisture (9.04%), low fibre (5.24%), and higher ash (13.61%) and
lipid (9.64%) contents. It can be concluded from this experiment that diets
with gelatinized starch stands the chance of being a better functional feed
for small-scale fish farmers in Sub-Saharan Africa.

has continued to be the fastest-growing animal-food-
producing sector, from a production of 61.8 million
tons in 2011 to 80 million tons in 2016 ©
to provide good quality feeds for farmed fish species,

! In an attempt

farmers combine various feedstuffs to cater for the
chemical and nutritional compositions of aqua feeds with
an unintentional oversight into the physical characteristics
of such feeds. The introduction of functional farm-made
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feeds epitomizes a progressing concept in farmed animals’
diets. The use of these feeds is beyond satisfying the basic
nutritional requirements of species but to also reduce the
effect of stress on the animal to the barest minimum by
providing a conducive aquatic environment **. Feeding
cost accounts for the lump sum of expenses in any viable
aquaculture venture, hence, the need to give it special
attention. Farm-made aqua feeds depend on a “basket”
of conventional ingredients such as soybean, maize, fish
oil, rice bran and wheat for which it competes in the
marketplace with other feed production sectors - man
and livestock. Most of the major feedstuffs used in the
production of both farm-made and commercial feeds are
also subjected to global market shocks and volatility as
other edible feed ingredients .

Nutritional requirement (protein, lipid, vitamins and
minerals) of most fish species are not different from those
required by man; protein (amino acids), lipids, energy,
vitamins and minerals in meeting physiological needs
of growth, reproduction, maintenance and tissue repairs.
Dietary nutrient levels for optimum growth performance
are dependent on fish species, stage of development,
sex, maturation, state, season, locality, environment,
management practices and other external factors. The
value of supplementary feeds depends on the chemical
composition and digestibility of individual feed stuff,
therefore, adequate combination of various individual
feed components that would improve the digestibility and
utilization of compounded feeds *'. Good quality feeds
is a major setback to the development of aquaculture in
Sub-Saharan Africa as fish farmers depend largely on
importation at a premium price.

Cassava (tapioca) is a multipurpose plant that thrives
well in the tropics (Nigeria inclusive) with the extract
from the root referred to as ‘starch’. Its roots/tubers
are cheaper sources of dietary energy compared with
grains but the extent of the practical use in aqua feeds is
limited . Researchers have indicated that cassava tuber
meal can replace conventional energy feedstuffs such as
maize, broken rice and sorghum in Africa . Binders are
increasingly on the use by feed manufacturers to produce
good quality pellets would not crumble upon handling.
However, the high cost of conventional synthetic binders
makes farm-made aqua feed production difficult for
the local small-scale farmer in Sub-Saharan Africa .
The high starch content in tapioca root makes it an
excellent aqua feed binder which is a promising potential
alternative to eliminate expensive artificial binders .
This agricultural product will provide an appropriate local
substitute to feed manufacturers and low-scale indigenous
fish farmers to compound their own feeds !'”. Although,

farmers have since embraced the use of cassava tapioca
starch as a binder, but an excellent performance can be
enhanced by gelatinization. Gelatinization is a process of
breaking down the inter-molecular bond present in starch
by applying heat and water. Starch has semi-crystalline
structure with two components-amylose and amylopectin.
The bond between semi-crystalline structures irreversibly
breaks down as granules swells and burst with the
application of heat and water. This process makes amylose
molecules to leach out of the granules giving enzymes
access to glycosidic linkage and consequently increase
digestion "', Gelatinized starch is a readily available
source of energy because gelatinization increases starch
digestibility, as well as protein and energy retention by
catabolizing gelatinized starch for growth and energy
instead of protein and energy "'”. When starch is cooked,
it is believed to improve the physical quality of the feed
by increasing binding properties between particles in the
ingredient mix. Tapioca starch is also water stable, hence,
its use in this experiment by comparing the physical
characteristics in its crude or gelatinized forms.

2. Materials and Methods

The experiment was carried out at the nutrition labora-
tory of Department of Fisheries and Aquaculture Technol-
ogy, The Federal University of Technology, Akure, Ondo
State, Nigeria. The experiment lasted for 14 days from
the preparation of diets to the experimental procedure and
analysis of results.

2.1 Preparation of Experimental Diets

Experimental feed ingredients (fish meal, soybean
meal, palm and fish oil, tapioca starch, vitamin and mineral
premix) were purchased from Animal Feed Concept
in Akure, Ondo State, Nigeria, and prepared using the
concept of ', Two iso-nitrogenous diets containing 40%
crude protein of same basal ingredients were prepared
and designated as D1 and D2 (Table 1) with diets D1
and D2 containing crude and gelatinized tapioca starch
respectively. The tapioca starch was divided into two
parts; one part was added to the basal feed mix in its crude
form (D 1) while the other was gelatinized by mixing with
boiling water and allowed to cook to obtain a sticky and
transparent dough (D 2). The gelatinized starch dough was
poured as a thin film into a tray and oven-dried at 60 °C
for 3 days, after which it was pulverized into powder using
a milling machine. The tapioca powder was then added into
the basal ingredients to form a homogenized dough which
was pelletized through a 2 mm die opening using a Hobart
A-120 pelletizer (London, UK). Resultant pellets were sun
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dried at 30 °C for 72 hours, cooled under room temperature
for another 24 hours and stored prior to use.
Table 1. Gross composition (%) of experimental diets

Ingredients (g) (crude ta:))iolca starch) (Gelatinizethai)ioca starch)
Fish meal 42.30 42.30
Soybean meal 21.15 21.15
Tapioca 22.55 22.55
Fish oil (g/vol.) 3.00 3.00
Palm oil (g/vol.) 4.00 4.00
Vit. & min. 5.00 5.00
premixes
Cellulose 2 2

2.2 Physical Characteristics of Experimental
Diets

The experimental diet pellets were subjected to some
physical properties tests such as bulk density (g/L), water
absorption index (%), water solubility index (%) and
water stability (%).

2.2.1 Bulk Density (BD)

Bulk densities of experimental diets were carried out
in triplicates following the methods of "*. Pellets was
introduced into a 1,000 mL measuring cylinder and the
corresponding weight was recorded. BD was calculated
as the ratio of the weight of pellets to the volume of the
cylinder and expressed as g/L.

BD ; I«Vmg/-ltwoffpp‘d [€))
Vol. of Cylinder (ml)

2.2.2 Water Absorption Index (WAI)

Pellets from each treatment was grinded and sieved
through a 200 um sieve. 2.5 g of the fine powdered pellets
(W) was suspended in 30 mL distilled water in a 50
mL centrifuge tube at 30 °C for 30 minutes and stirred
intermittently. The suspended sample was later centrifuged
at 3,000 rpm for 10 minutes. The supernatant was poured
into a known weight of an aluminum disposable dish and
oven-dried at 135 °C for 2 hours. The weight of gel (W,)
remaining in the centrifuge tube was calculated as WAI
from the following equation:

_ Wy
WAl Wds

2.2.3 Water Solubility Index

The weight of dried solid supernatant (Wss) that was
recovered after evaporation from the aluminum disposable
dish was calculated as WSI following the method of ',
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WSI = ( »%)‘ 100

2.2.4 Water Stability

This parameter was calculated from the ratio of original
sample to that of the sample after drying.

Original sample

WS = X 100

Sample after drying

2.2.5 Pellet Durability Index

weight of sample after fines removal
Weight of original sample

PDI = X 100

2.3 Proximate Analysis

The proximate analysis of the experimental diets was
carried out following standard methods as described by
1l Crude protein was determined using micro-kjeldahl
distillation method, crude lipid extraction was carried out
with the aid of Soxhlet’s apparatus, moisture content of dry
matter was determined using a conventional oven at 105 °C,
crude ash content was measured by placing dry samples in a
furnace at 550 °C, crude fibre content was determined using
the method by Tecator Fibretec System of 1995.

2.4 Statistical Analysis

All data generated were subjected to one way analysis
of variance (ANOVA) using SPSS 22 (Statistical Package
for Social Sciences) and means were separated by
Duncan’s Multiple Range Rest (DMRT) at 5 % confidence
level.

3. Results and Discussion

3.1 Proximate Composition of Experimental Feed
and Starch

The proximate composition of experimental diets
is presented in Table 2. Crude protein of experimental
diets ranged between 42.12% and 42.93%, this did not
show any significant variation (p>0.05) observed in other
parameters. The basal feed mix had 40% crude protein,
the slight increase recorded in this experiment could be
from other feed ingredients in the diet. Crude protein
of 40% is adjudged adequate for the supply of nutrients
for most farmed tropical fish species especially, the
African catfish. Crude protein of 35%-40% in the diets
of cultivable tropical fish species was recommended by
171 for optimum growth. Dry matter, crude ash and lipid
contents in diets were significantly different (p<0.05) as
diet with crude tapioca starch was consistently low in
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the fore-mentioned parameters. The percentage of dry
matter in diets signified low moisture content especially
in diet with gelatinized starch which is a good parameter
to consider in farm made feeds. Low moisture content is
important for good storage and also to prolong shelf life
of feed ingredients and prepared feeds, therefore, low
moisture content recorded in diet D2 points to a longer
shelf life and keeping ability. A moisture content of
about 10% or less was suggested in fish diets to prevent
prepared feeds and feed ingredients from spoilage and
optimal "'®. Fish diet with crude tapioca starch had a
lower crude ash and lipid contents when compared with
the gelatinized diet. Tapioca starch is known to be a good
source of minerals (calcium and iron) and gelatinization
makes the starch readily available, hence, the probable
reason for a higher ash content in the latter diet. Lipids
are primarily included in formulated diets to maximize
their protein sparing effect being a source of energy.
Crude lipid contents recorded in this experiment were
within the recommended limits (5%-10%) of inclusion
into the diets of fresh water fish species !'”. Lipid of
10%-20% was opined by " in diets for most freshwater
fish species. Crude fibre and nitrogen free extract (NFE)
contents in experimental diets was lower in gelatinized
tapioca starch diet but were all within the recommended
dietary limits for most freshwater fishes. Fish diets with
high fibre content of more than 12% would result in low
nutrient quality, as such, not desirable in fish feeds due to
low digestibility . Chemical constituents or composition
(%) of the starch (crude) used in the experiment are;
moisture (7.60+0.18), crude protein (1.71£0.21), crude
ash (1.56+0.13), crude fibre (0.68+0.02) and nitrogen free
extract - NFE (88.45+0.28).

Table 2. Proximate composition (%) of experimental diets

PARAMETER (%) D1 D2
Dry matter 87.94+0.07" 90.96+0.03"
Crude ash 6.26£0.03" 13.61+0.0b°
Crude lipid 4.19+0.00° 9.64+0.23"
Crude fibre 6.24+0.07° 5.24+0.07°

Crude protein 42.93+0.26" 42.12+0.09°
NFE 28.3140.29" 20.36+0.37"

Values with the same superscripts on the same row are not

significantly different

3.2 Physical Properties of Experimental Diets

The result of physical properties of the experimental
feed is illustrated in Table 3. There were significant

variations (p<0.05) in bulk densities (BD) and water
absorption indices (WAI) of both diets. On the other hand
water solubility indices (WSI) and water stability (WS) did
not indicate any significant (p>0.05) variation. Physical
characteristics of feeds such as the above mentioned play
important roles in the overall feed efficiency to obtain
optimum result. The diet with gelatinized tapioca starch
had a lower BD (0.48%) compared with the crude tapioca
starch diet. Low BD observed in the microstructure
of feed was linked to pore formation by “. BD is an
important factor that determines inter particulate bond that
facilitates closer better performance during preparation.
Extruded diets having higher BD require less space which
facilitates transportation of more products in smaller
containers thereby reducing the total cost of shipment **.
The WAI and WSI explain the interaction between
extruded diets and water which involves the conversion
of starch granules to a homogenous lump **. The result
showed that there were significant variations (p<0.05)
in the WAI of experimental diets, with the gelatinized
tapioca starch having a higher numerical value of
4.65%. This corroborates the study of * that increased
WAL values indicated that the pellets underwent a high
degree of gelatinization while a decrease on the other
hand connotes starch degradation **. Water absorption
and solubility indices are parameters that measure
swollen gelled particles which maintain their integrity
in aqueous diffusion and the degradation of molecular
components “**"). The WSI depends largely on the
volume of soluble matter which increases due to the
breaking down of starch molecules ***”. Although, there
was no significant variation (p>0.05) in the WSI of both
diets, however, the diet with crude tapioca starch had a
slightly higher numerical value. At high die temperatures,
extruded pellets were able to maximize the degree of
starch gelatinization leading to a reduction in starch
degradation **!. This result showed that there was
no significant variation (p>0.05) in water stability of
experimental diets. Water stability between 15.65%-
16.12% was attributed to the presence of starch ** and
its duration in water. The degree of a diet’s stability is
directly related to the degree of gelatinization during
steam condition ""*". Diets with good water stability
might be due to the presence of gelatinized binder in the
feed ', Pellet durability index (PDI) is used to determine
the amount of fines that will exist in pellets at feeding
time. Pellet durability indicates the ability of the pellet to
resist attrition during storage and transport "*. This was
developed as a predictor of pellet fines produced during
mechanical handling. PDI of diet with gelatinized starch
was higher, corroborating the assertion of “". Also, "’
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reported that pellet durability is an effective means of

reducing fines which can be improved by steam pelleting

and the use of raw materials with good binding ability.
Table 3. Physical properties of experimental diets

PARAMETER D1 D2
Bulk density (BD) 0.57+0.01° 0.48+0.01"
Water absorption index (WAI) 2.62+0.26" 4.65+1.85"
Water solubility index (WSI) 2.77+0.45" 2.63+0.81"
Water stability (WS) 18.81+0.55" 18.76+0.59"
Pellet durability index (PDI) 60.04+0.25 68.71+0.16"

Values on the same row with same superscripts are not
significantly different (p>0.05)

4. Conclusions

The aqua feed technology is a moving tandem with
aquaculture growth through production of feeds for
improved digestibility. One goal the industry tends to
achieve is compounding functional feeds that would
enhance digestibility. Gelatinized starch improves physical
quality of feed by increasing binding between particles in
the ingredient mix. Physical characteristics such as bulk
densities, water absorption and water solubility index are
good parameters for evaluating the efficiency of feeds.
From this experiment, there were significant variations in
some physical characteristics such as BD and WAI. The
crude tapioca starch had a higher BD which is a measure
of the packing characteristics of the diet’s particulate
solids. The higher the BD of a diet, the better its ability
to resist external forces that can disintegrate it, hence, a
higher durability which reduces shrinkage that gives way
to dustiness. It is a known fact that gelatinized starches
improves pellet quality and have better water stability as
shown in this experiment. Starch concentration also gives
the feed more compactness, decrease water deterioration
and helps in effective monitoring of feeding. Furthermore,
chemical compositions of both experimental feeds were
within recommended ranges for successful culture of
tropical fish species. This study provides some facts that
the local or small-scale farmer may be unaware of, since
the essence of research is to proffer solution to farmers’
immediate challenges and bridge the gap between research
and stake-holders. Feed ingredients used are indigenous
and also conventional, hence, the fish farmers can easily
lay hands on them. Also, method used in gelatinizing
starch is not complicated as such, does not require any
form of expertise prepared diets can be replicated in any
part of the world using same method.
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