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A 9-week study was conducted to compare the use of dietary corn starch (CS) or
tapioca starch (TS), with or without being pre-gelatinized (PG), on the growth, feeding
efficiencies, plasma biochemistry, whole-body proximate composition, muscle
cholesterol, muscle fatty acid composition, intestinal short chain fatty acids (SCFA),
and liver glycogen and histopathology of red hybrid tilapia (Orecohromis sp.).
Triplicate groups of 20 fish (initial mean weight = 0.739 +0.01 g) were fed their
respective diets to satiation. Various pellet characteristics were also measured that
included bulk density (BD), expansion ratio (ER), pellet durability index (PDI), water
solubility index (WSI), water absorption index (WAI), and water stability (WS) while
the surface microstructure was examined.

Results showed that tilapia fed the TS diet had significantly lower growth (p < 0.05)
than all other treatments, but was significantly improved when pre-gelatinized. In the
PG dietary treatments, intestinal SCFA significantly decreased while plasma glucose,
cholesterol and triglycerides as well as liver glycogen were significantly higher
compared to the native starch diets. Whole-body proximate composition and muscle
cholesterol were unaffected by dietary treatments, although fish in the CS treatment
had significantly higher amounts of long chain polyunsaturated fatty acids compared to
the other treatments. The PG diets had significantly higher PDI, WS, WSI and BD
compared to native starch diets. The surface morphology generally showed a smoother
surface for the PG diets.

While dietary TS was inferior compared to CS for tilapia, the PG-TS diet significantly
improved their growth and feeding efficiencies and moreover the PG diets led better
pellet characteristics that are likely to have important implications to the production of
aquafeeds. Therefore, for the second experiment the tapioca starch was chosen and



tested with African catfish. Tilapia and African catfish are the common commercial
species that been farmed world wide.

A 7-week study was conducted to compare the use of dietary tapioca starch and pre
gelatinized tapioca starch with or without IMO on the growth, feeding efficiencies and
muscle proximate composition of African catfish, Clarias Gariepinus. Triplicate
groups of 15 fish (initial mean weight = 6.2 + 0.3 g) were fed their respective diets to
satiation. Various pellet characteristics were also measured that included bulk density
(BD), pellet durability index, water solubility index (WSI), water absorption index
(WAI), and water stability (WS).

Results showed that there are no significance differences between treatments in growth
of catfish (p > 0.05). The native starches with and without iso- maltose shows
significantly lower water stability while the pre- gelatinized starch with and without
iso- maltose showing high water stability. The water absorption index also shows
significantly different between the native starches and pre- gelatinized starch. In
overall, pre- gelatinized starches reduced the feed intake without compromising
growth. As well, there were some negative effects to the nutritive value of the fish but
it was mitigated by the addition of the prebiotic. Therefore, the pre- gelatinized tapioca
starch can reduce the cost of production and as well help to maintain the water quality.
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Satu kajian selama 9 minggu dijalankan untuk membandingkan penggunaan kanji
jagung (CS) dan kanji ubi kayu yang sudah digel atau yang belum digel (PG), terhadap
pertumbuhan, kecekapan pemakanan, biokimia plasma, komposisi proximat seluruh
badan, kolesterol otot, komposisi asid lemak, asid lemak rantaian pendek usus (SCFA)
dan glikogen hati serta histopatologi tilapia hybrid merah (Oreochromis sp.).

Sebuah akuarium diisikan dengan 20 ekor ikan (berat minimum awal = 0.739 £ 0.01 g)
dan diberikan makanan rawatan yang disediakan sehingga kenyang serta setiap rawatan
digandakan kepada tiga kali ganda. Pelbagai ciri-ciri pellet diperiksa iaitu ketumpatan
pukal (BD), kadar pengembangan (ER), daya ketahanan pellet (PDI), indeks kelarutan
air (WSI), indeks penyerapan air (WAI), dan kestabilan air (WS) serta mikrostruktur
permukaan.

Hasil kajian menunjukkan tilapia yang diberi makan makanan TS mempunyai
pertumbuhan yang kurang dengan ketara (p<0.05) daripada makanan rawatan yang
lain, tetapi pertumbuhannya bertambah baik apabila digel. Dalam rawatan pemakanan
PG, SCFA usus menurun secara ketara sementara glukosa, kolesterol dan trigliserida
plasma serta glikogen hati lebih tinggi berbanding dengan diet kanji asli atau yang
tidak digel. Komposisi proximat dan kolesterol otot tidak ada perbezaan antara rawatan
pemakanan, walaupun ikan dalam rawatan CS mempunyai rantaian panjang asid lemak
tak tepu yang jauh lebih tinggi dibandingkan dengan rawatan lain. Diet PG mempunyai
PDI, WS, WSI dan BD yang tinggi berbanding dengan diet kanji yang asli. Walaupun
diet TS menunjukan pertumbuhan yang kurang baik berbanding dengan diet CS, tetapi
diet PGTS menunjukkan pertumbuhan yang baik dan kecekapan pemakanan serta ciri-
ciri pellet yang lebih baik dimana ia boleh mempunyai implikasi yang penting terhadap
pengeluaran makanan ikan. Oleh sebab itu, untuk eksperimen yang kedua, kanji ubi



kayu dipilih untuk diuji dengan ikan keli. Ikan tilapia dan keli dipilih kerana kedua
spesies ini merupakan spesies komersial yang diternak secara luas di seluruh dunia.

Satu lagi kajian dijalankan selama 7 minggu untuk membandingkan penggunaan kanji
ubi kayu asli dan yang digel dengan atau tanpa IMO pada pertumbuhan, kecekapan
pemakanan dan komposisi proximat otot ikan keli Afrika, Clarias gariepinus.
Sebanyak 15 ekor ikan dimasukkan ke dalam satu akuarium (berat minimum awal =6.2
+ 0.3 g) dan diberi makanan rawatan sehingga kenyang serta setiap rawatan
digandakan kepada tiga kali ganda. Pelbagai ciri- ciri pellet juga diuji termasuk
ketumpatan pukal (BD), kadar pengembangan (ER), daya ketahanan pellet (PDI),
indeks kelarutan air (WSI), indeks penyerapan air (WAI), dan kestabilan air (WS).

Hasil kajian menunjukkan bahawa tiada perbezaan yang dikenal pasti dari segi
pertumbuhan antara rawatan. Kanji asli dengan dan tanpa iso- maltose menunjukkan
kestabilan air yang rendah manakala kanji yang digel dengan dan tanpa iso maltose
menunjukana kestabilan air yang tinggi. Indeks penyerapan air (WAI) juga
menunjukkan perbezaan yang ketara antara rawatan. Secara keseluruhan, kanji yang
digel mengurangkan pengambilan makanan tetapi tidak menjejaskan pertumbuhan
ikan. Selain itu, terdapat beberapa kesan negatif terhadap nilai pemakanan ikan tetapi ia
dapat diatasi dengan penambahan prebiotic. Oleh itu, kanji ubi kayu yang digel boleh
mengurangkan kos pengeluaran dan membantu untuk mengekalkan kualiti air.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

The main sources of energy in most animal diets are carbohydrates. The carbohydrates
can be classified based on the structure, compaosition, constituent sugars and degree of
polymerisation. It also can be classified based on the glycosidic linkage such as non-
monomer carbohydrates like oligosaccharides which is lactose and maltose,
polysaccharides which is starch, chitin and cellulose, and the other one is monomer
sugars like glucose and fructose (Englyst, 1996). Carbohydrates properties are the vital
importance for their nutritional effects. For example, the absorption rate and digestion,
the viscosity, structural features fermentation ability in the gastrointestinal tract and
water binding capacity (Asp, 1996).

The energy storage nutrient is starch. For example in wheat, approximately 60% of the
total grain is a starch which is used as energy storage nutrient and constitutes (Novus,
1992), where the glucose molecules linked together by a-glycosidic bonds is composed
and the enzymatic activities in fish are influenced. Several fish species appeared to
produce positive effects on digestibility and growth by the inclusion of dietary
carbohydrate (Li et al., 2013). There might have negative effects on growth, health,
metabolism and nutrient utilization with the inappropriate amount of carbohydrates in
aquafeed (Li et al, 2012).

There are several factors like types, environmental conditions and source of
carbohydrate that varies with the digestion and metabolism of carbohydrates digestion
and in addition of fish species as well (Hutchins, 1998). Generally fish species that
utilized carbohydrates more efficiently is warm water fish. They can utilize at higher
levels than cold water fish and marine fish species (Wilson, 1994). As well high dietary
levels of carbohydrates are efficiently utilized by the omnivorous fish species
compared to carnivorous fish species (Enes et al., 2011). So far, the dietary
carbohydrate level has been not particularly defined.

1.2 Significant of study

The most abundant and inexpensive sources in formulated feed are carbohydrates. It
also can be easily available. Several fish species can utilize it efficiently as well (Zhao,
2011). Other than that, Azaza, 2013 found that there is protein sparing effects in tilapia
and salmonid fish species when fed with carbohydrates. The most expensive
ingredients are protein in the formulated aquafeed, and thus increasing the cost of the
feed production. Starch is the well utilized carbohydrates source in aquafeed which can
reduced cost of production and as well been used as a binder in feed. Reduced in cost
of production is not only because the starch is inexpensive and it spare protein but it
also influenced the pellet characteristic. In where, gelatinized starch improved the
pellet characteristics.



1.3 Problem statement and hypothesis

Starch is a carbohydrate made up of glucose units linked together by glicosidic bond
and the most used carbohydrates sources in aquafeed. Utilization of carbohydrates is
much more variable. It is probably related to natural feeding habits of the fish.
Pelleting quality of the diet and the fish growth might have the benefit by the
incorporation of the carbohydrate (Wilson, 1994). Usually native starch will be used in
producing the aquafeed. Pre- gelatinized starches are rarely used and the characteristic
of pre- gelatinized starches are unknown. Pre- gelatinized starches are more potential in
growth and characteristic of the pellets compared to the native starches.

14 Research objective

The general purpose of this study was to examine the potential differences between
native starches and pre- gelatinizes starches. The specific objectives were:.

1. To assess the potential differences of native and pre- gelatinized starches
(corn starch and tapioca starch) on the pellet characteristic when
extruded.

2. To assess the potential differences of native and pre- gelatinized starches
(corn starch and tapioca starch) when extruded on the growth and
various physiological parameters of tilapia.

3. To assess the potential differences of native and pre- gelatinized tapioca
starch with and without prebiotic on the pellet characteristic when cold
pelleted.

4. To assess the potential differences of native and pre- gelatinized tapioca
starch with or without prebiotic on the growth and various physiological
parameters of African catfish when cold pelleted.
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