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A C ' O ~ ~ I  PAIIAI'IVE ASSESSMENT OF GROWTII PERFORMANCE, I~AEMATOLOCY AND 
s131111hl ntQCtl EMISTRY OF IIY BRIM CATFISII FED NON-C~N~ENTIONAL PLANT PROTEf NS 

IN IIOMESTEAD CONCRETIS TANKS 

OyLr ~ l u k u t ~ e ' ,  V.O. ~n1n.o' and J.O. ~dcjinntl' 

hr~ 84-(lay cxpcrinlcd was csmicd out lo cvaluale thc potentials of lhrcc non-conventional plant protcins - 
poirndllrlt cakc (GNC), soybean crkc (SBC) and scsamc seed cakc (SSC) singly and combincd in Ihc diets d 
hybrid catfish grown in homestcad concretc tanb. 

l'riplicalc groups of  30 juveniles avcragc weight of 26.9 + 0.18g were fcd four dicts which were formulated 
10 cu~~tain 30% crudc prolein with 25% of tk GNC (diet 1) component replaced by SBC (diet 21, SSC (dict 3) 
rind a con~hination of thc thm in did 4. All Ihc dicts contained an equal amount oianimal protein (25,Qg). At 
l l l ~  cnd at 84 clays of iccding, growth parameters, fced and carcw proxime~c analysts, mortality, hacrnatology 
n r d  scrllnl bioehetnical parameters were mcasumd. 

'['he rcs~db d~owcd h a t  Qe dicis aflcdcd ~ h c  growlh of the juveniles significantly (PK0.05). Thc pcrccntagc 
wrighl p i n  of dw fish fed dict 1 was 204% of thc initial weight, whilc tho= icd dicls 2, 3 and 4 were 405%. 
4(15% ';onrlJ 445% rcs~ctivcly, Protcin cfficicncy ratio (PER) was significandy highcr ((Pc0.05) in dicls 2,3 and 
4 tIi;~n in dict I, with dict 4 having thc highcst PER. Thc pcrcent specific growth rntc (SGR) rccordcd for cach 
rllrt \\.ils n d  signilicnnlly diffcrcnt [P>0.05) from cach other. Pcrccntagc mortdity wmc 22.2%, 13.3%, 5.6% 
i~nd >.f% ill fi5h tctl diets 3.4.2 and 1, rcspodivcly. 

'I 'lmc wcrc 00 sigtrificaat variations in l~aerna~alogical parameters of fish fed all L e  various diets, cxccpl Tor 
illusr 011 tlict .1 which cxhibited lympbopcnia and helcrophilia (Ps0.05). Similarly, therc wcm no significant 
v a ~  i;diats it1 scnlni biwl~cmical paran~ccts, except f ~ r  hypmfibrinogcnacmia, hypoglycacmia and significanlly 
itrrcawtl AST activit ics (P<O.O5) in fish fed dicrs 3 and 4. There were significant increases in thc serum icvcls 
nf ckolcstcrol and IrigiyccFik in fisli Fed dids 2 (P<O.O$), 3 and 4 (R0.O 1). 

'nlc firdings ill this study sl~owcd h a t  even though SBC and SSC inclusions in fish dict rcsultcd in bctlcr 
growth pcdormancc Ihan GNC inclusion. the rclativcly high levels of crudc fat in thcsc plant protcins, 
cspcci;~IIy SSC. niay in fact bc injurious to fish by causing fat deposi~ion in tissucs, fatty hepatic and ~ n a l  
ct;~niitlx. :~rtl~crawlcro.~ia and cormlary hcarl diswsc both of which will prcdisposc tlrc fish lo strcs9, innocuous 
~ ~ S ~ ~ ! S C S  :111i! ill(Wl:llily. 

Kcy \rhcrrris: Cirow111 pcr fomcc.  I~~cma~ololqy, Scmy biochemistry, Hybrid cntfish, Won-conventional pla~it 
procin. 

' ~ k ~ n r t c ~ i ~ n ~  ofivildl i re and Fislacrics Managcmcnl; and 
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R compmri~r~sses~utcnt njwwth pmftmmnre, bomnrdogr and swrrn I R ~ l i r m I ~ t y  of hybrid mfuh 

INTHODUCTION 
ra~lish, cspcciall y CIarios spccits is  acceptable to the gtnerplity pf NiMans except for a small fraclion d 

lbc pc'pdacc who will not eat thc fish for religious reasons. Howcvcr, catfish is very expensive for most 
N ~gcrians. as it costs approximately N200 (S 1.90 or f 1.43) per kilogmm (Olukunle, 1996). Tht average cost aT 
prwluction could bc brought lower if cost-effective nonconventiunal plant protcii supplcmcntation in dict is  
acL'cvcd and tactwccn 15-20% of thc population such as retirees, housewives and the uncmploy~d high school 

duatcs m l d  bc involved in production o i  atfish in homestcad pmds or any available space whm water is * d 
nol a constraint. 

fly thc t in~e the average family protein needs i s  satisfied, and the ease of handling catfish production i s  
~nnstcrd, thc inccnlive to produce for commercial purpose wilt be aroused. The problcm of availability of tablc- 
sisc'catfish al t ycar round will k rcduccd and prices will be lawered. 

CIor i~s  gt~rirpirr~u and Ite~erobranchus krr&ijiis, the parent stock, and tllcir hybrid havc mmizlorous 
tcndcncics, hc~~cc  thcy rcquirc high proteinaceous feeds (40 - 99% crude protein) for faster growth. Hybrid 
catrisl~ ou I ~ L  ofl~cr. hand adapts better to artificial feeding thnn the parent stock, hence i t  grows faster and 
~rr~ifiamly an wastc products. The observed growth patterns in Ciarids and iietembra~chirur are unequal 
nlixturcs of  sliootcrs and smaller sizes in harvested catfish ponds. This observation is a result o f  the cannibdietic 
rcndcncies rcportcd by ca\fish growers especially where feeding is sporadic. Most fish farmers cannot afford 
cx~xnsivc artificial foerls hscd  on fishmeal, hence the need to use cheap local altcmalives Bat can bc found in 
non-canvc~~tional plant protein sources. 

Security on fish firms has bccn a continuous problem in the last three decades in Nigeria. Itinerary poachcrs 
I I D ~ ~ C  rcttuccd many cnlhusiastic Cis11 farmers to penury. Hence, many fish ponds havc been abandoned, rnosrly 
rvitb k g c  capital losscs. Thc idca of growing fish in homestead ponds where a reasonable level of safety is 
amurcd will bc a wclcwned solution. Theretore, the aim ofthe present study wsa to wess c w n ~ v c l y  thrcc 
difrcrcn~ plant proacin sources - groundnut, soybcsn and sesame sccd cakes - individually and in a combination 
of.lljc tb~cc in inass production o f  hybrid catfish cheaply and economically with Ihc hopc of alleviating poverty 
and proicin rnal~~utrition in the ambit of Ihe home. 

RIATERIALS AND METHODS 
I k i r  GOIIC~C!C homcstwd ponds o i  2m x 3m x 1.5m dimension (capablc of  holding 9mJ of water) used arc 

lwalcd at rhc University of Ibadan. Three hundred and sixty hybrid catfish juveniles of an average weight of 
26.9 J: 0.18pr wcrc purchased horn a reputable private commercial fish farm situated in [badan, Oyo Sta~c, 
Nigct ia. Thirty fingerlings werc randomly stacked in each of thrce h a p  ncts of ~ m '  dimensions and euspcnded 
into cacll of thc four ponds %filled with fresh "rcstcd''tap water. The fish wcre conditioned for 24 houn during 
wliicli no rood was offcrcd, Frcsh tap walw was ndded to thc holding tanks every otllcr day through inlcts. Thc 
watcr quality paramctcrs were maintained at aecrrptable optimal levels for tropical fish (FAO, 1987). 

Four iso~~ilragcnous (30% crude prokin) and isocalorie (29,81 * O.19kcaVg) expcrimmtal dicts wcrc 
corllpair~tdcd as rccommendcd by Ornar (1996) For C. gariepinus grown in concrctc tanks. A l  the diets 
coat;~iscd 25.42d100g Iish mcal as the animal protoin source and 37.081JlOOg plant protcins as cithcr 
groantlnirl cake (GNC) (dict I) ,  soybcan cake (diet 2), sesame seed cake (diet 3) and an cquat mixture o f  SDC 
and SSC (dicl 4). 1hc composition of thc dicts is shown in Table 1. The ingrcdicnts wcrc purehad locally, 
nillcd in a fabricalcd hand-milling machine and sieved to a psrticle sizc of 0,OSrnm. Thc sesame sccd was 
rlchl~lled, dcl~ittcrcd, prc-pressed and oil-extracted bcforc milling as dcxribcd by Olukunlc (1996). Diet 
r.wnlm~~cnts wcrc ~horoi~ghlp mixcd and pelicted using a Moulincw kitchen minccr, and wen dricd at 5@C Tor 
6 hours. Sanll)lcs o f  tlic four diets were analwed Tor proximate cornpition ror moisture, crude protein, lipid, 
as11 and crutlc fib coalcnts as described by A.0A.C. (199V). The fish were fed twice daily at 5% M y  weight 
(Kbwun~jai ct al.. 1996) for 84 days. Batch weighing of fish in each h a p  nct was done eveFy fortnight and 
wcigl~t of rmds adjustcd accordingly. Proximate carcass analysis was carried out on five randomly sclccted fish 
pcr lrapa 31ct bcfwc the commencement (initial) and on the 84" day of the fwding trial as previously described 
For lhc dicts. Mortality in each hapa ncl was monitored and recorded every other day. 

At thc cnd of hm 84-day fecding trial, pooled blood was obtained from the caudal peduncles of five hndomly 
sclccted fish pcr lmpa net {that is I S  fish pcr tankh half Into clean plain vncutdn~r tubcs and half into tubcs 
contailling 8tbium beparink anticoegulanl. Haematologieal studies were canjed out immediately using h c  
anticoagulated blood. while the eloltcd bid samples wurc centrifuged at 1,200 Gmfw 5 minutes at 29.S°C, and 
thc xn rm  stored a1 -25'C until uscd for biochcmicd analysis. Nawnatology and serum biochemical studies wcre 
carricd out ns &scribed by Taiwo and Anma (1 993, Fadina et a!. (1999) and O ~ I e s e  ct nl. (1999). The 



paramctcrs dctcrmincd include packed ccil volume (PCV), haemglobin {Hb} concentration, red blood ccll 
(RI3C) counts, tola1 and diffcmtial white Mood cell (WBC) wunts, total'protein (Ti'), dbumin (Am), globulin 
(GLOW, fibrinugcn. =rum concentrations of Na', K4, CL', HCUi, tfm,-a=atinine, cholcstero~, trigI@de, , 
almine amin~rans~cmse (ALT), +asparigine aminotrmsferase (AST) and glucose. MW corpuscular wlumc 
(MCV), mean corpuscular hamnoglobin concentdon (MCHC) and a1bumin:globulin ratiq (AOR) rn 
caicufalcd (lain, 1986). 

, All data obtaincd pcr fish tank were p d e d  and subjected to analysis of variance (SAS, 1987) and the means 
scpamtcd f ~ r  significant variations from thc control f d  (did 1) udng Duncan's multiple range test (Duncan, 
1959) i i t  95% and 99% confidence intervals (Pc0.05; P41,01]. 

Ibbbs I alld 2 show the eornposiion and proximate analysis of the four diets used in this experiment. From 
fbc proxima~c analysis, it was apparcnt that crude protein levels were slightly but insignificantly higher (Pz0.05) 
in diets 1 and 2 than those of dic~s 3 and 4 flabfe 2). Howcvtr, there was a significantly higher (PcO.05; 
PcO.0 t) lcvcl or &tier extract (crude fat) in diets 2,3 and 4, and especially highest in dicts 5 which contains 
12.5% plant protcin supplementation with SSC. , 

1-nblc 1 :-Composition of tcsidiets fed hybrid Cfarias (g1100g diet) 

Diets 
Ingrctlienls 1 2 3 4 

I:ishn~al 25.43 25.43 25.43 25.43 
Corn mcal 22.25 2x25 22.25 22.Z 
Grorrndnut cakc 37.08 27.8 1 27.81 27.80 
Soybcan ca kc - 9.27 4.M 
Scssmc w d  cakc - 9.27 464 
Animal oil 2.50 2.50 2.50 2.50 
Pliant oil 2.50 2.50 2.50 2.50 
nrcwcr's wask 5.00 5 .OO 5.00 5.00 
IJu~le lrlcal 2.00 2.00 2.00 2,OO 
V i t i ~ l ~ ~ i t ~  mix 2.00 2.00 2.00 2.00 
Salt 0.25 0.25 0.25 0.25 
Iki~dcr 1.00 1-00 1.00 1 .OO 

Tablc 2: Proxtmatc composition ortest dicts fed hybrid CIurius 1% dry - matter) 

Diets 
hrnmc~ct 1 2 3 4 -1 - 
-- 
Moisllttc cunlarl 10.80 9 -44 8.93 9.36 
('n~dc ~trotcin 34.44 34.88 31.16 33.27 
Elbcr cxtna 1.93 6.64 13.33 10.20 
Ash 12.15 12.52 12.60 11-00 
Cru& Iibrc . 6.45 7.08 7.56 8.03 
N~tmgcil-fire calrarl 34.23 29.44 26.42 29,14 

Oa growth pcrfor~aoncc charnctcrislics. Table 3 shows that fisl fced with diets 2, 3 and 4 grew much faster 
(Pa.05; Pc0.01) than lhose fed with dict I by a factor of at leaa 100%. Did 3 recorded the highcat daily and 
tdal wcigl~l gains of 1.48+1- 0.021: and 4G5.Og or 124.2% and 126.9%, rcqcctivcly ot  tlrosc fish fcd dict 1 
(Tabk 3). tlowcvcr, !hc fish fed diets 1 and 4 had the highest and lowe& FCR (1:3,2 and 1 : 1.711, resptetivdy. 
PER valms rwre significantly hi* (F4.05) in diets 4.2 and 3 (in that order) than in dict 1 .  Proximate careass 
crmipmitions o f  fish icd test dicts for 84 days (Table 4) reveat that whiIe moisture contents did not diffcr 
significantly (P~0.05) wilhin the cxpcrimcnfal fish, those fed dicts 2 and 4 had the hii;hesl (PcO.05) levels of 
cmdc pnjicin. rl~c~c was no significanl wriatio'n (P0.05) in ash contents, exccpt those on dict 3 which had a 



s~g~~~f icnnl ly  l~ighcr (P~0.05) ash cmtcnt than all the others, Also, sipificantly higher (BO.01) tevels of crude 
fa1 were dckct~d in'fish id dictc 2,3  and 4 c o m p d  to h w  fed diet 1. Crude A h  lcwls w a o  slm very high 
(PcO.05) in fish fcd dicts 2,3 and 4 CTgble4). M a l i t y r m d s f l W - 5 )  showIhat222%~nd 133%of fish , 
fcd dicls 3 and 4, rcqmtively died W tk 6* and 12' woch of Ihe kding trial, Thesc %re significantly 
hidm [P<0.05) L a n  5.6% and 33% mwtality rates recorded fw fish fed diets 2 and 1, rcspcctively. 

ru 
Tablc 3: Growth pcriwmam of hybrid Clarias fed test dicts 

lailii~l wcidll (p) 27.3*0.5 
Final w e i ~ l ~ t  { A )  8 3 3 1 . 1  
Ib la l  ucigltt ia in (g) 5G.rnO.5 
thily weigh1 (g) O.ba0.02 
9'0 wcigI11 p i 1 3  204.90 
'rota1 iecd intake (g) 534.20 
S.G.R. (%) ' 0.021 
F.f .R l3.2 
1'. E. R. 0.10 

Diets 
2 3 4 

S.G. It. - S p i  fie growth rate; F.C.R. = Feed conversion ratio; 
P. E.R. = Protcin.cficicncy ratio 
*.** I111;1 significanlly diFPcrrmt from D i e  1 at FG.05 and P4.01, rcspcctivety. 

T;tblc 4: Proximate carcass 6omposition (% dry maitcr) of hybrid Clarias bcfwe and after 84 days of Cccding 
with Icst dicts 

--- 
, Diets 

Paratactcr InLial 1 2 3 4 
- -. 
Moisl~~rc canlcnl 9.88 8.83 9.86 11.60 8.99 
Cn~dc pmlcitl 59.32 69.58* 65-38' 57.71 69.69' 
Elllcr cxtnct 6.12 5.12 12.34** 11.63*+ 10.20** 
Ash 13.40 15.48 10.89 18.10* 10.24 
Crudc fibrc 0.3400 0.9885* 0.9963) - 0.9643* 0.8774* 

*.*' t3nta sigttiliceatly different from ini'tiaI valucs at Pc0.05 and P4,01, rcspcctively. 

'hblc 5 :  I'roximatc carcass cbmposition (% dry matter) of hybrid Clnnks b c f m  and ancr 84 days of iceding 
wit11 tcsl dicts ' 

Diets 
IVrrk 1 2 3 4 



Joumnl ~ W c s t  AJdmn R~bcri~s 

llac~~mtology atrd serum biochemistry of the test fish are shown in"hblcs 6 and 7, respectively. There wcrc 
no significant changcs (PzO,OS) in rcd blood cell and:white blot$ cell parameters of the fish fed all the rour 
cnpcrin~cnral dicte, cxccpt for rclativc QrnphoMia and hcterophilia (P&;OS; H . 0  I) cxhibitod by fish fcd die1 
3 I'lhblc li). Similii rd i l ts  were obtained for most serum biochemical parameters. However, fish fed diets 3 and 
4 sbo\slcd ~~~~erfihrinagcnacmia. hjpoglycacmia (PdO.0 f )  and increased lcvcls of s m m  AST activity (W0.05) 
l b n  tlaac fcd dicls 1 and 2 (Tablc 7). Similarly, hypercholestemlaemia and hypertriglyccridacmia (P<0.05; 

, Pc.O.01) wcrc cxhibitcd by hybrid Clarias tingetlings fed dicts 2,3 and 4, 

'I'ablc 6.1 lanlmlology (rncan * S.E.M.) of l~ybrid Clarias fed tcst diets 
-- 

Diets 
I';lr;l~llclcrs 1 2 3 4 
--A -- -- 
PCaV(%) 3 1.0k0.7 30.5&0.0,4 30.at0.7 3 1.5k0.5 
It U C(x I 01 2.W0.2 2,7*0.3 2.W.3 2.9h0.3 
I l b (gmltll) 8.3zkO. 1- 8 . la .1  7.9LO 2 8.3k0.2 
MCV (11) 108.7*7.5 l l 5 . w . 7  1 l7.6k8.1 108.7*1.6 
MCI IC (%) 26.8*0.4 26.4rt0.2 26.a0.7 26.2k0.2 
Tolal Wl3C (x1031tll) 15.B2.5 13.7&1.2 13.0k1.3 15.7G.2 
I.yr11pf1iw).tc(xIOJ/u4) 12.4e.3 10.8*2.1 9.5+0.3 12.5*0.9 
I ic~cropl~il (x l Q3/uI) I .W0.2 2.M.1 2.8M.2 2.3M.3 
Eosinolllril (x IO3lul) 0.3k0.04 0.3A0.02 0.3h0.00 0.4*0.03 
MonocyIc (x 103ful) 0.6kO.O 1 0,4M.03 - Q.4dO.02 O.S;tO.02 
-*-+-++-----&----+-*--------*----- ------*---- 

*+ U;lta signilicmtly diffcrcnt rrom Dicl 1 at Pc0.05 and P4 .01 ,  rcspeetively. 

'I'iihk 7: Scrulit biocl~cniistry (n~ca~i * S.E.M.) of hybrid Ciarias fcd test diets 

+ ----+--. 
\l'ntill 111 ~IICIII (e/dl)  
Allrll~nin (g4ll) 
Cilrlbaliu (ddl) 
A:G mtio 
Fi briaogcn (dtll) 
G l u c w  (ag/tIl) 
Na+ (1nMaI1l) 
CI- (nlMthIl) L 

K 1 (111Molll) 
I K'03- (nrMolll) 
A1-T (IWI) 
AS'I' (ILUI) 
1Jl.r~ (mgldl) 
rrcnt ~ I I ~ I ? C  (~nddl) 
i~nlcstcrol  ( n ~ d d l )  
'l'riglyccriilc (rnddl) 

Diets 
1 2 3 4 

-----A- 

* ** L'lala sigailiciu~tly diffcrtnt from Dict 1 at P4.05 and P~0.01, rcspectivdy. 

1)lSC:USSION 
Plan! ptc i l l s  arc rurrcntly being uscd to subslitutc and augment animal proteins to reduce thc cosl of fish 

fccrl. 011c vcritabk sourcc of pIant proleins in livestock diets, groundnut cake (GNC), has been in use for o m  
40 ycrrs. Ilr*wc\.cr. ill Nigcria, the production of GNC i s  on the decline, human rake of its consumption has riscn 
;~stmna~~iici~lly bccausc trf populalion explosion; hcncc thc cost of GNC has I~~creased to thc cxtcnt that Its main 
usu in fill rtt\rIi~Iittg livestock dicts has b o m c  uneconomical. Soybean cake (SUC) is gradually replacing GNC 



in I~vcslock dictskcausc of ils availability and lower cast. Utilization of sesame seed cake (SSC) in fish feed is 
uitjrc rcccnl. SSC contains a higher lcvel of methimine than' GNC.md SSC (Altschul, 1958), R a m h  has 
shown ~ b s l  !he inclusion of SSC in fish diets should not be higher t b .  25% of thc total protein requirement 
(Olukunlc, f 996). Howcwr, the level of SSC t~ b~ included in a fish diet to giw optimum growthpcrfmancc 
and good health is yet to b determined. 

From lhc spccitie growth rate (SGR), the addition of a mixture of plant protoin soums improvcd the growth 
pcrrwn~ance of fish red diets 2, 3 and 4. This is similar to h u  obmmtion of Jackson d al, (1982). Diet 4 in 
addition had an irnpmvcd protein cfticirmcy ratio (PER) of 0.24 o m  diets 1,2 and 3. Thc high PER In diet 4 is 
en indicatw o r  ihc cficimcy of protein utilizakion in fish fed this diet. Howevm, the f d  c~1vwsion ratio 
(FCR) of dict 4 was the lowest and this suggests that this diet was well accepted by the fish md that thc 
co~~vcrsion orprotci~r to fish flesh was the heed ofatl the diets. 

Thc l~ighesl pcrccntage daily and total weight gins  obsmed in fish fed diet 3 { I  .48 and 465%). wore not 
s~~pporlcd by a cwrespondiw high deposition of fish flesh in the carass. Rather, a high percentage of ash 
( 1 8.1%) suggeHing high deposilion of minerals andw the dewfopmtnt of dense bones was obsclred in fish fcd 
clh 3. Dict 4 suppwted the highest dcposition of flesh in fish with almost 70% crudt protein in the fish carcass 
cnn~parcd la a h t  58% in did 3, a figure lower than the initial crude protein cmjmition of lira fish (59.32%). 
Tllcsc findings support the view of Jackson et al. (i982) that a mixtum of fwd ingredients wilh diffcrent 
l im i l i~~g amino acids is advibble for usc in fish feeds. The findings of Pag (1956) and Otukunlt (1996) tudlrcr 
cnrrobmre thc m l t s  of this exprimcnt that a dict with several protein mrew gives M c r  pralein deposition 
in fish carcass limn a single protein source. 

'Ilc ~norlality pttcrn of fish icd thc icst diets shows that more deaths occurred in fish groups fed diets 
coi~taming SSC. that is dkl 3 (22.2%) and in diet 4 (13.3%) cm~taining 12.5% and 6.2SD& SSC, respectively. 
Morcovcr higher death rates were mordd in fish fed die& 3 and 4 b e e n  wech 8 snd 12, ruggestmg a f m  
or strcss, which may be attributable to SSC inclrlsion in the die& In fact, botb haematolw and =rum 
biocl~cmistry data of fish fcd diets 3 and 4, supported the a h  assirtion that SSC may induce s(res which are 
clinically charncterizcd by lymphqxnia, hctcrophilia and hypog;lycaemia in animals (lain, 1986; Kancko, 
1989). It should h noted that diets cwrtaining SSC have very high levels of crudc fat, fhc e x c w  in dict of 
which i s  stored in  the body as k t  in rnuseIe, liver and kidkys leading to easily rupturable fatty fiver and kidneys 
(Robbins ct al.. 1984) and in mrn as triglycendes and cholesterol (baeko, 1989). Hypcrlipidaernia dcpi~tcd 
air incrcascd serum levels of cholcsteml and triglycerida in fish fed dicts 3 and 4 containing SSC may 
prccipitatc rrthmosctmb and coronary hem disease (kaneko, 1989) that may in fact k tcqmrible for strew 
induccd mortalities obscrved in thcsc groups of fish compared to those fed diets without SSC, This clearly 
sbo~vs h a t  SSC cvcn at a rate of6.25% or plant protein inclusion, may still be quitc far from the level that will 
cnsurc g d  gowtll performance and health in fish, More impm?aaly, since the uhimatc aim of producing fish 
asing dtcsc cllcnp, n o n - c m ~ t i o n a l  plant protein sources i s  for human consumption, the risk of very high fa1 
intnkc rn, fish by ntan may h direct transfer of the rme  stress factors - hyperlipidaemia, arlheraselemsis 
fatly livcr and k i F y  and cotonary hear1 disease to man and the attendant vuMic health and economic 
implicit' I ~ons. . 

I n  con~lusion, 111c findings in this study has corroborated cndier reporis that dicts with several protein 
murrcs gi1.c h l c r  protcin depusition in fish carcass than a singlc protein Lourcc. Thcy also show that GNC, 
S13r and probably lorvcr levels of SSC inclusion (that is, less than 6.25%) as admixture will give wry good 
~ r n \ ~ t h  pcrtormaacc el~araelcristics and ensure good health and pductivity in bmcstead fish farming with 
lowcr risks of poaching, cconomic animal protcin fowl sccurity and cvemll cmomic ernpowcrmcnt or 
I~ouscwivcs. pcnsioncrs and low scak fish farmers. It 'also nded that the use o f  very high inclusion kvcls or  
SSC' nrigltl bc i~tju~rious to both fish and man. 
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