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Abstract

Chowdhury, D.K. Optimal feeding rate for Nile tilap(Oreochromis niloticus MSc
thesis. Department of Animal and Aquacultural Scée; Norwegian University of Life
Sciences, Submitted 2011-05-16.

The aim of this study was to define optimal feediatgs for Nile tilapia@reochromis niloticus
Four experiments were carried out to evaluate tieeteof feeding rate on growth performance of
larger and juvenile tilapia by means of estimatyngwth rates, apparent nutrient digestibilities,
feed utilization, body compositions, and nutriemtd aenergy retentions. One nutritionally
balanced diet (crude protein 342, crude fat 67,4%ststarch 251 (all values in g (#gy matter)

1)) was prepared by extrusion and used in all erpants. The experiments were carried out in a
freshwater recirculation system. The temperature maintained at 25 to 2B, pH at 6.8 and

oxygen above 5 mg'l Duplicate tanks were used for each feedingtragment.

The first experiment was carried out with duratainsix weeks, and utilized adult tilapia (258
+0.3 g, meanzSEM). Fishes were fed six times im2@hotoperiod at five feeding rates (55, 70,
85, 100 and 115% where 2.25% body weight per day08%6 satiation). Daily weight gain was
predicted assuming that the feed conversion r&@R() was 1.1 g feed dry matter (DM) intake
per g gain. Analysis of variance showed that 55@alifey rate is like to be proficient for FCR at
1.01. Energy content of tilapia was significantlygher at 100-115% feeding rate and
intermediate at 55 to 85% feeding rate. Nitrogeteron was significantly higher at limited
feeding rate (55%). Apparent crude protein digégtibvas found significantly higher at 100%
satiation and intermediate at 70, 85 and 115% fgedate. The estimated optimal feeding rate
was at the 55% level, corresponding to 1.2 % a day.

The second experiment was conducted over a 4 wee&d with juvenile tilapia (1.1+0.02 g)
fed 22 times in 24 hr photoperiod at five feediates (55, 70, 85, 100 and 115% where 8 and 6%
body weight per day considered as 100% satiatiorifand 2° two week, respectively). FCR
was set at 0.8 g DM intake per g gain. Growth ratese significantly higher at 85-115% feeding
rate while FCR (0.66 to 0.81) significantly lowers®-85% feeding rate. Whole-body dry matter,
crude protein, crude fat, and energy contents wigm@ficantly elevated for the highest feeding

rates, while ash was reduced. Nitrogen, phosphangs energy retentions were significantly



lowered at restricted feeding. The estimated optfe®aing rate based on growth rates was 6.8%
a day for the first 2 weeks and 5.1% for the next tveeks.

The third experiment was designed with 4 weeks ifgpdf juvenile tilapia (1.1+0.02 g) in
accordance with same frequency and photoperiodras ss second experiment. Fishes were fed
at four declining and one fixed feeding rate 8-d®tand 6-14 to 6% body weight fot and 2°

two week respectively. Weight gain% and SGR wegaificantly higher at 10-8 and 8-6 to 16-8
and 14-6% feeding rate while FCR (0.66 to 0.71)engignificantly lower at 10-8 to 8 and 8-6 to
6% feeding rate. Dry matter, crude protein, cruate dsh and energy content were significantly
affected by declining feeding rate and higher thmmal body composition. Nitrogen and total
phosphorus retentions were significantly higheleaser feeding regime while energy retention
was significantly higher at 12-8 and 10-6% feediatg. The estimated optimal feeding rate based
on growth rates was to reduce feeding from 10 tca88ay for the first 2 weeks and from 8 to 6%

for the next two weeks.

The fourth experiment was carried out at two weakation for larger tilapia (77.9+0.03 Q).
Fishes were fed at five feeding rate (1, 2, 3, d 3% body weight a day) with same frequency
and photoperiod as experiment 2 and 3. FCR waat €20 g DM intake per g gain. Growth rates
were significantly higher at 3 to 5% feeding rathiler FCR (0.86 to 0.89) were significantly
lower at 1 to 3% feeding rate. Dry matter and epargntent were significantly increased by
feeding rate but ash content was significantly dased as feeding rate increase. Nitrogen
retention was significantly higher at 1-3% feedrate while energy retention at 3% feeding rate.

The estimated optimal feeding rate based on groatds was 3% a day.

In conclusion, correct feeding rate can be usednfaximize growth and feed utilization for
genetically improved Nile tilapia. Declining feedimate is better than fixed feeding rate and can
be suitable for Juvenile tilapia (1.1 g) at 10-88tl 8-6% for I and 2° two week, respectively
while 3% feeding rate can be proper for tilapiansstn 80 and 115 g. Tilapia larger than 260 g
likely to be proficient at 1.2% body weight.
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CHAPTER ONE
1: Introduction:

Tilapia (Oreochromisspp are now commercially important fish and growraimost 100
countries. They have become among the most imgoitad fishes in the world (Lim
and Webster, 2006). Global production of farmecNilapia was 1.66 million metric ton
(MMT) and 2.54 MMT in 2005 and 2009, respectivefiyg(1). Including other cichlids
the production was 3.1 MMT out of global aquaadtproduction of 55.1 MMT (FAO,
2010). Thus tilapia and other cichlids totally admite about 5.6% of total aquaculture
production.

So it appears that tilapias are likely to be higiak in global aquaculture production
next to carp production. According to El-Sayed @0e attributes that makes tilapia as

an ideal candidate for aquaculture, especiallyewetbping countries are:

Rapid growth,

Omnivorous fish, can use high proportion of inexgea plant sources in their
feeds,

Stands well in wide range of environmental cowdisi (Such as temperature,

salinity, low dissolve oxygen, etc.).

Resistance against stress and diseases.

Short generation interval and

Low supplementary feed require in natural envirentnand can take the

commercial feed immediately after yolk-sac absorpti

Intensification of tilapia farming has been prontbtend farmers are enhancing growing
condition of fish (Asche et al., 2008). The authatso mentioned that innovation of
production technology to exploit the biological m®pf tilapia has played important role
to up lift the farming and the production as wdit. the same time, Fig.2 shows that
tilapias’ are distributed globally and it has comsus all over the world, requires
minimum fish meal, suitable for different culturgsgeem either in marine or fresh water
(Fitzsimmons, 2010).
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Figure 1 Global aquaculture production of Nilegi(Source: FAO, Fishery statistics,
2010).

Comparison of major farmed fishes

Species  Geography Consumers Fish meal Systems Freshwater or
Marine

Salmon Regional Global Moderate Cages Requires both
Carps Global Regional Minimal Ponds & cages Freshwater only
Catfish Global Global Minimal Ponds & cages Freshwater only
Sea bass, Global Global High Cages, recirc Marine only
cobia, systems
snappers
Tunas Regional Global High Cages Marine only
Tilapia  Global Global Minimal Ponds, Either

cages,

raceways,

recirc

systems

Figure 2. Global comparison of tilapia and othejangéarmed fishes (From Fitzsimmons,
2010).
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On the way to production technological innovatioh tilapia farming practice, the
Genetically Improved Farmed Tilapia (GIFT) projelehs demonstrated that using
selective breeding enhance the growth performahdéle tilapia by 80% from the base
population after five generation (World Fish Cent904). Growth performance is
further improved through selective breeding progr@hnath et al., 2007). The GIFT
strain is widely available for farmer in East anduth-East Asia. Presently, Genomar
Supreme Tilapia (GST) has being developed from Giapia. GST is more superior
than the original GIFT strain and has better ghpviged conversion ratio, fillet yield and

disease resistance compared to wild tilapia (Geno20@9).

Despite, genetic and environmental factors (Chamdda et al., 2006), quality feed i.e.
low cost and high nutritional value also play vitale for maximum growth and farm
benefit of tilapia. In intensive farming systemsed is the major cost item, according to
Tacon and De Silva (1997) feed makes 70% of tatat éor world fin fish production
and Bostock et al. (2010) also gave emphasis oerreadt feed as a factor for future
intensification of aquaculture farming along witlater and energy. High quality animal
protein, lipid and other essential nutrients arpuned for intensive aquaculture (Tacon et
al., 2010). To reduce the feed cost, several affoas been made to replace the expensive
feed ingredients. Fish meal (FM) has been partialycompletely replaced by plant
proteins though some conflicting results were evide a review study by El-Saidy and
Tacon (1997). Recent study using 5% fish meal aythesan meal replacing with cotton
seed meal showed that 75% soybean meal can beeddby cotton seed meal without
any effect on growth performance of fingerling pita (El-Saidy et al., 2011). In another
study, Zhao et al. (2010) found that fish meal barcompletely replaced by soy protein
concentrate by increasing feeding frequency foreNilapia less than 2 g. And
Monentcham et al. (2010) showed that fish meallmamneplaced up to 50% by soybean
and cotton seed meal mixer (1:1 ratio) in a studyiegerling ofHeterotisnilotica. Fish
meal can also be completely replaced by extruded arl-fat soybean meal
supplemented with methionine and lysine for Nilepia (Goda et al., 2007).

Supplementation of essential amino acid in mixidiet of fish meal and plant protein

improved growth performance of Nile tilapia (El-Detn and EI-Shazly, 1993).

13



Therefore, plant proteins are being widely usedhiigh meal for tilapia farming with or
without supplementation of essential amino acide Pphant protein has anti-nutritional
factors and imbalanced amino acid profile that tegly affect fish growth performance
(Francis et al., 2001). But these issues have dyrdreen well addressed by using
different processing methods on the ingredients, extracted and toasted soybean meal

is commercially available with reduced anti-nutnital factors.

The optimum protein requirement of Nile tilapia dads on size, age, and water
temperature. Several studies has been estimatédoitbi@in requirement for juvenile
tilapia varies from 32 to 50% and for larger tie@5 to 30% (Hafedh, 1999; Nguyen, et
al., 2009; El-Saidy et al., 2005; Ali et al., 20@&idel-Tawwab et al., 2010; Gunasekra et
al., 1996; NRC., 1993).

The optimum dietary lipid requirement for tilapg5 to 12% (Lim et al., 2011), and Han
et al. (2010) found significantly better growth imgreasing dietary lipid from 55 to 85 g
per kg diet. According to Lim et al. (2011) tilap®quire linoleic (n-6) series fatty acids
(18:2n-6 or 20:4n-6) and it can enhance the grdvetter than the n-3 series (18:3n-3,
20:5n-3 or 22:6n-3).

Tilapia utilize starch efficiently from 22 to 46%ethry starch while 22% considered as
optimum level for juvenile tilapia (Wang et al.,@). So, the growth of tilapia can be
enhanced by using optimum protein, lipid, carbobjyelrand other nutrients also has

similar type influence on growth performance cdjib.

In addition, it has been evident from several ssdhat feeding rate and meal frequency
can influence the production performance of tila@tudy with polyculture farming of
tilapia, common carp and silver carp showed thaivgn performance, body fat and gross
energy gain increased as feeding rate (0 to 5% tandpparent satiation) increased
(Abdelghany and Ahmad, 2002). Tambaqui showed betiecome using 10% feeding
rate and 3 meals per day at growth phase (Siha.e2007). Research from pikeperch
(6.4 g) give enhanced growth at 2% feeding rate Zamdeals/day (Wang et al., 2009).
Yuan et al. (2010) found increased growth perforceamprotein and lipid contents with
increasing feeding rate and Riche et al. (2004pynted that growth efficiency of tilapia
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increased if they allowed for four hours satiatfeeding. Increased daily feeding rates
from 30 to 60% of body weight for juvenile tilapid2 mg body weight) gave
significantly higher growth (Santiago et al., 198&)study with red tilapia showed that
best growth can be achieved near satiation feaditeg(Clark et al., 1990). According EI-
Saidy et al. (2005), tilapia with average weight9%1l showed cost effective and
affordable feed strategy at 2% feeding rate. Siyilé&dtorebakken and Austreng (1987)
found that Atlantic salmon showed increased gramthncreasing the ration level from
0.5 to 1.0 of expected appetite level, but furinerease in ration doesn’t support for the

growth.

Increased meal frequency provided better carbolwdudilization for hybrid tilapia
(Tung and Shiau, 1991). Photoperiod also influerthesgrowth of tilapia and El-Saidy
and Kawanna (2004) stimulated the growth of tilagieowth by using longer
photoperiod.

Therefore, the present study was designed to imastthe effects of feeding rate on
growth performance, body composition, nutrients ametrgy retention and apparent
digestibility in Nile tilapia at fixed feeding fregncy and fixed longer photoperiod. In the
experiments, day length was kept long and feedieguiency high in order to eliminate
these two as limiting factors for feed intake anagh.

Declining feeding rates were considered for juvenillapia. Relative feed intake
decreases as the tilapia body weight increasegaovdth rate of smaller tilapia are higher
than larger tilapia (Xie et al., 1997a).

Sub objectives:

 To find out how feeding rate affected growth pariance, body composition,
nutrients and energy retention and apparent dlghstiof adult Nile tilapia
(Experiment 1).

* To find out how feeding rate affected growth periance, body composition,

nutrient and energy retention of juvenile Nile i@ (Experiment 2).
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« To find out how declining feeding rate affected wtlo performance, body
composition, nutrient and energy retention of juleeiile tilapia (Experiment
3).

* To investigate effects of feeding rate on growthfgrenance, body composition,
nutrient and energy retention of Nile tilapia atlgasexual maturation stage
(Experiment 4).
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CHAPTER TWO
2. Materials and methods

The research was carried out at the Fish Nutrit@moratory, UMB, As Norway.

Nile tilapia is being raised at Fish Nutrition Labtory which was generated from
Genomar Supreme Tilapia (GST, Generation 16 of tgerselection). The GST is

originated from genetically improved farmed tilap@FT) project.

Four experiments were conducted in order to ingatgi effect of feeding rate on growth
performance, body composition, nutrient and eneeggntion and apparent crude protein
digestibility of Nile tilapia. Each tank contain 1i8h in Expt.1, 100 fish up to two weeks
then after 50 fish in Expt.2, 100 fish in Expt.31&0 fish in Expt.4.

The F' experiment was designed using 2.25% feeding fBt@n(Duy et al., 2011) to
define anticipated satiation level. Th8% 2xperiment was planned with anticipated
appetite level at 8% and 6% (Fig. 4), respectifetyl® and 29 fortnight, based on a pre-
trial. The 3 experiment was designed based on declining feedieg(Table 4, Fig. 5) to
compare report found for juvenile tilapia (1.1g)E{pt.2. Expt. 4 was designed by using
feeding rate 1-5%Two types of tanks (big tank, 210 L and small tahk5 L water
volume) with recycling water (Appendix 1) were usked all experiments. Detail of
initial mean weight, type of tank used, start and date of four experiments are given in

Table 1. Randomized designs were used to stadlltleeperiments.

Table 1: Initial mean weigh, type of tank usesrtséad end date and total duration of
four experiments.

. Initial mean Type of Total
Experiment weight tank Start date End date duration(day)
1 257.940.3 Big 04.08.10 15.09.10 42
2 1.1+0.02 Small 08.10.10 05.11.10 27
3 1.1+0.02 Small 10.11.10 07.12.10 28
4 77.9+0.03 Small 27.01.11 09.02.11 13
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2.1. Production of tilapia feed.
Tilapia feed were prepared considering nutritiovele using facility at the Centre for

feed Technology at UMB including a twin screw exteu

2.1.1Feed formulation:
Only one nutritionally balanced feed (Table 2 andwas prepared for all the four

experiments. The feed was prepared from fish nseglhean meal, sunflower meal, pea
protein concentrate, corn gluten and wheat weredhixith appropriate amount soy oill,
vitamin and mineral premix, mono calcium phosphatdrium oxide, lysine and

methionine (Table 2).

Table 2: Formulation of experimental feed.

| Content | Quantity g Kg™* |
Dry matter (DM), g kg-1 908.7
Ingredients composition

Fish med, 70.0
Soybean mej| 196.4
Sunflower med] 204.0
Pea protein concentrdte 50.0
Wheaf, 300.0
Corn glutefy 80.0
Soy oif, 77.0

Mono calcium phosphdte  10.0
Vitamin and mineral premix 5.0

Yitrium oxidé, 0.10
L-lysine® 2.0
DI-methioniné 5.5

#NorsECO-LT, Norsildmel, Egersund, Norway.

b Denosoy, extracted and toasted soybean meal, BefEdrikstad, Norway.
“Sunflower meal, Extracted sunflower, Ukrain.

4Pea protein concentrate, Aquamarine Nutritioay&tger, Norway
®Wheat, Feleskjgpet, Norway

"Corn gluten, Feleskjgpet, Norway
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9 Denofa, Norway.
"Mono calcium phosphate, Feleskjgpet, Norway

'Contents per kg: Vitamin A 2500.0 1U; Vitamins 2400.0 IU; Vitamin E 0.2 IU;
Vitamin K3 40.0 mg; Thiamine 15.0 mg; Riboflavin 25.0 mg; d-Bantothenate

40.0 mg; Niacin 150.0 mg; Biotin 3.0 mg; Cyanocaipaihe 20.Qug; Folic acid 5.0 mg;
Pyridoxine 15.0 mg; Vitamin C: 0.098 g (Stay-C 85¢orbic acid phosphate, DSM
Nutritional Products, Basel, Switzerland); Cu: 1&@; Zn: 90.0 mg; Mn: 35.0 mg; I

2.0 mg; Se: 0.2 mg; Cd3.0ug; Pb< 28.0pg; total Ca: 0.915 g; total K 1.38 g; total Na
0.001 g; total Cl 1.252 g; Trouw Nutrition, LA Peitt, The Netherlands.

Metal Rare Earth Limited, Shenzhen, China.
K L-lysine HCI, 99% feed grade, CJ Indonesia, Jakandonesia.

' DL-methionine, 99% feed grade, Adisseo Brasil Mats Animal Ltda, Sao Paulo,
Brazil.

2.1.2 Feed Analysis
Chemical compositions of the diet are given in €abl Dry matter content of diet were

determined as weight loss after drying the samalek03C until constant weight (ISO,
1983). Crude proteins (Kjeldahl Nx6.25) were detaed Kjeltec auto 1035/1038 system
(Tecator, Sweden). Solvent Extraction (ASE) methad used to determine crude fat of
diet. Ash contents were determined by heating 8&0n muffle furnace. Starch was
analyzed as glucose after starch hydrolysis witheat tolerant amylo-glucosidase in
accordance with the procedure of (McCleary et 94). The sample were burned at
500°C in muffle furnace then dissolved in 1M HCI anuhafly analyzed by
spectrophotometer (Bourke and Yanagawa, 1993) terdene total phosphorus. Bomb

calorimeter was used to calculate energy contdrdget

Table 3: Chemical composition of experimental diet.

Chemical composition Experimental Diet
Dry matter, g (kg} 908.7

Crude protein, g (kg DM) 341.63

Crude fat, g (kg DM} 66.55

Ash, g (kg DM)* 47.00

Starch, g (kg DM} 25.10

Total Phosphorous g (kg DM) 4.98

Energy MJ K& DM 18.77
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2.1.3 Diet preparation
Macro ingredients of formulated diet were weighesing large weighing scale mean

while micro ingredients were weighed using Sartasi@nalytical balance. To produce
slow sinking tilapia feed, all macro ingredienterev milled in a Minch Hammer mill
(HM 21.115, Wuppertal, Germany) and grinded toipkrtsize of 0.5 mm using 1 mm
screen. The milled ingredients and micro ingrediemnere mixed homogenously in a
small Dinnisen twin shaft mixer (Pegasus Menger 400Sevenum, Holland) for 2
minutes. Then it was transferred to a mini feedezxtruded barrel (Twin screw Bihler
BCTB 62 extruder) to produce slow sinking diettolthe barrel, the compounded mixer
of raw ingredients precooked with addition of hadter, shearing, pressure and finally

heat generated before exit through the die.

2.2 Technically what was done?

2.2.1 Screw configuration of extruder.
The feed mashes were being passed through extriogeel and suitable screw

configurations (Fig.3) to produce slow sinking fded Nile tilapia. Screw configuration
of extruder were- 100, 3x80, 60, L20, 80, 60, L20, 60, L20, 80, 60, L20, 100, 80, 60,
R20, 60, 40. Total length was 1240 mm (Fig. 3).

Figure 3. Screw configuration of extruded barrelgooducing slow sinking feed for Nile
tilapia.

2.2.2 Production of crumbled feed
The feed which had been produced through extrudectlowere hammered manually to

reduce the pellet size, and then passed on sievatgrial of 2.8 mm, 2 mm, 1.5 mm and

1 mm pore size (Retsch, Germany) to get the ddsipailet size.
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2.3 Feeding, water quality and standardization.

2.3.1 Feeding
In Expt. 1 feed were supplied six time in day byoawatic feeder adjusted with for 3. hr

and 40 minutes interval and 20 minutes feedingtauraAnd Expt. 2, 3 and 4 feed were
supplied 22 times in day by automatic feeder andmfutes’ interval and 5 minutes
feeding duration. The feeding rate, frequency amotqperiod were adopted from (Riche
et al., 2004a; Gjgen and Zimmermann., (Unpublishiegll et al., 2010; Tran-Duy et al.,
2011) to determine and evaluate for utilizationdiéts and growth condition dD.
niloticus (257.9 g, 1.1g and 77.9 g at°@§. Details of feeding treatment of Expt1, 2, 3
and 4 are given in Fig. 4,5,6 and Table 4.

All feeding treatment were subjected taking int@aamt daily body weight increase
based on expected FCR 1.1, 0.8, 0.8 and 0.9, naégglgdor experiment 1,2,3 and 4.

Table 4. Start and end feeding rate (% of biomagth)daily decrease of experiment 3

Week 0-2 Week 3-4
Treatment

Start feeding%  Endfeeding %  Start feeding%  End feeding %
Treatment1l 8 8 6 6
Treatment2 10 8 8 6
Treatment3 12 8 10 6
Treatment4 14 8 12 6
Treatment5 16 8 14 6

2.3.2 Water quality and standardization
According to experimental design, water qualityelitemperature should be26°C,

oxygen (Q) >6 mg I* and pH at 7. Temperature and oxygen were measuozd f
installed OxyGurad Commander System in laboratioraddition manual measurements
were done by small OxyGuard instrument. Total ammantrogen (TAN) and N©@
(Nitrate) were measured at the end of experimeritaiotte-Model NANR. Code 7418-
02 and JBL Test Ng respectively for TAN and N
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Experiment -1

Feeding rate: 2.25 % of Body weight
Feeding frequency: 6 times in a day

Experiment -2

Feeding rate: 8% & 6% of Body weight
Feeding frequency: 22 times in day

85% 85% 85%

Figure 4. Layout of experiment 1 and 2; Expt.1 2258 body weight was considered as
100% feeding level while Expt. 2, 8% of body weigl#ts considered 100% feeding level
for first two week and 6% of body weight for lagiotweeks a satiation level.

Experiment-3
Feeding frequency: 22 times in day

16%

[ End Feeding Rate
Start

]

14%

Feeding 19%

Rate
10%

8%

Experiment period (0 to 2 week)

8%

14%

[ End Feeding Rate

12%

10%

8%

6% 6%

Experiment period (3 to 4 week)

Figure 5. Layout of Experiment 3, Juvenile Nilepia fed with declining rate 8-16 to 8%
and 6-14 to 6% designed to compare 8% and 6% fgedte of experiment 2 during
week 0-2 and 3-4 respectively a FCR at 0.8 g driganintake (g gait)
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Experiment-4

Feeding rate 1-3%
Feeding frequency: 22 times in day

A A S A
96 68 69 B9 BF

Figure 6. Layout of experiment 4 using feeding a2 body weight each treatment
with duplicate treatment a FCR at 0.9 g dry matttake (g gaif).

2.4 Weighing, sampling
During inception of the experiment, after weighisgme fishes (In Expt.1: 3; Expt.2 and

3: 10 and Expt. 4: 5 fish) were placed into theefer, at -28C. And at the end of the
experiments, same numbers of fishes were place2D¥ after weighing. Body weight
of fishes was taken at 21 days interval (Expt.)d &ortnightly (Expt. 2, 3 and 4.).
Before weighing, all fishes were anaesthetized b§2BR (0.2g 1). The faces were
collected from distal part of intestine after opgniof abdomen and also frozen for

digestibility study.

2.5 Sample preparation
Meat grinder was used to grind the big fish whitea# grinder (A11 Basic Analytical

mill, IKA, Wilmington, USA) was used for small fistGrinded fishes and fecal content
were subjected to freeze drier. To make the saimpb@ogenous, it was treated with dry

ice and then grinding was done. The feed samplees mepared by grinding the pellet
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into mash by A1l basic Analytical mill. All the dsamples were kept at 4 °C until all

analyses finished.

2.6 Analyses:
Dry matter, crude protein, fat, ash, total phospeand energy contents of fishes were

measured by the method similar to section 2.1.2dutition to these, Dumas method was
used to measure fecal nitrogen content and indelgticoupled plasma mass

spectroscopy (ICP-MS) was used to measure yttrixiaeo

2.7 Calculation:
Weight Gain (WG %) were calculated by the followfiogmula

W
WG% = — x 100
Wo

Where Wrepresent initial weight and Minal weight of the trial
Specific growth rate (SGR), were calculated adogrtb following formula

_ InW; —InW,
o T

Where W is final fish weight at the end experiment peridd, is the initial fish weight
at the starting of the experiment and T is the timerval in days.

Feed conversion ratio (FCR) was calculated as:
FCR=Fx G

Where F is the dry matter feed offered and G regmtssthe weight gain.
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Nitrogen and phosphorus retentions were calculatedrding to following formula:

Nitrogen retention Final nitrogren—Initial Nitrogenxloo

Nitrogen offered

Final Phosphorus—Initial phosphorus

. Fin 9
Phosphorus retentior Phosphorus offered 100

Apparent digestibilities of crude protein were cddted according to following formula.
Apparent digestibility of crude protein80 x (1 — (?—ii X %))
Where Di=Concentration of Y03 in diet

Fi=Concentration of ¥Os in feces

Dn= Concentration of nutrient in diet

Fn= Concentration of nutrient in feces.

2.8 Statistical analyses:
All treatments were employed in duplicate: Sigrifice level was 0.6%. The results

were analyzed by ANOVA in GLM (SAS, 1999) and setonder polynomial regression
in MS-Excel. Tukey’s Studentized Range (HSD) tgas used to rank the significant

differences detected by ANOVA. The results are gmé=d as least-square means and

pooled standard errors of the means (S.E.M.).
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CHAPTER THREE
3. Result

3.1 Experiment 1

In Expt. 1, Nile tilapias with an average start gigi257.9+0.2 g were fed at feeding rate,
ranging from 55 to 115% of an anticipatad libitum level. Thisad libitum level
(feeding rate=100%) was defined by anticipated ¢jnopotential 2.25% body weight

increase a day and a feed conversion ratio (FCR)lof dietary dry matter per g gain.

3.1.1 Water quality
The temperature and pH (mean +S.E.M. total 42 dhyseasurement) were 25.9+005

(meanz S.E.M.) and 6.83+0.0, respectively during whole experiment. Fig. 7 and 8
shows that oxygen, TAN (total ammonia nitrogen) &@, (nitrite) were significantly
affected by feeding treatment at the end of expaminwhen biomass in the tank was
highest. The lowest and highest TAN content wermébat 55% (0.15+0.00 md) and
115% (0.48+0.03 mg™) feeding level, respectively. On the other handest and
highest NQ@ was found 55% (0.25+0.00 mg%)l and 115% (0.45+0.05 mg?),
respectively.

y = 0.000x? - 0.049x + 8.812
R*=0.841, P=0.028

6.5 : ®
z 6 $ Rl
w 55 &
£ ®
c s 9\:
[J]
R 45
xX
© 34
3.5
3 T T T T T 1
40 55 70 85 100 115 130

Feeding treatment

Figure 7. Oxygen, measurement in the rearing tdri¥ile tilapia in experiment 1 at the
end of experiment. 100% were defined by an expedtdly weight gain at 2.25% and
FCR at 1.1 g dry matter intake (g gajn
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y = 4E-05x? - 0.001x + 0.115 y = 3E-05x2 - 0.001x + 0.242
R?=0.977, P=0.003 R?=0.867, P=0.048
0.6 0.6

o 2 z o4

w 0.4 o 0.4 ¢

£ / E ./t/

Z o2 5 0.2

2 — A
0 T T T T T 1 0 T T T T T 1
40 55 70 85 100 115 130 40 55 70 85 100 115 130

Feeding treatment Feeding treatment

Figure 8. TAN and N@measurement in the rearing tank of Nile tilapiaxperiment 1
at the end of experiment. Measurement of TAN and Wére only taken from feeding
rate of 55, 85 and 115% where 100% were definedrbgxpected daily weight gain at
2.25% and FCR at 1.1 g dry matter intake (g gain

3.1.2 Growth parameters
Growth performance of the tilapia in Expt. 1 is whoin Table 5. Mean initial fish

weights were not significantly different among few treatments. All of the fish

survived during the experiment.

Weight gain and SGR during the first 3 weeks oflieg (Table 5, Fig. 9 and 13) tended
(P=0.058 and 0.052) to be reduced for the 55% Ihgerdite, intermediate for 75%, while
the tilapia seemed to utilize their growth potdriaa the feeding rates from 85 to 115%.
The feed conversion ratios (FCR) varied from 1.6rg matter intake (g gaiff)for the
tilapia on the most restricted feeding to 1.4 tog bnes fed in excess (Fig. 11), but the

difference was not significant.

During the last 3 weeks of feeding (Table 5), oRGR tended (P=0.073, Fig.11) to be
more efficient (FCR=1.1) for the fish on the masdtricted feeding regime, while the fish
fed at the feeding rates of 85% and up used as msich1-2.7 g DM (g gaift) For the
whole 6-weeks period only FCR=1.0 (Table 5) seeliiedy to be proficient (P=0.055,
Fig. 12) at lesser feeding regime for 55% wherahsre FCR 1.2 to 2.0 were obtained
at feeding rate 70 to 115% ranged though there wet significance difference among

these.
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Table 5. Growth performance of the Nile tilapiaBmpt. 1, fed from 55 to 115 % a
feeding rate planned to give an expected daily teigain of 2.25% and a feed
conversion ratio at 1.1 g dry matter intake (g Jyafor the 100% feeding rate

Period Feeding Initial Final Survival Weight Gain FCR g dry matter SGR
rate% weight Weight (%) (%) intake(g gaift’
55 258.0 331.6 100 128.5 1.00 1.20
70 257.8 346.9 100 134.6 1.08 1.41
85 257.9 364.3 100 141.3 1.14 1.65
100 257.6 367.7 100 142.7 1.37 1.69
N 115 258.0 379.5 100 147.1 1.39 1.84
< Pooled SE 0.30 7.86 2.97 0.09 0.10
S Pvalue 0.920 0.065 0.058 0.146 0.052
55 331.6 423.7 100 127.8 1.02 1.17
70 346.9 445.7 100 128.5 1.32 1.19
85 364.3 444.2 100 121.9 2.14 0.94
100 367.7 453.1 100 122.9 2.75 0.97
© 115 379.5 472.5 100 124.5 2.67 1.04
< Pooled SE 7.86 18.99 3.18 0.36 0.12
§ P value 0.065 0.666 0.584 0.073 0.588
55 258.0 423.7 100 164.2 1.01 1.18
70 257.8 445.7 100 172.9 1.20 1.30
85 257.9 444.2 100 172.2 1.57 1.30
100 257.6 453.1 100 175.9 1.92 1.33
© 115 258.0 472.6 100 183.2 1.95 1.44
< Pooled SE 0.30 18.99 7.24 0.17 0.10
§ P value 0.920 0.666 0.652 0.055 0.653
= - 2
y okozo_zg 7+90'P7_601’85+894'84 y =0.003x2 - 0.583x + 151.9
155 T 135 R?=0.38, P=0.584
* o
¥ 145 & 9 i 130 L ¢
2135 ® 2125 —»
] 3 120
; 125 T T T T T 1 ;
115 40 55 70 8 100 115 130 115 : : : ? : ,
Feeding treatment 40 55 70 85 100 115 130
Feeding treatment

Figure 9. Weight gain in % during week 0-3(leftegicand week 4-6 (right side). For
definition of feeding treatment see Fig. 8.
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y = 0.000x2 + 0.188x + 153.8
R?=0.34, P=0.652
250
200 ®
. —»
N _‘—
£ 150 ' L
©
bo
g
‘o 100
s
50
0 T T T T 1
40 55 70 85 100 115 130
Feeding treatment

Figure 10. Weight gain in % during whole experimpatiod week 0-6. For definition of

feeding treatment see Fig. 8.

y = 1€-05* + 0.004x + 0.686 y = -0.000x2 + 0.082x - 2.736
R* =069, P=0.146 R? = 0.77, P=0.073
4.0 40
L 2
3.2 3.2
2.4 2.4 /.
& [~
d g IS
1.6 * 1.6
0.8 W 0.8
0.0 . . , , , . 0.0 : , , , , ,
40 55 70 85 100 115 130 40 55 70 8 100 115 130
Feeding treatment Feeding treatment

Figure 11. Feed conversion ratio (FCR) during week (left side) and week 4-6 (right

side). For definition of feeding treatment see Big.
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y = -0.000x? + 0.035x - 0.674
R?=0.80, P=0.055
2.6

2.3 ¢

2.0

1.7 /
1.4

1.1 /

0.8

FCR
X&
2

0-5 T T T T T 1
40 55 70 85 100 115 130

Feeding treatment

Figure 12. Feed conversion ratio during whole expent period week 0-6. For
definition of feeding treatment see Fig. 8.

y =-0.000x2 + 0.028x - 0.031 y =0.000x2 - 0.022x + 2.114
R?=0.80, P=0.052 R?=0.38, P=0.588
2.0 2.0
4
L 4
1.6 1.6
4
§ 12 § 12 ‘\:\‘\_’,,
wv wv
0.8 0.8
L 4
04 T T T T T 1 04 T T T T T 1
40 55 70 85 100 115 130 40 55 70 85 100 115 130
Feeding treatment Feeding treatment

Figure 13Specific growth rate (SGR) of experimenduting week 0-3 (left side) and
week 4-6 (right side). For definition of feedingatment see Fig. 8.
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y = 6E-06x% + 0.002x + 1.041
R?=0.34, P=0.653

2.0

1.8

1.6 &

1.4 B

L 4
G 12 *
w
L

1.0

0.8

0.6

0.4 T T T T T 1

40 55 70 85 100 115 130
Feeding treatment

Figure 14. Specific growth rate (SGR) of experimkuwuring week 0-6. For definition of
feeding treatment see Fig. 8.

3.1.3 Body composition
Crude fat tended to incline (P=0.066) to be abuidgé 55% feeding rate (Table 6),

intermediate 70%. Energy contents were affectefibégling treatment (table 6) and

Table 6. Body composition of the Nile tilapia ingEx1.

Experiment-1

Fish Dry matter  Crude Protein  Crude Fat  Ash Energ&/
(%) (%) (%) (%) (MJ kg")
Initial Body Composition 30.5 16.9 8.8 4.71 706
Final Body Composition
55% 34.04 17.2 11.96 3.69 8273
70% 35.10 16.24 12.57 3.66 8292
85% 35.08 16.61 12.98 3.62 904
100% 34.82 16.06 13.96 3.59 F44
115% 34.35 16.76 15.16 3.51 9.8
Pooled SE 1.23 0.36 0.94 0.29 0.41
P value 0.186 0.389 0.066 0.150 0.036
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found considerably higher than initial energy cotde (P=0.036) where 100-115%

feeding rate were significantly higher, intermediat 55-85% than initial energy

contents. There were no significant difference leetw100 and 115% feeding rates and
among 55-85% feeding rate (P>0.05).

3.1.4 Nutrients and energy retentions
Nitrogen retentions were predisposed to declinl@@, Fig. 15.) as the feeding level

progressively increased (P=0.001) and were sigmiflg higher at 55%, intermediate
70% than 85-115% feeding rate (P<0.05). There weresignificant difference between
100 and 115% feeding rate (P>0.05). Energy retensidended (P=0.065) to be elevated
at restricted feeding regime (Table 7) at 55% fegdate (52.2%) where others were
intermediate to higher feeding regime (70-115%nped from 44.5 to 31.1%.

Table 7. Nitrogen, phosphorus and energy retentbhsle tilapia Expt. 1.

Feeding treatment Nitrogen retention (%) Phosphorus retention (%) Energy retention (%)

55% 42.6 89.1 52.2
70% 35.8° 81.4 44,5
85% 27.5° 56.7 35.1
100% 23.1 37.9 323
115% 19.2 36.2 31.1
Pooled SE 1.78 16.40 4.09
P value 0.001 0.299 0.065
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y =0.002x? - 0.814x + 85.82
o R?=0.96, P=0.001
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Figure 15. Nitrogen, phosphorus and energy reterdgfoexperiment 1. For definition of
feeding treatment see Fig. 8.
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3.1.5 Apparent ptein cigestibility
Apparent crude ptein digestibility of Expt.

fed with 55415%, were significantly

different (P=0.037, Figd) of which highest crude protein digestibility wei@ind at
100% (92.22+2.71) feeding rate, while intermedat 70, 85 and 115%eeding rate.

. . TR0 y =-0.004x2 + 0.934x + 43.70
Crude protein digestibility " .2 s, p-0037
96
L 4

94
E 92 Ak a
o)
o0 ab
; 88 ab . P
2 86 /
2
3 84 ¢
'5 2
o 82

78 T T T T T 1

40 55 70 85 100 115 130
Feeding treatment

Figure 16 Crude protein digestibility of Exg. For definition offeeding treatment s
Fig. 8.

3.1.6 Effect of feeding rate on sexual maturatiard asexual maturation o
growth performance.
Feeding rate and frequency have larger impact pnagenaturities which were observ

through uneaten feed and availablesin tanks (Observed during flu the tank water).
Even there were some hatched out fry obse at the end of 21 da. There were no
uneaten feed at 55% feeding le and the availableneaten feed and egg are givn

Fig. 17. It showghat frequency ofracing uneaten feed and eggsre positively related
with feeding rateFig. 9 and 1 showed that weight gain% and SGR were progress

decreased during last 21 d:
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Figure 17. Observation of uneaten feed and eggnduvhole period of Expt. 1. For detail
of experiment see Fig. 8.

3.2 Experiment 2

In Expt. 2, Nile tilapias with an average start gi#i 1.1+0.0 were fed at feeding rate,
ranging from 55 to 115% of an anticipatad libitum level. Thisad libitum level
(feeding rate=100%) was defined by anticipated gmowotential 8% body weight
increase a day for'ffortnight and 6% for ¥ fortnight and a feed conversion ratio (FCR)

of 0.8 g dietary dry matter per g gain.

3.2.1 Water quality parameters
The temperature and pH of juvenile Nile tilapia exment 2 were found as 25.5+005

and 6.83+0.0, respectively (Total 28 measuremerti® iaken). The oxygen, TAN and
NO, content were significantly (P=0.009, 0.011, 0.0Eqf. 18) affected by feeding
regime. The highest Owvas found at lowest feeding rate (55%, 6.85+0.@HIM) and
lowest were found at highest feeding rate (115%58.05 mg1). Meanwhile TAN and
NO; increased as feeding rate progressed, lowestighdgt TAN were obtained at 55%
(0.18+0.03 mgt) and 115% (0.55+0.05 m@)land NQ content were at 55% (0.25+0.05
mg ') and 115% (0.68+0.02 md), respectively.

35



y = 0.000x2 - 0.073x + 10.08
R2 = 0.905, P=0.009
8
7
) . .xk‘\‘
@5 ®
£
§°4
g 3
2
1
0 T T T T T 1
40 55 70 85 100 115 130
Feeding treatment
y = 1E-05x% + 0.004x - 0.051
y = 4E-05x2 - 0.000x + 0.094 R2=0.941, P=0.014
R?=0.95, P=0.011
0.8 0.8
< 06 & 0.6 A
) ® o N
E 04 3
2 e 0.4 o
: $ 0.2 .
O T T T T T 1 0 . . I . I I
40 55 70 8 100 115 130 40 55 70 85 100 115 130
Feeding treatment Feeding treatment

Figure 180xygen, TAN and N@measurement in the rearing tank of juvenile Nispta

in Expt. 1. Measurement of TAN and N@ere only taken from feeding rate of 55, 85
and 115% where 100% were defined by an expectdd deight gain at 8% and 6%
respectively week 0-2 and week 3-4 and FCR at @l gnatter intake (g gam).

3.2.2 Growth parameters of juvenile Nile tilapia
Growth performances of Juvenile Nile tilapia expent 2 are given in Table 8. Initial

weights were not significantly different (P=0.75Bnd of £' fortnight fish weight were

significantly different (P=0.014) due to feedingjirae (55-115%) where limited feeding
rate (55%) were significantly lower, intermediate 78-85% and higher weight were
obtained at uppermost(100-115%) feeding regime I€T@&). Survival rate were not

significantly differed though there were some midstan lowest and excess feeding rate
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only during £'two week. At the end of last two week of the eipent 2, fish weights
were significantly higher at 85-115% and lowerimited (55-70%) feeding rate.

Weight gain (%), FCR and SGR were significantlyeaféd by experimental feeding
regime (P= 0.006, 0.018 and 0.008 respectively lIEr&8p. Weight gain (%) and SGR
were notably higher as expected at 100% whileniméeliate at 85 and 115% feeding rate
during ' two week (Table 8, Fig. 19 and 23) while restdcfeeding regime (55-70%)
were significantly lower . Fig.21 and 22 show ti#R augmented to progressively
increase as feeding rate gradually increased amde gignificantly lower at restricted
feeding regime (55-85%) ranged from 0.65 to 0.7@rg matter intake (g gaift)and
significantly higher at 115%, intermediate at 1089%ding rate (Table 8) during'iwo

week.

At the end of last two week period, fish weight avesignificantly differed (R0.001,
Table 8.) and no mortality were encountered whegédst fish weight were gained at
85-115% feeding rate and trifing gain at 55-7@%ding rate. Consequently highest
weight gain% (255.2%) and SGR (6.69) were obtaia¢d85% feeding rate and
significantly higher than all other feeding rate ilwhsecondary at 70, 100 and 115%
feeding rate and considerably lowest at 55% (P=0.0@ble 8). FCR are mostly affected
by all feeding regime where all feeding rate weagnificantly differed with each other
(P<0.001, Table 8) treatment at*2wo week period in which FCR (0.85) were obtained
at 85% feeding rate that are significantly loweartl100-115%, and intermediate at 70%

and considerable lowest at 55% feeding rate (Figtrand 22).

Taking into account of whole experiment 2 perio@jght gain% (Fig. 20) and SGR (Fig.
24) particularly higher at upper (85-115%) and degat at lesser (55-70%) feeding
regime while FCR were very much lower (0.75 to 0.8t 70-85% compare to
intemperance supply regime (100-115%) that areremseat from 1.09 to 1.30 moreover
lowest FCR (0.66) were brought into being at 55%glfieg rate (R0.001, Table 8)
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Table 8. Growth performance of the juvenile Nilagia in Experiment 2, fed from 55 to
115 % a feeding rate planned to give an expectidy waight gain of 8% and 6% during
week 0-2 and week 3-4 respectively a FCR at 0.8ygmhtter intake (g gaiff)for the
100% feeding rate

Period Feeding Initial Final Survival Weight Gain FCR g dry matter SGR
rate% weight(g) Weight(g) (%) (%) intake(g gaifl’
55 1.14 2.4% 99 218.6 0.6% 6.45
70 1.11 2.7 100 246.% 0.7% 7.14°
85 1.11 3.3%P 100 208.% 0.72 8.53"
100 1.11 3.61 99 324.9 0.82° 9.16
115 1.14 3.50 99 307.9° 1.14 8.90"

ﬁ Pooled

% S.E.M. 0.02 0.19 17.19 0.09 0.43

§ P value 0.753 0.014 0.006 0.018 0.008
55 256 542 100 209.4 0.67 5.28
70 2.75% 6.2% 100 227.9 0.75° 5.8¢
85 3.28 8.30% 100 255.2 0.85 6.69
100 3.56 8.2F 100 228.8 1.23 5.97

L s 3.79 8.65 100 228.3 1.3¢ 5.90

Pooled

X SEM. 0.09 0.43 0.00 11.43 0.07 0.35

§ Pvalue  <0.001 <0.001 <0.001 <0.001 <0.001
55 1.14 5.42 99 478.2 0.66 5.59
70 1.11 6.2% 100 566.2 0.75% 6.19
85 1.11 8.30 100 749.5 0.8T 719
100 1.11 8.21 99 738.8 1.09 7.14

L us 1.14 8.65 99 761.2 1.3¢ 7.28

< Pooled

x S.E.M. 0.02 0.43 42.21 0.06 0.24

S  Pvalue 0753 <0.001 <0.001 <0.001 <0.001
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Figure 19. Weight gain % of experiment 2 during kvée2 (left side) and week 3-4(right
side). For definition of feeding treatment see Hig).
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Figure 20. Weight gain % of Expt. 2 during week.(=dr definition of feeding treatment
see Fig. 18
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Figure 21. Feed conversion ratio (FCR) of experingduring week 0-2 (left side) and

week 3-4 (right side). For definition of feedingdatment see Fig. 18
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Figure 22. Feed conversion ratio (FCR) of experinZeduring week 0-4). For definition

of feeding treatment see Fig. 18.
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Figure 23. Specific growth rate (SGR) of experim2rduring week 0-2 (left side) and
week 3-4 (right side). For definition of feedingatment see Fig. 18
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Figure 24. Specific growth rate (SGR) of experim2wluring week 0-4. For definition of
feeding treatment see Fig. 18.

3.2.3 Body composition of juvenile Nile tilapia.
The chemical composition of juvenile Nile tilapizldnging to Expt. 2 significantly

differed on dry matter, crude protein and ash timétial body composition (Table 9).
Crude fat were significantly higher at feeding regi(85-115%) from initial fat contents
and intermediate at 70% feeding rate. Dry mattatexats were significantly higher at 70,
100 and 115% feeding rate and intermediate at 8538/ feeding rate (Table 9). Ash
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contents were considerably higher at 55-85, 115&6irtermediate at 100% feeding rate.
Experimental feeding regime did not significantiffeted on energy content especially
at 70, 85 and 115% feeding rate (Table 9) but 108é6ling rate were significantly
higher than initial body composition of energy tents.

Table 9. Body composition of the juvenile Nile fila in Expt. 2, fed from 55 to 115 % a
feeding rate planned to give an expected daily ateggin of 8% and 6% during week 0-
2 and 3-4 respectively.

Dry matter Crude Protein Crude Fat  Ash

Fish (%) (%) (%) (%) Energy (MJkg)
Initial Body Composition 25.96 12.36 9.69 1.82 7.09°
Final Body Composition
55%  28.0% 14.66 9.68 2.33 6.89
70%  30.1% 14.04° 11.37 247 7.758°
85%  28.98 13.39° 12.32 2.26 7.83°
100%  29.88 12.26 12.68 2.02° 8.43
115% 30.72 13.62° 12.89 2.27 8.29"
Pooled SE 0.93 0.65 0.38 0.15 0.25
P value 0.018 0.001 0.002 0.007 0.029

3.2.4 Nutrient and energy retentions
Nitrogen, phosphorus and energy retentions wergfgigntly differed by given feeding

regime (0.000, 0.001 and 0.001 respectively, Table 10.rofding to Fig. 25, these
are like to be decreased as feeding rate is raibklogen retention (%) were

significantly differed at 55-85% feeding regime a6 rate were found significantly
higher than 70-115% feeding regime while there weignificantly lower and not

differed excess feeding (100-115%). Total phospkoand energy retention were
significantly higher at 55-85% given feeding treatrh while there were significantly
lower at excess feeding regime (100-115%).
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Figure 25. Nitrogen, phosphorus
feeding treatment see Fig. 18.

and energy retestiof Expt. 2. For definition of
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Table 10. Nitrogen, phosphorus and energy reterdfgavenile Nile tilapia Expt. 2 at
55-115% feeding rate planned to give 8% and 6% bweight gain during % and last
two week respectively.

Feeding treatment Nitroger(w%r))etention Phosphor(l;z)retention Energy(roz’;ention
55% 67.9 83.6' 56.4
70% 55.8 75.7 56.7
85% 47.7 64.3 52.0¢
100% 32.2 41.3 35.8
115% 31.7 40.6 36.7

Pooled SE 2.76 454 3.58

P value <0.001 0.001 0.001

3.2.5 Uneaten feed
There were uneaten feed at one tank of 115% feedbadast three days at the end ¥f 1

two week and looked unusual compare to other taekteally fishes were subjected to
kill. Fish were divided from other 115% feedinge@aank. Experiment was continued as

50 fish per tank for rest of the period.

3.3 Experiment 3

In Expt. 3, Nile tilapias with an average start gi#i1.1+0.0 were fed at two declining
feeding rate, starting 16-8% and end to 8% fbtwlo week and starting 14-6% and end
6% for week 3-4 period a feed FCR of 0.8 dietany mhatter per g gain. This level was
defined in order to check growth performance ata% 6% body weight increase a day
for Expt. 2. Five treatments were taken to rundkperiment and explanation of feeding

treatment given in Table 4 and Fig. 5.

3.3.1 Water quality parameters
The temperature and pH were found as; 25.5€0.8nd 6.82+0.0 respectively during

whole experiment period (Total 28 days observatigdyygen, TAN and N@ were
significantly influence by feeding treatment (P=3100.013 and 0.004 respectively, Fig.

26). Fig. 26 shows that available of oxygen inféeding tank were decreased as feeding
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rate increased and lowest oxygen concentration Wened excess feeding rate 115%
(5.1+0.3 mg/l) at the end of experiment. Lowest Aighest TAN content were found at
restricted 55% (0.28+0.0 mg/l) and highest 115%6#0.0 mg/l) feeding rate
respectively. At the same time lowest and high&3t dbntents were found at treatment -
1 (0.2mg/l) and treatment-5 (0.4 mg/l) respectively
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Figure 26. TAN and N@concentration of different feeding treatment &t ¢éimd of the 4-
week feeding period in Expt. 3. Measurement of TaiN NQ were only taken from
treatment 1, 3 and 5 at FCR of 0.8 dietary dry ematper g gain. This level was defined
in order to check growth performance at 8% and &¥ybweight increase a day for
Expt.2. Feeding rates 8, ..., 16 in the figure defifeeeding rates during first 2 weeks.
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3.3.2 Growth parameter
Initial weight of Expt. 3 did not differ significély (P=0.48, Table 11). Fish weight at the

end of £ two week significantly differed (P=0.004). All fiss were survived except

treatment 3 (Survival 99%) aftef* two week period. Weight gain%, FCR and SGR
significantly differed by the feeding treatment<(F001, Table 11). Highest and

intermediate weight gain% and SGR were obtainedeatling treatment 4 and 3,

respectively during®itwo week (Fig. 27 and 31).

Table 11. Growth performance of the juvenile Nilagia in Experiment 3, fed with
declining rate 8 -16 to 8 % and 6-14 to 6% desigimedheck 8 and 6% weight gain of
experliment 2 during week 0-2 and 3-4 respectigeBCR at 0.8 g dry matter intake (g
gain)

Period Feeding rate IniFiaI Fir_lal Survival ngght F.CR g dry mz_;ltter SGR

% weight  Weight % Gain (%) intake(g gaift’
8-8 1.09 3.27 100 300.9 0.69' 7.88
10-8 1.12 3.69 100 330.8 0.72d 8.5%
12-8 1.09 3.98 99 364.2° 0.77 9.23°
14-8 1.08 4.06 100 377.9 0.8% 9.5¢%

N 16-8 1.09 3.9 100 358.2 1.07 9.17

% Pooled SE 0.02 0.15 12.81 0.04 0.27

=  Pvalue 0.481 0.004 <0.001 <0.001 <0.001
6-6 3.27 6.6% 100 203.5 0.65' 5.07
8-6 3.69" 8.55 100 231.7 0.7¢ 6.0
10-6 3.98 9.2 98 231.8 0.93 6.0
12-6 4.08 9.26 100 227.7 1.23 5.88

< 146 3.90 8.7¢8 100 225.3 1.60 5.8G

X Pooled SE 015 058 7.97 0.07 0.26

§ P value 0.004 0.004 0.012 <0.001 0.011
8-8 and 6-6 1.09 6.85 100 612.4 0.66' 6.48
10-8 and 8-6 1.12 8.585 100 766.3 0.71 7.27
12-8 and 10-6 1.09 921 99 843.7 0.88 7.6F
14-8 and 12-6 1.08 9.26 100 860.7 1.09 7.6

<  16-8and 14-6 1.09 878 100 807.0 147 7.46

% Pooled SE 0.02 0.58 0.00 49.29 0.06 0.24

S Puvalue 0.481 0.004 0.001 <0.001 0.001
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FCR were significantly different among feeding treant 3-5 and there were not
considerably different between lesser feeding reg(feeding treatment 1 and 2) and

these were significantly lower than excess feedagme (feeding treatment 3-5) at the
end of £'two period (Table 11).
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Figure 27. Weight gain% of experiment 3 during wlek (left side) and 3-4 (right side)
fed with declining rate 8 -16 to 8 % (week 0-2) &4 to 6% (week 3-4)
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Figure 28. Weight gain% of experiment 3 during wéek fed with declining rate 8 -16
to 8 % (week 0-2) and 6-14 to 6% (week 3-4)

a7



At the end of last two week, fish weights were digantly differed (P=0.004, table 11).
Weight gain% and SGR significantly higher at motkerto excess feeding regime
(feeding treatment 2-5). FCR were considerableeiff among feeding treatment 3-5
and not substantially different between feedingattreent 1 and 2. As a whole
experiment, Table 11 and Figure 28 and 32 showshilghest weight gain% and SGR
were achieved at feeding treatment moderate tossXeeding regime (feeding treatment
2-5). Meanwhile, FCR were significantly lower (0.860.71) at most lesser to moderate
feeding treatment 1 to 2 while other feeding rateged from 0.88 to 1.41.

y = 0.007x? - 0.130x + 1.275 y =0.012x2 - 0.129x + 0.962
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Figure 29. Feed conversion ratio (FCR) of expering&uuring week 0-2 left side and
week 3-4 right side fed with declining rate 8 -068t% (week 0-2) and 6-14 to 6% (week
3-4)
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Figure 30. Feed conversion ratio (FCR) of experindduring week 0-4 period fed with
declining rate 8 -16 to 8 % (week 0-2) and 6-16%b0 (week 3-4)
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Figure 31. Specific growth rate (SGR) of experim8ntiuring week 0-2 left side and
week 3-4 right side fed with declining rate 8 -06t% (week 0-2) and 6-14 to 6% (week
3-4)

y =-0.041x% + 1.111x + 0.251
R?=0.97, P=0.001

10

SGR
~

4 T T T T T 1
6 8 10 12 14 16 18

Feeding treatment

Figure 32. Specific growth rate (SGR) of experim@muring week 0-4 period fed with
declining rate 8 -16 to 8 % (week 0-2) and 6-16%0 (week 3-4)

3.3.3 Body composition
Dry matter, crude protein and fat, ash and eneagent of initial body composition

were significantly differed by declining feedingedreatment (2 0.001, 0.002< 0.001,
0.005 and<0.001 respectively Table 12). Highest dry matterenfeund at treatment 3-4
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while intermediate at top most feeding rate treatnteat the same time lesser feeding
rate(Treatment 1 and 2) were significantly loweartlexcess feeding rate(Treatment 3-5).
Crude protein contents were significantly higher tegatment 3-4, intermediate at
treatment 2 and 5 and considerable lower at Idegeling rate (treatment 1, Table 12).
Crude fat were significantly higher (15.94 to 18®4at excess feeding rate (treatment 3-
5), comparatively lower (11.50%) at moderate fegdate (treatment 2) and intermediate
at lowest feeding rate (treatment 1). Ash contere likely to be significantly higher at
lesser feeding regime (treatment 1 and 2), intefatedat excess feeding regime
(treatment 3 and 5) and lower at treatment 4. Bneogtents were significantly higher at
excess feeding regime treatment 3-4 and intermeedititreatment 5 while significantly
lesser at poorer feeding regime treatment 1 amd2gh clearly higher than initial energy
contents (Table 12).

Table 12. Body composition of juvenile Nile tilaggxperiment 3, fed with declining rate
8 -16 to 8 % and 6-14 to 6%.

Dry matter  Crude Protein Crude Fat Ash Energy

(%) (%) (%) (%) (MJkg")
Initial Body Composition 19.93 11.43 5.67 2.0P 455
Final Body Composition
Treatment 1 (8-8 and 6-6%) 26%%1 13.50° 8.13° 253 5.42¢
Treatment 2 (10-8 and 8-6%) 29°22 14.35%° 11.5¢ 2.4F 7.47°
Treatment 3 (12-8 and 10-6%) 3808 17.08 16.94 2.26"° 10.12
Treatment 4 (14-8 and 12-6%) 38.0 17.36 16.7 2.02 9.9
Treatment 5 (16-8 and 14-6%) 3570 15.9F° 15.94 2.22° 9.5F°
Pooled SE 2.38 0.87 1.35 0.14 073
P value <0.001 0.002 <0.001 0.005  <0.001

3.3.4 Nutrients and energy retentions
Nitrogen, total phosphorus and energy retentioneveggnificantly affected by decline

feeding rate treatment 1-5 (P=0.060,000 and 0.004 Table 13) and Fig. 33 shows that
Nitrogen and total phosphorus retentions were Yikel be decreased as feeding rate
proceed. Nitrogen retention significantly highel@awv down feeding rate (treatment 1),

intermediate at treatment 2 while excess feedinginte (treatment 3-5) were
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significantly different with each other

feeding regime.

and poore#l.2 to 74.8) compare to lesser
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Figure 33. Nitrogen, phosphorus and energy reteatid experiment 3 fed with declining
rate 8 -16 to 8 % (week 0-2) and 6-14 to 6% (wedk 3

Total phosphorus retentions were significantly kigat lesser feeding regime (treatment
1-2) and not significantly differ with each othemndalower retentions were found at
excess feeding regime (treatment 3-4, Table 13grdgnretentions were considerably
higher (58.5, Table 13) at treatment 3 than alleottreatments of which were not
significantly differed with each other.

Table 13. Nitrogen, phosphorus and energy retemtdrjuvenile Nile tilapia experiment
3 fed with declining rate 8 -16 to 8 % and 6-146% designed to check experiment 2.

Feeding treatment Nitroger(wl%:)etention Phosphor(t;)retention Energy(;;ention
Treatment 1 (8-8 and 6-6%) 78.2 89.6' 39.8
Treatment 2 (10-8 and 8-6%) 81.5 91.3 45.F
Treatment 3 (12-8 and 10-6%) 72.8 70.8 58.5
Treatment 4 (14-8 and 12-6%) 58.7 61.8 458
Treatment 5 (16-8 and 14-6%) 44.2 42.9 34.3
Pooled SE 3.56 4.54 6.81

P value 0.001 <0.001 0.004

3.4. Experiment 4

Fishes (77.9+0.03 g) were fed at five differentdieg rate 1, 2, 3, 4 and 5% body weight
per day) expected a FCR at 9.0 g dry matter ingalke".

3.4.1 Water quality
The temperature and pH were found as 25.6€0.8nd 6.8+0.1 respectively during

whole experiment (total 13 observations). OxygeANTand NQ concentrations were
significantly influence by feeding rate 1-5% (P=600.011 and 0.005 respectively, Fig
34). Oxygen concentration were decreased as feediagncreased while opposite trend
were found for TAN and N® Lowest and highest TAN content were found at 1 %
(0.28+0.03 mg"l) and 5% (1.0£0.00 mg')l feeding level respectively. On the other hand
lowest and highest NOwere found at 1 % (0.6+0.00 mg) land 5% (0.1+0.00 mg'),
respectively.
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Figure 34. Oxygen, TAN and N@oncentration of Expt. 4 fed with 1-5% body weight
gain expected FCR 0.8 g dry matter intake (g ggin

3.4.2 Growth parameter

Initial weight of Nile tilapia of experiment 4 weret significantly differed (P=0.805). At
the end of two week fish weight, weight gain%, F&RI SGR were significantly differed
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by given feeding regime £0.001) and all fish were survived (Table-14, FigBkeand
36). Weight gain% and SGR were significantly higatexcess feeding regime (3-5%)
than lesser feeding regime (1-2%) and there weayeifsiantly different between 1 and
2% feeding rate. FCR were ranged from 0.86 to IT&ble 14) in which lesser to
moderate feeding regime (1-3%) was significantkydo than excess feeding regime (4-
5%). And there were significantly higher at excéssding rate (4-5%) and differed
between these.

Table 14. Growth performance of adult Nile tilafapt. 4 fed with 1-5% body weight
expected FCR 0.8 g dry matter intake (g ghin

Period Feeding rate Initial Final Survival Weight FCR g dry matter SGR
% weight  Weight % Gain (%) intake(g gaift
1 77.9 88.6 100 113.8 0.89 0.99
2 77.9 1015 100 130.8 0.86 2.03
N
o 3 77.9 114.9 100 147.5 0.87 2.99
X
3 4 77.9 1153 100 147.7 1.26 3.00
= 5 779 1138 100 1461 179 2.97
Pooled SE 0.03 4.31 8.5 0.14 0.33
P value 0.805 <0.001 <0.001 <0.001 <0.001
y =-3.803x%2 + 31.03x + 85.79 y =0.099x? - 0.387x + 1.188
R?=0.99, P<0.001 R2=0.99, P<0.001
160 2.5
o 0 3 2.0
T 140 /g
& 130 / & 15 /
£ 120 g <10 o %
g 110
0.5
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Figure 35. Weight gain % (left side) and feed cosim ratio (right side) of Expt. 4 fed
with 1-5% body weight gain expected FCR 0.8 g dafter intake (g gaif).
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Figure 36. Specific growth rate of experiment 4 ¥ath 1-5% body weight gain
expected FCR 0.8 g dry matter intake (g gjin

3.4.3 Body composition
Feeding rate 1-5% body weight of Expt.4 was sigaiftly affected to dry matter, ash

and energy contents of tilapia. Significantly higkdey matter content were found at 4%
feeding rate while intermediate at 3% and 5% fegdmte. Ash contents were
significantly decreases with increasing feeding r@fable 15). Energy contents were
considerably higher at feeding rate 3-5% and inggliate at 2% feeding rate. Crude

proteins were significantly affected by given feegliresume.

Table 15. Body composition of adult Nile tilapiadfevith 1-5% body weight of
experiment 4 expected FCR 0.8 g dry matter intgkga{ri')

Fish Dry matter Crude Protein  Crude Fat  Ash Ener_gy
(%) (%) (%) (%) (K39
Initial Body Composition 27.88 15.7 7.43 3.91 6.6T
Final Body Composition
1% 28.25° 15.85 8.74 3.7 6.5%
2% 28.7%° 15.58 8.82 3.4%° 7.09°
3% 30.3% 15.11 10.84 3.79 7.78
4% 31.27 15.52 11.00 3.34 8.0¢%
5% 30.24 15.37 10.4 315 7.78
Pooled SE 0.51 0.06 0.65 0.09 0.20
P value 0.008 0.077 <0.05 0.010 0.003
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3.4.4 Nutrient and energy retentions.
Nitrogen retentions were significantly higher ahited to moderate feeding rate (1-3%,

P<0.001) and considerable lower at excess feeding (4t5%, Table 16). Energy
retentions were significantly higher at 3%, intedia¢e at 2% feeding rate and

significantly lower at 1, 4 and 5% feeding rate QF391).

Table 16. Nitrogen and energy retention of adule Nlapia fed with 1-5% body weight
of experiment 4 (start weight 77.9+0.3).

Feeding treatment Nitroge?%:)etention Energy(z/i)tention
1% 49.41° 32.3%
2% 45.28° 46.9%
3% 40.89° 54.31°
4% 30.98° 40.58"
5% 21.59° 27.64°
Pooled SE 2.18 7.92
P value <0.001 0.001

NB: Phosphorus retention were found to be erromeasurement and subjected to
analyze again.
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CHAPTER FOUR
4: Discussion

The present study clearly demonstrated that feedites significantly affected the water
quality parameters, growth performance, body comipos nutrient and energy
retentions except the adult tilapi67.9 g). The apparent crude protein digestibilias
significantly affected by feeding rate in adulafila. In Expt.4, report show that crude
protein and fat content of body composition wer¢ significantly affected by feeding
rate (1-5%) in tilapiaX77.9 g)

4.1 Effect of feeding rate on water quality paraarst

The temperature of four experiment (average 25.86t6°C) were almost same as like
experiment on effect of stocking density on watealdy and production of red tilapia in
recirculated water system (Suresh and Lin, 1992)a$ been noted that temperature 26-
28°C optimum for 10-1000 g Nile tilapia growth (Bergime 2007). pH (6.8) was also
within acceptable limits (6.5 to 7) according toding of water quality criteria for

recirculation systems (Bergheim, 2007) during vehe{periment period.

Dissolved oxygen content of all four experiment evésund to decrease as the feeding
level increase while TAN and Nancrease as the feeding level in range from. Assalt
feeding treatment significantly influence on watgiality in the rearing tank. It may be
increasing feeding rate would add to feces in theenthus influence to decrease oxygen
and increase TAN and NO2 concentration in the mgatank. (Singh et al., 1999) found
that increasing feeding rate significantly influeacTAN but NQ did not show any
significant effect. = Despite increasing TAN and NQ@nd decreasing oxygen
concentration in the rearing tank water due todase the feeding rate, still mentioned
parameters remained acceptable limit. Recommemndbgi@| for oxygen is above 3 mg
-1, TAN 0.5 to 1.0 mg1, (Chapman, 1992) and NCbelow 1.0 mgt (Rakocy, 1989).

It may be the end biomass of four experiments weteexceed as a overstocking. The

present showed those maximum yields were obtainA&kgl210 liter and 2.3 kg/115
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liter in big and small tank, respectively. It igilbg supported that lower density fish
(3.75 kg n?) grew significantly better (Suresh and Lin, 1992).

4.2 Effect feeding rate on survival.

Feeding rate did not influence any mortality in arfythe experiments. Thus, the results
do not support previous findings that juvenilefitais more sensitive to feeding rate than
larger tilapia. The reason may be that restrictiarfeeding rate were not enough for feed
triggering cannibalism behavior. Macintosh and DlgaS(1984) found that cannibalism
was inversely related with feeding rate in hybiidpia fry. Santiago et al. (1987) found
that tilapia smaller than 12 mg were fed at 150%@eeding rate and found that survival
rates were increased up to (87%) at feeding ra% then decreased. Feeding rate (10-
35%) in average weight of 0.016 g tilapia showesteased survival rate with increasing
feeding rate (El-Sayed, 2002). The combinationisii density and high feeding rates
was not sufficient to deteriorate water qualityatevel where the tilapia suffered notable

health problems.

4.3. Effect of feeding rate on growth parameterdypa@omposition, nutrient
retentions and protein digestibility of Expt. 1

The feeding rate and frequency in relation withdf@®nsumed and the efficiency are
prime factors in determining growth rate. Thera jgositive relation between growth and
feeding frequency and satiation feeding of tilegtiad-h intervals should increase
production efficiency (Riche et al., 2004b). Morenvauthor also explained tilapia feed
three times per day give better result in termgrofvth and efficiency. In experiment 1,
effect of feeding rates does not give significaeffect on weight gain% and FCR but
SGR were affected only during week 0-3 period thoWgG% and FCR increased
linearly where highest SGR were obtained at 11584(10) feeding level were likely to

be higher than all other feeding treatment.
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This growth results obtained at the end of week(87®.5+1.3 g) were higher compared
to result obtained by (Gardufio-Lugo et al., 2008y compared growth in Nile and red
tilapia and found that fish fed a commercial digto({sture 10.9+6.96%; crude protein,
36.8£3.37%; crude lipid, 14.1+5.23%; ash,7.52+0.58%ving initial (139.3 g) and final
weigh (384.4 g) and SGR 1.04 for Nile tilapia.

Growth rates and FCR were not significantly diffarédrom the results obtained by
Garduio-Lugo et al. (2003). Present study showeithismesult during week 4-6 and
considering the whole experiment period. Sinceethgere uneaten feed and available
egg observed during daily flushing the tank watéiclv means feeding rate has great

influence on sexual maturity in last two weeks.

When the Nile tilapias get ready to spawn they stapng and due to mouth breeder
behavior, they keep egg until hatch out. Otheraeds that longer photoperiod (18L:
6D) can improve spawning synchrony (Campos-Mendeizal., 2004). They also
mentioned that there were not significance diffeesnin weight gain (mean final weight
ranged from 477140 to 577+40) under different lightperiod. Gunasekera et al. (1996)
found that 35% crude protein diet can significantiyprove larval quality and
performance in Nile tilapia. Therefore, it showsttithis experiment synchronized
spawning due to longer photoperiod (24h L) and erpibtein content of diet. As whole
experiment, it reveals that feeding rate did nagnigicantly influence on the weight
gain%, FCR and SGR. As a result, feeding ratekisl\lito be proficient at restricted
feeding rate 55% (1.24 g /day).

Similar study with different feeding rate suppdriststudy where maximum growth was
achieved at feeding rate near satiation while fesaversation ratio improved at lower
feeding rate (Clark et al., 1990) . This study leshows that FCR (1.01) feeding rate at
1.24% body weight/day is better than feeding rdt2.42% body weight/day having
FCR 1.57 studies with feeding rate ranged 2.43.%6%/day (Clark et al., 1990).
Another study on improvement of rapeseed meal tiraddition of organic salt found
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that FCR 1.49 where start and final weight (224 8Bd.3 respectively) of fish (Gao,
2011).

Body composition of Nile tilapia Expt.1 was not ogad by feeding regime except the
energy contents %0.81, P=0.036) and fat contents likely to be tegdat restricted

feeding rate (55%, P=0.066). The energy content® wegnificantly higher at excess
feeding regime (100-115%) and intermediate at ittt feeding regime (55-85%)
compared to initial energy contents. The reasdhas the tilapias are able to store lipid

in the carcass and viscera but not able to utilthexisource for growth (Hanley, 1991).

Nitrogen retention, phosphorus and energy retenti@me decreased approximately
linearly as the feeding rate increased though feetkgime does not sway on phosphorus
and energy retention but nitrogen retention wegaicantly affected by feeding regime.
Result (Table 7) show that significantly higher5&% (42.6%) feeding rate which is
similar study with 25% fish protein diet feedindeaat 2.5% (Viola et al., 1988). Energy
retention of Expt.1 were higher 52.2% which is l§ké intended at 55% feeding rate
(P=0.065) that also higher than study carried oih wxtruded rapeseed meal (Gao,
2011).

An apparent crude protein digestibility of extruddidt of this experiment increased as
the feeding rate proceeded till 100%. The valugainbd were found slightly higher than
obtained with a diet with extruded rapeseed meab(@011). Digestibility of this study
was hypothesized to be higher at restricted feedatg because proportion of enzyme
secretion might be higher in the gut compared towrhof ingested feed. However, the
present finding may indicate that the relative abation of endogenous nitrogen from
the gut to the feces may have been stable, whapgotion of not digested nitrogen from
the feed increased. The present study of ACPRiti®line of juvenile grass carp where
lower digestibility were found at restricted feeglirate than increased up to certain level

afterward decreased (Du et al., 2006).
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4.4 Effect of feeding rate on growth performancedp composition, and
nutrient retention of juvenile Nile tilapia of Exp2.

Growth performance of juvenile Nile tilapia showsat weight gain% were not same
between T and 29 two week though it was significantly affected efling regime in
Expt. 2. It might be reason that weight gain rgklif decrease as the body weight of fish
increase (Xie et al., 1997a). Weight gains wereeased up to 100% feeding rate than
start to fall down. It discloses that over feedilmgs not support for the growth. It support
the other study where fish fed with higher thanimpm feeding do not necessarily
benefit from excess feed (Abdelghany and Ahmad2200may be reason that apparent
digestibility decreased with increasing feeding r@l-Saidy et al., 2005) and but present
finding from Expt. 1. (Fig. 16) indicate that appar crude protein digestibility decreased
in excess feeding rate (115%). Therefore, it canebemmended that production can be

maximized through using limited feed amount.

Table 8 indicate that maximum growth were achiea®85% feeding rate during whole
experiment period that mean 6.8% and 5.1% bodyhtdepding per day were suitable
for maximum growth of juvenile (1.1 g) during' &and 2% two week. At the same time,
SGR at 7.19 were achieved at same feeding treatnf@®R were relatively higher if'2
two week comparatively tharf'two week in all feeding treatments (Table 8, Fig. 2t
may be requirement of body maintenance energyasively higher as the juvenile grow
out and energy may be used for body maintenanberréttan growth. Same suggestion
were found (Ali et al.,, 2008) study with feedingferent protein to energy ratio and
effect of growth and body composition of Nile tilagingerlings. Result (Table 8) of this
study shows that lower FCR were found at restridetling regime (55-85%) and
significantly higher at excess feeding regime (106%) in both ¥ and 2% two week. It
seems to be proficient at 85% feeding rate (FCR)Oshere highest weight gain% and
SGR were obtained. Recent study using 13.5% fisal mverking with less than 2 g of
juvenile tilapia for 8 week (Zhao et al., 2010) slsahat FCR (0.95) and SGR (6.27) are
give the impression that using 7% fish meal of @nésstudy would to be expected
proficient.
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Body composition of dry matter, crude protein, fash and energy contents of whole
body of juvenile Nile tilapia were significantlyfatted by experimental feeding regime.
Dry matter and crude fat contents were lower at %% higher at 115% feeding rate
(Table 9). It means that with increasing feedintg,rdry matter and crude fate add to the
body composition though there were some variataargs-100% feeding rate and reason
is unknown. However present trend is not line vidtiSaidy et al. (2005) where feeding
rate does not significantly influence on crude Hat it is on procession in which dry
matter and fat content are increased with feedatg studied with juvenile Chinese
sucker (Yuan et al., 2010). They explained thataitent were not significant difference
in excess feeding regime which is similar resulthwpresent finding. Crude protein
content of juvenile tilapia showed negative trersd the feeding rates increased, in
contrast to the findings of Yuan et al. (2010) tpattein contents were increased with
feeding rate. There were similar trend found stwith feeding rate on adult tilapia (El-
Saidy et al., 2005). Ash contents were like tabesignificance different among feeding
treatment and it's also like same as El-Saidy e(2005) finding. Energy contents of
whole body juvenile Nile tilapia shows (Table 9atlit increased up to certain level than
decreased at excess feeding rate (115%) and sigmify lower at restricted (55%)
feeding rate but others were likely to be not digant difference but El-Saidy et al.
(2005) found no significant different with differefeeding rate.

Nitrogen, phosphorus and energy retentions werefgigntly higher at restricted feeding
regime. It means that nutrient and energy depasitip digestion is more efficient at
restricted feeding rate for juvenile Tilapia. Saoteservation have been reported from the
rainbow trout (Bureau et al., 2006) and proteiemé&bon of juvenile grass carp were also
higher at lower feeding regime (Du et al., 200But opposite observation were found in
juvenile of Indian catfish Heteropneuste$ossilig where protein and energy retention

were lower at restricted feeding regime (Ahmed,(01
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4.5 Effect of feeding rate on growth performancedyp composition, and
nutrient retention of juvenile Nile tilapia of Exp3.

Declining feeding rate of Expt.3 were designeddmpare the growth performance, body
composition and nutrients retention of feeding naseng 8% and 6% body weight at
100% level in Expt.2. Initial weight were not sificant different between Expt.2 and
Expt.3. Weight gain%, SGR and FCR were signifiganbfluenced by different
declining feeding regime in botfi'&and 29 two week. Weight gain%, SGR and FCR of
this study treatment 1 (8 & 6%) were lower (Tablg than 100% feeding rate of Expt. 2
(Table 8). It may be reason that water qualitiehoth experiments were not same.
According to Fig. 18 and Fig. 26, TAN and h€bntents of Expt. 3 were little bit higher
than Expt. 2 at all experimental feeding treatrreend these parameters were acceptable
limit. Though there were almost same initial biosiast TAN and N@ concentration of
Expt.3 revealed that there were might be erroeairculation system where nitrification
process might be hindered.

Considering whole Expt. 3, Weight gain% and SGR ewsignificantly higher at
treatment 2 to 5 and significant different amongsthtreatments. It suggest that treatment
10-8 and 8-6% feeding rate is adequate in ordegetohigher weigh gain and SGR
meanwhile FCR (0.71) would be significantly lowdrah excess feeding regime. It
implies that declining feeding rate is better imnie of weight gain, SGR and FCR
compare to fixe feeding rate (Expt.2) for juveriae tilapia. Body composition of dry
matter, crude protein, fat and energy contents gegeificantly affected by declining
feeding rate (Table. 12) and it shows that dry emattrude protein and fat increased
(except ash) with increasing feeding rate and dse at excess feeding rate. It
recommend that body composition of treatment 3§ 810-6%) were adept to be better
taking into consideration than Expt. 2.

Nitrogen and phosphorus retention were signifigahigher at lower feeding rate but
compare to Expt. 2 where 100% feeding rate werestawtrient and energy retention.
Treatment 1 of Expt. 3 and 100% feeding rate oftEXpn which same feeding rates was

applied and reason is not clear. However, 8-8 &&féeding rate would be better in
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terms of nitrogen and phosphorus retention butidensg energy retention 12-8 & 10-

6% feeding date would be better compare to Expt.2

4.6 Effect of feeding rate on growth performancedf composition, nitrogen
and energy retention of Expt.4

Growth performance includes weight gain%, SGR aB® Rvere significantly affected
by feeding treatment (1 to 5% body weight, Tablg Ht4ndicates that higher weight gain
and SGR would achieved by implying 3% body weigigding rate where efficient FCR
(0.87) were also found. It also indicates that E¥éding rate (FCR were higher than 2%
feeding rate) was just above body maintenance lavelstill remain positive growth for
77.910.3 g adult tilapia. El-Saidy et al. (200%iggest that 2% feeding rate is cost
effective for Nile tilapia (60.7 to 221.1) in coete tank. According to the finding, they
showed that FCR and SGR were 2.5 and 0.66 respBctor 28 week period. Finding
form GST 18 generation (Gjgen and Zimmermann, uighdd) also suggest for 2%
feeding rate with expected FCR 1 in earthen ponuition. Present studies represent
lower FCR (0.87) and higher SGR (2.99) for two weekiod. It suggests from all four
experiments that growth rate decreases as the wewjht increased. Same report were
found study with different age group of tilapia doedecreased relative feed intake (Xie
et al., 1997a). However, present study indicatas3bb6 feeding rate is like to be better at
this stage for tilapia using every one hour meabrddver further research is needed
using same condition in pond environment.

Crude protein and fat does not significantly akecby feeding treatment but dry matter,
ash and energy content significantly affected byvijgled feeding regime. It means that
tilapia larger than 77.9 g feeding rate does nf@cafcrude protein and fat. Same reports
were found from Expt. 1. Dry matter was signifittg higher at 4% while intermediate

at 3 and 5% feeding rate. It revealed that increpfeding rate can increase dry matter
content up to certain level but further increasfegding rate does not support for dry
matter improvement. The statement also supportech fprevious experiment with

juvenile tilapia. But study from El-Saidy et al.05) shows that moisture content does
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not significantly affected by different feedingeatt might be reason that smaller tilapia
are able increase dry matter content in their bodynpare to larger tilapia. This
proclamation is also supported by Expt.1 whererdagter content did not significantly
differed by feeding rate for larger tilapia. Ashntent significantly reduced compare to
initial body composition. Result from Expt.1 alseduced as feeding rate increases
though ash contents were not significantly affedctgdeeding rate. It point out that lower
the feeding rate better energy contents in tildigia body for larger tilapia. But study
from El-Saidy et al. (2005) doesn’t agree with thlibservation. Energy contents
significantly were higher at 3-5% feeding rate whihtermediate at 2% feeding rate.
Same trend line was also found from Expt.1 which fpoward that increasing feeding
rate can enhance the energy content of largerndildp case of juvenile tilapia energy
content can be increased with increasing feeditegatacertain stage but further increased
feeding rate doesn’t support for energy add todylmmposition. It might be reason that
tilapia are to utilize better energy at lower fewfrate. Same trend were found study
using 0.5 to 4% ration level having average initaight 8.29 to 11.2 (Xie et al., 1997b).

Nitrogen retentions were significantly higher aB%- feeding rate than excess feeding
regime (4-5%). Nile tilapia feeding with fish meahd replacing plant protein showed
that found that nitrogen balance 431 to 480 g/kgkich is almost similar to present

study (40.89 to 49.41%) at lesser to 3% feeding (&chneider et al., 2004). It gives
suggestion from this study that lower the feediation better nitrogen utilization and

juvenile tilapia is more efficiently utilize nitreg than larger tilapia. Energy retention
increasing with increasing feeding ration up to 8%ding rate but further increasing

doesn’t sustain for energy retention.
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Conclusion

In this study, it concludes that growth and feetization of genetically improved Nile
tilapia can be maximized using correct feeding.r@ptimal feeding rate of juvenile
tilapia is higher than that of larger tilapia ae fish growth relative feed intake decrease.
It is also abridged that growth can be hamperedtdusexual maturation. The present
study suggest that declining feeding rate canuitatde for juvenile tilapia (1.1 g), and
that daily feeding rates at 10-8% and 8-6% cangpeomriate for I and 2% two week
periods, respectively. A feeding rate at 3% seamtsalse for tilapia between 80 and 115
g, while fish larger than 260 g had best respowsa feeding rate of 1.2% of body
weight.
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Appendix1. Layout of recycled fresh water tanks used in research
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