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ABSTRACT

This study mvestigated the ellects of dictary [ermenied and awoclaved castor seed meal on crowtly
performance, hacnwtology and carcass composiion of Clurias gariepinus fingerlings, 150 Clarios
gariepime fingerlings were randonly distributed  mto 3 groups ol ten 1ish per tank cach 10 e
treatments, The experimental design s a conplete randomize design in which there were three
replicates tor each treatment. The exparimental dicts which were designated 094, 59, 10", 157,
ard  20%. respectively woere sonitrogenous (2% Crude Protein contenly and  socitioric
(_ERSN.RSKULIE‘T\'Q)‘ The results showed that the best diet with formented and autoclaived castor seed
meal was 13 (10%), inchision as it gave the best WG (13830 SGR (131 RGR (1,34, ad the
lowest FCR (1.39) when compared with T2 (3%, 13 (153% ) and TS £20%) The hwesl SrowTh oyl
feed utilization parameters were observed in diet TS (2090), The careass composition <howed i
Crude protein. and moisture of fish [ed the control were signilicanthy icher (pe0.03) than the sl
fed the CSMS.CSM 10, CSMI13 and CSM20 and while for the Fat content. ASE and nitrogen free
extract of the bsh fed CSM20 was significantly higher than CSMIS, CSMI10. CSMS and the
treatment respectively.  The weight cain of fish ake decreascd with incrense i castor seed nwa!l
replcement level above 10%. The use of castor seed meal at 10% inclusion level was the how
because there was no sigmilicant dillerenee between comrol dicts 11 and (10%) T3 (P=0.05) [
results of the hacnatological  parameters showed that the packed cell volume  (PCVy
hacmoglobin (Hb), Red Bloed Cell. Newrophils valies were significantly  (P<10.05) Tigher

control conpared to CSMS, CSM10. CSMI3. and CSM20, but the parked cell volume.
bacnnglobin, Red hlood cell, and Neutrophils were smlar (p-0.05) oy CSMIS and CSN20 o
Control and CSM10. while  CSM3S showed no sionifcant dillorent o the ot M
compuscular hacmoglobin . concentration of the fish shows smilar cfect (p 163 o Comrel
CSMS CSMI0, CSMITSand CSM20. White blood cell was similar (p 0035 &y corte ond 0803
Aul were sienificantly  (P<0.03) difleremt n CSM 10, CSMI13 and CSM20 #ence in conclision

s the best replacenent devel for sovbean meal with to deleterious cticet o Sl o £

comiopinus fingerlings. The use of castor seed meal at 10% replwcenent lesel f sovbean s

recemmended mothe diet of O guricpinas fingerfings.

Vil
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CHAPTER ONE
LTINTRODUCTION
Protem is an essential nutrient which is vial for gowth of animal-fish. Prescatly fish leed albone

accowtt for between 60 and 73% of the total cost of fsh production (Babalol. 2010y Therelre,

conventional  protem feedstulf such as aroundnut cake, fishmeal and sovbean which s quute

expensive can be replaice by underutili zed plant protemn fike castor seed meal in the diet of fish.

becawse they are readiv available and refatively cheap. Castor seed meal can he used 1o replice
plant protem such as groundnut cake, sovbean meal m the conpounded  dict ol aquariced 1Cal o
al. 20603,

Castor sceds are obtamed  from castor plant - Ricinus communis — a crop from the Buphorbiaeca
fanuly which s widelv cultivated, in the tenperate tropical and subtropical countries. (Wikipedia

2008). Liprocessed castor seed meal contains about 35 {o 409 crude protem content {An. 204 2),

The meal lefl afier ofl extraction has protein content of 39%, crude fiber 180 oo mNCral matter 7.5%,

schible carbolndraie 3%, and 4074 ether exract (Devendra, 1988). Conpared with other phnt

protem: castor sced nxal s high i essential amino acid and minera is. Amonga and his colleague

(2008) gave the report that castor seed meal when compared with senheon ncal coman 2.8%

micthiomne, 936 arginine and 5,02 abmine © 1.60%. & 10% and 4 %0, respectively for

methionine,  arginine and alnine @ soybean meal The mineral of caser seed nweal mcludes

phospherss 6,40, cakum 32.21. nagnesium 48.09% and potassiuny 23

bven though, castor seed meal has a high pereent oof protem,

B asnb-murit e ngl facions present in

the seed incluide ricin, richine and allergen (Darby ez ol 2000, Olnes 2004,

Dictoxified  castor

seed mieal has been wsed i dict fod pouliny and fish such as Oreachiromis niloticus and Camp



(Balogun 7 al. 2003). The inproved arowth perlormmance of O Niloticus and Camp fed detoxilied
castor seed meal. shows that berbivores had great response 1o the wilization of detoxified  castor
sced meal However, similar response s yet to be abtaned m catlish. Mustanha ¢ o/ (2015)

-

revealed that feeding of detoxificd  castor seed meal by boilng in water for 20 minutes  and
fermenting for 3 days 10 broders appeared to lower the anti-maritional factors in the meal and
mproved dailv feed mtake, daily hody weieht gam and feed comarsion ratie more than ose el
onthe meal boiled i water for 30 minates, soaked m water for 72hows and soaked n water for
72 howrs 11\320\\1’:(‘1 by boting for 20 nmwtes.

fhe am ol this study was to determine the eflocts of substituting sovabenn meal with feomented
aid auwockived  castor seed meal i the dists of Claris guricpmuy fingerlings on growth

purlormasice. haenatology and carcass CONPOSTION,
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LISTATEMENT OF PROBLEM

Protein source constitutes 64 — 67% of the total cost al fish leeds therelore recent researches i

aguaculture are theused on redueing ts cost (Prendergast ctal, 1994), Comventional edstuls are
expensive and in highly  competitive use with human and other lvestock, To ameborte this
problem there is need to sowee for non-comventional but offic ent protein sources of feed sl for

fish,

1.3 JUSTIFICATION

Castor sced has a crude protem content rangig from 21 - 48 24 depending on the extent of

decortication. and ofl extraction process (Adedeit o7 o, 2006). The cake contained about 32+ 480,
crude proten depending on levels of decortications and deotling (Rama Rao. 2004). Castor seed
cake has high crude protein which is like that obtained from most comentional protein feed
resowmee such as sovbean meal and peanut meal (Akande er of . 20121 Tlowever, the seed and the
cake are not fully wilized as feed mgredient i livestock ration because of its toxicty due to the
preserice ol ricin, ricmine and thermostable castor allergens (Ant and Okorie, 2009), With proper

processing. the ant-nuiritional factors presemt in the feedstalT can be clminated and that will

render the feed sutable for animal leeding.



T4 Aims and Objectives

Aim

The general aim s to determine the suttability i wm of growth perfomunces of femented and
savchnad castor seed meal for replacing sovbean in the feed of Clarioy cariopinus, This aim was

sehieved through the following objectives,

Ohijectives
cefic objectives are:

. To determine the replacenent level of sovbean with castor seed meal m the dict that
produced the best growth m Clarias gariepinus fingerlings.
L To detenmine the haenmtology and carcass conposition of the fish fod with castor sced

meal at ditferent inchision level,

1.5 Rescarch Hypotheses
e researeh hvpatheses inchude:

PEv There s simiticant difference i the levels of growth perfornunee of Chiavay cosiepinus lod

citle

rent meusion level of castor seed meal

Hoo There s no significant difference in the growth and feed utilization by Clare cariopinus tod

Cas conaining ditferent levels of substituted  Femented and autockived cosior sead weal




CHAPTER TWO
2.0 LITERATURE REVIEW
2.1.0 Fish Feed Development in Africa

Pish feed is comnsidered as one of’-rhc protal challenges facmg the development ol aguaculire m
Alrica. Heteh (2000} obsernved that m spite of a lot of rescurches on mexpensive feed ingredient s,
not nweh has been contrbuted 1o aquactdture development m Africa. The suggested that more
research on how best plant protem can be used as fish eed shoukl be camied out. Fish feed
teehnology 15 one of the least developed sectors of aquaculiure particulrely lhé developing
cm.mtrics AL 20030 The need for such rescarches was refterated by Jamu and Avinla (2003
st deed accowts for at least 60" of the otal cost of fish production o Adca. Tlowaever,
epperunities exist i Nigeria 10 reduce foeed cost with the avatlabilny of local feed moredioms of
phants such as castor seed and aningl orgms rich m crude protein (MSMIL 2005). The DLIPOs
of sl culure o produce fish with fast growth and economic \-'inhilir_\", These antifici] feeds

are well conpounded mwre of eed st in marsh or pelicted form

2.1.1 Plant Protein Sowrces as Altematives to Sovbeanin Fish Feed,

Plant protem sources are known as the cheaper feed sources for fish as well as other livestock.
Ivestigations have been carried out 1o replace aninal protem Chsh mealy by plant protein in the
dict of fish. El-dahbar ¢ a/. (1993) reported that the replacement olanmal protei by pl protein
reduced the growth performance of fish i lnear relatonship to the e of replicenent e
attributed this to the deficiency of some amino acils i the plant protem and sugeested  that the

delicient amino ackls should be supplemented i order to mprove the growth of te fish. FAO




(1997) suggested the need to seck for other sources of protein o rephice lishnweal m fish foed.
Plant protcin supplerents, cercal erains and gram by-products are widel used in leeds tor
aquaculture species. Global availability and relatnely low cost compared 1o meredients of aninmal
orgin are ther most obvious pasitive attributes. The inclusion of non-conventional plant fod stafls
(NCPI) m fish diets laveely depends on the avatlability, nuirient level, pxi'wccssmg techmique, fish

species and culiwral farming pattern (Gabricl of o/ 20073

2.1.2 GENERAL DESCRIPIION OF CASTOR SEED PLANT

Castor plant hebongs o the Fuphorbiiceae or sparge famaly (Akande cref 2002  and it s ot o
egume. Itis the only member of the genus Ricoins and has no immediate relatives  (1GS. 20001,
Many different species have been described but all are thought 10 he different 1ypes of Ricinns
Comonans I The name Ricinus s a Latin word for ek, The seed i so naned because 1 has
narkmgs and a bump at the end which resenbies certain ticks (Onbrelle, 20] D). Castor seed
(Ricimus communisy can vary greatly i ils growth habit and appearance. It i a fast gowing,
suckering shrub that can reach the sie of a snall tree. arowd 1 0m (3”5'{7). The glossy leave was

"

15-4

LY

em {5.9-17.7m) long long-stalked. allematate and pamuie with e o twelve deep lobes
with coarsely toothed seament. It has a large star ~haped feases wheh nake a bokd tolace plam
(Reel1976) The leave has slightly  servated cdged and pronment central e I e munerous
lowers in long inbred senses. with nake fower at the base and lemale Howers on the tps

{Reel1976).



2.1.3 'IU\X()N(.)L\'I Y

Botanical Classification

Kingdom; Pluniae

Order: Mulpichiaios

Family: Zipiiorbiaceae
Sub-fanily: dcahphoidoay
Genus: Ricuis

Species: Coonmingy

Binomial Name: Ricinius comnnis

(Wikipedia)

214 THISTORY AND ORIGIN OF CASTOR PLANT

The castor bean plant (Ricinus conmunis) has been cultivaied

for centiries for the oil produced by

it seeds. The Fayptians burned castor oil i their larmps more than 1000 vears aoo. Thought 1o be

nathve (o tropical Africa the phnat i 2 menber of the spurge family, Despiic beme o nember of

the family Tuphorbiaceac a diverse and ccomomeally mportant fimily of the flowering plant.

Castor bean plant is regarded as the one of the deadliest natural poson cver known w0 nan

according to Guinness book of records due 1o the presence of ricm. [ the seed is swallowed without

chewing and there & no danuge 1o the sced coat, it will most kel pass harmless!y throngh the

7
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digestive tract. However, if it chewed or broken and swallowed. the ricm oxin will he absorbed

by mtestines and wili bring ahow abdominal pam. vomiting and diarhea.
2.2.0 COMPOSITION AND NUTRITIVE VALVE OF CASTOR SEED MEAL

Castor seed meal contam protein, Tpids, carbohydrtes, vitimin and minerals. Proxinate analvsis

ot undehulled and dehulled Rl Byt castor seed and castor secd cakeas reported by Ovenran (2013

showed that both contained  high quantitics of valuabke nutrients (protem. nitrogen free extract.

ciude fibre and high otal ash content) sinifving the presence of high level o macr and mere

minerals, Castor seed are deconicated. deailed and detoxity o obtam ther optimum o na

valwe for fish wilization, the it are decortionted by air-drving . deoiled by mechanical prossing

and detoxty by pressure cooking 1 in an awachve. before it i hemng used as a leed ingredicnt

figh,
Castor seed cake is obamed alier the of i« pressed o (extracted) fom the sceds. The de-oied

residue of castor sceds (caslor seed cake) tat remamed  alier oxtraction  comtaing o e

allergens. The toxis are water—soluble and pot ipad salubles Sothey rensin mthe cake and are
ey 1 pi

not released during the pressing process. The cake contained abew 12

- 8% enxde protein

depending on levels of decortications and cdeoiing {Ranw Rae, 2004,

Castor cake has popularly found application as afermilier which w D eoha os sotentinl. Despite

the unhealthy toxins in the cake, if # can be suceessllly detoxitied.  could becone an important

new generation feed resource. Castor sced cake has ol

chocrude protens whieh s Bhe those of most
comventional protein feed resowcees such as sonbears meal and pearin mca! (Akande oraf., 2012),

Noosingle mechanical method  hias heen successiiliv used oy the towd extraction of castor oil
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leaving the cake with varving level of oil Mechanical pressing will oniv repove about 707 of the
£ Mg | L L

oll prescn,
An cticetive: method to recover nore than 99% of the ol present mocastor seeds is neclanical in

combination chemical (hexane) extraction (Marter. 1981} It has alo been suggested  that castor

hean cake should be properly de-oiled before use as a livestock and fish norder to avoid reduced

nutrient atilization (Akande ez el 2011). This ohservation nay be related o the puretive effect

ot the oil which prevented absomption of the mutrients in the intestine.

2.2.1 Utilization and Nutrient Profile of Castor Seeds and Castor Sced Cake

Castor seed cake have heen successfully wsed in livestock feeding aficr detoxification. hoth in

menogastric and raminants. Cal oral., (200%) reported that castor seed was used Lo replice fishmen |

at 0, 40 and 100% with 40% inclision in both, performing most. The potentials of castor sead

(Ricinus commuimis) meal as teed ingredient for Oreochromis niloticus was determmned by using

hoiled sceds o prepare five dicts, the efleet af the expernient diet on the weight gain, specific
gowth rate. feed conversion  ratio protem cfficiency  ratio apparent net protein wifization
digestibility and carcass composiion were imvestizated, the best of 1l

Wi mowih {actor were

obtamed with feed fonmulation o Ricinus commurty seed botled for 50 and a0 minutes

(Balogun e «l.2005). Proximate compositions of un-dehulled and delulicd fll £ castor seeds

and castor seed cake was determined and the prolem conlent of castor seed waries fom 21 - 487,

depending on ihe extent of delhulling (decorticaton) and oil extraction process (Adeden e wf,
2006). Compared to un-dehulled fill- fat castor seeds, un-dehulled castor

secd cake contamns higher

values of diy organic nater, crude protem, fat, bre, mincral natter, sohibsle
L ]

carholydrate except

for the gross cnergy and erude it contents. Dry matter content, crude . ash content and LTO8S



cnergy were higher i delulled full- fat castor seeds than those in dehulled castor seed cake while

the reverse was the case with the crude protem, crude tibre and soluble carbohvdrate.

Proximaie ambsis ol wn-dehulled and dehulled Wl fat castor seeds and castor seed cake showed
that both comamed high quantities of valuable mirienis - (protein. mitrogen free oxtracl, ctier
extract, erude tibre and high tetal ash content) signifying the preseoce of high fevels of macre- and
micro-minerals. The presence ofhigh nutrients suggests that castor seeds and castor seed cake nay
serve aswseld feedsals for ivestock if properly processed (Lewis and Elvin. 1977: Gohl, 1981 -
Welss, 1983: Okorie eral. 1983), The amine acki compostion af Lm—dclm.!icd and detulled castor
seed cake conpared with that of _\;.oybcam as a standard plant protem i shown in Table 2.1, Amine
acid profile analysis of castor sced cakeis sinlar (o that olsoybeans commonly used as a referen, o

standard plini prowein.

The amine acid profiles of both w-dehutled and dehulled castor seed cakes are clsely related
valies 1o that ol sovbears. Tlowever, castor seed cake is ound to be deficient m cenain
ndispensable ;nﬁino ackls ke so-leucine, nyplophan, lysine and Methionine (Adedeni er il
2006: Amongu and Joseph, 2008). There is therefore a need 1o supploment the delicient amino

ackls m toods or dicts containing treated castor seed cake for optimum utifization by the annals.

10




Table 2.1: Amino acid profile of undehulled and dehulled castor sced eake compared with

sovbhean as a standard plant protein

Amino acid Undchulled dehulled

(g/.I() aram of N) castor seced cake castor sccdcake Sovbean
[vsme 111 4.8 f1.30)
Histid ine I.38 1.88 2.70
Arginine 8.00 9.36 S0
Aspartie ackd H42 T.06 11.80
Threomne 300 RIREN 390
Serine ] 3 302 320
Crittamic acid 3.4y 15.64 1790
Profine 2 7a 3.08 .90
Criveine .56 1.11 .40
Alanine RN 5602 430
Cystine tis3 .86 .60
Valne 5346 . 4.93 5.10
Meatinonine 206 286 1.60
lsolcucine 104 1ol 7.90
Feueme .08 NS0 310

Tryplophan

Adapted from Annongu and Joseph, 2008,

11
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Anmnongu and Juseph. 2008 reported that the proximate analysis, mincral compostion and amine

ackl profile analysis of castor sceds and castor sced cake have shown that the seeds and cake

contam high levels of nurients with potentials 10 meet the nutritional nceds of frm amnuls i

aven proper treatmeints aed supplenientation with the deficient Imiting anwo ackls, Currently,

rescarch o methods that will permit cfficient processing and detoxification 1o enmable full

utilzation of the castor sceds and castor seeds cake as alematives o comentional feedsindfs i

bemge cive consideration (Ani. 2007 Oso o al, 2001,

122 CASTOR OIL AND ITS COMPOSITION

Castor oil s 2 colourless to very pale-vellow liquel with a distinet taste wmd odor. It botling point
B 3IC (595 and s density i 96Tkend. Castor oil i well known as a source of ricine leic
ackd, a monounsaturated.

IS carbon latty acid. Among fatty acids, ricinolkeic acid is wiwsual i st

U has a hydroxyl functional group on the 128 carbon, The functions | group causes ricinoleic ackl

tarxl castor oil) to be more pelar than most fats. The of s oblained by mechaneally pressmg with

hydraulic press which could only remove about 7% of the available ofl in the seed. But further

extraction with petroleum ether will remove the residual ol (Durowaive, 20155 Alo mechanically

expelling m combination with press cake hexane extraction s an cffective mcthed o recover more
than 99% of ol present in the seed (Kukami and kesharanmur b 20053 The sead could be crushed
to mereased swihce area for betier oil extraction and then presened meclameally with hvdraulic
machine 1or an hour for better off extraction. Includes expeliers and hyvdradic presses (40-3125),
rotary mills 13% anxd serew presses 399, village ghanis 357

aand by boilng the seed o water 307

{Durowane 2015
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Castor oil is known 1o consist of up o 90% ricinoleie, 4% lnoleic, 3% oleic, 1% stearic and less

than 1% linolenic latty acids, castor oil is vakable due to the high content of ricinoleic acid (RA)

which is used in a varietv of applications i the chemical ndustry.

The hydroxy! functionality of RA nakes the castor ol anatural polyol providing oxidative stability
to the ol and a relatively high shelf lif compared o other oils by preventing peroxide fornation
{Dunford. 201 3).: The presence of the hvdroxyl goup v RA and RA derivative provide a functio na ]
@oup location for performing a variety of chemical reaction including halogenation. dehyvdration,
alkylation and esterification. Major castor ol produemg countries inchide ndia, china hrazil,
cven though castor off account for onby 0L13% of the world production ofvegewhle ofls, worllwide
consunption ol this commndiy s nereased more than 50% durg the past 2:?_»1:;113. rising fong
approximately 400.000tns i 1985 w0 610.000w0ns m 2010 (Severmo ¢ «f. 20123 Castwor ol has
heen an impetus to a country like Nigerin. Ukachukwu o7 of. (201 1) reported that cross river state

of Nigerin, has gone into a project of producing castor oil sced lor it oil
2.2.3  Castor Seeds: Physical Characteristics

U also relemed o as Castor beans or Castor bean meal. Physical chiacteristics of castor sceds
varieties found in Nigeria are shown i table 2 (Akande er ol 2012 Hhe seeds ot the castar
plants that wow i Northern States of Nigeria lave been chissifiod #to seven disinet varictios

according to their sizes and cakwrs (Van Rhcenen, 19706},
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Table 2.2: Physical characteristics of two main varicties of castor sceds in Nigera.

1]

e Paranmeter

i)

Lkl

Large sceded varicty

Small seeded variery

Whole fiuit (@)
Whele sced (o)
Husk ()
Testa (@

Kemel (g)
Pereeniage seed
Percentage Kemel
Husk : sced ratin
Coat: kemel ratio
CHE - eake ratio
Seed width (cm).
Sced thickiess ( ém)

Seed heglt (emy)

.20 50,12

0.68 0.1

0.60-1+0.01

0. 168+40.002

(L3150

R
TR 753

L 30017

0.74:0.009

(1.23840.4n

0.1 16+£0.02

01224002

0.036L£0.003

0.08-1.0.01

A8 782012

6902 53

1.05+£0.08

(432001

0003

{1 85:00.03

Adapted from Akande or af 2072
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S OF CASTOR OIIL,

Castor seed is the source of castor oil, which has i wide variety of uses. The sced comain between
40% and 60% ofl that is rich in trighycerides mamly ricmolein. Castor hean oil s widely used for
s lubricatmg propettics and medicinal purposes momdustry. 10 is alko used B nuanulic i ing
soaps, lubricants, hydraulic and brake fluids pamts, dves. coatings, ks, cold resistant plastics.
waxes and polishes, nvion, phamuceutical and perlumes. Ricinoleic acid i castor oil inhibis the
aowth of nuny virwses, bacteria, yeast and moukds, Topical application of castor oil exert
2 L
remarkable analgesic and anti- mthmmatory eficets due to the preseice of riemo ke ackl tAkade

cral, 20100

LITANTI NUTRITIONAL FACTORS IN CASTOR SEED

The anti-nutritional tactor present m Castor seed meal include Fein, ricinine and allergen, n the

most posenous ot the toxin s #cin,
2.3.2 Ricin

Ricm. alectin (2 carbohydrate-binding protem) produced i the seed of the castor seed plant.
Chemieally it & a glycoprolein conposed of wo polyeptde chans A and 1B lnked by a
disullide bond. A-chain of ricin i the toxin portion of the protein. The A-cham functions by
depurimating  the 288 subunit of the infected cells ribosomes. W hercis the Becham of ren s
responsible of getting the A-cham mio the tareet cell. The B-chain consist of a valactose hinding
region capable of bindmg a target cell menmbrane and mitiating cell cnry withow the B-chain
hmctionality, the A-chain cammot imvade the cell, However, once #t 15 in the cell the A-cham can

distupt up 10 1300 rihosomes per minute, this unique action makes ricin highlv oxic. 1t prevents
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cells from assenbling various amino acids o protemns according to the various to the message it
recenes from niessenger RNA N a process conducted by the cell mbosomes, Ricin s resistan, but

Lo

nobipervious, to digestion by penlidascs.
.33 RICININE

Riemine belongs (o the fumily af Alkyl Ayl Ethers. These are organic compounds conmaining the
alhyl arvl ether functional growp with tormuk R-O-R', where R is an alkyvl wroup and R is IR
wroup. Riemine 5 one of the toxic conponents mocastor sead It i 0 water-solivie skl oo
concentrated mostly m seed coat. Ttis ako present in leaves aid steans, it soalighily baier ok
and s amitant 1o the throat (FIFSA, 20083, 1t i only mild toxic 0 human being. Alkaloid vicmine o
powerful hacnagglutinin but weak cMotoxin. Munroe (2000) revealed that Ricinus communis
agghtinin (RCA}, does not penetrate the miestinal wall and not affcct red blood cell but causes

haemolysis and agelitination of red blood cells through mjection mtravenously

2.3.4 ALLERGEN

An allergen s any substance tanticen), most ofien caten or inhaled.  that is recognized by the
mutane system and cavses an allergic reaction. FAO 2012 reported that castor hean allereen- |
(CBIAY 15 the principal allergen of the castor bean 1 i virtially non-toxic. does not cause death

thoueh may cause allergic reactions.
1.4.0. Processing of Castor Secds and Castor Seed Cake by Heat Treatment

Smwe the discovery of the heneficial eflects of heat reatment on the nutrmonal vahie of mw
wowie wrais. the chalenge of Aninal Nutrftionists has been 1o deternme the appropriate le el
ot heat treauvent for optimum wilization. The most common way by whieh leaunies are processed

15 by subiecting them to heat though this depends on the varety or type of grains. 1t has been
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cstablished that heat treatmient exerts bencficial eflects by destroying the anti-nutritional  factors
mherent m legume grains (Balogun o af, 2001). Although it reduces the avatlability of sone amine
acids, heat treatment is the most widely used processing method (Dhwradhar and Cheng. 1900,
Heat treamment  causcs denaturation of protemaceous  inhibitors and it is a wood method of
decreasing the activity of lecting, nypsin and chemotypsin inhibitors (Hanovar of o/, 1962;
Kadam er afl 1987 Van der Pocl er af.. 1990: Istever of al  1901). The effects of heat teatment
depend ontemperature and time duration of processing (Van der Poel ¢ af.. 1990 lehibara or ol
1994 Quin or ¢l 1996 Kaankuka of ol 20000, Fxcessive heat treatment can rcsull‘ m reduction
I pmtcin solubility and 1t may destoy cotain amino acids (Abmas aud Bewler, 1980: Metehe.
1989 Dhwandhar anxd Chang, 1990; Van Bamevekl o of. 1993) Tt s therefore oxpedient 1o find
the appropriate condition of heatng which can nuiximize the destruction: of anti-nutritional fictor
and minimize danage to the feed protein. Investigation on the cffects of thenma! treament on
certam anti-nutritional compounds i the seeds it shows (hat autocknang seens o be the most
clicient method ol irproving in-vitro protein digestibility and climinating the anti-nutrients such
as phytohcamagiutinin, hydrogen cvamde and oligosacchanide. inherent m the sceds (BEkpenvong
and Borcher, 1980; Vijavakunuri ¢f ¢/, 1995). Another method of heat treatment that have been
shown o mactivate anti-nuiritional factor nclude steam heating at various presswe (Smith and
Cuele, T978). Several reports have shown that processing ol legome by conking and roasting

.
reduced ther ant-nuritional  factor to a threshold leve! (Faris and Singh, 1900 Kaankuka o
al. 1996 lyayi and Egbarevbe. 1998), According 10 Ogundipe (1980, bollmz m water and toasting
{commonly I‘Cf(".l.'l'ul o as dry fiying or roasting)  are the most commeniy wsed methods o

developmy countries.
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Cookmg can destroy some level of anti-nutritional  factors (Jaimbunathan and Singh, 19801
Varous rescarchers have boiled or cooked castor seeds for variahle length of tie (Okorie or
al 19550 Ani and Okorie, 2002 Aniand Okoric. 2003). Balogun e ¢l 2001 reported that 20
mintes cooking time for sovbean is adequate for its nclusion i diet of weaning and wrowing
plgs. Bawa er af (20030) indicated  that conkmg lablab sceds at 100°C [or 45 minutes

sgnilicantly decreased inpsin mhibfory actvty CHIA), phytic ackl, tamin and cvande levels.

To ensure standardization of cooking time. the ratio of water to seed should he 3 1 1 and as so0m
ax e legume grain are powred o the hoiling water. the specificd  tinme of cookmg can then be
recorded (Balogun e ol 2001). A lot of nariciis are lost i water during  the boiling process
(Orundipe. 1980: Bawa of af.. 2003a). Advanages of boiling the eastor seeds include wiform
COookmg. low cosl o processing and case of adoption by both Tterate and the illierate Gnners.
Processing of legumes hy roasting reduced their anti-nuritional factor of lepume wams 1o a

threshold level. Udedibe (1995) and Olupera of af. (1998) reported that heat treatment alone was

not sufficient o significantly destrov the anti-nutritional fctor to a threshokl lesel especially
glucosides. Toasting imvolves drv fying of castor ol seed M an open pan with constant strrmg 1o

revent chaming (Akanjt o7 of, 20033,
| I !

The advartage of toasting as a processing nwethod nelides  reduction of mitrient Toss through
leaching as m the case of hoiling and the fact that i does net need 1o be dricd i e sun, making
it dhe best method of processing beans  the wet season However, it hie hoen reporcd by Abcke

(1997) that charring nay ocewr which may adversehy afteet the nutrients w the seeds,
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2.4.1. Processing of Castor Sceds and Castor Sced Cake by Fermentation

Fermentation wsually involve powring water (shghtly warm or even boiled) on the seeds and then
covered in an air-tight container and then allowing 1t 1o stand for a few davs in the water, This will
allow matwral flermemation o take plhce. Affer dwation of fermentation, the water is drained off
and the material sun dried. The warm water helps o weaken the outer, tougher seed cout and

soffens 1t for adequate and quick dermentation 1o take place. Ologhobo or al (19923 stated tha the
length of timie depends on the swe of the gamn legume. Sometimes, enzyimes and other substrates
are added to the water to quicken the fermentation process. The principle ofthis processing method
i that certain niicrobes and enzymes act 1o destrov certam anti-nutritional  faclors m arain lecume
sceds. Some ofthe enzymes ivolved i the fermentation process melude phytases and tnpsinases.
Fars and Sigh (1990} reporied that the nutritive valie of legume based fermented  foods were
higher than their :1':\\\,' component. Leiner (1981 reported the destiuction ol tnpsin nhibitor during
fermentation. Fermentation has cenain advantages which mchude case of operation, low cost, and

1t can be adopted by both peasant and large scak famers (Oso of a7, 201 ] ).

2.4.2. Processing of Castor Seeds and Castor Sced Cake by Soaking

Tha ivolves placmg the grains ito a known quantiey ofwater and aliowing it 1o sav for certain
duration of time. Soaking diflers from fermentation i that microbil activi s ddid not take place.
Te avoid microbial activities (fermentation). the water should  be replaced as nuin thnes as
passihle within 24 Tours, Nwokolo and i (1985) ubso showed that soaking it water and cooking
canako improve mritonal sas ofleiume grains, Ologhoba (1989) repors thie souking i water

and germination -are the most eflective method of reducmg phytic and oxalic ack! i sovbeans.
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2.5.0 Carcass Composition of African Catfish {Clarias gariepinus)

Proper nutrition ‘s one ol the key factors that influcnce the ability of the fish 10 atam genctic
potential, crowth, reproduction and longevity. Knowledge of the carcass composition o the fish
is @ good measure for assessing the growth and qualty of protem and its uization. whether the
diet promoted growth or sinply accinulied only fal. Studies have been caried out on the carciss
conpostion ol some ndigenous fishes.  Ahdullahi of af (2001) rcporlc& that C garicpings has
the Pollowing maricnts: moisture 75.00%,. ash F0.50%, carbohydrate 10.20%, crude Ipid 2710
and crude protemn 32.20%. The amine acid composition (¢ 100g) was aiso reported as ksine 10,12
histidine 2,84, arginine 4,40, aspartic acid 8,30, hreonine 284, semme 207, cluamie ack] 1485,
praline 254, ehcine §.86, alanine 4.90. cystine 2,62 valme 201, methionine 1.97, soleucine 5,16
kucine 3,64, tryeine 1,10, phavlamine 2.00. The mineral contert (mg/100g) was reporied as
c;ﬁ;ium 3910, potassiun 623, iron 32, magesium 31, sodium 201 | copper 2. phosphorus 16 and
zne 19, These indices were ether higher or ¢lose to the reference values of the FAO/WHO (1991),
Mmerals are ivportant in the metabolic and physiological acinvdies and subsequent growth and
development of any arcansm. Tvo (2003) reported that all feedstutt namely maie. com, palm
wemel cake. blood meal soya beans meal and fish meal contam a i anow ol cakium.
potassinl - sodiun phosphorts.  nugnesium— and manganese.  Cawcass compuosiiion of ¢
guriepinus and O niloricus fed Castor seed as leed ingredient beiked e G 200 35, 50 and 63
mantes showed the highest protein content i lish feed seeds boiled for 6% and 15 nnes
respectively (Aghoola, 2004). Similarly, carcass nutrient consumption as reported by Balomin o
al. (2004) lor O, miloticus fngerlings fed boiled  Delonix regia were signilicantly high, The
proximuate and mieral composition in sonx selected Feshwater fishes in Niera o were studied,

The resul ebtaingd lor Cgariepinus was crude protein 44.28%: erude fire, 0.10%: ether extract,
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7.80%0 Ash, 4.00%; moisture, 6.60% and dry nutter, 93.40%. The findings ako noted that the
variation i the cakium and phosphorus content was duce (o an increase it the proportion of hore

 llesh as the fish grew (Fawale of al . 2007).

£

.0 Hacmatological Parameters in Fish
252 Hemovlohin (Hb.

Hemoglobin: nolecuies are responsible for bmdmg and releasing oxveen o to the red blood colls.
Biood 5 g complex mixture of suspended cellilar conponents tervthrocytes, leukocvies  and

trombocytes) and dissolved substances (electrobtes. protems, carbodrates. anino acids. cle ).

Ahigh level of hemoglobin shows high red blood cell cownt. Low levels of Ub indicate amacimia,
ron deficerey nd bleeding.  Norna! range from 9w Tegdl (Dawn, 2010, Hachatelogical
parameters reflect the condition of fish more quickiy than other commenly mieasured paranieters
and smee they respond quickly 1o changes in emvironmental  conditions. they have been widely
used for the deseription of healhy  fish, o montoring stress responses and or predicting
systematic reltionships and the physiological adaptations of animals  (Atanamalp and Yanik.

2003,

Blood cell responses ure inporant  indicators  of changes i the mternal  and or  external
covironment of anmualk, Tn fish, cxposwe 1o chemical pollutants can iduce cther increases or
decreases in haenuatological levels. Their changes dependd on fish species. age. the avele ol the
sexual mabwity of spawners and discases (Golovima, 1996 Luskova, 1997 White blood cells
protect the body agamst infection, The naor tvpes of white blood ol inchle  basophils.
neurophils, cosiophils. B Cells, T Cells, Band Cells and monoevtes. Hacowelobin is o protein

that is caried by red cells, It picks up oxygen in the lungs and delivers 1 (o the perpheral tissues
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to naimtain the viability of cells. Hacmoglobin s made from two similar protems abpha and beta)

that "stick together”,

Both proteins nust be present for the hacrmoglobin 1o pick wp and release axyveen normully.
Neutrophil are primary white bicod cells responsinke for fighting infection. Fligh neutrophil count

mdicates miccton while fow neutrophil indicates sepsis (Dawn, 2010).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
ALGTEST INGREDIENT

Skg ol castor seed for this study were locally sourced within [kole-Fkiti, Fkii State, Nigerw. The
sceds were delwdled manually by carctully crackmg them between two stones, Decorticated seeds
were obtained by separating the Tulls from the cotyledons. The ofl m the seeds was obtained using
Manual bydraulic o extractor. The residue (cake) alier ofl extraction was soakued mwarer 1 altow

matwal fementation at a ratio of 1 wnder an air tight enviromment or 3 dava. The water were
dramed of! at end of the feomemation process, sceds was washed several times with water 1o
reimove the sour taste and emienting odouwr, The washed sceds were sun dried © amoisture conent

of T0-12%, as deseribed by Anioand Okoric (2006) and Ani (20012y Then the milled sced cake

were autochved at 120YC for 20minute to fther remove any ant-nutritional factor present. The

nilled samples were package and wed to conpourkd the experimental diets.

311 EXPERIMENTAL SITE

The rescarch was conducted i the wel laboratory,  Depanment of Fiberies and Agquaculture,
Federal University Oye-Ekitl, lificen (15) reclangular aquaria tanks wore tsed, al ofthe saime size,
and 1 were subjected to feeding wial which kst for 8 yweeks. Analsis were done on sanple
collected base on the orowth pér[bnwn‘cc and at the end of the cxperimen Hsh carcass was
amalysed for proxinuie conposttion and the haematological ambs wos caricd ow i the

anahtical faboratory of the General Hospital Tkole- Fkiti,



JLZ EXPERIMENTAL DESIGN

130 Catlish Gngerlings (Cluriay gariepinus) were purclhased from Afe Bababk fish tinn m Fkiti
State. Prior to the commencement of the expeniment, fish were acchimatized 1o the experimental
condition for two weeks. Filicen (15) rectangular aquaria tanks were used. all of the same size
The fish were randomly disiributed o five treatmient. lach treatment have three replicate i cach
of the plastic aquartum. 10 Clarias garicpinus fingerhings were stock into cach of the 15 aguarinm

tank usmz complete randomize design (CRD).
A.1.3 Experimental Procedure

The experimental fish were hateh weighed at the begimine of the cx werment, Fish were offered
i = £ B !
3% of their hody weight per dav, sub divided mio two cqual leeds at 0800, and 17000 daily. The
~ ~ » - . =
mean total length and standard length of the fish were determmed weekly while the record of fish
mentality i cach treatment was recorded dailv. Faccal nalter was collected once a day at abow
SO0 am betore feeding conmenced duwring the latter part of the experiment. Facees collection was
perlomed by siphoning nuterials from the bottom of tank. One fish fom cach of the treatments

was saerificed and dried at end of the experiment for carcass and gross chemweal anahsis,

J2DIET FORMULATION

Five isomtrogenous  (42% protein) and isocalboric (2838 3&kealkg My vation were omulated as
shown in the table below 10, diet 0 was the control, while  dict 1.2.3 and 4 will luve portion of
sovbean replaced by castor seed meal at difforent inclusion Jevel of 5%, 10% 5% ard 20%,

respectively,
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Table 3.2: Composition of the Experimental dicts {o/kg)

Dicts

0% CSM 5% CSM 10% CSM [59% CSM 20% CSM

Ingredicnts (g/ke)

NMAIZE 10,97 9.030) 597 4.20 4.30
WHEATORFFAL 300 6.87 800 10,77 927
FISH MEAL 2800 28.00 28.00 2800 a8.00
GNC 14,00 1410 13.00 [5.00 [6.20
SOYBEA™ MIAT 2300 2800 2300 18.00 13.00
CSM 0.00 5.00 10.00 [5.00 20.00
SALT 0.50 .50 0.50 (.50 0.50
METIHTIONINL 1.00 100 1.00 1.00 1.00
VIT PRIEMIX 2.00 2.00 200 .00 2.00
BINDLR | 200 2.00 2.00 200 240
VIT.C (.03 0.03 .02 a0z (03
VIEGLOLL. 300 200 .00 3 2060
CHROMIC OXIDE 0.50 | 0.50 (.50 (30 1150
Total 100 100 1GO 106 LOO




L3}

Vil Ar 40000000 Vi D3 80000050 Tocopherois; 4000w, Vit k3: SO0me.  tolcin;
200me BT 8 me. VILB2 Sy, thiamine: 6U0mg, rbofavin 1800mg, niacin 6000me. caleium
pantothenic 2000mg, pwridoxin 600y, eyanocolabamin 4mg. bioth 3, nugnesium 20000mu.
ane 20000mg, iron SO00mMg, copper 2000my jodine 480mg cobal $0me:seleniun A0mg. Choline

chiorde 8SO000mMg, nanganesc.20000mg. BT 26000mg. anticaking agent 6000
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3.3 Chemical and nutritional analvses

Proximate amalysis ol both the fish carcasses and leed were analysed for moistwe content, enude
protem. crwde fpid, and ash coment. Proxinate conpostion of leed and lish was determined using
association ol oflicial anahtcal chemistry (AOAC. 2003 nethod., sanmple ol experimeniad dicts
were taken to the cenral liboratony tor proxmuale anabysis usmg the method deseribed by AOALC,
crude protemn by the kiedahl methed. ether extract by subjectmg the sanpkes o petroloun cther
extraction at 60 - 100 using the soxlet extraction apparatus. dry matter by oven drvmg the sanples
At TOS Cover a b lours period. Crie fiber by boiling the sample wnder Qux i weak sulphiurie
ackl (0.253N NaOIh FOR Thowr, The residues which comsit of cellulose. hgm and nineral

matter were dited and weeh

The ash content was determined by rmiting a weighied sanple
moa mufilc 30 jwnace al &0 L e lrogen ee exract (NIE) was obtained by the dilference

aller the percentage of the fractions were subtracted Fom 1007,

3.4 Analysis of Growth Performance and Feed Utilization of Clarias Fed Test Dicts
a) Growth Perfornuance of Clarias

i} Weight gain (WG)
W = i‘i:.ml weght of Hsh ~ [nitial weighs of fish
ii) Average Weight eain = Weicht o
Lxpermental Period (in days).
iii} Relative growth rate (RGR)
RWG (%) =Wy v 100

W




Where

W = Final average weight of fish

Wi —Intial average weight at the heginning ol the experiment
iv) Specific Growth Rate (SGR) %

SGR {(Yaday) = Low, WE ~Loa W,  x 100

Tme (days)

b. Feed Utilization Analysis

1} Feed conversion ratio (FCR)

I'CR = Dry_feed consumed ()

Gan i weight (g)

iy Protein efficiency ratin (PER)

PIER & Oam 11 wel weicht (g)

Protem fod (o)

3.5 Haematological Assessmient

Hacmatological examination of the fish was caricd ot at the end of e experment moarder 1o
mvestigate the possible effect(s) of the feeds on the fish, Hacnwmtalogical  paramecters such as
}’;lgi«;cd Cell Volume (PCV), Hacnoelbbin, Red Bloed Cell (RBCYL Whie Biood Cell (WBC).
Mean Corpuscular Volume (MCV)., Mcan Cmpusuﬂar Haenoglobin Concentration (NCHC ),

Blood samples were collected from fish according to the method deseribed by Morgn and Twama

997 Ajani (2005 and Omitovin (2006, The sanples were amabesed at e State General

Hospital Tkoie Fkiti bkin State,

28




3.6 Hacmatology

Red blood cell count (RBCY. Hacnoglobin concentration t1b), packed cell volme (PCV). white
blood cell court (WBC) and white cell differential count was deternined by the methods of baker
and silverton (1983), wiile the mean compuscular volune (MCV). mean corpuscular hacnoglobin
(MCH) and mean compuscular hacnoglobin concentration (MCHC) was cakeulated  from RIBC, FHb
and POV { Hanxnmg 19925

Llsing

MOV (Fiy PCVRRBC (1076pl-1 )

MCH (pgr= [ Hbigd1 ) NIOT/RBC (106 -1

And MCHC (g1 )= (Thedl-T )X 10]PCY

1.7 Packed eell volume (PCV): The heparinized capllary tubes were 34 dilled with whole bhaod
and one end seaked with plastiecine, The ubes were centrifuged  {or S min moa micro haemvatoerit

centrifuge st 12,000 mpm. The PCV was read using hacmatocrit reader (Kel, 1979)

3.8.0 Red blood ccll (RBC) and white blood cell (WBC) counts: The RBC and total WBC counts
were camied out by use of the Neubauer inproved cowtting chamber as deseribed b v Kelly (19743
For red blood cell cownts. blood was dilted 1200 with Dacies fuid (99 ml of 3% aqueous
solution of sodum citrate; and 1l of 40% formaldehyde) which keeps and preserves the shape

ol the red blood cell for estimation in the counting chamber (Kelhv 1979y,
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3.8.1 Total white Dlood cell counts: For white blood cell cownts, the dittion was 120 using 2-
A% agueous solion of acetic acid to which tge of Gentian violet was added. Thin bloed smears
were staimed with Wright-Giensa stam (Selaln ef af. 1975). Atotal o 100 white blood celis wore
ciunerated  and differentiated.

3.8.2 Hacnwglobin (Ih) cst.im;;tion: The cyanmethemoglobin method as deserbed by Schalm
efal {1975 ) and Kelly (1979) was used in the determination ol laemoglebin concenrration. Well-
mined hlood ol 0,02l was added 0 4 mil. of modified Dabkin's solution (potassium kerricvanide,
Z00my: potassin evanide, 50 mg: potassium dibvdrogen phosphate 140 mg The volume was
made up to 1L with distilied water at pll of 7.0, The mixtwe was allowed 1o stard for 2 i and
thcl Hb concentration was read photometricallv hy comparing with a cvanmethemogiob s standard
with a ycl‘ﬂw-f:récn Riter at 623 i,

3.9 Statistical analysis

The dala were subjected o aralysis of variance (ANOVA) and if sigmificant (p=<0.03) dlference
were found. Thncan’s nwiltiple range test (Duncan,  19353) was wsed o rank the Sroup s ing
Statstical Analvsis Svstem (SAS). The data presented as mean + S EM. of three replicale group.,

The statistical model wsed was a one-way anithsis of varianee.
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CHAPTER FOUR

400 Results

4.1.1 Data on the averge water quality. DO and tenperatre magnitude which vailies were

wlentical onall the treatment croups i the cowrse of the experiment,

4.3 Proximate composition ()l'é.\pﬂ‘ilhc‘ntﬂi dict

Proximate of expermenial dict is presented in Table_4.1. Moisture content difler sigmificantiy
(p=0.05) i all experiment with the highest recorded i control diet and lowest in CSM20. Tag
content where similar (p=0.03) in CSMS and CSMI10 respectively however differ sienificant v
{(p=0.05} frem the Control, CSMI15 and CSM20 groups. Crude protem was sigl‘.iﬁcaﬁ[l_\ differem
('pf-.'().(l:?) iall moall the experimental diet. Fiber content m the experimental dizt CSMS and
CSMI10 are not simificantly different fom each other bur difler sienilicantly (p<0.05) frony other
dicts. Ash content i the control dict is simifar 10 that of CSMS and CSM24 difler signiticant ly
(p0.G3) from other dicts. NFF dilter sumificantly (p=0.03) iy all experiment with the highest

recorded in CSM20 and the lowest m control dict




ht LI (L R bt LB

Table 4.1 Data on water quality,

experimental fish

DO and temperature in plastic tanks used for the

Repheates Water pli Water tenperaiwre (7C Dixsohed Oxveen (D
TR 6.3 o8 4 30
TIR2 6.7 28T 4.10
TIRA 0.3 2835 445
12R1 6" %7 4.20
T2R3 6.6 28 420
T2R2 6,7 28 4.4
T3 fr 2 o83 4.80
TAR2 o aa K .20
TAR3 ooF RRRH +.05
(411 5.2 TR B 450
PdR2 H 1 286 4.70
[4IR2 el e x +4.30
3R] 5 289 4,58
13K2 AN RS 450
T3R2 7.0 202 160
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Table 4.2: Proxinute conposiion of fermented and autocked castor seed meal

Paramecters (‘?Gaj processed castor secd meal
Mosture 138

I'at 23

Crude Protein 425

Ash N0

NIT: L.
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4.4 Effect of castor sced meal based dict on growth performance of Clavias gariepinus
Fingerlings fed for 8 weeks

Gn.m'lh performance of the fish (Clarias guriepinnsg fingerlings {ed castor seed meal was
Presented in tabke 4.2 mitial weight was similar (p=0.05) i all the cxperinental treatment {inal
weight was however showed there was sinificant ditlerent between Control and CSM20. and o
significantly difierent it CSMS and the other treatment. The mitial fength showed that the Control,
CSMS. CSMI0 differ siuficantly from CSMIS and CSM20. Final length showed there i o
signtlicant different m Comrol. CSMS, CSMIO and CSMIS however there was sionificant
chtferent between Contral and CSM 20,

The feed micke of the fish was simificantly different (p<0.08) in all treatment. Weeht gmamed
showed there is no signiticant differenr between Control and CSMI10 and there s 1o sigmnbiean
diferent in CSM3, CSMI10 and CSMIS. while there is 1o significant different hetween CSM15
and CSM20. However, there s a significam different in Control and CSN20.

Average weight faied also showed there is 1o sienificant diflerent between Control and CSM 10
and there 5 no signilicant different in CSMS. CSM10 and CSMIS while there 5 no sigmificant
different between CSM13 and CSM20. However, there is 4 sinilicant ditkerent m Control and
CRM2O. Feed comersion ratio were similar (P=0.03) m CSMS and CSMIO. bar were signilioani I
different (p<0.03) from control CSM15. and CSM20 with highest (123 0 0.02) in CSM20 while
kowest (103 + 0.017 i Control,

Reiative  growth rate was similar {(p=0.05) for CSMS5 and CSMIZ and however signlicantly
different (p<0.03) Fom Control CSMI0 and CSN120. Speatfic growth rate was sinnlar (pe0.03)
for CSMS and CSMIS and however significantly dillerent (p=0.05) Gom Control. CSMIT0 and

CSM20. Pereentage montadity was sinilar (p=0.03) m all the expermental treatment.
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4.5 Carcass composition of fish (Clarias gariepinus fingeviings) fed cxperimental dict after
Sweeks

Carcass composition of fsh fed experimental diet is presented on table 4.3, nostwre contem in
CSMIS and C‘Sl\_‘-ﬂ() are not sinificantly dillerent from cach other whereas they are sianificantly
dillerent i control, CSM3 and CSM10. Fat coment of lish fed experimental diet was sienificantly
different (p0.05) with 1he highest (1.31 = 0,021 recorded on CSM20 and 1he lowest recorded on
fish led the control diet (0.63 £ 0.02), The crude protem of [sh fod the expermental diet were
siguhficandy different (p<0.05) with the highest m Control (21,35 = 0.04) and the Towest in control
(15.04 4:0.02). Fibre content of ish fod experiniental dict was signiticantly different (p20.05) with
the highest (0.86 £ 0.07) recorded an CSM20 and the lowest recorded on tish fod the contrel diet
{045 = 0.22). The ash content ol fish fod the experimental dier it CSMIA and CSM20 are not
sigmilicantly diflerent from cach ather while other differ sightficant!v (p0.05) with the highest
recorded in CSM20and (he bowest recorded in the control. NFIE of fish fod experimental dict were
however significanthy different (p=0.03) with the highest recorded m CSM20 and the lowest 1

control of fish fed experimenal dien
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4.6 Hacmuatological analvsis of ﬁsh (Clarias gariepinus) fingedings fef.I castor sced meal
Hacmutogical paraneter of fish ted experimentz| diet is presented ontable -4 packed eelt volume
however showed that there are no sighilicant diflerent m Control and CSMS and no sieniieant v
different CSMS and CSMI10, while CSM3, CSMI35 and CSM20 are signilicanty differ trom that
n Control and CSM10. Hacmoglobin abserved showed that there are no significant different
Conrol and CSMS and no sicmificantly  differemCSMS and CSMI0, while CSMS. CSMI5 and
CSM20 are significantly differ from that in Conwrol and CSM 10,

Red blood cell of Clarius garicpinus ingerlmg fed castor seed nweal there are po swnthicant
diferent m Control and CSMS and 1o simificantly  differentCSMS and CSMI0, whilke (CSMS.
CSMIS and CSM20 are significantly difier fom that in Control and CSM 10,

Mean cell vohuie of the fish shows simifariey (0031 m Control, CSMS and CSMIT0 respoctivels
whereas there is no sinificant different alse i CSMIS and CSM20 b differ stmiticantly ffom
Control CSM3 and CSMI0 respectively, Mean corpuscular bacnwglobin ol the fish as recorded.
there were similarity (p=0.03) i conrol, CSMS and CSM10 respectively whereas there i no
smilicant difierent also in CSM1S and CSM20 but difler sgmificantly fromy Control, CSIV‘[S and
CSM 10 respectively. Mean compuscular hacnwebbin concentration of the fish shows similar cficet
(p0.05) m all treatment, they are not sienilicantly different from cach other

i‘or Neutrophils :i11 CSMS and CSMIS they are not significantly dillorent hom each other while
other diller significantly (p<0.03) with the highest recorded 0 control wnd the lowest recorded i
CSM13.

While m ymphoevie there were no significant different (r-0.05) bhetwern CSM 3 and CSM10
but however dilfer significantly (p<0.05) i control, CSM15 and CSM20respectively with the

highest recorded in CSM10 and the lowest recorded in Control
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4.7: Discussion

The growth performance i fish's ted femmented and autockived castor seed mea] dicts can slight ly
measure up to the standard obtamed lor fish fd the conirol diel. This nding  agrecs with (e
reponts of Aniand Okorie (2009) and Ani (2007) who stated that processed castor bean meal can
he meluded m the diets at 10 and 13 % ievel with DL-Methionine and L-Lysme supplenentations
respectively,

The numeriead inerease i e value of feed comversion ratio actoss e treatments fed diet
comaining castor seed meal may be due 1o the presence of fiber which may have reduce the
ailization of the nutrient and some nay have bvpassed withouwt bemg utifized  which was m
confrast wiiti the veport of Durowave (20135, Mulky and Gandhi (1994) low palatahility could
result i Jow consumption and wilization,

This may be atributed o poor palatability due 1o the presence of resklual riecin which inereased in
the dicts as the dictary level of Castor seed meal mereased above 10% I'nuiﬁsi@n[ ANt {2007) made
similar obsenvations.

It well established that poor palitability will cause depressed leed intake leading to deercased
mal weght and weldt gain and consequently  resulting i poor teed comversion e, The
resaltant cficet of poer dier pahtability & madequate mtake of murients required o sustain rapid
growth and development (Fsomu er af, 2002).

The carcass amalvsis showed that all diets there were shaht mercase m the tat content of the (ish
fed castor seed meal and this may he due 1o the residue of lipd i the castor sead meal The Jow

crude fibre obtained m all the fish carcass sample could also amply that the avatlable fibre was well

1y

digested by the fish and also there were increase in the nitrogen free extract and ash which nmay

he due to the fiber content i the feed, slightly in contrast to report of Adebavo ¢or of (2016), there
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were reduce mothe whole body crude protein but increase in liber, Nirogen fice extract of the {ish
and Ash coutent, this is due to vanymg mchsion and the presence Sher i the dict COMPOSHInDN
which was in contrast with the report of Cal ¢r o, 120053

1he pH range of 6,10 = 7.0, Tenperature range of 281 - 292 ("Cy and Dissolved Oxveen (N
range ol 4.2 — 1 R6mek 1 recorded dumg this study snggest that they are within aceeptable range
for wrowth and namtenance of Clerias garicpinus. The plrange of 6 — 8.3, Temperature range of
~4-300C)and D.O. of 4 — 8.0mg- 1 has been reported (Balogun eral. 2004). Since all the phvsico-

chemical parameters of the culture water were within acceptable ranges, tie ish growth and feed
wilzalion may therelore be aflected by other ivinsic and extrinsic fictors,

Reduction a the hacnutological value with e madequate nutricnt utibzalion m the fish fed
Fermented and awtockned castor seed meal as the level of mchision merease i the red blood cell
eowrit. packed cell vohuve. haemoglobin, neutrophils and increase kevel of mean cel volwne, mean
cell hacnngiobin and white blood cell this trend may have heen due 10 due o the possible residue

obin or alergen on the blood variables. which is in contrast with what was reported by Akande

eral (2003 when differently processed castor bean cake was [ed (o brodler chickens,

42



CHAPTER FIVE

5.1. CONCLUSION

The results of this study on efieet of dietary melusion of fermenied  and amtockived  castor secd
mcal on the growth pcx‘lbmt}nc;:. hacnaiology  and carcass conmosition  of Claris TUrTCpINS
ngerlings revenled that, castor seedd. il 10 be used as an allenative feedstall for aninwle. has 10
be processed to remone or climimate the toxic lactors, rem. ticmine and allergens betare good
restlts can be obtained. The best pertormance is observed when the seed s fermented  and

awochkved and mchided at 10% level in diet off African cattish,

5.2. RECOMMENDATIONS
Given the nuiritional potential of the castor seed meal, 1 will recommend that:
More castor seed should be planted 1o improve the production and availability i the navket

and more rescarely work should be carried out on the seed to know it full potential,
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The ANOVA Procedure

Class Level Information

i Class Levels Values
CSM 5 12 3 45
Number of obsarvations 1)

The ANOVA Procedure

Copendent Variable: IMITIAL WEIGHT IHITIAL WEIGHT

Sum of

Source bF Squares Mean Square F Value Pr » F
Model 4 1.21553333 0.30388333 1.67 0.2334
Error 10 1.82386667 0.18238667
Corrected Trtal i4 3.03940000

R-Square Coeff Var Root MSE INITTIAL_WEIGHT #ean

0.308025 £6.932214 0.427068 £.160000
sourgce bDr Anova 8§ Mean Square F value Fr > F
csM 4 1.215563333 0.30388333 1.67 0.2334

The ANOVA Procedure

Gependent Variable: FINAL WETIGHT FIMNAL WEIGHT

Sum of
Source DF Squares Mean Square F Value Pr > F
tHodel 4 38.554G80667 $.63872667 4.63 0.0226
Error 10 20.83966667 2.08396667
Corrected Total 14 59.39457333
R-Square Coeff Var Root MSE FINAL_WEIGHT Mean

0.649132 14.89573 1.443595 9.691333




Source DF Anova S8 Mean Square F Value Pro> F

Cam 4 38.55420667 9.638726867 4.63 - 0.0226

The ANCVA Procedure

Dependent Variable: INITIAL LENGTH INITIAL LENGTH

sum of

Source DF Squares Mean Sguare F Value Pr > F
Model 4 4.24889333 1,06222333 12.23 0.0007
Error 10 0.86886667 0.08688667
Carrected Total 14 5.11776000

R-Square Coeff Var Root MSE INITIAL_LENGTH Mean

0.830225 3.861219 0.20476% 7.634000
Saurce OF Anova SS Mean Square F Value Pr = F
CSH 4 4.24880333 1.06222333 12.23 C.0007

The ANOVA Procedure

Dependent Variable: FINAL LENGTH FINAL LENGTH

Sum of

Source DF squares Mean Sguare F Value B &= F
Model 4 6.00304000 1.50226000 2.24 0.1376
Error 10 6.71473333 C.67147333
Corrected Total 14 12,72377333

R-Square Coeff Var Root MSE FINAL LENGTH Mean

0.472269 7.823879 0.818435 10.34133
Source DF Anova 85 fean Square F Value Pr > F
CSM - 4 65.00204000 1.50226000 2.24 0.1376

The ANOVA Procedure




Cependent variable: WEIGHT GAIN WEIGHT GAIN

Sum of

Source DF Sguares Mean Square F Value Pr > F
Model 4 34 .57642667 8.64410667 5.92 ° 0.0104
Error 10 14.59993333 1.45999333
Corrected Total 14 43.17636000

R-Square Coaff Var Root MSE WEIGHT GAIN Mean

0.703111 34.109077 1.208302 3.534000
Source DF Anova 8§ Mean Square F Value Pr > F
C5i 4 34.07642667 8.64410667 5.92 0.0104

The ANOVA Procedure

Depandent Variable: AVERAGE_DAILY WG AVERAGE DAILY WG

Sum of
Source DF Sguares Mean Square F value Pr > F
Model 4 0.01053333 0.00263333 4.70 0.0215
Error 10 0.00560000 0.00056000
Corrected Total, 14 G.C1613333
R-Square Coeff Var Root MSE AVERAGE DAILY WG Mean
0.652893 37.36471 G.023664 1.063333
" Source DF Anova 35S Mean Sguare F value Pr » F
CSH ‘4 C.01053333 0.00263333 4.70 0.0215

The ANGVA Procedure

Dependent Variable: FEED_CONSUMED FEED CONSUMED

Sum of .
Source bF Squares Mean Square F Value Pr > F
Model 4 14.32550667 3.58137667 0.89 0.504%

Erraor 10 40.24846667 4.02484667




Corrected Tatal 14 24573937333
R-Square Coeff Var Root MSE FEED_CONSUMED Mean
0.262497 14.88133 2.006202 13.48133
source OF Anova 5§ Mean Square F Value
GSH 4 14.,32550667 3.58137667 0.89
The ANOVA Procedure
Dependant Variabhle: FCR FCR
Sum of
Source DF Sauares Mean Sguare F Value
Moadel 4 0.624226867 0.15605667 0.94
Error 0 1.6660666R7 0. 16660667
Corrected Total 14 2.29029333
R-3quare Coeff Var Root MSE FCR Mean
0.272553 28.00833 0.408175 1.457333
Saurce bF Annva SS Mean Square F Value
Cstt 4 0.624226R7 0. 15605667 0.04
The ANQVA Procedure
Dependent Variable: FER FER
Sum of
source DF Sguares Mean Square F Value
todel 4 1326.408493 331.6062123 2.04
Error 10 1625.639867 162, 563687
Corrected Total 14 2952.048360
L
R-Sguare Coeff Var Root MSE FER HMean
0.449318 47.67446 12.75006 26.74400

Pr = F

0.5045

Pr - F

2.4813

Pr = F

0.4813

Pr > F

0.1644




Source DF Anova 85 Mean Square F Value Pr > F

SN 4 1326.408433 331.602123 2.04 0.1644

The ANOVA Procedure

(LR AR R R LA L LTS R

Dependent variahle: SGR SGR
Sum of
! Saurce DF Squares Mean Square F Value Pro> F
j Model . 4 3,31333333 0.82833333 2.37 0.1222
Error ‘ 10 3.49220000 0.34922000
Corrected Total 14 6,80553333
R-Sguare Coeff var Root MSE 3GR NMean
0.486859 16,72495 0.580348 3.533333
Saurce OF Anova SS Mean Square F Value Bl F
CSK 4 3.31333333 0.82833333 237 0.1222

The ANOVA Procedure

Dependent Variahle: RGR RGR

Sum of
Source : DF Squares Mean Sguare F Value Pr > F
Model 4 2414.17616 2353.54404 7.04 0.0058
Error 10 3342.86460 334 . 288486
R GCorrected Total 14 12757.04076
R-Square Coeff Var Root MSE RGR Mean
0.737959 11.64658 18.28350 1545, 49860
Source DF Anova 8§ Mean Square F value Pr = F
CSM 4 8414 176160 2353.544040 7.04 0.0058

The ANOVA Procedure




B o iare T I R ot e R BT

NDependent Variable: _MORTALITY ORTALITY

Saurce

idodel

Error

Corrected Total

R-Square
0.126214
Source
CSM
Depondent Variable: WBG viBG
Source
Model
Error

Corrected Total

R-Square

0.9694856

Source

CSH

Jenendent Variable: NEU MEU

Source
{lodel

Error

Sum of
DF Squares Mean Square F Value
4 173.333333 43.333333 0.36
10 1200.000000 120.000000
14 1373.333333
Coeff Var Root MSE _MORTALITY Mean
34.96101 10.85445 31.33333
DF Anova 83 Mean Square F value
4 173.3333333 43.3333333 0.36
The ANOVA Procedure
Sum of
BF Squares Mean Square F value
4 310247333.3 77561833.3 79.43
10 a765000.0 976500.0
14 320012333.3
Coeff Var Root MSE WBC !lean
9.819611 988.1801 100683 .33
OF Anova 585 Mean Square Fovalue
4 310247333.3 77561833.3 73.43
The ANOVA Procedure
Sum of
DF Squares Mean Square F Value
4 1902.000000 475.500000 28.84
10 159.333333 15.933333

Pr > F

0.8308

Pr > F

0.8308

P > F

<.0001

Pr > F

<. 0001




Corrected Total 14 2061 .533333

R-Square Coeff Var Root MSE NEU Mean

0.922704 12.60524 3.991658 31.65667
source DF Anova S8 Mean Sguare F Value Pr > F
CSH 4 1902. 000000 475.500000 29.84 <. 0001

The ANOVA Procedure

Dependent Variahle: Lyw YR

sum of
Source bF Squares Mean Sqguare F Value Pr > F
Model 4 1811.690000 452, 900000 33.47 <.0001
Error 10 135.333333 13.533333
Caorrected Total 14 19456, 833333
R-Square Coeff Var Root MSE LYM Wean
0.530489 5,352233 3.678768 68.73333
Source 0F Anova S8 lean Sguare F Value Pr = F
CEM 4 1811.600000 452.90090¢0 33.47 <. 0001
The ANOVA Procedure
Dependent Variable: PGV PCV ()
Sum of
Source bF Squares Mean Sauarse F Value Pr > F
Model 4 342.9333333 85.7333332 5.04 0.0174
Error 10 170.0000000 17.0000900
Corrected Total 14 512.9333333
R-5quare Coeff var Root MSE PCV Mean

0.668573 10.86835 4.123106 37.93333




sSource OF

Ancva 58§ Mean Square F Value
s 4 342.9333333 85.7333333 5.04
The ANOVA Procedure
Dependent Variahle: RBC_ 10_ RBC(*1012)
Sum of
Source CF Squares Mean Square F Value
Model 4 3.,42933333 .85733333 5.04
Error 10 1.70000000 0.17000000
Corrected Total 14 5.12933333
R-3quare Coeff Vvar Root MSE RBC__ 10 Mean
0.668573 14.76052 0.412311 2,793333
Source DF Anova S8 Mean Square F value
CSh < 3.42933333 0.835733333 5.04
The ANOVA Procedure
Dependent Variable: HB HA
Sum of
Source DF Squares MMean Square F Value
Hodel 4 38.07876000 9.51313000 5.04
Error : 24 18.87340000 1. BR734000
Corrected Total 14 56.95016000
R-Square Coeff Var Root MSE HB Mean
0.668598 10.86527 1.373805 12.54400
Source DF Anova S8 Mean Square F Value
CsM 4 38.07676000 2.51913000 5.04

The ANOVA Procedure

Pr > F

0.0174

FF = F

0.0174

Pr > F

0.0174

Pr > F

0.0174

Pr > F

C.0174

3]



Dependent Variable: MCHC MCHC

sum of
Source OF squares Mean Square F Value PFr > F
Yodel 4 1.3359901E-6 3.3399753E-7 0.73 0.5903
% Error TO 4.5603857E-6 4.5603837E-7
E Carrected Total 14 5.8983798E-6
* R-8quare Coeff Var Root MSE MCHC Kean
0.226578 0.02025680 0.000675 3.333242
SOUFFC OF Anova 58§ Mean Square F value Pr > F
Cal ' 4 1.3359901E-6 3.3383753E-7 0.73 0.5303
2
The ANOVA Procedure
Dependent Variable: HOH MCH
Sum of
Scurce DF Squares Mean Square F value Pr > F
Model 4 0.69722567 0.17430687 5.75 0.0115
Error 1 0.30325667 0.02032667
Corrected Total 14 1.0C042333
R-Square Coeff var Root MSE MCH Mean
0.696883 3.801751 0.174148 4.5805867
Source ¢ bOF Anova 5§ Hean Square PoVatue Pr » F
CSu 4 0.62722567 0.17430657 G, e 0.0115

rJ

The AMOVA Procedurs

Dependent Variable: NGV MOV

Sum of
Source DF Squares Mean Square F Value Pro» F
Model 4 630.0881733 157.5222933 S| 0.0117

Error 10 276.0030667 27.60030867




Corrected Total

R-Square

0.6353%2

Sourece

an

Dependent Variable: MOISTURE MOISTURE

Source

Hadel

Error

Corrected Total

R-Sqguare

0.891873

Source

)
|45 ]

Denendent Variable: CP CP

Saurce
tlodel
Error

Corrected Total

R-Square

14 806.0022400
Coeff Var Root MSE MCV Mean
3.823525 5.253599 137.4020
DF Annova S§ Mean Square F Value
4 530.0891733 157.5222033 a. 7l
The ANOVA Procedure
Sum of
DF Squares Mean Square F Value
4 5.2B086667 1.32021667 305,13
10 0.04326687 0.00432667
14 5.32413333
Coeff var Root MSE MOISTURE Kean
C.000486 0.065777 72.89333
bF Anova S8 Mean Sguare F Value
4 5,28086667 1.32021867 305.13
The ANOVA Procedure
sSum of
OF Squares Mean Sguare F value
4 69.93764000 17.48441000 483,41
16 0.03640000 0.00364000
14 69.37404000
Coeff Var Aoot MSE CP Mean

0.327751 0.0580332 18.40800

D.0117

Pr > F

<.0001

Pr = F

<. 0001

Pr = F

<. 0001



Dapendent Variahle: FAT FAT

Saurce
Model
Error

Corrected Total

R-Square

0.988123

Sourge

Cam

Dependent Variable: FIBRE FIBRE

Source
Model
Error

Corrected Total

R-Square

0.888044

Source

Csi

DF

0OF

10

DF

Anova SS Mean Sguare F Value
£9.93764000 17.48441000 4803 .41
The ANOVA Procedure
Sum of
Squares Mean Square F Value
0.75984000 0.18936000 207 .90
0.00913333 0.00091333 °
0.76897333
Coeff Var Root MSE FAT tean
3.119897 G.030221 0.968667
Anova SS Mean Square F Value
0.75984000 €. 18996000 207.99

The ANOWVA Procedure

Sum of
DF Sguares Mean Square F Yalue
4 0.314064000 0.07851000 206.61
10 0.00380000 0.00038000
14 0.31784000
Cceff Var Root MSE FIBRE liean
3.055421 0.019494 0.6838000
DF Anova 35 Mean Square F Value
4 0.31404000 0.07851000 206.61

The ANOVA Procedure

Pr > F

<. 0001

<., 0001

Pr > F

<. 0001

Pr = F

<. 0001

Pro= F

<. 0001




Jependent Variable: ASH ASH

Sum of

source DF Squares Mean Sqguare F Value Pr > F
Model 4 5.59910667 1.38977667 846.64 <,0001
£rror 10 0.01653333 0.00165333
Corrected Total 14 5.61564000

R-Square | Coeff Var Root MSE ASH Hean

0.997056 0.845170 Q.040661 4.302000
source DF Anova 885 fean Square F value Pr > F
CSH 4 5.59910667 1.39977667 846,64 <. 0001

2
The ANOVA Procedure
“zpendent Variable: NFE | NFE
Sum of

Source OF Squares Mean Sguare F Value Pr > F
Model 4 47.82840000 11.95710000 3113.83 <.0001
Error 10 0.03840000 0.00384000
Corrected Total 14 47 .8BEB0N00

R-Square Coeff Var Root MSE NFE Mean

G.599198 2.0724989 ¢.061968 2.980000
Source DF Anova 55 Mean Sguare 7 value Pr > F
(She1 4 47.82840000 11.,95710000 3113.83 <. 0001

2

The ANOVA Pracedure
Duncan's Multiple Range Test for INITIAL WEIGHT
NOTE: This test controls the Type I comparischwise error rate, not the experimentwise error rate.
Alpha 0.05

Error Degrees of Freedom 10
Error Mean Sguare 0.182387




Number of Means 2 3 4 5
- Critical Range L7769 L8119 .B325 .8456

Means with the same letter are not significantly different.

Buncan Grouping Mean N CSM
A 6.5200 3 2
A
A 6.4867 3 3
A
A 5.8833 3 4
A
A 5,9667 3 1
A
A 5.8433 3 9

The ANOVA Procedure
Duncan's Multiple Range Test for FINAL WEIGHT

BOTE: This test controuls the Type I comparisonwise error rate, not the experimentwiss error rate.

Alpha 0.05

Error Degrees of Freedom 10

Error Mean Sguare 2.083367
Number of Means 2 3 4 5
Critical Range 2.626 2.744 2.814 2.858

tieans with the same letter are not significantly different.

Duncan Grouping Mean M Gsi
™ A 11,963 3 1
A
B A i0.613 3 3
B A
B A C 5.847 3 2
B C
B G 8.793 3 4
C
G 7.240 3 5

3

The ANOVA Procedure




Duncan's Multiple Range Test for INITIAL _LENGTH

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate,

Alpha 0.05

Error Degrees of Freedom 10

Error Mean Square (.086887
Number of Means 2 3 4 5
Critical Range . 5363 .5604 .5746 .5837

Means with the same letter are not significantly different.

Duncan Grouping Mean N CSH
A 8.3700 3 5
A
A 8.1733 3 4
B 7.3067 3 2
B
B 7.2767 3 3
B
8 7.0433 3 1

The ANOVA Procedure
Duncan's Multiple Range Test for FINAL LENGTH

MGTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedon 10
Error Mean Sguare 0.671473
v
Number of Means 2 3 4 5
7. Critical Range 1.491 1.558 1,507 623

Means with the same letter are not significantly different,

Duncan Grouping Mean M csu
A 11.1800 3 1
A
B A 10.8033 3 3
B A
8 A 10.4000 3 2




9.9100 3 4

Do mw
p=2

9.4033 3 5]

The ANOVA Procedure
Duncan's Multiple Range Test for WETGHT_GAIN

MOTE: This test controls the Type T comparisonwise error rate. not the experimentwise error rate.

Alpha 0.05

Error Degrees of Freedom i0

Errer Mean Sguare 1.459993
Number of Means 2 3 4 3
Critical Range 2.168 2.297 2.355 2.393

Means with the same letter are not significantly different.

Duncan Grouping Mean N CcSH

A 5.9967 3 1
A

B A 4,1300 3 3

B

B G 3.3300 3 2

B c

B G 2.8100 3 4
G
G 1.4033 3 5

The ANOVA Procedure
Ouncan's Multiple Range Test for AVERAGE DAILY WG

MOTE: This test controls the Type I comparisonwise error rate, not the experimentwlse erraor rate.

Alpha 0.05

Error Degress of Freedom 10

Error Mean Square 0.00056
Number of Means 2 3 4 . 5
Critical Range .04305 .04499 .04613 .04686

Means with the same letter are not significantly different.




Duncan Grouping Mean N CSM

A 0.10667 3 1
A
E A 0.07333 3 3
: B
E B 5 0.06000 3 2
§ B ¢
1 B¢ 0.05000 3 4
, c
i G 0. 02567 5 5

The ANOVA Procedure
Duncan's Multiple Range Test for FEED CONSUMED

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alnha 0.05

Error Degrees of Freedom 10

Error Mean Sguare 4,024847
Number of Means 2 3 4 5
Critical Range 3.650 3.814 3.911 3.973

Means with the same letter are not significantly different.

Duncan Grouping Mean i CSH
A 15.010 3 1
A
A 13.813 3 4
A
A 13,733 3 3
A
' A 12.553 3 2
A
T A 12.297 3 5

The ANCVA Procedure
Quncan's Multiple Range Test far FCR
NOTE: This test controls the Type I compariscnwise error rate, not the experimentwise error rate.
Alpha 0.05

Error Degrees of Freedonm 10
Error Mean Square 0.166607




Number of Means 2 3 4 5
Critical Range . 7426 L7760 . 7957 .8082

Means with the same letter arc not significantly different.

Duncan Grouping Mean N CSH

’ A 1.7600 305

A

A 1.6433 3 4

A

A 1.3333 3 3

A

A 1.2767 3 2

A

A 1.2733 3 1

The ANOVA Procedure
Ouncan's Multiple Range Test for FER

NITE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05

Error Degrees of Freedom 10

Error Mean Sqguare 162.564
Number of Means 2 3 4 5
Critical Range 23.20 24.24 24 .85 25.25

Means with the same letter are not significantly different.

4 Duncan Grouping tiean N can
T A 40.19 3 1
A

8 A 32.82 3 3

B A

B A 26.71 3 2

B A

B A 21.15 3 4

B

B 12.85 3 5

The ANOVA Procedure




Duncan's Multiple Range Test for SGR

NOTE: This test controls the Type I comparisonwise errgr rate, not the experimentwise error rate.

Alpha 0.95

Error Degrees of Freedom 10

Error Mean Sqguare 0.34922
Number of Means 2 3 4 5
Critical Range 1.075 1.123 1.152 1. 170

Means with the same letter are not significantly different,

Duncan Grouping Mean M CSH
A 4.1333 3 1
A
A 3.8667 3 3
A
A 3.7000 3 2
A
A 3.0000 3 5
A
A <. 90667 3 4

The ANOVA Procedure
Buncan's Multiple Range Test for BGR

NOTE: This test controls the Type I comparilsonwlse error rate, not the experimentwise error rate.

Alpha 3.05

Error Degrees of Freedon 1C

Error Mean Square 334 . 2865
Number of Means 2 3 4 5
Critical Range 33.26 34.76 35.64 36.20

Means with the same letter are not significantly aifferent,

Duncan Grouping Mean N CsSM
A 199.89 3 1
B 163 .81 3 3
B

O
@
4
bt
ro
~
&
r




146.15 3 4

OO OO0
w

123,81 3 5

The ANOVA Procedure
Duncan's Multiple Range Test for MORTALITY

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05

Error Degrees of Freedom 10

Error Mean Sguare 120
Number of Means 2 3 4 5
Gritical Range 19.93 20.83 21.35 21.69

HMeans with the same letter are not significantly different.

Cincan Grouping Mean N csh
A 36.667 3 1
A
A 33.333 3 4
A
A 3C.000 3 3
A
A 30.000 3 2
A
A 26.6567 3 5

The ANOVA Procedure
Duncan's Multiple Range Test for NBG

MOTE: This test controls the Type I comparisonwise error rate. =at the experimentwise error rate,

Alpha e B

Error Degrees of Freedon 10

Error Mean Square 976530
Number of Means 2 3 4 3
Critical Range 1798 1879 1926 1957

Means with the same letter are not significantly different.




Buncan Grouping Mean N
A 17133.3 3
B 13466.7 3
G 8316.7 3
D 630C.0 3
D
D 5100.0 3

CSu

The ANOVA Procedure

Duncan's Multiple Range Test for NEU

NOTE: This test controls the Type I comparisonwise error

Alpha
Error Degrees of Freedem
Error Mean Square

Number of Means 2 3
Gritical Range 7.282 7.5

rate, not the experimentwise error
0.05
10
15.893333
4 5
7.783 7.804

rate.

Means with the same letter are

Buncan Grouping

Mean [ CsiA
A 49,000 o 1
B 40.000 3 1)
C 25.000 5 2
G
C 25.667 3 4
D 17.667 3 3

The ANOVA Procedure
Ouncan's Multiple Range Test for LYM

HOTE: This test controls the Type I comparisonwise error rate, not the experimentwlse error rate.

Alpha 0.05
Error Degrees of Freedonm 10
Error Mean Sguare 13,53333




Number of Means 2 3 4 5
Critical Range 6.683 6.994 7.171 7.284

Means with the same letter are not significantly different.

Duncan Grouping Mean N CSH
A 82.333 3 3
B 74.333 3 4
B
B 74,000 3 2
c 52.000 3 5
0 51.000 3 1

The ANOVA Procedure
Burican’s Multiple Range Test for POV

LOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate,

Alpha 0.05

Error Degrees of Freedom 10

Error Mean Square 17
Number of Means 2 3 4 5
Critical Range 7.501 7.839 3.037 §.164

Means with the same letter are not signifilcantly diffzrent.

Duncan Grouping Mean M CSH

A 44,000 3 1
A
A 41.333 3 3
A

B A 3% .667 3 2

8

B 32.667 3 4

B

B 32.000 3 B

The ANOVA Procedure




Duncan's Multipls Rarge Test for RBC_ 10

NOTE: This test controls the Type I comparisomvise error rate, not the experimentwise error rate.

Alpha .05

Error Degrees of Freedom 10

Error Mean Square c.17
Numper of Means 2 3 4 5
Critical Range L7501 . 78389 .8037 .8164

Means with the same letter are not significantly different,

Duncan Grouping Mean N CSH

A 3.4000 3 1
A
A 3.1333 3 3
A

B A 2.9667 3 2

B

B 2.2887 3 4

B

B 2.2000 3 5

The ANOVA Procedure
Cuncan's Multiple Range Test for HB

3 the Type 1 comparisonwise error rate, not the experimentwise error rate.

Aipha 0.05
Error Degrees of Freedom 10
Zrrgr Mean Square 1.88734

Numizer of lleansg

ie]

[SoTNV]

[p]

(o))

ry L
£
n

Critical Range 2.48 d.6B78 2.720

Means with the same letter are not significantly different.

Buncan Grouping Hean N cem
A 14.667 3 i
A
A 15.777 3 3
A
B A 13.220 3 2




10.880 3 4

m @ XX o2

10.667 3 5

The ANOVA Procedure
Duncan's Multiple Range Test for MCHC

MOTE: This test controls the Type I cemparisonwise error rate, not the experimentwise error rate,

Alpha 0.05

Error Degrees of Freedom

Error Mean Square 4.5B6E-7
Numher of tleans 2 3 4 5
Critical Range 001229 .001284 .001316 001337

Means with the same letter are not significantly different,

Duncan Grouping Mean N CSH
A 3.3336508 3 4
A
A 3.3333538 3 5
A
A 3.3333443 3 1
A
A 3.3331065 3 3
A
A 3.3327552 3 b

The ANOVA Procedure
Cuncan’'s Multiple Range Test for MGH

NOTE: This test controls the Type 1 comparisonwise error rate, not the experimentwlse error rats,

Alnha 0.05

Error Degrees of Freedom 10

Error Mean Sguare 0.030327
Number of Means 2 3 4 5
Critical Range .3168 L3311 .3395 L3448

leans with the same letter are not significantly different.




Duncan Groupilng Mean N csH

a A 4.8567 3 s
; A
§ A 4.8167 3 4
B 4.4633 32
B
B 4.4500 a3
g
B 4.3167 a

The ANOVA Procedure
Ouncan's Multiple Range Tast for MCV

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05

Error Degrees of frecdom 10

Error Mean Sguare 27.60031
Number of Means 2 3 4 5
Critical Range 9.58 9.99 10,24 10.40

Means with the same letter are not significantly different.

Duncan Grouping Mean N CSM
A 145,707 3 5
A
A 144,493 3 4
B 133.873 3 2
B
B 133,457 3 &
B
B 1259, 480 3 il

o

The ANOVA Procedure
Duncan's Multiple Range Test for YMOTSTURE
NOTE: This test controls the Type I comparisonwise error rate. not the experimentwise error rate.
Alpha 0.05

Error Degrees of Freedom 10
Error lear Square 0.004327




Number of Means 2 3 4 5
Critical Range L1187 1251 . 1282 . 1302

Means with the same letter are not significantly different.

Cuncan Grouping Lean i S5
A 73.48000 3 %
B 73.11000 3 2
C 72.84000 3 5
D 72.06667 3 4
D
n 71.86000 3 &

The ANCVA Procedure
Guncan's Multiple Range Test for CP

NUTE: This test controls the Type I comparisonwise error rate, not the gxperimentwise error rate.

Alpha 0.05

Error Degrees of Freedom 10

Error Mean Sguare 0.00354
Number of Leans 2 3 4 8
Critical Range . 1088 L1147 1176 1185

Means with the same letter are not significantly different.

Ouncan Grouping Mean M csM
A 21.35333 3 1
B 19.,423353 3 2
5 18.13333 3 3
D 17.09000 3 4
E 15.04000 3 5

The ANOVA Procedure




Duncan's Multiple Range Test for FAT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

= Alpha 0.058
Error Degrees of Freedonm 10
Error Mean Square 0.000913

Humber of Means 2 3 4 5

Critical Range .05498 .05745 .05831 .05384

Means with the same letter are not significantly different,

Buncan Grouping Mean N CSH
A 1.31333 3 5
g 1.10667 3 4
2 0.81667 3 3
D 0.B5333 3 2
E 0.85333 3 1

The ANIVA Freocedure
Duncan's Multiple Range Test for FIBRE

NOTE: This test controls the Type I comparisonilse error rate, not the experimentwise errcr rate.

Alpha €05

Error Degrees of fresdom i0

Eriror tMean Sguare 0.00038
Number of Means z 3 Bl 5
Critical Range . 03546 .037086 .03800 03860

Means with the same letter are not significantly different.

Duncan Grouping tean M cem
AT 0.86333 3 5
B 0.72333 3 4

c 0.62000 3 3




The ANOVA Pracedure
Duncan’s Multiple MHange Test for ASH

NOTE: This tast controls the Type I-comparisonwise errer rate, not the experimentyise error rate.

Alpha 0.05
Error Degrees of Freedom 10
Error tMean Square 0.001653

Mumber of Means

{415)

3 4 5
Critical Range 07357 .07730 07926 .0805°

Means with the same letter are not significantly different.

Bunean Srouping Mean N C3u
A 5.04333 3 5
A
A 5.01333 3 4
B 4.02323 3 3
G 3.86333 3 2
D 3.56867 3 1

The ANOVA Procedure

Duncan's Multiple Range Test for MFE

NOTE: This test contrels the Type I comparisonyise error rate, not the oxperimentwise error rate.
Alpha 0.05
Error Degrees of Freesdom 110
Error Mean Square 0.00384
Mumber of Means 2 3 4 5
Critical Range L1127 L1178 L1208 1227

Means with the same letter ars not significantly different,

wn



Duncan Grouping

A

Mean

. 78000

. 00000

46667

21667

.486R7

CSM




