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UTILIZATION OF FERMENTED FEATHER MEAL FOR REPLACEMENT OF
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ABSTRACT

The effects of partially replacing fish meal, in Nile Tilapia (Oreochromis nilotica)
and Walking Catfish (Clarias sp.), diets with fermented feather meal on growth and feed
efficiency was studied. Five isonitrogenous and isocaloric diets were formulated. Diet 1
contained 100% fish meal, diet 2, 3, 4 and 5 contained 25%, 50%, 75%, and 100% of
fermented feather meal replacement of fish meal in feed formula, the control diet
contained 0% fish meal.

The results showed that mean final weight of tilapias fed with diet formulas 1, 2
and 3 were not significantly different (P>0.05). Feed conversion ratios were not
significant among tilapias fed with diet formulas 1 and 2. Protein efficiency rates were
not significant (P>0.05) among tilapias fed with diet formulas 1, 2 and 3. Apparent net
protein retention of tilapias fed with diet formulas 1, 3, 4 and 5 was lower (P<0.05) than
formula 2. Feed consumption, protein intake, and survival rate were not significantly
different (P>0.05) among treatments. Meanwhile mean final weight of walking catfishes
fed with diet formulas 1, 2 and 3 was not significantly difference (P>0.05). Feed
consumption was not significant among walking catfishes fed with diet formulas 1, 2, 3
and 4. Feed conversion ratios were not significant (P>0.05) among walking catfishes fed
with diet formulas 1, 2 and 3. Protein efficiency rates were not significant (P>0.05)
among walking catfishes fed with diet formulas 1, 2, 3 and 4. Apparent net protein
retention of walking catfishes fed with diet formulas 1, 2 and 3 was not significantly
different (P>0.05). Protein intakes were not significant (P>0.05) among walking
catfishes fed with diet formulas 1, 2, 3 and 4, and survival rate was not significantly
different (P>0.05) among treatments.

This study suggests that the percentage of replacement fish meal with fermented
feather meal in nile tilapia and walking catfish at 25% had a close growth and feed
efficiency to fish meal feed and reduced diet cost by about 0.71 and 0.81 baht
/kg.,respectively. The 50% replacement fish meal by fermented feather meal was the most
effective for reducing the cost of diet, while the growth and feed efficiency were not
significantly different (P>0.05) from fish fed with the control diet.

KEY WORDS: FEATHER MEAL / FERMENTATION / FISH
FEED/TILAPIA/WALKING CAT FISH
100 P.ISBN 974-04-5967-6
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CHAPTER |
INTRODUCTION

1.1 Stage of problem

In artificial fish feed manufacturing, the cost for feed has been highly
depended on fish meal as major protein source that using in artificial fish feed
production because of the suitable protein quality, amino acid profile that closely
matched fish requirement and palatability of fish feed. In present day, the increasing
demand and uncertain availability of fish meal was interested for the nutritionist to
studying alternative source of protein for supply dietary protein in artificial fish feeds.

Feather meal are the by-product from poultry production and slaughter house.
The constituent of feather are composed of a complex protein (keratin), which can be
broken down by hydrolysis to make them digestible and the digestibility of feather
meal is directly affected by cooking time and pressure. Feather meal is rich in
indispensable amino acid such as cystine, threonine and arginine and have high level
of Pepsin Digestible Protein 75-87% (Wilder et al., (1976) cited by Sinchermsiri et al,
1988) the amino acid balance of feather meal was closely like fish meal and soybean

meal as presented in table 1.1
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Table 1.1 The percentage of Indispensable amino acid in protein source materials

Percentage in protein
Indispensable amino acid®
Fish meal’ | Soybean meal* Feather* Feather meal®
Arginine 5.6 JinkD 7.3 7.5
Histidine 2.6 2.5 0.6 0.6
Isoleucine 4.4 4.7 6.4 4.1
Leucine 7.4 7.7 8.5 7.3
Lysine 7.3 6.2 1.6 2.2
Methionine ( + Cystine) 3.9 2.5 0.5 6.8
Phenylalanine ( + Tyrosine) 7.2 8.6 5.5 8.0
Threonine 4.9 4.3 4.7 44
Tryptophan 1.2 1y 0.7 0.7
Valine 53 4.8 8.9 5.9

Note : 'Ogino, 1980 cited by Sarmwatanakul and Bamrongtum , 2000

2Sinchermsiri et al, 1988

Feather meal was interested in using in animal feed such as chicken, swine,
goat, sheep and cow. The utilization of feather meal better by ruminant animals and
can be improved when the feather supplemented with urea, but the utilization of
feather meal in fish were found that high percentage of using feather meal in fish feed
were not successed any more, because of protein of feather meal was keratin that had
sulfide bonding from 2 molecules of cysteine. The sulfide bonding was hardly
digested by monogastric animal. However, Koops et al.(1982)(cited by Fowler, 1990)
had formulated diet containing 14-15% feather meal for ranbow trout with good
success and Fowler (1990) reported that the feather meal could replaced 15% of fish
meal in diet without different growth and feed efficiency of Chinook salmon.

The improvement protein quality by fermentation with microorganism was

studied in by-product from caned fish, shrimp production and non-edible part of fish
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(head and visceral)for using substitute fish meal in artificial fish feed. Generally, in
natural, there are some of keratinophyllic microorganisms in soil and animal skins
such as bacteria: Bacillus, Steptomyces and fungi: Mocus, Rhyzopus and Aspergillus,
which active in room temperature and optimum conditions (moisture more than 20%).

From the aboved reasons, the fermentation of feather meal are possible to
improve the protein quality in feather meal and more able to used for partial or total

replacement of fish meal in artificial fish feed as major protein source.
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1.2 Conceptual Framework

Fish feeds manufacture

A 4

Fishmeal used for major Rising cost , uncertain avaliability of
protein source of fish feed «— quality and increased competition from
production other animal feed manufacture

A\ 4
Cost-effective
replacement to supply
dietary protein in
aquaculture feeds

l

Feathers by-product from Complex protein (kelatin) with
slaughter house and <«—— | sulfide bonds, hardly digestive in
poultry production monogastric animals

l

Hydrolysedwith pressure
(15-20 Ib/inch?) 45 mins
dried in rendereus —
(cookers)

l

Fermented by
microorganism from yeast
cake

Poorly used in fish feed, Hardly
to digested

A\ 4
Fermented feather meal
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1.3 Research Objectives

Study the results of replacement fish meal with fermented feather meal in the

herbivorus and canivorus fish diets on growth, feed effiency and fish diets quality.

1.4 Hypothesis

Fermented feather meal can replace fishmeal in herbivore and canivor juvenile
fish diets.

1.5 Boundary

1.5.1 Ferment feather meal with microorganism from yeast cake for 48 hours
and cassava powder were added for microorganism’s energy source.

1.5.2 Experimental diets were formulated to be iso-nitrogenous and iso-
caloric, each diet were contained 30% protein and gross energy 400 kcal/ 100g.diet.

1.5.3 Used juvenile Niletilapia (Oreochromis niloticay initial body weight of

120+5 g. for representative of herbivorus fishes and used juvenile hybrid Walking fish

(Clarius macrocephalus x Clarias gariepinus) initial body weight of 75+5 g. for

representative of canivorus fishes.

1.6 Expected Results

Fermented feather meal were replaced for fish meal as a protein source at the

optimum level in juvenile fish diets.
1.7 Research Valiables

1.7.1 Free variable

- Percentage of replacement fish meal with fermented feather meal

1.7.2 Dependent variable

- Feed quality
- Growth and feed effiency
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CHAPTER 1I
LITERATURE REVIEW

2.1 Artificial fish feed

Artificial fish feed has been material that used as natural food in fish culture. Most
of fish feed were composed of more than 2 raw materials that have the objective to
increasing fish products, reduced time of fish culture and reduced the trouble of feed

management.

2.1.1 Raw material using as protein source in fish feed

The objective of choosing raw material for fish feed must be considered the

available nutrition of material and price. (Feed Quality Control and Development Division,
2541) The feed nutrition that fish need is showing as below.

1. Protein and ten essential amino acids

2. Essential fatty acids, phospholipids and sterol

3. Energy from protein lipid and carbohydrate

4. Lipid-soluble vitamins and water-soluble vitamins

5. Minerals

Normally the nutrition requirement can be supplied by suitable material. Each of
material has different nutrient and digestibility. Raw material that usually used in feed

production was categorized to 5 types as following.

2.1.1.1 Raw material used as protein source

The materials that are able to use as protein source in fish feed should have crude
protein more than 20% by weight (Feed Quality Control and Development Division, 2541).
Dietary protein source material were divided into 2 sources as following.

1. Animal proteins such as fish meal, trash fish, blood meal, bone meal, shrimp
meal, squid meal, mixed poultry by-product meal and dairy by-product

2. Plant proteins such as soybean, peanut, cotton seed, coconut, sesame, corn

gluten
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2.1.1.2 Material using as energy source

The material that be able to use as energy source in fish feed is either powder or
fat, which should have more than 60-80% carbohydrate (by weight). This material will
perform as binding agent (binder). Most of them are seed and product from cereals such

as broken rice, corn, ground rice, wheat, millet, cassava, plam seed meal, etc.

2.1.1.3 Material using as lipid source

This material contains the essential fatty acid, lipid-solutable vitamin and it can
stimulate palatability of feed.This material were categorized to 2 types. First, animal
lipids, which are favorited for using in artificial fish feed such as fish oil, squid oil and
lard. Second are lipids from plant such as soybean oil, corn oil, palm oil, peanut oil and

sunflower oil.

2.1.1.4 Material using as vitamin andmineral source

Most of vitamin and mineral that usually used in feed production are chemical
component and in mixing method, sometimes those vitamins may not mix with other
component throughout if there is small number of vitamins. Therefore, vitamin always
mixed with some component such as soybean, calcium, grounded husk and grounded
limestone. That compound called premix, which makes all components mix more all

through.

2.1.1.5 Material using as complementary

This material is used for mixing with feed for other reasons not for additional
nutrition. There are 3 types of this material.

1. Starch or Binder

The starch or binder makes feed more consistent to maintain its figure in water so
that fish has more time to consume. Most of starch using in fish feed manufacturing are
protein starch (gluten, gellatin) carbohydrate-starch (corn starch, wheat, rice, molasses)

and synthetic-starch (licnosulphonate, cassava rubber, caragenan, aquabide).
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2. Flavouring material

Flavouring materials were used for making feed more attractive taste and smell.
Most of the traditional flavouring materials are animal such as shrimp flesh, mollus flesh,
fish flesh and other by-product such as fish oil, squid oil, ground squid visceral, ground
shrimp head and shrimp meal.

3. Oxidisation and fungi protecting material

Oxidisation and fungi protecting material are used for preserve fish feed quality
from rancid smell and fungi contaminate. The material that usually fill in fish feed are
chemical agent such as Butylated Hydroxy Toluene (B.H.T.) and Butylated Hydroxy
Anisol (B.H.A.) 0.2% by weight for protected rancid smell and Propinoic acid 0.3% by
weight for protected fungi.

2.1.2 Fish feed production

The fish feed production compose of 4 processes which are decreasing size,
mixing material, compressing and drying

1. Decreasing size

For all big size of feeds should be grinded to have size less than 0.5 ml. (Hastings
and Higgs.1980 cited by Chuapoehuk, 2542). This method may help the starch material
better binding and better digestibile.

2. Feed mixing

Feed mixing is process, which makes all components mix all throughout, first
vitamins and minerals were mixed with other material that makes vitamins and minerals
mix more throughout such alpha starch, cassava powder and ground husk. Feed mixing
process usually use feed mixing machine which can use for wet and dry materials, in case
that the material are too dry 30-40% by weight of water were added, mixed until makes
all components all through.

3. Feed compressing process.

This process was changed form of feed, soft and ground to pellet by pressure, heat
and moisture in feed. Moisture and heat were compressed raw material hold on together,
moisture in feed was lubricated feed components and heat from compressed was changed

plant material to be the sticky component and holding other materials.
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4. Feed drying process

Drying process is made feed have long time to keep by roasted or air-dried to
eliminate moisture.

2.1.3 Fish feed formulation

Feed formulation should be considered nutrition requirement of fishes such as
protein, lipid, carbohydrate, vitamin and mineral. Most of fish feed formulation is widely
divided into 2 types of fish: herbivorous fish and carnivorous fish with different protein
quality. Generally, feed formulation are compounded with more over 2 raw materials for
correct nutrition requirement of fishes (Feed Quality Control and Development Division,
Department of Fisheries, 2541)

Department of Fisheries has the standard for registering aquatic feed for controlled

market-sell aquatic feed by considering nutrition requirement of aquatic animal.
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Table 2.1 The standard of proximate composition of commercial for registering aqua feed
produce in Thailand

Charact Protein Lipid Refuse Moisture
For eristic Size (%) (%) (%) (%)
More than | more than | lower than | lower than
1.Walking catfish

1.1 Fry walking catfish 1-2 week | Powder | Passed through 500 35 5 6 12
olds or length <3 cm. micron sieve >80%

1.2 Fingerling walking catfish 2 | pellet Diameter <2.5 mm. 35 4 6 12
week olds or length 3-5 cm.

1.3 Grow-out walking catfish 1- | pellet Diameter <4.3 mm. 30 4 6 12
3 month olds or length >5 cm.

1.4 Finisher walking catfish >3 | pellet No limited 28 3 8 12
month olds

2.Intensive herbivorous fishes

2.1 Fingerling herbivorous fishes | pellet No limited 28 3 8 12
such as nile tilapia 3-150 g.

2.2 Grow-out herbivorous fishes | pellet No limited 25 3 8 12
such as nile tilapia 150-250 g.

2.3 Finisher herbivorous fishes | pellet No limited 20 3 8 12

such as nile tilapia >250 g.

Feed Quality Control and Development Division Department of Fisheries has

been formulated fishes feed by considering nutrition requirement of fish as following.
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Table 2.2 The sample of herbivorous fish feed formulate

Raw material (% by weight) Formula 1 Formula 2 Formula 3 Formula 4
Fish meal 25.0 10.0 - 12.0
Soybean - - 50.0 23.0
Peanut - 20.0 - -
Sesame - 35.0 - -
Rice bran 10.0 34.0 46.2 40.0
Ground bone - - 3.5 -
Broken rice 62.5 - - 20.0
Horse leucaena leaf - - - 4.0
Salt - 0.3 0.2 -
Di-calsiumphosphate - 0.5 - -
Vitamins and Minerals 4 - 4 +

Note +: with the additional followed the suggestion on container

From :Feed Quality Control and Development, 2541

Table 2.3 The sample of nile tilapia feed formulate

Raw materials% by weight) Formula 1 Formula 2 Formula 3 Formula 4
Fish meal 12.0 5.0 - 8.0
Soybean 43.0 45.5 11.6 28.8
Ground broken rice 39.0 - - -
Corn or broken rice - 30.0 - 59.4
Corn gluten - - 11.6 -
Vegetable or fish oils 1.9 - - -
Rice bran - 17.0 - -
Rape seed - - 19.8 -
Corn starch - - 15.0 -
Corn oil - - 6.0 -
Wheat bran - - 25.0 -
Alpha starch 2.0 2.0 - 2.0
Di-calsiumphosphate 2.0 1.0 - 1.5
Vitamins and Minerals + - + +

Note +: with the additional followed the suggestion on container

From :Feed Quality Control and Development, 2541
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Raw material (% by weight) Formula 1 Formula 2 Formula 3 Formula 4
Trace fish 50.0 - 50.0 49.5
Fish meal 7.0 20.0 17.5 10.0
Soybean 11.0 7.0 17.5 19.0
Peanut - - 17.0 -
Rice bran - - 5.0 -
Wheat bran 29.5 30.5 - 15.5
Wheat starch - - 2.5 -
Water - 40.0 -

Fish’s liver oil - - - 3.0
Squid - - - 1.0
Vitamins and Minerals 4 - + +
Note +: with the additional followed the suggestion on container

From :Feed Quality Controal and Development, 2541

Table 2.5 The sample of walking catfish feed formulate

Raw materials(% by weight) Formula 1 Formula 2 Formula 3 Formula 4
Fish meal 28.0 20.0 18.0 55.0
Soybean meal 23.5 12.0 12.0
Rice bran 10.0 36.0 10.0
Coconut meal 3 20.0 12.0 -
Peanut meal - 10.0 - -
Ground corn 28.5 - - 12.0
Cassava starch - 30.0 12.0 -
Broken rice 10.0 - - -
Ground horse leucaena leaf - - 9.0 -
Ami-ami - 20.0 - -
Di-calsiumphosphate - - - 0.5
Vitamins and Minerals + - + +

Note +: with the additional followed the suggestion on container

From :Feed Quality Control and Development, 2541
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2.2 Protein requirements

The growth in term of increasing of weight and size are indicated by increase of
structural tissue, muscle and bone (Watanabe (1988) ,cited by Lalu, 2003). Quality of diet
for growth are sufficient amount in nutrient and able to be digested and absorbed for
providing enery and substrate for growth of aquatic animals. The parameters are used to
determine the value of feed for providing the necessary energy for growth include feed
efficency rate, protein efficency rate and net protein utilization. Protein is main essential
nutrient for maintaining life and promoting organs building for growth and health.

Protein is the principle constituent of the tissues and organs of the aquatic animal
bodies and also of other nitrogen compounds such as, nucleic acid, enzymes, hormones,
vitamins and minerals, continuous supply is required in the food for growth and repair of
decomposed tissue protein. The optimal dietary protein level is also affected by the
digestibility of the dietary protein and the nature of the non-protein energy source in the
diets (De Silva and Anderson, 1995 cited by Lalu, 2003) .

Protein is a complex molecular consists of carbon (50-55%), hydrogen (5-7%) and
oxygen (20-25%) in common with the lipid and carbohydrate (Chuapoehuk, 2542).
Quality of protein in diets are different by the quality and quantity of animo acid and
other bioavailability. The high quality protein for animal are refer to useable protein in
feed that consistent with the amino acid requirement in animal (Vorrajandra and
Sittikripong, 2539).

The amino acid requirement in fish is 10 indispensable amino acids such as
argenine, histidine, isoleucine, methionine, phenylalanine, threonine, tryptophan and
valine and 9 dispensable amino acids such as alanine, sapatic acid, cystine, glutamic acid,
hydroxyproline, proline, sarine and tyrosine (Chuapoehuk, 2542).

The demand of dietary protein is higher during the larval and fingerling stages
(<10cm.) because it is believed that the protein and evergy requirements on a unit mass
basis are higher in the early stages of life and the highest on relative weight gain (specific
growth) is achieved in the fingerling stage. It is important to ensure the full growth
potential is realized during this stage of development for all culture systems. The highest
protein requirements in the initial feeding of fry and decrease as fish increase (De Silva

and Anderson, 1995 cited by Lalu, 2003).
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Balance of amino acids are effected to protein quality especially (Vorrajandra and

Sittikripong, 2539), but amino acids requirement are depended on type, size and age.

Ogino (1980) (cited by Vuttipanchai, 2537) reported that amino acid balance of fish could

estimated by analyzed and calculated from the whole amino acid in promptly killed fish

following the principle that the whole amino acid of fish are fish requirement according

to table 2.6

Table 2.6 The amino acid requirement of fishes

Indispensable amino acid

Essential Amino Acid (EAA) (% amino in protein)

I

Carp Canel catfish” Japaness eel” Chinook salmon”
Arginine 43 43 3.9 6.0
Histidine 2.1 1.5 1.9 1.8
Isoleucine 2.5 2.6 3.6 2.2
Leucine 43 3.5 4.8 3.9
Lysine 5.7 5.0 4.8 5.0
Methionine (+ Cystine) 4.1 3 24 4.0
Phenylalanine (+Tyrosine) 6.3 5.0 2.9 4.1
Threonine 3.9 2.2 3.6 22
Tryptophan 0.8 0.5 1.0 0.5
Valine 2.9 3.0 3.6 33

Note: 'Ogino, 1980 cited by Sarmwatanakul and Bamrongtum 2000

*Vuttipanchai, 2537

The imamino acid balance in feed are effected growth and feed consumption ,

because of the low level of in dispensable amino acids in blood are reduced other amino

acid and are excreted that interfered protein synthesis in liver (Srisakul and Ronnachai,

2539).
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2.2.2 Relation of protein and energy sources in fish feed

Carbohydrate and lipid are used as source of energy and oil- solutble vitamin, hold
the feed materials togher, and reduce the rate at which a feed will dissolve in water. A
good binder will minimize wastage of feed. The presence of some carbohydrates and lipid
may also enhance the texture and palatability of feeds formulation. Dietary energy
sources are important for normal growth, development, that was obtain from carbohydrate,
lipid and protein. 1 gram of carbohydrate, lipid and protein was carried 2 kcal., 8kcal.
and 4 kcal. respectively. Under the condition where energy intake is inadequate, dietary
protein are used as an energy source. Cowey (1978) cited by Das et al., (1984) observed
that unless sufficient dietary protein is wasteful and stresses the animal while excress
energy means more fatty fish. Thus optimum protein to energy (P/E) ratio in diet is very

important to maintain fish quality and to reduce dietary cost.

2.3 Feather meal
Feather meal are the by-product from poultry processing industry, may be utilized

for fish feed. (Tsang et al., 1963 cited by Sinchermsiri et al/.,1992) An average
composition is 81% protein, lipid 3.45%, fiber 1.4%, calcium 0.57% and phosphorus
0.31%. Sinchermsiri et al.,1992 reported that feather meal produce in Thailand have
estimate digestible dry matter 84.60-90.53%, digestible protein 27.83-64.75%, and have

nearly indispensable amino acid to soy bean meal and fish meal according to table 1.1

2.3.1 Feather meal production process

Protein in feathers is complex protein, which broken down by hydrolysis to make
them digestible. Most of production have similar principle, after collection from
processing plant then washed with water, after that wet-cooked for hydrolysis under
pressure and then dired, after that ground (Pongpiajun, 2539). Different process resulted
to the quality of feather meal.
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100 1b Broilers 151b water added

Slaughter plant Slaughter

22 1b Wet fathers
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Drying in cooker

Cooker 25% yield —P waste gas,

55 1b feather meal (25%)
0.4 1b water (8%)

0.06 1b fat (1%)

5.0 1b solid (91%)

Grinder

5.5 1b feather meal(25%)
0.4 Ib water (8%)

0.2 1b fat(3%)

4.9 1b solid (89%)

4.7 1b protein (85%)

0.2 Ib fiber and ash (4%)

16.5 Ib waste

Final drying in dryer

waste gas—— Cooker 46.5% yield
11.8 1b water

waste gas,
4.7 1b water

4_

10.2 1b water (46.4%)
5.2 1b water (50.5%)
0.06 1b fat (0.6%)

5.0 1b solid (48.9%)

Dryer 54% yield

5.5 1b feather meal(25%)
0.4 1b water (8%)

0.06 1b fat(1%)

5.0 1b solid (91%)

Grinder

58
0.4
0.2
4.9
4.7
0.2

Ib feather meal(25%)
Ib water (8%)

Ib fat (3%)

1b solid (89%)

Ib protein (85%)

Ib fiber and ash (4%)

Figure 2-1 Broiler feather by-product processing (Lortscher et al.,1957)
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Dried feathers before streamed at pressure 35 pound / inch? for 1 hour. The feather
are then dried and then ground. Feather meal from the process, in animal feed, have better
growth than other processes (Sullivan and Stephenson, 1957 cited by Pongpiajun, 2539)

Streamed at pressure 50 pound / inch® 30-40 minutes, dried and ground (Tsang et
al., 1963 cited by Pongpiajun, 2539)

Streamed at pressure 30 pound / inch” at 134°C for 2-5 hours, dried by oven at
60°C after that ground (McCasland and Richardsom, cited by Pongpiajun, 2539)

Streamed feather at pressure 40-50 pound / inch?, stired 1 minute every 2 minutes
for 30-60 minutes, dried by oven and ground. Feather meal from this process has better
quality than feather meal that streamed at pressure 50 pound / inch®. Staired feather, while
dried by oven resulting in higher net protein and higher lysine, methionine and histidine

(Moriss and Balloun, 1973. cited by Pongpiajun, 2539)

2.3.2 Feather meal nutrition for using in animal feed

Feather meal were composed of 80% complex protein (kelatin), which have a lot

of sulfide bound from cysteine resulting in hard digested by fish (Yaowapak and
Wongkaew, 1996) but from pepsin enzyme digestion found that feather meal have >

75% digestable protein and 60% total protein in feather meal.
Quantity of digestable protein from feather meal, soybean meal, uria and cotton
seed meal have no significant difference (Punsri, 1987; Punsri et al., 1987; and

Aderibigbe and Church, 1983 (cited by Punsri P, 1994).

A suitable partial feather meal replacement fish meal in animal feeds not effeced,
but using for only one protein source in feed must be supplemented with some amino acid

(Punsri, 1994, Yaowapak and Wongkaew, 1996).

The imamino acid balance of feather meal for using in fish feed, which compare
with fish meal some indispensable amino acid can replaced by dispensable such as
methionine (indispensable amino acid) that are composed of sulfer as cystine (dispensable
amino acid). In fishes, 2 parts of cystine can replace 1 part of methionine also have no

effeced in growth (Setasitti et al., 2527)
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2.4 Fermentation

Fermentation is chemical changing from metabolism of microorganism in
complex organic compound; products of metabolism are deffered by microorganism

reaction (Jarernjiratrakul, 2539).

2.4.1 Chemical changing protein compound during fermentation

Protein compounds are hydrolyzed by enzyme from self-digestion and
microorganism to be poly-peptide, peptide or amino acid under sufficiently oxygen
condition before used as nitrogen source. Unsufficiently oxygen condition will produced
ammonia, amine, indose, skatal, fatty acid and sulfer compounds that resulting in rank
smell (Jarernjiratrakul, 2539).

Protein hydrolyzation found in metabolism of fungi such as Aspergillus, Rhizopus

and bacteria such as Clostidium, Bacillus, Pseudomonas and Proteus (Kungsuwan et al.,

1996).

2.4.2 Fermentation in feathers

Feathers under optimum condition ( room temperature and moisture more than
20%) was digested by Keratinophillip microorganism such as Thrichophyton sp.,
Aspergillus sp., Rhizopus sp. and certain bacteria such as Bacillus sp. Kellatiaophillic and

Certain bacteria generally found in soil, animal skin (Michale, 2001).
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2.5 Traditional cultured freshwater fish

In Thailand, the traditional freshwater fishes cultured are devided by characteristic
into 2 groups as follwing.
1. Herbivorus fishes such as Nile tilapia, Snakeskin guarami, Striped catfish, Mud
carp and Giant guarami.
2.Canivorus fishes such as Walking catfish, Snakehead, Sea bass, Spotted
featherback and Sand goby.

2.5.1 Nile titapia (Oreochromis nilotica)

The nile tilapia is one of the genus Oreochromis of the family cichlidae that is
widely distribution in Africa region from Sudan, Jordan, tilapia live in freshwater such as
streams, lakes, ponds and canals. General characteristic as follow: Body rounded, depress,
length from snout to tail was 3 times of high, 4 rows small scale on operculum, upper and
lower lips were same level. Dorsal and anal fins with many spine and soft rays, pectoral
fin rounded. Color either were
brown / green with 9-10 striped ,white spots and bar on fin (Department of Fisheries,
2545).

The protein requirement of nile tilapia were differed by age, fry tilapia (weight <1
g.) require 40-50% protein in diet, sub-adult tilapia (weight 1-10 g.) require 28-35%
protein in diet, adult tilapia (weight >30 g.) require 28-30% protein in diet. In present
days, tilapia pond culture were divided into 4 types (Chuapoehuk, 2542) .

One generation culture same size of fry tilapia.In 6-12 months the fish reach the market
size,all of fishes were harvested.

1. Several generation cultures in same pond. Only market size tilapia were

harvested.

2. Polyculture with other fish such as striped catfish, common silver barb and
other carnivorus fishes that for eliminate unwanted tilapia fry such as
snakehead fish, spotted featherback fish.

3. Monosexual tilapia culture, result of tilapia mature at early ageand reproduce
proficially, the presence of both sexesin the culture system often causes

overpopulation at the latter part of the production season. Being the mouth
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brooder, female tilapia normally grow much more slowly than male once they
become sexually mature.

Mono culture tilapia in pond should have size ranged from 0.5-3.0 rais, and
should have several ponds for continuous harvesting. Before using pond should
eliminated pond weed and other carnivorous animals such as fishes, amphibian, reptile.3-
5 cm. tilapia fry were stocked in pond at 1-3 fish/m.> The diets should be fed 5% by-wight
of fish and there are some suggetion to filled other cabohydrate feed such as broken rice
(fed 5% by-wight of fish) and weed such as duck weed, water hyasinth and natural
fertilizer such as manure for produce the natural feed (phytoplankton, insect larva). The
product from this culture were mean weight 500 g.and were harvested at 5-6 months of

culture (Department of Fisheries, 2545).

2.5.2 Walking catfish (Clarias sp.)

The walking catfish is one of the genus Clarias of the family clariidae that is
widely distribution in Southern Asia region to South Easthern Asia region from India
Mianmar Veitnam Thailand and Malaysia, walking fish live in freshwater such as lakes,
ponds and irrigation ditches .General characteristic as follow: Body elongate, ell like,
scaleless, 8 barbels around terminal mouth, upper lip longer than lower lip, with
abolescent organ in skull. Dorsal and anal fins with many soft rays, pectoral fin rounded
with Ispine. Color either were brown / grey with or without white spots on body and fin
(Department of Fisheries, 2545).

Traditional walking catfish (Clarias family) that was culture in Thailand are as
followed:

1. Clarias macrocephalus Gunther

2. Clarias batrachus Linnaeus

3. Clarias gariepynus

4. Hybrid of Clarias gariepynus x Clarias macrocephalus

The protein requirement of walking catfish were differed by age, fry walking
catfish (length 2-4 cm.) require 35-40% protein in diet, walking catfish (lenght 5-6 cm.)
require 25-30% protein in diet, adult (breeding-mature) walking catfish require 28-32%
protein in diet (Chuapoehuk, 2542).

In present days, walking catfish could be culture in concrete tank and pond. The

water level of culture in pond was depth ranged 1.2-1.5 m.In concrete tank walking
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catfish fry were stocked in pond at 50-70 fish/m.%, and in pond should eliminated pond
weed and other carnivorous animals such as fishes, amphibian, reptile. Walking catfish
fry (2-3cm.) were stocked in pond at 40-100 fish/m*. The wet-diets should be fed 3-7%
by-wight of fish and then partial turn to artifichial feed and there are some suggetion to
added trashfish or other animal parts. The product from this culture were mean weight

300-400 g.and totally product are 5-12 ton/rai (Department of fisheries, 2545).

2.6 Relevant research

Punsri (1991) reported that the digestibility and growth performance of wether
sheep averaging 30 kg. fed with a 3 experimental diets; feather meal (HFM), soybean
meal (SBM) and urea diet (U). Crude protein digestibility was signigicantly less for HFM
(76.85%) diet than those for SBM (84.92%) and U (88.75%) diets (P<0.05). Crude fiber
digestibilty in HFM (65.06%) diet was significantly greater than SBM (58.02%) and U
(40.76%) diets (P<0.05). Nitrogen retention and biological value were signigicantly
higher for animal fed on HFM diet comparing with SBM and U diets (P<0.05). The
results indicated that feather meal was more achieved as a nitrogen source for sheep
production.

Punsri (1991) reported that feather meal from different processes; common
steamed feather meal (CHFM), autoclaved 45 minutes feather meal (HFM-45) and
autoclaved 90 minutes feather meal (HFM-90) in native goat diet. Urea was supposed as
a control diet. Crude protein digestibillity was significantly less for CHFM than those
with HFM-45, HFM-90 and U diets (P<0.05). Average daily gain per day was
significantly higher for HFM-45 and HFM-90 than those with CHFM and U diets. It was
evidenced that the processing method could be effective protein utilization in ruminants.
In addition HFM-45 was considerably greater utilized as a protein source for ruminants
comparing with the other processing methods of feather meal.

Langar and Metailler (1989) studied on the replacement of fish meal by blood
meal, hydrolyzed feather meal and meat meal in sea bass (Dicentrarchus labrax) diets.
The results were presented of experienments: specific growht rate, feed conversion,

protein efficiency ration, and protein utilization coefficient were used to estimate the food



Ek Rakyuttithamkul Literature Review / 22

quality. Findings showed meat meal at a level allowing 30% of dietary crude protein in
complement of fish meal to be promising for cultured sea bass diets.

Fowler (1990) studied on the usage feather meal in juvenile fall chinook salmon
(Oncorhynchus tshawytscha) diets, feather meal was substituted at levels of 0, 5 and 15%
for portions of the fish meal in the diet (protein 45% and DE 3,880kcal/kg.diet). Weight
gains and condition factors of the fish did not differ at the end of the experiment. Fill
ATPase activity began increasing after 16 weeks of feeding and was highest in the fish
fed the diet with 15% feather meal. Plasma thyroxine levels peaked before the increase in
ATPase; fish fed diets with no feather meal maintained higher levels after peaking than
did the other two diet groups. Regulation of plasma sodium levels after a seawater
challenge was best in May. Starvation for 1-3 weeks adversely affected ATPase,
thyroxine, plasma sodium regulation, and condition factor.

Shearer and Hardy (1987) studied on combination feather meal with whole Pacific
hake (Merluccius productus) and hake filler scrap were ground, heated to accelerate
enzymatic hydrolysis, and acidified to prevent microbial degradation. Half of the fillet
scrap was screened to reduce the bone content of the product. After 10 d of storage, the
liquefied products were combined with feather meal and dried. The dried products
replaced fish meal in practical diets. Significant reductions in plasma phosphorus and
whole-body and vertebral calcium, phosphorus, and magnesium concentrations were
found in rainbow trout fed the diet containing the deboned fillet scrap, while fish fed a
phosphorus-supplemented diet had levels similar to fish fed the diets containing whole
fish. Plasma alkaline phosphatase activity was unaffected by diet. Rainbow trout fed a
diet containing unscreened fillet scrap were similar in all respects to fish fed a diet
containing while fish.

Hardy et al., (1984) studied on the nutrition of co-dried fish silage in rainbow
trout (Salmo gairdneri) dry diet. The feed ingredients containing fish silage and liquided
fish made from ground, whole Pacific whiting and co-dried in vacuum dryer with mixture
of soybean meal and feather meal to facilitate drying were prepared. An additional batch
of fish silage was co-dried with the other dry ingridents in diet formulation that was used,
Abernathy diet S8-1. fish meal, made by vacuum drying Pacfic whiting, was used in the
control diet. Co-dried fish meal, made by the co-drying Pacfic whiting with a soybean

meal —feather meal mixture . Fish meal was entirely replaced by the co-dried products in
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the experimental diets, which were fed to rainbow trout (Sa/mo gairdneri) for 32 weeks.
The best growth and food conversion value were obtained by feeding the fish meal diet or
diet in which the fish meal was replaced with co-dried liquefied fish. No significant
differences in the final weight were found between trout fed diets containing co-dried fish
meal or co-dried fish silage (fish products were 25% of the diets), but these fish were
significantly smaller than fish fed the fish meal control or the co-dried liquefied fish diets.
Reducing the fish silage to 12.5% or increasing to 50% futher reduced weight gains in the
trout. Food conversion values, protein efficiency ratio and net protein utilization value
generally followed the same trends between diets as did the final weight values. Apparent
digestibility coefficients for the co-dried products were lower than for the fish meal,
possibly because they obtained soybean meal-feather meal mixtures. Organoleptic
properties of the fish were not affected by diet.

Wiesmann et al., (1988) studied on water pollution with phosphorus of dietary
origin. The analysis of water entering and leaving nine commercial trout (Salmo
gairdneri) farms at three times during summer showed that concentrations of ortho-
phosphate in the water may increase substantially during passage throught the farm.
Growth rates and conversion ratios were not impaired concentrations of semi-purified
trout diets were reduced from about 10 to about 4 g per kg dry matter. It may thus be
practical to limit P concentrations of trout feed to less than 10 g/kg. Economically
attractive performance and comparatively little pollution with phosphorus may result
from a feed containing 30% low-ash fish meal, 20% hydrolysed feather meal, 37%
hydrolysed wheat and 11% fat.

Wiesmann (1986) studied on combination feather meal with different wheat and
corn cereals as feed for rainbow trout (Salmo gairdneri). Corn starch substituted by casein,
hydrolized feather meal or hydrolized wheat was found to increase the growth in case of
controlled ad libidum feeding. With increased casein ratios, trout reached 300 g market
size within approximatedly equals 120 days, instead of 178 days with the corn starch diet.
With increasing raw protein content of the feed the energy utilization also increased.
Contrarily, the protein conversion reached a maximum at 35% raw protein content.

Hilge (1984) studied on different protein sources in diets.Four freshwater fish
species (Cyprinus carpio, Silurus glanis, Ictalurus punctatus, and Tinca tinca) were used

for experiments on feeding, growth, food utilization and body composition. Two series of
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9 rations each with similar, graduated raw protein and raw fat levels, but of different
protein sources served as experimental feeds. The optimum protein level for carp and the
European catfish is between 40 and 50%, while the raw fat level is near 13-14% for carp,
but below 10% for the catfish. The latter exhibits the same or even better growth when
50% of a fish meal — feather meal — poultry by product meal mixture is replaced by field
bean/corn gluten meal or by whey 25-28 degree C are the most favourable range for
growth of the European catfish. In the American and the European catfish the edible part
is about 50% of the total body weight.

Viola and Zohar (1984) studied on different protein levels in diet in nile tilapia
protein levels of 25%, 30%, 35% were tested in three series of pond trials with hybrid
tilapia (Oreochromis). Growth rates and feed conversions were not significantly different
in the first series. In the two later series growth rates were increased significantly for the
30% ratio. The 35% ratio excelled significantly in summer only. Body fat was found to
increase toward autumn and also with the size of fish. Poultry meal, “Proteen” and
cottonseed meal as replacements for 10% fishmeal sustained growth at an equal rate.
Feather meal at this level of replacement reduced growth by 7%. Urea reduced growth
proportionately to its rate of inclusion and apparently was utilized very little, if at all.

Markert et al., (1984) studied on different protein sources in dry diets (less than or
equal to 10% moisture) rather than Oregon moist pellets (OMP; 30% moisture) for coho
salmon culture in B.C. hatcheries, juvenile coho salmon Oncorhynchus kisutch of about
2.4 g initial wet weight were fed one of two West Vancouver Laboratory dry diets (WV
diets) or OMP at one of two raion levels for 301 days. The WV diets contained 25 (WV1)
or 50 (WV2) % of dietary protein from a mixture of poutry-by-product meal and feather
meal by replacement of herring meal. All diets had similar protein and metabolizable
energy contents. It was concluded that there was high potential for using dry diets in coho
salmon culture provided that the available levels and balance of nutrients in dry diets
were similar to those in OMP and good diet manufacturing practices were employed.

Schulz et al.,(1982) studied the substitution with the combination of blood-feather
meal in rainbow trout (Sal/mo gairdneri). The rainbow trout were given feed combinations
where casein-gelatine-protein (75:25) of a standard diet was gradually replaced by blood-
feathermeal-protien (50:50) (1/3, 2/3 and 3/3 substitution). All groups of rainbow trout

reached nearly two to three time increase of the initial body weight of 23 g. Using the
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standard diet a feed efficiency of 0.86 (PER=2.33) on an average was reached with the
feed mixture containing 100 percent blood meal-feather meal-protein a feed efficiency of
1.62 (PER=1.24) was attained. No pathological changes of any organs were detected. The
quite impressive efficiency rates of blood meal and feather meal providing 1/3 or 2/3 of
the total protein in the standard diet (feed efficiency 0.89 and 1.03; PER 2.25 and 1.94)
show the suitability of these products of animal origin as components for rainbow trout
diets.

Kikuchi et al., (1994)(cited by Somserb; Boonyaratpalin, 2001) reported that the
replacement percentage of fish meal by 0, 12, 25, 37 and 50% feather meal with addition
amino acid trytptophan 0.3%, metionine 0.5%, lysinel.0% and histidine 0.3% resulted
hematocrit, glucose and calcium were not significantly different from control.

Somsueb; Boonyaratpalin (2001) reported that walking catfish (Clarias sp.) fed
with diet containing 0-5% feather meal had better (P<0.01) weight gain than fish fed with
diet containing 7.5-10% feather meal. The amount of feed consumed by fish fed with diet
containing 7.5-10% feather meal diet was significantly lower than fish fed with diet
containing 0-5% feather meal (p<0.05). Protein consumed, feed conversion ratio and
protein effiency ratio were better in fish fed with diet containing 0-5% feather meal than
fish fed with diet containing 7.5-10% feather meal (P<0.01). Apparent net protein
retention in fish fed with diet containing 0-5% feather meal were higher than fish fed with
diet containing 7.5-10% feather meal (P<0.05).Protein digestibility of feather meal by
hybrid catfish was 79.38%.The survival rate and body composition of fish were not
significantly different (P>0.05) in all treatments. This study suggested that the maximum

dietary feather meal level for hybrid clarias is 5%
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CHAPTER I1I
MATERIALS AND METHODS

The study on replacement of fermented feather meal in for fish meal in fish were
investigated on fish feed production process, fish culture, feed quality, growth and feed
effiency. The research was conducted at experimental unit of Feed Quality Control and
Development Division Department of Fisheries at Pranakornsri Ayutthaya province.
Experimental result was analysed at Laboratory of Feed Quality Control and
Development Division, Department of Fisheries. Blood samples were sent to Blood
Research Unit of Ramathibodi hospital for analysed Tyroxin hormone and Triiodotyonine

(T4, T3).

3.1 Experimental planing

The experimental was divide into 2 types of fish, each fish had 5 treatments. Each
treatment was feed with different diets that were formulated from pratrical ingredients
with 0, 25, 50, 75 and 100% of fermented feather meal replaced fish meal. The diets were
isontrogenous (30%) and isocalorics (400kcal GE/100g. diet). Experimental fishes were
fed with experimental diets in 120 liters glass aquarium with close flow though systems
with aeration, and then experimental diets and fishes sample were collected for

composition analyzed. The formula of experimental diets were shown in table 3.1.
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Table3.1 Experimental diet formula of nile tilapia

Diet formula and percentage of fermented feather meal replacement of fish meal
Raw material Formulal. Formula 2. Formula 3. Formula 4. Formula 5.
(0%) (25%) (50%) (75%) (100%)

Fish meal 25 18.75 12.5 6.25 -
Feather meal - 4.4 8.8 13.3 17.7
Soybean meal 30 30 30 30 30
Ground rice broken 15 15 15 15 15
Cassava powder 10 10 10 10 10
Alpha starch 6 6 6 6 6
Vegetable oil 1.3 1.3 1.3 1.3 1.3
Fish oil 1.0 1.4 1.9 2.3 2.7
Lard - 0.4 0.6 0.9 1.6
Di-calcium phosphate 1.53 1.43 1.63 1.96 2.24
Vitamins & minerals 2 2 2 2 2
Ground husk 7.67 8.82 9.77 10.49 10.96
Yeast cake 0.5 0.5 0.5 0.5 0.5

Note: Five diets were formulated to contain 30% crude protein and Gross energy 400kcal/100g.diet
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Table3.2 Experimental diet formula of walking cat fish
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Diet formula and percentage of fermented feather meal replacement of fish meal

Raw material Formulal. Formula 2. Formula 3. Formula 4. Formula 5.
(0%) (25%) (50%) (75%) (100%)

Fish meal 25 18.75 12.5 6.25 -
Feather meal - 4.4 8.8 133 17.7
Soybean meal 30 30 30 30 30
Ground rice broken 15 15 15 15 15
Cassava powder 10 10 10 10 10
Alpha starch 6 6 6 6 6
Vegetable oil 1.3 1.3 1.3 1.3 1.3
Fish oil 1.0 1.4 1.9 2.3 2.7
Lard - 0.4 0.6 0.9 1.6
Di-calcium phosphate 0.92 0.78 1.11 1.34 1.63
Vitamins & minerals 2 2 2 2 2
Ground husk 8.28 9.47 10.29 11.11 11.57
Yeast cake 0.5 0.5 0.5 0.5 0.5

Note: Five diets were formulated to contain 30% crude protein and gross energy 400kcal/100g.diet

3.2 Experimental procedure

The study was divided into 4 parts.

3.2.1 Production of experimental diet that using fermented feather meal, and fish

meal for protein source.

3.2.2 Experimental fish culture

3.2.3 Nutrition analysis of experimental diets.

3.2.4 Nutrition analysis of experimental fish was fed with experimental diets.




Fac. Of Grad. Studies,Mahidol Univ. M.Sc.(Apporo Techn For Resou and Env Dev) / 29

3.2.1 Production of experimental diet that using fermented feather meal, and
fish meal for protein source.
Preparing fermented feather meal and mixing other raw matrial as followed
1. Ferment feather meal with yeast cake and cassava powder (x %:0.5%:10% ( x
= percentage of feather meal in feed formula)) and then add 30% water (by weight),
staired every 4 hours for air transfer, fermented for 48 hours.
2. Formulate 5 experimental diets that contained 30% protein and 400 kcal
GE/100 g. diet.
Formula 1 100% fish meal : 0% fermented feather meal as feed control
Formula 2 75% fish meal : 25% fermented feather meal
Formula 3 50% fish meal : 50% fermented feather meal
Formula 4 25% fish meal : 75% fermented feather meal

Formula5 0% fish meal :100% fermented feather meal

Mixed raw materials in table 3.1 and 3.2 in homogenous mixture, and then
adding oil. Subsequently, water around 30% was added to dry mixture and blened until it
becomes dough like paste.

3. Moist feed mixture were passed through a meat grinder with die size of 3 mm.
and dried in open air then broken into small crumble. Dried pellet diets were stored in

airtight plastic bags at -4 °C

Figure 3-1 Raw materials were mixed in a meat grinder
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Figure 3-3 Feed were dried in open air
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3.2.2 Experimental fish culture

1. Nile tilapia (hormonal treated) recived from private company with average
weight 120 £ 5 gram were weaned to experimental diets about 7 days period before the
start of the feeding trial.

2. 20 fishes were randomly sampled, stocked individual in 120 liters glass
aquarium with close flow through systems and aeration. Fish was fed 2 times a day at
9.00 and 16.00 until stop eating. Leftover diets were collected by siphonation, dried and
weighed and then minus from eaten diet weight every 2 weeks.

3. Fishes were counted and weighed every 2 weeks. Diets were not fed on
morning period of weighing day.

4. Observation of water quality in the tank was conducted. Temperature was
measured every day at 9.00 where as dissolved oxygen (DO) by titration method, pH by
pH meter, Alkalinity by titration method, Hardness by EDTA titration method, Dissolved
Ammonia by Indophel Blue Colorimetry method.

5. At the end of experiment, 3 fishes of each treatment were randomly sampled for
analyses carcass composition and collected 3 ml. blood for analyse level of thyroxin
hormone (T4) and triiodotyonine (T3) in blood, which were presented of thyroid activity
of fish and assume that thyroid activity of fish were caused from obtain low quality
dietary protein.

Repeat the experiment by changing nile tilapia to hybrid walking catfish (Clarias

macrocephalus x Clarias gariepinus) with initial mean weight 70 = 5 g.

Figure 3-4 Experimental fish culture
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Figure 3-5 Weighing of experimental fishes

3.2.3 Nutrition analysis of experimental diets.

Diets were randomly sampled, dried, blended in size that passed 200 micron mesh

sieve Subsequently homogenize and then stared in airtight containers at 18 °C until

analyzed. (Setasitti, 2527).(Appendix B)

YR L N

Crude Protein by Kjeldahl Nitrogen.

Crude Lipid by Ether Extraction

Total Ash by Muffle Furnace Combustion

Crude Fiber by Weede Method

Carbohydrate by NFE equation

NFE = 100 — ( % moisture - % protein + % lipid % ash 1% fiber )
Gross Energy as follows.

GE= (% NFE x 4.11 )+( % protein x 5.64 )+( % lipid x 9.44 )
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3.2.4 Nutrition analysis of experimental fish was fed with experimental diets.

Fish growth and feed utilization of this experiment were evaluated every two
weeks and at the end of all experiments as following (Tinnungwatana and Viputhanumas .,
2000, Jantrarotai et al., 1996, Somsueb and Boonyaratpalin , 2001 and Chuapoechuk,
2542)

1. Percentage of weight gain (%)
= (Mean final fish weight — Mean initial fish weight)x 100

Mean initial fish weight
2. Daily mean weight gain or average daily gain (g/ind/day)
= (Mean final fish weight — Mean initial fish weight)/culture period(day)
3. Survival rate (%) = (Final number of fish/ Initial number of fish) x 100

4. Feed conversion ratio (FCR)= Total feed consumed/Increase mass fish

5. Protein effiency ratio (PER)
= Increasing weight inmass fish / Protein intake in diet

6. Apparent net protein retention (ANRP) = {[(W; x %P;)-(Wy x %P,)]/P}x 100
W, =Mean final fish weight (g.)
Wy = Mean initial fish weight (g.)

P = Protein intake in diet
P, =Final percentage of protein in fish
P, =Initial percentage of protein in fish
7. Protein intake = Quantity of diet consumption x % Protein in diet
8. Carcass composition of fishes at the beginning and the end of experiment were
observed on crude protein, crude lipid and crude fiber content as following (Appendix B)
1. Crude Protein by Kjeldahl Nitrogen.
2. Crude Lipid by Ether Extraction
3. Crude Fiber by Weede Method
9. The level of thyroxin hormone (T4) and triiodotyonine (T3) in blood of fishes
were evaluated at the end of all experiments by collect blood from the caudal vein of

three fishes from each treatment around 3 ml. and sent to Blood Research Unit of
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Ramathibodi Hospital for analysed Tyroxin hormone and Triiodotyonine (T4, T3) to
search for unusual thyroid activity, which effected to growth and metabolism. Thyroid
activity were depressed by low protein and low calories diets (Higg and Eales, 1979 cited
by Fowler, 1990) and Plasma T4 is affected by type of dietary lipid (Leatherland et al.,
1977 cited by Fowler, 1990).

3.3 Data collections and analystical methods.

Experimental data were collected and assigned in ANOVA (Analysis of Valiance)
with 5 treatments and 3 replications in each treatment. The DMRT (Duncan's Multiple
range Test) were used to determine the differences between the treatment means. The
alphabetical mutations a, b, ¢, d, e, f ) were used to mark the differences at significant

level of an alpha 0.05. All data were analyzed by using a SPSS program.
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CHAPTER 1V
RESULTS

The study of utilization fermented feather meal replacement of fish meal for
protein source in fish feed was conducted for 12 weeks in nile tilapia (Oreochromis
nilotica) and for 8§ weeks in walking catfish (Clarias sp.). This experiment was studied for
evaluated the effect of totally and partially replacement fermented feather meal of fish
meal in fish feed on fish feed quality, growth and feed utilization. The results of this study
were presented as following.

4.1 Quality of experimental diets.

4.2 Growth and feed efficiency

4.3 Water quality in the experimental

4.4 Cost of experimental diets
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4.1 Quality of experimental diets.

4.1.1 Physical characteristic of experimental diets

All diets had same characters that cylindrical 3 mm. diameter, 5 — 10 mm. length,
light- brown, breakable by fingers, suddenly sink in aquarium and stand in water about 5
— 8 minuets.

4.1.2 Composition of experimental diet

1. Tilapia experimental diet

From analyses proximate composition of experimental diets containing fermented

feather meal substituted for fish meal in nile tilapia was presented in Table 4.1

Table 4.1 Proximate composition of nile tilapia experimental diet with different ratio

fermented feather meal replacement of fish meal

Proximate Formula 1 |Formula2 | Formula3 |Formula4 | Formula5 | Commercial feed
analyses (30% protein)

Protein (%) 29.51 30.38 29.05 29.73 28.48 30

Lipid (%) 3.48 4.27 4.64 4.81 5.77 >4

Fiber (%) 591 5.99 6.42 6.65 6.94 <6

Ash (%) 10.44 9.10 7.73 6.71 5.35 -
Moisture (%) 15.10 12.94 15.18 14.19 16.15 <12

Gross Energy 345 365 359 368 368 -
(kcal/100g.diet)

According toTable 4.1 the contents of crude protein in the experimental diet 1, 2,
3,4 and 5 were 29.51%, 30.38%, 29.05%, 29.73% and 28.48% respectively. The crude
lipid in the experimental diet 1, 2, 3, 4 and 5 were 3.48%, 4.27%, 4.64%, 4.81% and
5.77% respectively. The fiber in the experimental diet 1, 2, 3, 4 and 5 were 5.91%, 5.99%,
6.42%, 6.65% and 6.94% respectively. The gross energy of the experimental dietl, 2, 3, 4
and 5 were 345, 365, 355, 368 and 368 kcal/100 g. diet respectively.
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2. Walking cat fish experimental diet
From analyses proximate composition of experimental diets containing fermented

feather meal substituted for fish meal in nile tilapia was presented in Table 4.2

Table 4.2 Proximate composition of walking catfish experimental diet with different ratio

fermented feather meal replacement of fish meal

Proximate Formula 1 |Formula2 | Formula3 |Formula4 | Formula5 | Commercial feed
analyses (30% protein)
Protein (%) 31.17 30.40 31.35 31.36 31.18 30
Lipid (%) 2.86 4.70 5.18 5.59 6.23 >4
Fiber (%) 6.51 5.80 6.35 6.89 6.92 <6
Ash (%) 11.38 9.41 8.65 7.35 6.29 -
Moisture (%) 9.61 11.44 9.78 8.61 8.32 <12
Gross Energy 365 373 385 395 403 -
(kcal/100g.diet)

According to Table 4.2 the contents of crude protein in the experimental diet 1, 2,
3,4 and 5 were 31.17%, 30.40%, 31.35%, 31.36% and 31.18% respectively. The crude
lipid in the experimental diet 1, 2, 3, 4 and 5 were 2.86%, 4.70%, 5.18%, 5.59% and
6.23% respectively. The fiber in the experimental diet 1, 2, 3, 4 and 5 were 6.51%, 9.41%,
8.65%, 7.35% and 6.29% respectively. The gross energy of the experimental dietl, 2, 3, 4
and 5 were 365, 373, 385, 395 and 403 kcal/100 g. diet respectively.
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4.2 Growth and feed efficiency

4.2.1 Nile tilapia

1) Average weight of nile tilapia throughout the experimental

Results / 38

At the beginning, average initial weight ranged from 122.81 to 123.68 g. The

significantly difference of average weight was begun at week 10™ of the experiment. The

fish fed with dietl and 2 were significantly higher than other experiment (P<0.05) and at

the end of the experimental period (week 12 ™), the average final weight ranged from

192.08 to 224.08 g. The fish fed with diet 1, 2 and 3 were significantly higher than other

experimental (P<0.05). The average weight of nile tilapia during the experimental period

of 12 weeks was presented in

table 4.3 and figure 4-1.

Table 4.3 Average weight of nile tilapia that fed with different diet every 2 weeks

throughout the experiment

Average weight (g.)
Time Fishmeal100%+ | Fishmeal 75%+ Fishmeal 50%+ | Fishmeal 75%+ Fishmeal 0%+
(week) Fermented Fermented Fermented Fermented Fermented
feather meal feather meal feather meal feather meal feather meal
0% 25% 50% 25% 100%

Initial weight 123.08°+1.67 122.81°%1.43 123.50* 1.03 123.68*+0.57 123.03+0.26
2 150.13%4+4.35 151.81°+£2.02 150.96*+3.16 149.62°+6.43 144.27°+4.30

4 155.36°+3.37 155.30°+2.51 152.82°+3.85 152.21°+£0.22 144.29°3.18

6 173.73%11.11 175.55*+6.77 170.11°£14.66 163.21°+7.49 159.28%4+4.52

8 182.79°£12.53 187.31°+10.21 181.28%+15.55 170.02°+6.36 168.23+3.14
10 202.14™+13.21 204.90°+9.42 194.09%+14.99 184.12°+4.16 180.77°£3.27
12 224.08°+12.64 222.35*+10.98 206.97"+14.53 195.97°+4.10 192.08"+3.07

Note : Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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Average weight of nile tilapia every 2 weeks
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Figure 4-1 The average weight every 2 weeks of nile tilapia fed with different diets

tl : tilapia fed with Fish meal 100% + Fermented feather meal 0% in diet
t2 : tilapia fed with Fish meal 75% + Fermented feather meal 25% in diet
3 : tilapia fed with Fish meal 50% + Fermented feather meal 50% in diet
t4 : tilapia fed with Fish meal 25% + Fermented feather meal 75% in diet
t5 : tilapia fed with Fish meal 0% + Fermented feather meal 100% in diet

2) Percentage of weight gain

Percentage of weight gain in fish fed with diet containing 0, 25, 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.4 the results showed that percentage of weight gain was highest on
fish fed with diet formula 1 (105.88%=8.35) and lowest on diet formula 5 (72.97%+2.13).
There were not significantly difference (P>0.05) between fish fed with diet formula 1
(105.88+8.35), formula 2 (101.22%=+10.45) and formula 3 (86.27%+8.55) and also no
significantly difference (P>0.05) between fish fed with diet formula 3 (86.27%%8.55),
formula 4 (75.12%=+6.78) and formula 5 (72.97%+2.13).

3) Average daily weight gain

Average daily weight gain in fish feds with diet containing 0, 25, 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.4 the results showed that daily weight gain was highest on fish fed
with diet formula 1 (1.20 g.+0.15) and lowest on diet formula 5 (0.82 g.+0.03). There
were not significantly difference (P>0.05) between fish fed with diet formula 1 (1.20
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g.+0.15), formula 2 (1.19 g.£0.13) and formula 3 (0.99 g.+0.16) and also no significantly
difference (P>0.05) between fish fed with diet formula 3 (0.99 g.+0.16), formula 4 (0.86
g.40.04) and formula 5 (0.82 g.+£0.03).

4) Survival rate

Survival rate showed the same value (100%) on all treatment groups.

5) Feed conversion ratio

Feed conversion ratio in fish feds with diet containing 0, 25, 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.4 the results showed that feed conversion ratio was lowest on fish
fed with diet formula 1 (1.93+0.20) and highest on diet formula 5 (2.93+0.19). There
were not significantly difference (P>0.05) between fish fed with diet formula 1 (1.9+0.20),
and formula 2 (1.78+0.13) and also no significantly difference (P>0.05) between fish fed
with diet formula 3 (2.32+0.36) and formula 4 (2.54+0.08 ) and significantly difference
(P<0.05) from formula 5 (2.93+0.19).

6) Protein efficiency ratio

Protien efficiency ratio in fish fed with diet containing 0, 25, 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.4 the results showed that protein effiency ratio was highest on fish
fed with diet formula 1 (1.774+0.17) and lowest on diet formula 5 (1.26+0.08). There were
not significantly difference (P>0.05) between fish fed with diet formula 1 (1.77+0.17) and
formula 2 (1.85%0.13) and also no significantly difference (P>0.05) between fish fed with
diet formula 1 (1.77£0.17) and formula 3 (1.51£0.20), and also no significantly difference
(P>0.05) between fish fed with diet formula 3  (1.5140.20), formula 4 (1.32+0.04) and
formula 5 (1.26+0.08).

7) Apparent net protein retention

Apparent net protein retention in fish feds\ with diet containing 0, 25, 50, 75 and
100% fermented feather meal were significantly difference (P<0.05) among treatment
groups. According to table 4.4 the results showed that apparent net protein retention was
highest on fish fed with diet formula 2 (31.86+1.13) and lowest on diet formula 4
(24.19+2.57). There were not significantly difference (P>0.05) between fish fed with diet
formula 2 (31.86+1.13) and formula 5 (28.62+1.20) and also no significantly difference
(P>0.05) between fish fed with diet formula 1 (27.734+1.69), formula 3 (27.64+2.67) and
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formula 5 (28.62+1.20) and also no significantly difference (P>0.05) between fish fed
with diet formula 1 (27.73+1.69), formula 3 (27.64+2.67), formula 4 (53.25+1.61) and
formula 5 (28.62+1.20).

8) Protein intake

Protein intake in fish fed with diet containing 0, 25, 50, 75 and 100% fermented
feather meal were not significantly difference (P>0.05) among treatment groups.
According to table 4.4 the results showed that protein intake was highest on diet formula

1 (57.00+2.64) and lowest on fish fed with diet formula 4 (53.25+1.61).
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Table 4.4 Growth and feed effiency of nile tilapia fed with different diets during 12

weeks
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Fermented feather meal substituted for fish meal in nile tilapia diets

Formulal.

(0%)

Formula 2.

(25%)

Formula 3.

(50%)

Formula 4.

(75%)

Formula 5.

(100%)

Average
initial

weight (g.)

123.08+1.67*

122.81£1.43°

123.50+1.03°

123.68+0.57*

123.03+0.38*

Average

final weight
(g)

224.08+12.64°

222.35+10.98°

206.97+14.53%®

195.97+4.10°

192.08+3.07°

Survival rate

(%0)

100+0°

100+0°

100+0°

100+0*°

100+0°

Percentage
of weight

gain (%o)

105.88+8.35°

101.22+10.45°

86.27+8.55%

75.12+6.78"

72.974+2.13%

Average
daily weight
gain

(g./ind/day)

1.20+0.15°

1.19+0.13°

0.99+0.16%

0.86+0.04"

0.824+0.03"

Feed
consumption

(g./ind)

193.15+£5.91°

198.38+13.02%

195.88+22.55%

181.59+13.91*

183.43+8.42°

Feed
conversion

ratio

1.93+0.20°

1.78+0.13°

2.32+0.36°

2.54+0.08°

2.93+0.19°¢

Protein
efficiency

ratio

1.77+0.17%

1.85+0.13°¢

1.51+0.20%

1.3240.04*

1.26+0.08"

Apparent net
protein
retention

(%)

27.73+1.69%°

31.86+1.13°¢

27.64+2.67°

24.19+£2.57°

28.62+1.20%

Protein
intake

(g./ind)

57.00+£2.64°

54.70+1.93*

55.13+0.72°

53.25+1.61°

54.96+4.93?

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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9) Carcass composition of fish

The proximate compositions of experimental fish at the beginning and the end of
experiment were presented in table 4.5. The carcass compositions of initial fish was
observed on crude protein, crude lipid and fiber content (61.41%, 19.52% and 1.23%
respectively). At the end of experimental, the carcass composition of fish fed diet fomula
1, 2, 3, 4 and 5 were composed of crude protein content (68.67%, 70.21%, 70.99%,
69.48% and 75.12% respectively), crude lipid content (17.21%, 19.71%, 19.68%, 17.78%
and 10.92% respectively) and fiber content (1.26%, 1.13%, 0.98%, 0.96% and 1.35%

respectively)

Table 4.5 The chemical compositions of nile tilapia fed with different diets

Fermented feather meal substitution for fish meal in nile tilapia feed
Composition | Initial fish | Formulal. | Formula2. | Formula3. | Formula4. | Formula 5.
(0%) (25%) (50%) (75%) (100%)
Protein(g/ind.) | 75.83+0.40° | 84.52+1.15" | 86.22+1.00° | 87.18+0.73° | 85.93+0.39° | 92.42+0.28°
Protein (%) 61.40 68.67 70.21 70.59 69.48 75.12
Lipid (g/ind.) | 23.77+0.13% | 21.18+0.29° | 24.21+0.28° | 24.30+0.20° | 21.99+0.10° | 13.44+0.04"
Lipid (%) 19.25 17.21 19.71 19.68 17.78 10.92
Fiber(g/ind.) | 1.52+0.01¢ | 1.55+0.02° | 1.3940.02° | 1.21+0.01° | 1.19+0.01* | 1.66+0.01"
Fiber (%) 1.23 1.26 1.13 0.98 0.96 1.35

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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10) Level of thyroxin hormone (T4) and triiodotyonine (T3) in tilapia

The level of thyroxin hormone (T4) and triiodotyonine (T3) in blood of fishe at
the end of experiment, the were presented in table 4.6. The fish fed diet fomula 1, 2, 3, 4
and 5 were had level of triiodotyonine (T3) in blood 0.23, 1.07, 1.89, 1.26 and 1.52 ng/g.
fish respectively, and level of thyroxin hormone (T4) in blood 4.47, 5.86, 7.75, 5.11 and
5.21 pg/g. fish respectively.Both of tyroxine hormone were tend to increased by

increasing of fermented feather meal.

Table 4.6 Level of triiodotyonine (T3) and thyroxin hormone (T4) in blood of nile tilapia

Fermented feather meal substituted for fish meal in nile tilapia diets
Thyroxin Formulal. Formula 2. Formula 3. Formula 4. Formula 5.
(0%) (25%) (50%) (75%) (100%)
Total T3 (ug/g.fish) | 0.23+0.019° | 1.07+0.05° | 1.89+0.13° | 1.26+0.03 | 1.52+0.03°
Total T4 (ng/g.fish) 4.47+0.25% 5.86+0.28° | 7.75+0.55% | 5.11+0.11° | 5.21+0.09°

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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Figure 4-2 Nile tilapia fed with diet Figure 4-3 Nile tilapia fed with diet
formula 1 formula 2

Figure 4-4 Nile tilapia fed with diet Figure 4-5 Nile tilapia fed with diet

formula 3 formula 4

Figure 4-6 Nile tilapia fed with diet

formula 5
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4.2.2 Walking catfish

1) Average weight of walking catfish throughout the experimental

Results / 46

At the beginning, average initial weight ranged from 73.73 to 74.09 g. The

significantly difference of average weight was begun at week 2™ of the experiment. The

fish fed with dietl, 2 and 3 were significantly higher than other experiment (P<0.05) and

at the end of the experimental period (week 8™), the average final weight ranged from

96.56 to 132.67 g. The fish fed with dietl and 2 were significantly higher than other

experiment (P<0.05) .The average weight of walking catfish during the experimental

period of 8 weeks was presented in table 4.7 and figure 4-7.

Table 4.7 Average weight of walking catfish that fed with different diet every 2 weeks

throughout the experimental

Average weight
Time Fishmeal100%+ Fishmeal 75%+ Fishmeal 50%+ Fishmeal 75%+ Fishmeal 0%+
(week) Fermented feather |Fermented feather | Fermented feather | Fermented feather | Fermented feather

meal 0% meal 25% meal 50% meal 25% meal 100%

Initial weight 74.04 £0.26" 74.09+0.18 * 73.98+0.30" 73.73£0.46° 74.09+0.26*
2 80.64+1.33° 82.25+1.28° 81.89+1.79° 79.55+1.59 ™ 77.41£1.50°

4 89.6243.64° 91.69+1.58" 90.96+3.71° 86.67+1.60™ 81.95+1.31°

6 106.39+5.92° 108.71+3.83° 107.02+8.54° 101.05£2.11° 89.76+2.84°

8 132.58+6.65 ¢ 132.67+6.91° 125.72£10.65™ 114.43+1.79" 96.56+6.81"

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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Figure 4-7 The average weight every 2 weeks of walking catfish fed with different

cl
c2
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c5

diets

: walking catfish fed with Fish meal 100% + Fermented feather meal 0% in diet
: walking catfish fed with Fish meal 75% + Fermented feather meal 25% in diet
: walking catfish fed with Fish meal 50% + Fermented feather meal 50% in diet
: walking catfish fed with Fish meal 25% + Fermented feather meal 75% in diet
: walking catfish fed with Fish meal 0% + Fermented feather meal 100% in diet

2) Percentage of weight gain

Percentage of weight gain in fish fed with diet containing 0, 25 , 50, 75 and 100%

fermented feather meal were significantly difference (P<0.05) among treatment groups.

According to table 4.8 the results showed that percentage of weight gain was highest on

fish fed with diet formula 1 (79.08%+9.54) and lowest on diet formula 5 (30.13%+8.48).

There were not significantly difference (P>0.05) between fish fed with diet formula 1
(79.08%=9.54), formula 2 (79.07%+9.00) and formula 3 (69.97%+15.08) and also no
significantly difference (P>0.05) between fish fed with diet formula 3 (69.97%+15.08)

and formula 4 (55.21%+2.63) and also no significantly difference (P>0.05) between fish
fed with diet formula 4 (55.21%=+2.63) and formula 5 (30.13%+8.48).
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3) Average daily weight gain

Average daily weight gain in fish fed with diet containing 0, 25, 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.8 the results showed that daily weight gain was highest on fish fed
with diet formula 1 and 2 (1.05 g.#=0.12) and lowest on diet formula 5 (0.40 g.£=0.11).
There were not significantly difference (P>0.05) between fish fed with diet formula 1
(1.05+0.12), formula 2 (1.05+0.12) and formula 3 (0.92+0.20) and also no significantly
difference (P>0.05) between fish fed with diet formula 3 (0.92+0.20), formula 4
(0.73+0.03) and also no significantly difference (P>0.05) between fish fed with diet
formula 4 (0.734+0.03) and formula 5 (0.40+0.11).

4) Survival rate

Survival rate showed the same value (100%) on all treatment groups.

5) Feed conversion ratio

Feed conversion ratio in fish fed with diet containing 0, 25 , 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.8 the results showed that feed conversion ratio was lowest on fish
fed with diet formula 2 (2.62+0.30) and highest on diet formula 5 (4.03+0.32). There
were not significantly difference (P>0.05) between fish fed with diet formula 1
(2.77£0.33), formula 2 (2.62+0.30) and formula 3 (2.97+0.62) and also no significantly
difference (P>0.05) between fish fed with diet formula 3 (2.97+0.62), formula 4
(3.55+0.19) and significantly difference (P<0.05) from formula 5 (4.03+0.32).

6) Protein efficiency ratio

Protien efficiency ratio in fish fed with diet containing 0, 25, 50, 75 and 100%
fermented feather meal were significantly difference (P<0.05) among treatment groups.
According to table 4.8 the results showed that protein effiency ratio was highest on fish
fed with diet formula 2 (1.26+0.15) and lowest on diet formula 5 (0.79+0.01). There were
not significantly difference (P>0.05) between fish fed with diet formula 1 (1.15+0.12),
formula 2 (1.26+0.15) and formula 3 (1.11+£0.24) also no significantly difference
(P>0.05) between fish fed with diet formula 3 (1.11+0.24) and formula 4 (0.91+0.04) and
significantly difference (P<0.05) from fish fed with diet formula 5 (0.79+0.01).
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7) Apparent net protein retention

Apparent net protein retention in fish fed with diet containing 0, 25, 50, 75 and
100% fermented feather meal were significantly difference (P<0.05) among treatment
groups. According to table 4.8 the results showed that apparent net protein retention was
highest on fish fed with diet formula 2 (29.89+2.89) and lowest on diet formula 5
(14.82+1.20). There were not significantly difference (P>0.05) between fish fed with diet
formula 1 (28.65+2.56) , formula 2 (29.89+2.89) and formula 3 (25.43+4.51) and also no
significantly difference (P>0.05) between fish fed with diet formula 4 (18.12+6.21) and
formula 5 (14.28+1.20). The apparent net protein retention was reduced by increasing
fermented feather meal

8) Protein intake

Protein intake in fish fed with diet containing 0, 25, 50, 75 and 100% fermented
feather meal were significantly difference (P<0.05) among treatment groups. According
to table 4.8 the results showed that protein intake was highest on diet formula 1
(50.88+0.48) and lowest on fish fed with diet formula 5 (28.14+8.26). There were not
significantly difference (P>0.05) between fish fed with diet formula 1 (50.88+0.48),
formula 2 (46.32+0.07), formula 3 (46.75+0.29) and formula 4 (45.23+0.41) and
significantly difference (P<0.05) from fish fed with diet formula 5 (28.14+8.26). The

protein intake was reduced by increasing fermented feather meal..
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Table 4.8 Growth and feed effiency of walking catfish fed with different diets during 8
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weeks
Fermented feather meal substituted for fish meal in walking catfish diets
Formulal. Formula 2. Formula 3. Formula 4. Formula 5.
(0%) (25%) (50%) (75%) (100%)

Average 74.04+0.26" 74.09+0.18" 73.98+0.30° 73.73+0.45" 74.09+0.26
initial weight
()
Average final | 132.58+6.65° | 132.67+6.91° | 125.72+10.65™ | 114.43x1.79" 96.56+6.81°
weight (g.)
Percentage of | 79.08+9.54° 79.07+£9.00° | 69.97+15.08* | 55.21+2.63" 30.13+8.48"
weight gain
%)
Average daily | 1.05£0.12°¢ 1.05+0.12°¢ 0.92+0.20 0.73£0.03° 0.40+0.11°
weight gain
(g./ind/day)
Survival rate 100+0° 100+0° 100+0° 100+0° 100+0°
(%)
Feed 160.79+1.53° | 152.37£0.22° | 149.13£0.93° | 144.23+130° | 90.25+26.50°
consumption
(g./ind)
Feed 2.77+0.33* 2.62+0.30° 2.97+0.62° 3.55+0.19" 4.03+0.32°
conversion
ratio
Protein 1.15+0.12" 1.26+0.15°¢ 1.11£0.24" 0.91+0.04™ 0.79+0.01°*
efficiency
ratio
Apparent net | 28.65+2.56° | 29.86+2.89° 25.43+4.51° 18.12+6.21° 14.82+1.20°
protein
retention (%)
Protein intake | 50.88+0.48° | 46.32+0.07° 46.75+0.29° 45.23+0.41° 28.14+8.26"

(g./ind)

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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9) Carcass composition of fish

The proximate compositions of experimental fish at the beginning and the end of
experiment were presented in table 4.9. The carcass compositions of initial fish was
observed on crude protein, crude lipid and fiber content (81.00%, 7.25% and 2.01%
respectively). At the end of experiment, the carcass composition of fish fed diet fomula 1,
2, 3, 4 and 5 were composed of crude protein content (84.71%, 84.14%, 82.12%, 86.30%
and 82.13% respectively), crude lipid content (4.33%, 4.79%, 4.48%, 2.80% and 4.96%
respectively) and fiber content (1.63%, 1.70%, 1.28%, 1.19% and 1.13% respectively)

Table 4.9 The chemical compositions of walking catfish fed with different diets during

8 weeks
Fermented feather meal substitution for fish meal in walking catfish feed
Composition | Initial fish | Formulal. | Formula2. | Formula3. | Formula4. | Formula 5.
(0%) (25%) (50%) (75%) (100%)
Protein (g/ind.) | 59.83+0.23" | 62.73+0.22° | 62.34+0.15° | 60.75+0.25° | 63.63+0.40° | 60.85+0.22°
Protein (%) 81.00 84.71 84.14 82.12 86.30 82.13
Lipid (g/ind.) | 5.36+0.02" | 3.21+0.01° | 3.55+0.01¢ | 3.3140.01° | 2.06+0.01° | 3.67+0.01°
Lipid (%) 7.25 433 4.79 4.48 2.80 4.96
Fiber (g/ind.) | 1.48+0.017 | 1.21+0.06% | 1.26+0.00° | 0.95+0.00¢ | 0.88+0.01° | 0.84+0.00°
Fiber (%) 2.01 1.63 1.70 1.28 1.19 1.13

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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10) Level of triiodotyonine (T3) and thyroxin hormone (T4) of walking catfish

The level of thyroxin hormone (T4) and triiodotyonine (T3) in blood of fishes at
the end of experiment were presented in table 4.10. The fish fed diet fomula 1, 2, 3, 4 and
5 were had level of triiodotyonine (T3) in blood 1.93, 1.72, 2.69, 1.96 and 2.21 pg/ g.
fish respectively, and level of thyroxin hormone (T4) in blood 7.56, 9.82, 9.59, 8.74 and
10.4 pg/ g. respectively. Both of tyroxine hormone were trend to increased by increasing

of fermented feather meal.

Table 4.10 Level of tritodotyonine (T3) and thyroxin hormone (T4) in blood of

walking catfish
Fermented feather meal substituted for fish meal in walking catfish diets
Thyroxin Formulal. Formula 2. Formula 3. Formula 4. Formula 5.
(0%) (25%) (50%) (75%) (100%)
Total T3 (pg/g.fish) 1.93+0.10° 1.7240.09* | 2.69+0.23° | 1.96+0.03* | 2.21+0.14°
Total T4 (ug/g.fish) | 7.56+0.39* | 9.82+0.51° | 9.59+0.80™ | 8.74+0.14° | 10.4+0.68"

Note: Mean with different supscript (a,b,c,d) in the same row were significantly different (P<0.05)
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Figure 4-8 Walking catfish fed with diet ~ Figure 4-9 Walking catfish fed with diet
formula 1 formula 2

Figure 4-10 Walking catfish fed with diet Figure 4-11 Walking catfish fed with diet

formula 3 formula 4

Figure 4-12 Walking catfish fed with diet

formula 5
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4.3 Water quality in the experiment

4.3.1 Water quality in experiment of nile tilapia

During the experimental period, the water temperature were monitored everyday.
The average temperature ranged from 24.06-24.63 °C. Dissloved oxygen, pH, Hardness,
Alkalinity and Ammonia concentrations of water were biweekly monitored. Disloved
oxygen, pH, Hardness, Alkalinity and Ammonia concentrations of water ranged from
5.27-5.68 ppm., 7.79-7.88, 132.50-133.75 ppm., 368.75-390.25 ppm. and 0.56-0.79 ppm.

respectively, as presented in table 4.11.

Table 4.11 Water quality in the experiment of nile tilapia fed with different diets

during 12 weeks

Mean
Treatment Temperature Dissloved pH Hardness Alkalinity Ammonia
‘O oxygen (ppm.) (ppm.) (ppm.) (ppm.)
Diet 1 24.1240.76 5.58+0.25 7.83+0.07 | 132.50+1.00 | 368.75+18.93 | 0.67+0.32
Diet 2 24.21+1.24 5.38+0.46 7.7940.32 | 133.50+1.91 | 386.25+19.62 | 0.76+0.20
Diet 3 24.06+0.97 5.68+ 0.43 7.88+0.20 | 133.00+1.63 | 382.50+17.82 | 0.56+0.24
Diet 4 24.1740.53 5.45+0.42 7.81+0.26 | 133.75+1.50 | 386.25+26.85 | 0.75+0.27
Diet 5 24.63+1.61 5.27+0.34 7.84+0.17 | 132.50+1.91 | 390.25+30.89 | 0.794+0.16

4.3.2 Water quality in the experiment of walking catfish

During the experimental period, the water temperature were monitored everyday.
The average temperature ranged from 24.04-24.45 °C. Dissloved oxygen, pH, Hardness,
Alkalinity and Ammonia concentration of water were biweekly monitored. Dissloved
oxygen, pH, Hardness, Alkalinity and Ammonia concentration of water ranged from 5.30-
5.70 ppm., 7.67-8.03 , 132.33-134.67 ppm., 357.67-424.33 ppm.and 0.24-0.48 ppm.

respectively, as presented in table 4.12.
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Table 4.12 Water quality in the experiment of walking catfish fed with different diets

during 8 weeks

Mean
Treatment | Temperature Dissloved pH Hardness Alkalinity Ammonia
‘O oxygen (ppm.) (ppm.) (ppm.) (ppm.)
Diet 1 24.42+0.70 5.53+0.21 7.67+0.11 | 132.33+0.58 | 357.67+18.15 | 0.48+0.04
Diet 2 24.07+0.55 5.30+0.10 7.73+£0.27 | 134.00+1.00 | 389.00+17.58 | 0.24+0.08
Diet 3 24.45+1.08 5.70+0.17 7.68+0.27 | 132.33+1.53 | 392.67+12.50 | 0.35+0.28
Diet 4 24.04+0.79 5.53+0.21 7.70+0.14 | 134.67+0.58 | 392.33+8.74 | 0.26+0.01
Diet 5 24.36+0.48 5.37+0.06 8.03+0.14 | 134.33+0.58 | 424.33+26.63 | 0.24+0.07

Figure 4-13 Close flow throught system in experimental tank and filter pond
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4.4 Cost of experimental diets

4.4.1 Nile tilapia experimental diets

Raw material using for experimental diets were studied, totally raw material cost
of 1-5 feed fomula ranged from 17.25-14.79 baht /kg. Replacement of fermented feather
meal 25, 50, 75 and 100% of fish meal were reduced cost about 0.71, 1.31, 1.97 and 2.46
baht/kg. respectively.

In addition, when compare with commercial feed (containing 30% protein (22

baht/kg.)) were reduced cost about 2.82, 5.46, 6.06, 6.72 and 7.21 baht/kg. respectively.

Table 4.13 Cost of nile tilapia experimental diets

Raw material Price Diet formula
(bath/kg) 1 2 3 4 5
Fish meal 22 0.25 0.1875 0.125 0.0625 -
Feather meal 7 - 0.044 0.088 0.133 0.177
Soilbean meal 14 0.30 0.30 0.30 0.30 0.30
Ground rice 8 0.15 0.15 0.15 0.15 0.15
brokens
Cassava 4 0.10 0.10 0.10 0.10 0.10
powder
Alpha starch 25 0.06 0.06 0.06 0.06 0.06
Vegetable oil 32 0.013 0.013 0.013 0.013 0.013
Fish oil 40 0.01 0.014 0.019 0.023 0.027
Lard 40 - 0.004 0.006 0.009 0.016
Di-calsium 40 0.0153 0.0143 0.0163 0.0196 0.0224
phosphate
Vitamins & 80 0.02 0.02 0.02 0.02 0.02
minerals
Ground husk 4 0.0767 0.0882 0.0977 0.1049 0.1096
Yeast cake 600 0.005 0.005 0.005 0.005 0.005
Total (baht/kg) - 17.25 16.54 15.94 15.28 14.79
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4.4.2 Walking cat fish experimental diets

Raw material using for experimental diets were studied, totally raw material cost
of 1-5 feed fomula ranged from 19.18-16.59 baht /kg..Replacement of fermented feather
meal 25, 50, 75 and 100% of fish meal were reduced cost about 0.81, 1.38, 2.09 and 2.59
baht/kg. respectively.

In addition, when compare with commercial feed (containing 30% protein (22

baht/kg.)) were reduced cost about 2.82, 3.62, 4.20, 4.91 and 5.41 baht/kg. respectively.

Table 4.14 Cost of walking catfish experimental diets

Raw material Price Diet formula
(bath/kg) 1 2 3 4 5
Fish meal 22 0.25 0.1875 0.125 0.0625 -
Feather meal 7 - 0.044 0.088 0.133 0.177
Soilbean meal 14 0.30 0.30 0.30 0.30 0.30
Ground rice 8 0.15 0.15 0.15 0.15 0.15
brokens
Cassava 4 0.10 0.10 0.10 0.10 0.10
powder
Alpha starch 25 0.06 0.06 0.06 0.06 0.06
Vegetable oil 32 0.013 0.013 0.013 0.013 0.013
Fish oil 40 0.01 0.014 0.019 0.023 0.027
Lard 40 - 0.004 0.006 0.009 0.016
Di-calsium 40 0.0092 0.0078 0.0111 0.0134 0.0163
phosphate
Vitamins & 80 0.02 0.02 0.02 0.02 0.02
minerals
Ground husk 4 0.0828 0.0947 0.1029 0.1111 0.1157
Yeast cake 600 0.005 0.005 0.005 0.005 0.005
Total (baht/kg) - 19.18 18.38 17.80 17.09 16.59
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CHAPTER V
DISCUSSION

The study on replacement of fishmeal with fermented feathermeal was conducted
on nile tilapia and walking catfish with initial weight 120+5g. and 70+ 5g.respectively.
The experimental fishes were fed with experimental diets for 84 days and 56 days in flow
through system with aeration. The objectives of the study was determined on increasing
the percentage of fermented feather meal in diets would enable nile tilapia and walking
catfish to grow equally while enable the amount of fish meal in the diets to be reduced,
this study was investigated on

5.1 Quality of experimental diets

5.2 Growth and feed efficiency

5.3 Water quallity

5.1 Quality of experimantal diets

Nile tilapia experimental diets, according to the table 4.1 proximate compositions of
experimental diets were contained protein ranged from 28.48 to 30.38. Gross energy
ranged from 345 to 368 kcal/100 g.diet.

Walking catfish experimental diets, according to the table 4.2 proximate
compositions of experimental diets were contained protein ranged from 30.40 to 31.36.
Gross energy ranged from 365 to 403 kcal/100 g.diet.

The results of diet for 2 fishes analysis showed that the high percentage replacement
of fermented feather meal in diet were not significant different (P>0.05) between
treatment and higher than the standard for registering of commercial herbivorous aquatic
feed (weight 3-150 g. require 28% protein in diet) (Table 2.1) and protein requirement of
juvenile nile tilapia (weight >30 g. require 28-30% protein in diet)(Chuapoehuk, 2542)
and commercial walking catfish feed (1.5-3 month olds require 28% protein in diet)
(Table 2.1) and protein requirement of juvenile walking catfish (require 25-30% protein
in diet)( Chuapoehuk, 2542) but in this study the fishes that fed with diets containing high

percentage (> 75%) of fermented feather meal were presented lower (P<0.05) growth and
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feed utilization than fishes fed with diets containing low percentage (< 50%). The result
showed that most effective using fermented feather meal were used as partial
replacement for fish meal (< 50%) or used for combination with other material such as

fish meal, blood meal and poutry by-product meal (non edible parts + blood ).

5.2 Growth and feed efficiency

5.2.1 Nile Tilapia

The results that obtained from the experiments showed that the growth responses
of fish fed with contained 0, 25, 50, 75 and 100% fermented feather meal in term of
percentage of weight gain, daily weight gain, servival rate and also feed efficiency such
as feed consumtion, feed conversion ratio, protein efficiency ratio and apparent net
protein retention were reduced by increasing of fermented feather meal in diets. The
tilapia fed with diet containing 0% fermented feather meal showed the best growth rate
and feed efficiency and were not significantly different (P>0.05) from the nile tilapia that
fed with diet containing 25% and 50% fermented feather meal but significantly different
(P<0.05) from diet containing 75% and 100% fermented feather meal. This study showed
better result (ADG = 1.19 g./ind/ day in fish fed with diet 2 ) from the study of
Boonyaratpalin and Kultangvatthana on red tilapia (Oreochlomis nilotica) with diet 40%
dietary protein that had average daily weight gain 0.5 g./ind/day and agree with the study
of Somsueb and Boonyaratpalin (2001) on hybrid catfish (Clarias sp.) reported that
hybrid catfish fed with diet that replace more than 35% of fish meal by feather meal had
low final weight gain.

Once the percentage of fermented feather meal in the diet was decreased, the fish
growth was increased. That was resulted from the quality of protein from fermented
feather meal were lower than protein from fish meal. However, in this study showed that
the feather meal fermentation had improved with the percentage of replacement for fish
meal that more than the studied in market size hybrids tilapia (Oreochromis) Viola &
Zahar, (1984) showed that fish fed with 7.5% feather meal replaced fish meal was
reduced growth by 7% from fish fed with 7.5% bacteria’s protein (proteen), poultry meal
and control diets. Fowler (1990) reported that juvenile fall chinook salmon

(Oncorhynchus tshawytscha) fed with diets that replaced 15% of fish meal by feather
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meal, at the end of experiment weight gain did not differ from fed with diets that replaced
0, 5% of fish meal by feather meal

Feed conversion ratio in fish fed diets containing 0% and 25% fermented feather
meal was significantly (P<0.05) lowest and increased slightly by increasing fermented
feather meal level in diets. These results agreed with the studied on sub-adult tilapia
(Oreochromis nilotica) and Japanese flounder (Paralichthys olivaceus) (Kikuchi et.al.,
1994; Tacon et.al; 1983 cited by Somsueb and Boonyaratpalin, 2001) reported that the
feed conversion raito was increased by increasing percentage of feather meal replacement
of fish meal in fish feed.

The feed consumption of fish fed with diet containing 0% fermented feather meal
was higest but not significantly different from other, which resulted on not significantly
different (P<0.05) protein intake. Anyway, the growth rate of the fish was higher when
fed containing more fish meal than fermented feather meal and this result did not related
to the palatability of diets because the increasing of fermented feather meal in the diets
did not decrease the feed consumption. That means the rank smell of feather meal was
reduced by fermentation.

Protein efficiency ratio (PER)of fish fed with diet containing 25 % fermented
feather meal was highest but not significantly different (P>0.05) from fish fed with diet
containing 0% fermented feather meal but significantly different (P<0.05) from fish fed
with diet containing 50%, 75% and 100% fermented feather meal, protein efficiency ratio
were decreased slightly when the fermented feather meal increased in diets. The result
presented that the amino acid balance of fermented feather meal was not suitable for fish
requirement when compaired with fish meal. This experiment was agreed with the study
of Henrichfreise, (1989) on rainbow trout (Salmo gairdneri) that the utilization of feather
meal in rainbow trout was limited because of amino acid deficiencies, but additional
feeding of lysine, methionine and histidine was necessary and supplementary feeding of
case in (300g) caused a digestibility of nearly 100% and agree with and the study of
Tacon et al., (1983) cited by Somsueb and Boonyaratpalin (2001) on sub-adult nile tilapia
reported that the 30% feather meal replacement of fish meal with addition L-methionine
or L-histidine or L-lysine or all 3 amino acid together have better protein efficiency ratio

than without addition.
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The apparent net protein retention were highest on fish fed with diet containing
25% fermented feather meal replacement and were not significantly different (P>0.05)
from diet containing 0% replaced fish meal by fermented feather meal but higher than
(P<0.05) diet containing 50%,75% and 100% replaced fish meal fermented feathermeal.
The different apparent net protein retention perhaps were caused from different quality of
protein that fish obtained from diet because the value of protein intake of fish in all
treatment were not significantly different (P>0.05) that meant on the fermentation of
feather meal process perhaps protein in feather meal were digested to small peptide and
free amino acid, which effected to slowly rate of amino acid absorption in intestines
(Hardy et al., (1984)).

The initial fish carcass trended to had lower protein than those of the fish at the
end of the experiment. The percentage of protein in experimental fish carcass was related
to the percentage of fat content in carcass that lowest when the fermented feather meal in
diets increased up to 100%, but the lipid content of the diet containing 100% fermented
feather meal was more than those diets. These indicated that body lipid was affected by
fermented feather meal.These results agreed with the study on Japanese flounder
(Paralichthys olivaceus), (Kikuchi et.al., 1994 cited by Somserb and Boonyaratpalin,
2001) reported that body lipid content were reduced by increasing feather meal in the
diets.

The level of thyroxin hormone (T4) and triiodotyonine (T3) in blood of fishes at
the end of experiment appeared that both T4 and T3 level of fish fed with diet containing
0% fermented father meal were tended to be lower than in nile tilapia fed with diet
containing fermented feather meal replacement of fish meal diet and the lipid in fish
carcass were tended to be decreased by increasing of level of T3 andT4 in blood. In this
study there was disagree with the study of Fowler (1990) on juvenile fall chinook salmon
(Oncorhynchus tshawytscha) reported that mean plasma T4 concentrations for all groups
of fish were low during the first periods showed no significantly different but at the last
period of the experiment, fish fed with diet containing 0% of feather meal replacement
fish meal had significantly higher plasma T4 than other (5%and 15% replacement). In
addition, the thyroid activity was depressed by low protein and low calories diet depresses
(Higgs and Eales, 1979 cited by Fowler, 1990) and Plasma T4 is affected by type of
dietary lipid (Leatherland et al., 1977 cited by Fowler, 1990).
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5.2.2 Walking cat fish

The results of the experiments showed that the growth responses of fish fed with
diet contained 0, 25, 50, 75 and 100% fermented feather meal in term of percentage of
weight gain, daily weight gain, servival rate and also feed efficiency such as feed
consumtion, feed conversion ratio, protein efficiency ratio and apparent net protein
retention were reduced by increasing of fermented feather meal in diets. The walking
catfish fed with diet containing 25% fermented feather meal showed the best growth rate
and feed efficiency but were not significantly different (P>0.05) from walking catfish fed
with diet containing 0 and 50% fermented feather meal

The average final weight, percentage of weight gain and average daily gain of fish
fed with diet containing 25% fermented feather meal was higest but not significantly
different (P>0.05) growth rate of the fish fed with diet with fermented feather meal were
higher when fed containing 75% and 100% fermented feather meal. The results were
similary tend with the study of Hardy ef al., (1984) on rainbow trout (Salmo gairdneri)
fed with the combination with 33.8% fermented feather meal with fish silage (white
pacific liquid-fish) had better growth rate than control (fish meal) and this study had
better average daily gain than the study of Jantharotai (2539) on hybrid catfish (Clarias
macrocephalus x C. gariepinus) fed with artificial feed contained 30% protein. In
addition to the result of this study had better average daily gain than the study of
Kosutarak (1999) on hybrid catfish (Clarias sp.) that fed with 25% chicken head silaged
with 0 and 1.3% fish oli supplemented in diet reported that average daily gain were 0.2
and 0.23 g/ind/day, respectsively and the study of Boonyaratparin et al., (1982) on
walking catfish (Clarias batrachus) fed with diet containing fermented trash fish with 5%
salt (30% protein) reported that average daily gain was 0.92 g./ind/day, which lower than
this study and agree with the study of Somsueb and Boonyaratpalin (2001) on hybrid
catfish (Clarias sp.) reported that hybrid catfish fed with diet that replace more than 35%
of fish meal by feather meal had low final weight gain.

The protein intake of fish fed with diet containing 100% were lower than others
(P<0.05) that were caused from feed consumption of fish fed with diet containing 100%
were lower than others (P<0.05). This result related to the palatability of diets because the

increasing of fermented feather meal in the diets were tended to decrease the feed
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consumption, perhaps the rank smell of diet that containing 100% fermented feather meal
were effect to the palatability.

The fish growth was increased when percentage of fermented feather meal in the
diet was decreased. That was caused of the amino acid balance of fermented feather meal
were not suitable for fish when compared with fish meal, high percentage using of
fermented feather meal in fish feed were reduced percentage of weight gain and daily
wetght gain. However, in these experiment showed that the feather meal fermenteation
had improved with the percentage of replacement for fish meal that better than the study
of Somsueb and Boonyaratpalin (2001) on walking catfish (Clarias sp.) fed with diet
containing 0-5% feather meal had better (P<0.01) weight gain than fish fed with det
containing 35% feather meal replaced fish meal and the study of Viola & Zahar (1984) on
market size hybrids tilapia (Oreochromis) fed with 7.5% feather meal replaced fish meal
was reduced growth by 7% from fish fed with 7.5% bacteria’s protein (proteen), poultry
meal and control diets.

Feed conversion ratio in fish fed diets containing 0% fermented feather meal was
significantly lowest (P<0.05) among the treatment but were not significantly different
(P>0.05) from 25%, 50% fermented feather meal replacement of fish meal but
significantly higher (P<0.05) than 75% and 100% fermented feather meal replacement of
fish meal. Feed conversion ratio in diet that had fermented feather meal increased slightly
by increasing fermented feather meal level in diets. The results were showed similary
tend as the study of Hardy et al., (1984) on rainbow trout (Salmo gairdneri) fed with the
combination with 33.8% fermented feather meal with fish silage (white pacific liquid-
fish) had better feed conversion ratio than control (fishmeal) and this study had better
result than the study of Somsueb and Boonyaratpalin (2001) on walking catfish (Clarias
sp.) reported that the highest percentage of fish meal replacement by feather meal were
35%, which the feed conversion ratio were not significantly different (P>0.05) and
agreed with the study of Kikuchi et al., (1994) (cited by Somsueb and Boonyaratpalin,
2001) on Japanese flounder (Paralichthys olivaceus) reported that feed conversiom ratio
were reduced by increasing percentage of feather meal in fish feed.

Protein efficiency ratio (PER) of fish fed with diet containing 25 %fermented
feather meal was highest but not significantly different (P>0.05) from fish fed with diet
containing 0% and 50% fermented feather meal but significantly different (P<0.05) from
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fish fed with diet containing 75% and 100% fermented feather meal, the diet that had
fermented feather meal protein efficiency ratio were decreased slightly when the
fermented feather meal increased in diets. The result presented that the amino acid
balance of fermented feather meal was not suitable for fish requirement when compaired
with fish meal. These experiment was agreed with the study of Henrichfreise, (1989) on
rainbow trout (Salmo gairdneri) that the utilization of feather meal in rainbow trout was
limited because of amino acid deficiencies, but additional feeding of lysine, methionine
and histidine was necessary and supplementary feeding of case in (300g) caused a
digestibility of nearly 100% and agree with and the study of Tacon ef al., (1983 ) cited by
Somsueb and Boonyaratpalin (2001) on sub-adult nile tilapia reported that the 30%
feather meal replacement of fish meal with addition L-methionine or L-histidine or L-
lysine or all 3 amino acid together have better protein efficiency ratio than without
addition and agreed with the study of Somsueb and Boonyaratpalin (2001) that increased
feather meal in fish diet were decreased protein efficiency ratio.

The apparent net protein retention were higest on fish fed with diet containing
25% fermented feather meal replacement and were not significantly different (P>0.05)
from diet containing 0% and 50% replaced fish meal by fermented feathermeal but
higher than (P<0.05) diet containing 75% and 100% replaced fish meal fermented
feathermeal. The different apparent net protein retention perhaps were caused from
different quality of protein that fish obtained from diet because the value of protein intake
of fish fed with diet containing 0-75% replacement of fish meal by fermented feather
meal were not significantly different (P>0.05) that meant on the fermentation of feather
meal perhaps protein in feather meal were digested to small peptide and free amino acid,
which effected to slowly rate of amino acid absorption in intestines (Hardy et al., (1984)).
The result agree with the study of Somsueb and Boonyaratpalin (2001) that increased
feather meal in fish diet were decreased apparent net protein retention.

The initial fish carcass had little different protein composition from those of the
fish at the end of the experiment. The percentage of protein in experimental fish carcasses
were not significanty different (P>0.05). These indicated that body lipid was not affected
by fermented feather meal. These results agreed with the study of Hilge (1984) on
European catfish ( Silurus glanis) that the raw fat level of European catfish fed with diet

containing 50% of a fish meal — feather meal — poultry by product meal mixture replaced
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by field bean/corn gluten meal or by whey was below than 10% by weight and disagreed
with the study of Kikuchi et al., (1994)(cited by Somsueb and Boonyaratpalin, 2001 ) on
Japanese flounder that body lipid content were reduced by increasing feather meal in the
diets.

The level of thyroxin hormone (T4) and triiodotyonine (T3) in blood of fishes at
the end of experiment appears that the level of T3 in blood were not clearly related to the
percentage of replacement but the level of T4 in blood of fish fed with diet containing 0%
fermented father meal were tended to be lower than in fish fed with diet containing
fermented feather meal replacement of fish meal diet and the lipid in fish carcass were
tended to be decreased by increasing of level of T3 and T4 in blood. In this study there
was disagree with the study of Fowler (1990) on juvenile fall chinook salmon
(Oncorhynchus tshawytscha) reported that mean plasma T4 concentrations for all groups
of fish were low during the first periods showed no significantly different but at the last
period of the experiment, fish fed with diet containing 0% of feather meal replacement
fish meal had significantly higher plasma T4 than other (5%and 15% replacement). In
addition, the thyroid activity was depressed by low protein and low calories diet depresses
(Higgs and Eales, 1979 cited by Fowler, 1990) and Plasma T4 is affected by type of
dietary lipid (Leatherland et al., 1977 cited by Fowler, 1990).

5.2.3 Comparison of nile tilapia and walking catfish experimental result

Growth rate of nile tilapia and walking catfish were increased when fed containing
more fish meal than fermented feather meal, but the fishes fed with 25 and 50%
fermented feather meal replacement of fish meal in diets and the fishes fed with only fish
meal in diet were not significantly different (P>0.05) in these study, had better results
than the study of Viola & Zahar (1984) on market size hybrids tilapia (Oreochromis) that
7.5% feather meal replaced fish meal was reduced growth by 7% from fish fed with
control diet and better than the study of Somsueb and Boonyaratpalin (2001) on walking
catfish (Clarias sp) that highest percentage of replacement fishmeal by feather meal were
5% and the study of Fowler (1990) on juvenile fall chinook salmon (Oncorhynchus
tshawytscha) that the highest percentage of replacement was 15% of fish meal by feather
meal that at the end of experiment weight gain did not differ from fed with diets that
replaced 0, 5% of fish meal by feather meal
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The feed consumption of nile tilapia showed that there were not related to the
palatability of diets, but walking catfish related to the palatability of diets because the
increasing of fermented feather meal in the diets were tended to decrease the feed
consumption, but there were not significantly different (P>0.05). Any way, although that
means the rank smell of feather meal was reduced by fermentation, the results from nile
tilapia were more effective than walking catfish. Perhaps, the differrent palatability of diet
were varied by characteristic of fishes, in natural the walking catfish are nocturnal and
had sensitively babel that were used for for finding diet (Chuapoehuk, 2542) smell
receptor of walking catfish probably more effiency than nile tilapia

The feed conversion ratio were increased by increasing of fermented feather meal.
The feed conversion ratio of walking catfish were higher than nile tilapia that probably
caused from the digestive of herbivorus fish (about 5-8 times of total length in nile tilapia)
were longer than canivorus fish (about 2 times of total length in walking catfish)
(Chuapoehuk, 2542) that was made nile tilapia had more digestive and absorptive area
than walking catfish, which similar to the utilization of feather meal in ruminant animal
(cattle) had better result than monogastric animal (poultry and swine) (Church, 1983 cited
by Punsri, 1991). Protein efficiency ratios of nile tilapia and walking catfish were reduced
by increasing of fermented feather meal. The value of apparent net protein retention of
nile tilapia and walking cat fish had similary tend that were reducing by increasing of
fermented feather meal. The different protein efficiency ratio and apparent net protein
retention, when considered the protein intake, there were caused from the utilization of
available protein in feather meal by nile tilapia and walking catfish was lower than fish
meal. The result indicated that protein quality of feather meal were unsuitable for using in
high percentage and protein quality were decreased by increasing of feather meal
(Somsueb and Boonyaratpalin, 2001).

For cost of diet related reason, the 50% fermented feather meal replaced fish meal
in experimental diet was the most effective because there were not significantly different
(P>0.05) from control diet and diet that containing 25% fermented feather meal replaced
fish meal. In addition the cost of diet was reduced more than 25% fermented feather meal
replaced fish meal. Although the growth and feed efficiency were tended to be lower than

0% (control diet) and 25% fermented feather meal replaced fish meal in experimental diet
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and control diet (100% fish meal), prolong culture period would be recommened but must
be considered about expenses of farm maintenance prolongation.

For growth and feed efficiency, 25% of fermented feather meal replacement for
fish meal in nile tilapia and walking catfish diet was suitable because there had closely
growth and feed efficiency to fish fed with diet containing only fish meal (control).

In this study, the 25% replacement of fish meal by fermented feather meal could
reduced nile tilapia and walking catfish experimental diet cost 0.71 and 0.81 baht/kg.
respectively (compare with control diet) and when compared with commercial feed
(containing 30% protein (22 baht/kg.)) were reduced cost about 5.46 and 3.62 baht/kg.
respectively.

The 50% replacement of fish meal by fermented feather meal could reduced nile
tilapia and walking catfish experimental  diet cost 1.31 and 1.38 baht/kg.
respectively(compare with control diet) and when compare with commercial feed
(containing 30% protein (22 baht/kg.)) were reduced cost about 6.06 and 4.20 baht/kg.

respectively.

5.3 Water quality

Water temperature in culture tank, generally did not greather fluctulation in the
morning and after noon. The minimum temperature was 23°C and maximum temperature
was 26°C. The Dissolved oxygen were ranged from 5.27-5.68 mg/l., pH were ranged
from 7.79-7.88, Hardness were ranged from 132.50-133.75 mg/I., Alkalinity were ranged
from 368.75-390.25 mg/l and Ammonia concentration of water were ranged from 0.56-
0.79 mg./l

Anyway, in this study the water quality were all with in the acceptable tolerance

or desirable ranges for nile tilapia and walking catfish culture.
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CHAPTER VI
CONCLUSION AND RECOMENDATION

The study on replacement of fish meal with different percentage of fermented
feather meal was conducted on nile tilapia and walking cat fish. Base on the results

obtained from this study, it can be concluded as follows:

6.1 Conclusion
1. Quality of experimantal diets
Nile tilapia experimental diets were contained protein ranged from 28.48 to 30.38,
gross energy ranged from 345 to 368 kcal/100g.diet and walking catfish experimental
diets were contained protein ranged from 30.40 to 31.36 gross energy ranged from 365 to
403 kcal/100g.diet.
2. Growth and feed effiency
Growth and feed effiency of nile tilapia and walking catfish ,that fed with 0, 25
and 50% fermented feather meal in diet were not significantly different (P<0.05) and
fish fed with 0 and 25% fermented feather meal in diet seem to get performance closely
together.

3. Cost of experimental diets

The cost of 1-5 nile tilapia feed fomula ranged from 17.25-14.79 baht /kg..The
replacement of fermented feather meal 25, 50, 75 and 100% of fish meal were reduced
cost about 0.71, 1.31, 1.97 and 2.46 baht/kg., respectively and when compare with
commercial feed (containing 30% protein (22 baht/kg.)) were reduced cost about 2.82,
5.46, 6.06, 6.72 and 7.21 baht/kg., respectively.

The cost of 1-5 walking catfish feed fomula ranged from 19.18-16.59 baht/kg.
Replacement of fermented feather meal 25, 50, 75 and 100% of fish meal were reduced
cost about 0.81, 1.38, 2.09 and 2.59 baht/kg., respectively and compare with commercial
feed (containing 30% protein (22 baht/kg.)) were reduced cost about 2.82, 3.62, 4.20, 4.91
and 5.41 baht/kg., respectively.
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6.2 Recomendation

6.2.1 Recomendation in this study

1. In feather meal fermentation process should be choosen more effective aeration
method than stirred for increase the digestive of microorganism, reduce time for
fermentation and reduce anaerobic fermentation that was produced stink smell component
such as ammonia.

2. The experimental fish should be fed in a little amount of diets and must be
scatter all through tank, when diet was eaten step by step added little amount of diets.
Especially in nile tilapia usually grabbed diets and sucked in the mouth, and then
disgorged out later that was caused of incorrect feed consumption

3. The results of this study some factor of 50 and 75 percentage replacement fish
meal with feather meal are overlapped, the regression would be recommended to
searching for maximum percentage of replacement fish meal by fermented feather meal.

6.2.2 Recomendation in next study

1. The machine using for aeration are interesting to use for for increase the
digestive of microorganism, reduce time for fermentation and reduce anaerobic
fermentation.

2. Finding method for reduce rank smell of feather meal, which caused of
decreading palatability of feather diet or using feather meal as combinated with effective
attract material such as tuna oil, flavouring material.

3. Repeat the experiment at 25-50 percentage of replacement of fish meal by
fermented feather meal in pond and concrete tank with suitable density (at traditional
culture density) for finding the most effective ratio of replacement and closely results to

traditional fish culture.
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APPENDIX (A)

msa%'nqmmmsmam

° Aq Y o & Y axt ° ~
Msmuagasemsnlslunsnaaesnsatioz 1y AmsauaTasmsunumn
(Substitutiotion method) 31nga301M1sNNUaulugase1ns 25% szaulsunallsanuzo% wag
Y [
W99 400 keal/ 100281113 1INTUTMsAIMmYTnamsunuidanudydsducos) ae

v lntluTUsau 85%) Tusasiaiu 25%, 50%, 75% 1ag100% AMUE19L(Faculty of Fisheries,

1999)
Raw material Raw material (% in diet) Protein from diet (%in diet)
(Protein (%)) For.l | For.2 | For.3 | For.4 | For.5 | For.1 | For.2 | For.3 | For.4 | For.5
Fish meal (60%) 25 18.75 | 125 6.25 = 15.00 | 11.25 | 7.50 3.75 -
Feather meal (85%) - 44 8.8 13.3 17.7 - 3.75 750 | 11.25 | 15.00

A v (K] o' 1 { 9 { o & [

uenilo a0 lufuuazunaFen luwu Inludinn lasuandanludsduiudosimslsy

Y [ Y 9 oy % g’ Y =\ 3 ]
Trlindanumnunngasemsaieiiniular hiluny tezlasaadourodvla vimivezilsy

TrensilsuanminuTasmsiauunavua oz ldgasennsdmsuldlunmsnaaes

Raw material Diet formula and percentage of fermented feather meal replacement of fish meal
Formulal. Formula 2. Formula 3. Formula 4. Formula 5.
(0%) (25%) (50%) (75%) (100%)

Fish meal 25 18.75 12.5 6.25 -
Feather meal - 44 8.8 13.3 17.7
Soybean meal 30 30 30 30 30
Ground rice broken 15 15 15 15 15
Cassava powder 10 10 10 10 10
Alpha starch 6 6 6 6 6
Vegetable oil 13 13 1.3 1.3 13
Fish oil 1.0 14 19 2.3 2.7
Lard - 0.4 0.6 0.9 1.6
Di-calsium phosphate 0.92 0.78 1.11 1.34 1.63
Vitamins & minerals 2 2 2 2 2
Ground husk 8.28 9.47 10.29 11.11 11.57
Yeast cake 0.5 0.5 0.5 0.5 0.5
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APPENDIX (B)

ada d U
”Jﬁ’J!ﬂi”l%‘Hﬂﬂ!ﬂ1ﬂ1ﬂiﬂﬂiﬂ1ﬂ1§’m‘ﬁﬁ!!a$ﬂm

115t U(Protien)

Tsaulupminsdadoztiosnsznevvedlulasnuiludadiunuiuou Tasnd Tusau
A A 1 Y] :JI A a o 1 9 9
wiidsumedlulasnuedlszinm 16% auiuloanszimawes Tulasou udiguaie 6.25

921471 Percentage voa115AUVDIAIDE1991MS

RNy
NNy
< A . £ )
1. Sel-dahl pack (11]14%0UD9 Premixed Catalysts ¥91s52nouale 9.7 gm K,SO,, 0.19 gm Cu SeO,
H,0, 0.11 gm permice) 130010 1% Catalyst H91l5znOUA 100 NFU VYo K SO, 10 NN U4
[ [ 1 Sy Y
CuSeO, SH,0 1az 1 nuves Se iudrunaun1d
2. Concentrated H,SO, 1% Oxidized T1/5aul# luTasnuegluzilves (NH,),S0,
3. Sat. NaOH aza1e 580 n3uUed NaOH 111 1 ans
4. Boric acid 4% a1 40 NSY boric acid luinauuaziuilu 1 aag
5. Indicator a¥219 0.5 N34 Bromocresal Green (8% 0.1 NI Mehyl red 1 100 aU.%u. VI 95%
Ethanal
6. Standardized 0.1 N HC1

7. Boiling chips 130 Glass beads

aa

DM

1. Fadredalanszaunses udrlalu Kjeldahl flask v 800 ml. (31153 TdsAuluded
= 1 o'/ 9 1 [ 1 = 9 1w 1 a A = o'
HUNNI 20% FeA0819lszna 0.7 ASH peNazden MmadIeeNYTm Tdsaud
N 20% FA0619lseua 1.4 nSY) uazason Blank laeldiane Filter paper uagld
Boiling chips

2. 1d Sel-dahl catalyst 10 N3N LAY 25 A1L.BN. VDI H,SO, concentrate 1 flask ‘K]ﬂéil
] o 1 I [ { [

3. dosdreanuiousuddly flask waswiudla aesnyuvialidiunmasgndosauluriua

nazdosao 1Udn 1.5 ¥2Tue naeandosaulaudl
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:/} Qy <3 a g’ 1 1 o 3
4. 99 flask Na131EY @i 300 av.wy. 9819919 TasideenovIAve flask tue I¥inauiy A9
Qy PR a gy
nligulugurigivie
5. f9E9N NaOH Saturated 100 a5y, 08195z8asede Aveainld lnamuasvianseug iy
1 < 1 [
uazaINveIHaRANY distiller W3 ouEn 1 Hauiy
< a
6. 1N distillate 150 @193, 11 25 A%, 4% boric acid HALIAY 4 HIAVD indicator

7. Titrate @38 0.1 N HCI 944 end point

MINUIN
% lulasiou = (S-B)(14.007)(n) x 100
gm V0IA0E x 100
Taoi

S = ml HCL #i¥ titrate #2019
B = mlHCL ‘17]1“191} titrate N1 Blank
n = Normally U834 HCI
iy IdnlosaudTalsa Tas
% crude protein =% M IATIAU * 6.25

o 12 A o ' Yo 1 [ Y A g
dwmsulunsaidiegsaa learegniseuna 2 05 uay e H,S0, twadlu 40 a5y,
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Tuaiu(Lipid)

a Jd a @ A
myunaendlsunalusiuluemisaz 1993 Ether Extraction

a A A gy
a15!ﬂu!!ﬁ$!ﬂiﬂﬁuﬂﬂ1“ﬂ

1.

Petrolium Sperite

MBUNENITOUN 80°C.

2.
3.  Pourous extraction thimbles
4.  Extraction beaker
5. Extraction tubes
6. Recovery tubes
7.  Goldfish extractor
ad
ABNS
< ) o < i
1. ©1 extraction beakers (a2 thimbles 1% oven 111781 1 2T udir1ieu 1y dessicator
2. 94 beaker 118 thimbles
3. Waa0819152uw 2 nSuegeazidenla lu thimble
4. d thimble ua@108199914 extraction tube 1a2 lalu goldfish extractor
5. la Petroleum ether 1521181 35-40 ml. aslu extraction beaker ué’fld“lum?m Goldfish
extractor
a c;y Y ~ a3 @ = 9
6.  Warhwaz 1M 1inemunzi Petrolium ether 9¢5211etilu 1o 11ag condense nNaVaIN0n 19
Y] o o (] I o =
1% Petrolium ether afialvsiueennindletnaudunar 4 ¥11uud1a 1% petroleum ether
NgAMIANARIUAIDIN
. = ! =) Y .
7. 101 Beaker 118 Extraction tube 990 1aguLo Recovery tube Taunu 1Wa'lW 1y Petrolium 910
Beaker N1 Condense "lﬂagﬂu Recovery tube
. Y A 1 A 1y o
8. 191 Petrolium eoniszualvivaneg 3/8 Noda01 Beaker LAz Recovery tube 80NN
Petrolium ether 1’3}1%}114 i\
[ 4 ] 1 4 o I
9. 1ldog1H Petrolium cther Nindovgszivioasn 11A101 Beaker 1aTu Oven tiveriIiuduily
a1 1 %219
I~ Y .
10. 1N Beaker 1118111 Dessicator

1.

v Y v
¥91111TNUD9 Beaker 9NASI ATUIUNT % Jafal
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o

M

Y Y
% lufu= @Iniin Beaker + luiTu) — 191inU09 Beaker x 100

E4
WINUNUDIA DY

Copyright by Mahidol University



Ek Rakyuttithamkul Appendix 80

1@ule (Crude Fiber)

a A A qqu
ARIREY !!ﬁglﬂﬁﬂﬁuﬂ‘n‘l‘v

Residue 910mM 341 lvaiu d1d106193 lusfudinii 1 % lhidesana lusiueennou la

n [
2. Sulfuric Acid Sol 1.25 N3U/100 aU.%U. ﬁ?’t] 0.255 N.
3. Sodium hydroxcide solution 1.25 gm./100 ml. %30 0.312 N.
4. Ethyl Alcohol 95%
5. Digestion Flask
6. Condensor ¥2¢111/51nsv09asaza1ensnnasamstoy
7. Funnel
8. Ashless filter paper
aa
A5MS
o w 1 A o o 9 913‘ @ 1 2 1 . ! a
1. ihdedunana luuesnudl (Giminedwaziden) uldaslu digestion flask 1Ay
a15aza1wnsnNMauneaeg 200 ml. adlae Condenser NI dIunauaIThoansly 1
S 9 9 1 ~ A A Y o 1 @ U R v A
wiindrduae 11 30 Wi nyuwaa lilmng i e lddredegniunsaniteiug
! o v Y { v 1 J
2. nsoaunanluvIniUARIY Ashless filter paper ANAIUAANOY VUNTZALNTOIAIYN
ADAIUNNANT A
~ ' oAA Yg Y Y o 1 A A ! . .
3. wssuialamsazateasiion B lvnsey hawimasuunszaunseelaaslu Digestion
Y
flask LAAANENTATABA19Y 200 av.aw. adll IFasazaretidreddedadunseaunseali
Yy v pr, Wy o,
NUA LAIAN 30 WINE U UATIAT1
9 ] a Yy 9 o 1 U g’ 9 . U Yy 9 9
4. NTOIAYNILATYNITOIWHUANIAIANAIDYNN1811TOUIU Filtrate UT1A910A 19010 19AY
Alcohol 95% 1h@reg1efiriaveguunszaEnsod lleun 100 waFed udrinAveanszay
Y < oy o o 1 ~ [l 1 A [ . .
nseseen lailuihminvesdieasi liazarelunsauaza1anseminy Dried Weight Y84
Fiber
R A ' v v o v
5. i ldwemarveadie: Iatihmiinveud
6. AUIUAIVDI Crude Fiber 910 Dried Weight U84 Fiber

Weight of ash Crude fiber

% Crude fiber Crude fiber x 100

Y

MMINU0IA081917
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101 (Ash)

Y 1 = . ' | ' A A P A
DY UAIUTIHIVOS Inorganic TuoIMISHATEIUNANVDIO TN Lﬂuﬁauwmaa@gmmm

9 g’ 1 . 9
Tydeniazaiuved organic 8o liud?

ad
I5MS
. A ~ < o o q Y .
1.  ®UCrucible tazri 100 oeruraea 11 Oven 1Wuan 1 ¥ Tnani1lviguly Desicator tag
¥90819a21080
v o [] 1 a [ 1 = Y v 1 A dy k) o
2. ¥aaree1alaly Crusible U512 2 NSy BE19ALIBEA (819 1FAI0619NMIANVFY LRIV
I 1
whudae'ld)
3. 919Crusible U1 Hot plate HAZIAN 0.2 1.9, Y99 Concentrate Nitric acid 7181@ Hood taziila
9 Y Y
v A a <
Ilwoa Hot plate 1¥gadiu wazaana 13 45 wit waz ldrilames 13ianios
1 3 o .
4. o111 Muffle Furnace 13ut9a1 2 $2 7190 600 99 salFoa

0 Y3 R v g’ (OIS o A .
5. M1¥duasly Desicator tazFI1MInA10819011a0 11 Crusible

MIAIUIN

v
o v 9

% 181 = i x 100

v

MMINU0IA0819113

1 3 I '
317 1ainu1331A3124¥%1 Ca 11a2 Phosphorus
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ANNFY (moisture)

acn
EMS
. A o Y ~ = = 3 Y
1. ®U Crucible ¥39U KN ourN 100 paruaFea 11 Oven YU 30 WA waz W lfEy
' Y ' ]

11 Desiccator Az ¥311119n Crucible H30u0%4 Tag laidarh
2. lddeg19aalillu Crusible H3puRd91)521101 2 ASY
3. i lidledraialagly Oven 100 pernaFeoa waz Iidlarudug 13

o 1 [ =) )
4. @r0819019 1w o1nsar A liuie Taelasnan 6 3219
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5. @regaaa (Weon) uiiadedal a4 14a1 24 ¥ Tue lumsi Ituianseauninimin

VDIAIDEIILAIN
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6. wa\ﬁnﬂﬂi‘ﬁ'llw{il!aj LﬂU‘lﬁlUuﬁlu Dessicator llazGU\?U’]WUﬂ@ﬂﬂﬁQTﬂﬂﬂNﬁ@ﬁ%ﬁ Phﬂﬁ@‘u
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APPENDIX (C)

Table A-1 Data analysis (ANOVA) of average weight of nile tilapia every 2 week though

out the experiment

Sum of
Squares Df Mean Square F Sig.
Initial Between Groups 1.538 4 .384 .302 .870
Within Groups 12.708 10 L2071
Total 14.245 14
Wk 2 Between Groups 105.238 4 26.309 1.417 .298
Within Groups 185.687 10 18.569
Total 290.924 14
Wk 4 Between Groups 247.205 4 61.801 7.247 .005
Within Groups 85.279 10 8.528
Total 332.484 14
WK 6 Between Groups 577.546 4 144.387 1.566 257
Within Groups 921.791 10 92.179
Total 1499.337 14
Wk 8 Between Groups 838.289 4 209.572 1.894 .188
Within Groups 1106.572 10 110.657
Total 1944.861 14
Wk 10 Between Groups 1364.191 4 341.048 3.306 .057
Within Groups 1031.694 10 103.169
Total 2395.885 14
Wk 12 Between Groups 2590.185 4 647.546 6.253 .009
Within Groups 1035.638 10 103.564
Total 3625.823 14

Table A-2 Data analysis (Duncan) of initial average weight of nile tilapia

Subset for

alpha =.05
Diet N 1
2 3 122.806000
5 3 123.031833
1 3 123.078667
3 3 123.495167
4 3 123.678333
Sig. 402

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-3 Data analysis (Duncan) of average weight of nile tilapia at week 2™

Diet N

Subset for
alpha =.05

1

N W R B~ O

Sig.

w W w w w

144.273833
149.615167
150.134167
150.955000
151.809833

077

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-4 Data analysis (Duncan) of average weight of nile tilapia at week 4"

Subset for alpha = .05

Diet N 1 2

5 3 | 144.289000

4 3 152.214833
3 ) 152.816333
2 3 155.304500
1 3 155.363000
Sig. 1.000 .246

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-4 Data analysis (Duncan) of average weight of nile tilapia at week 6™

Diet N

Subset for
alpha =.05

1

N P W B~ O

Sig.

w W w w w

159.282000
163.210667
170.107833
173.729167
175.550833

.086

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-5 Data analysis (Duncan) of average weight of nile tilapia at week 8"

Subset for
alpha =.05

diet N 1

168.226833
170.023667
181.284000
182.788333
187.306333
Sig. 069

N P W B~ O
w W w w w

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-6 Data analysis (Duncan) of average weight of nile tilapia at week 10

Subset for alpha = .05
diet N 1 2 3
5 3 | 180.765833
4 3 | 184.120000 | 184.120000
3 3| 194.091000 | 194.091000 | 194.091000
1 3 202.139000 | 202.139000
2 3 204.903667
Sig. 156 .064 242

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-7 Data analysis (Duncan) of average weight of nile tilapia at week 12"

Subset for alpha = .05

diet 1 2

5 3| 192.082333

4 3 | 195.966500

3 3 | 206.968667 | 206.968667
2 3 222.350000
1 3 224.082667
Sig. 118 077

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-8 Data analysis (ANOVA) of feed consumption of nile tilapia
Sum of
Squares df Mean Square F Sig.
Feed Between
. 387.641 4 96.910 1.593 .250
consumption  Groups
Within Groups 608.376 10 60.838
Total 996.017 14

Table A-9 Data analysis (Duncan) of feed consumption of nile tilapia

Diet

1

Subset for
alpha = .05

4
5
1
3
2

Sig.

W w W w w

181.594700
183.426350
193.147050
195.876633
198.382083

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-10 Data analysis (ANOVA) of growth and feed efficiency of nile tilapia

Sum of Squares | Df | Mean Square F Sig.
Percentage of weight  Between Groups
. 1790.412 4 447.603 6.950 .006
gain
Within Groups 644.015 10 64.402
Total 2434.427 14
Survival rate Between Groups .000 4 .000
Within Groups .000 10 .000
Total .000 14
FCR Between Groups 1.228 4 .307 8.980 .002
Within Groups .342 10 .034
Total 1.570 14
PER Between Groups 450 4 112 7.768 .004
Within Groups .145 10 .014
Total .594 14
ANPR Between Groups 114.584 4 28.646 9.107 .002
Within Groups 31.456 10 3.146
Total 146.040 14
Protein intake Between Groups 114.365 4 28.591 1.693 227
Within Groups 168.861 10 16.886
Total 283.226 14
ADG Between Groups 377 4 .094 6.693 .007
Within Groups 141 10 .014
Total 517 14

Table A-11 Data analysis (Duncan) of percentage weight gain of nile tilapia

Subset for alpha = .05

Diet 1 2

5 3 72.971691

4 3 75.120588

3 3| 86.272414 | 86.272414
2 3 101.215378
1 3 105.876872
Sig. 127 .060

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-11 Data analysis (Duncan) of feed conversion ratio of nile tilapia

Subset for alpha = .05
Diet N 1 2 3
2 3 1.779199
1 3 1.929401
3 3 2.319264
4 3 2.537406
5 3 2.931920
Sig. .652 .084 274

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-12 Data analysis (Duncan) of protein efficiency ratio of nile tilapia

Subset for alpha = .05
Diet N 1 2 3
5 3 1.264917
4 3 1.315149
3 3 1.511462 1511462
1 3 1.768781 1.768781
2 3 1.848486
Sig. 214 .086 251

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Appendix 88

Table A-13 Data analysis (Duncan) of apparent net protein retention of nile tilapia

Subset for alpha = .05
Diet N 1 2 3
4 3| 24.193333
3 3 27.643333 27.643333
1 3 27.736667 27.736667
5 3| 28.620000 | 28.620000 | 28.620000
2 3 31.863333
Sig. .964 .087 223

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-14 Data analysis (Duncan) of protein intake of nile tilapia

Diet

Subset for
alpha =.05

1

4
2
5
3
1

Sig.

w W w w w

53.251879
54.704867
54.962685
55.132248
56.999298

.053

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-15 Data analysis (Duncan) of average daily weight gain of nile tilapia

Subset for alpha = .05

Diet 1 2

5 8 .822067

4 3 .860600

3 3 .993733 .993733
2 3 1.185067
1 3 1.202433
Sig. 121 .066

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-16 Data analysis (ANOVA) of average weight of walkling catfish every 2 week

though out the experiment

Sum of
Squares Df Mean Square F Sig.
Initial Between
275 4 .069 729 592
Groups
Within
.944 10 .094
Groups
Total 1.220 14
Wk 2 Between
46.039 4 11.510 5.047 .017
Groups
Within
22.805 10 2.280
Groups
Total 68.843 14
Wk 4 Between
189.724 4 47.431 6.101 .009
Groups
Within
77.748 10 7.775
Groups
Total 267.472 14
WKk 6 Between
715.019 4 178.755 6.619 .007
Groups
Within
270.047 10 27.005
Groups
Total 985.067 14
Wk 8 Between
2793.929 4 698.482 13.692 .000
Groups
Within
510.142 10 51.014
Groups
Total 3304.070 14
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Table A-17 Data analysis (Duncan) of initial average weight of walkling catfish

Diet

Subset for
alpha =.05

1

4
3
1
2
5

Sig.

w w W w w

73.726000
73.979000
74.044500
74.085667
74.089833

211

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-18 Data analysis (Duncan) of average weight of walkling catfish at week 2™

Subset for alpha = .05

Diet 1 2

5 3 77.411500

4 3| 79.551500 | 79.551500
1 3 80.642000
3 3 81.887333
2 3 82.254000
Sig. 113 .068

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-19 Data analysis (Duncan) of average weight of walkling catfish at week 4™

Subset for alpha = .05

Diet 1 2

5 3| 81.948333

4 3 86.667333 86.667333
1 3 89.624167
3 3 90.958000
2 3 91.689500
Sig. .065 .067

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-20 Data analysis (Duncan) of average weight of walkling catfish at week 6"

Subset for alpha = .05

Diet 1 2

5 3 89.763500

4 3 101.053667
1 3 106.391000
3 3 107.019167
2 3 108.705167
Sig. 1.000 123

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-21 Data analysis (Duncan) of average weight of walkling catfish at week 8™

Subset for alpha = .05
Diet 1 2 3
5 3| 96.556833
4 3 114.428833
3 3 125.715000 | 125.715000
1 3 132.580167
2 3 132.670000
Sig. 1.000 .082 281

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-22 Data analysis (ANOVA) of feed consumption of walking catfish

Sum of
Squares Df Mean Square F Sig.
Feed Between
. 496.815 4 124.204 36.292 .000
consumption Groups
Within Groups 34.224 10 3.422
Total 531.039 14
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Table A-22 Data analysis (Duncan) of feed consumption of walking catfish

Subset for alpha = .05
Diet N 1 2 3 4
5 3 90.248067
4 3 144.233333
3 3 149.127500 | 149.127500
2 3 152.371000
1 3 160.793833
Sig. 145 128 .057 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-23 Data analysis (ANOVA) of growth and feed efficiency of walking catfish

Sum of Squares Df Mean Square F Sig.
Percentage of weight  Between Groups
) 5117.686 4 1279.421 13.381 .001
gain
Within Groups 956.176 10 95.618
Total 6073.862 14
Survival rate Between Groups .000 4 .000
Within Groups .000 10 .000
Total .000 14
FCR Between Groups 4.158 4 1.039 8.464 .003
Within Groups 1.228 10 123
Total 5.386 14
PER Between Groups 435 4 .109 5.628 .012
Within Groups .193 10 .019
Total .628 14
ANPR Between Groups 525.014 4 131.254 8.727 .003
Within Groups 150.400 10 15.040
Total 675.414 14
Protein intake Between Groups 935.617 4 233.904 17.007 .000
Within Groups 137.538 10 13.754
Total 1073.155 14
ADG Between Groups .895 4 224 13.654 .000
Within Groups .164 10 .016
Total 1.059 14
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Table A-24 Data analysis (Duncan) of percentage weight gain of walking catfish

Subset for alpha = .05
Diet N 1 2 3
5 3 30.127658
4 3| 55.212400 | 55.212400
3 3 69.973133 | 69.973133
2 3 79.065667
1 3 79.075000
Sig. 647 .094 .302

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-25 Data analysis (Duncan) of feed conversion ratio of walking catfish

Subset for alpha = .05
diet N 1 2 3

2 3 2.623733

1 3 2.773100

3 3 2.968917 2.968917

4 3 3.549217 3.549217
5 3 4.034697
Sig. 276 .070 121

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-26 Data analysis (Duncan) of protein efficiency ratio of walking catfish

Subset for alpha = .05
Diet N 1 2 3
5 3 794935
4 3 .906800 .906800
3 3 1.106833 1.106833
1 3 1.150100 1.150100
2 3 1.264867
Sig. 347 .067 213

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-27 Data analysis (Duncan) of apparent net protein retention of walking catfish

Subset for alpha = .05

Diet N 1 2

5 3 14.816667

4 3| 18.116667

3 3 25.433333
1 3 28.653333
2 3 29.856667
Sig. 322 212

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-28 Data analysis (Duncan) of protein intake of walking catfish

Subset for alpha = .05

Diet N 1 2

5 3| 28.139042

4 3 45.231600
2 3 46.320800
3 3 46.751467
1 3 50.875133
Sig. 1.000 RIS

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-29 Data analysis (Duncan) of average daily weight gain of walking catfish

Subset for alpha = .05
Diet N 1 2 3
5 3 .398800
4 3 7126833
3 3 .923867 .923867
1 3 1.045300
2 3 1.046167
Sig. 1.000 .089 290

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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Table A-30 Data analysis (ANOVA) of chemical composition of nile tilapia carcass

Sum of
Squares Df Mean Square F Sig.
Protein Between
437.165 5 87.433 161.607 .000
Groups
Within Groups 6.492 12 541
Total 443.657 17
Lipid Between
257.206 5 51.441 1338.534 .000
Groups
Within Groups 461 12 .038
Total 257.667 17
Fiber Between
.552 5 110 715.964 .000
Groups
Within Groups .002 12 .000
Total .554 17

Table A-30 Data analysis (Duncan) of crude protein composition of nile tilapia carcass

Subset for alpha = .05
Diet 1 2 2 4
Initial 3| 75.831968
1 3 84.518120
4 3 85.931706
2 3 86.222093
3 3 87.175238
5 3 92.421513
Sig. 1.000 1.000 .072 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-31 Data analysis (Duncan) of crude lipid composition of nile tilapia carcass

Diet

Subset for alpha = .05

1

3

5

1

4
Initial
2

3

Sig.

W w W w w w

13.435076

1.000

21.181839

1.000

21.990008

1.000

23.774680

1.000

24.205063
24.303849
.549

Means for groups in homogeneous subsets are displayed.a Uses Harmonic Mean Sample Size = 3.000.
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Table A-32 Data analysis (Duncan) of crude fiber composition of nile tilapia carcass

FOOD N Subset for alpha = .05
1 2 3 4 5 6

1.187312
1.210253
1.387708
1.519109
1.550791

N
W W W w w w

1.660930
Sig. 1.000 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-33 Data analysis (ANOVA) of chemical composition of walking catfish carcass

Sum of
Squares df Mean Square F Sig.
Protein Between
30.823 5 6.165 94.936 .000
Groups
Within Groups 779 12 .065
Total 31.602 17
Lipid Between
16.957 b 3.391 | 17820.101 .000
Groups
Within Groups .002 12 .000
Total 16.959 17
Fiber Between
.981 5 196 | 10380.254 .000
Groups
Within Groups .000 12 .000
Total .981 i/
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Table A-34 Data analysis (Duncan) of crude protein composition of walking catfish

carcass
Subset for alpha = .05

Diet N 1 2 3 4
initial 3| 59.830515
3 3 60.751555
5 3 60.849980
2 3 62.335680
1 3 62.723096
4 3) 63.625538
Sig. 1.000 .645 .087 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-35 Data analysis (Duncan) of crude lipid composition of walking catfish carcass

Diet N Subset for alpha = .05
1 2 3 4 b) 6
4 3 2.064328
1 3 3.206127
3 3 3.314259
2 3 3.548703
5 3 3.674856
initial 8 5.355200
Sig. 1.000 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.

Table A-36 Data analysis (Duncan) of crude fiber composition of walking catfish carcass

Diet N Subset for alpha = .05
1 2 3 4 5 6
5 3 .837215
4 3 877339
3 3 .946931
1 3 1.206925
2 3 1.259456
Initial 3 1.484683
Sig. 1.000 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.a Uses Harmonic Mean Sample Size = 3.000
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