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lJ'Ill.l%A'l'lON OF AUTOCLAVEO S O L ~ W T  EXTRACTED SESAME SEED CAKE AS A 
ClIEAPEH SOURCE OF METHlONlNE SUPPLEMENTATION TO OTHER PLANT PROTEf N - 

SOURCES IN THE FEED OF CLARlAS GARIEPINUS 

OLUKUNLE, OYIN and FALAYE, A.E. 

ABSTRACT 

'Ibc study wqs dcsigned to find Ihc reptaccment value of flshrneal IFm) by solvcnt extracted sesame sccd 
cakr (ST<) in rclntian io thc amino acid supplcmcntotion, The fishmeal was rcplaced by SSC in five diets at 
0%. 25%. 50% 75% and 100% inclusion Icvels. The diets were fcd to Clnrias guriepiaus fingcrlinp for a 
pcrid of 42 days. 

l'ltc eial concl~dcd chat solvcnt extracted sesame seed cake (SESSC) is bcttcr fcd to C, gnriepinus 
fingerlings supplcn~cntcd ai 25% level. Eeonmically SESSC diet had the lowest incidence of cost, Thc fish 
rccd prodt~ction cost is reduced by at lcast 95% when SESSC replaces Fm in Lc'dict of C. gar3epinus. 

Kcy Words: Liwstock nrrritionils, rccd millcrs, aquaculturists. 

Dcpar~u~erat of Wild1 i fc n ~ i d  Fisheries Monagcrnent, Univcrsi~y of Ibadan. 



INTIIWIIUCTION. 
Cimundnut cakc is a common ~IUIII protein source used id the mafing o i  fish in Nigeria. Recently add 

padually soyabcm cakc is, bcing inlroQuced inlo the Nigwian livestock i d ' p o o l  but i t  is not in common use 
('I'cwc, 1985). S o y a h  eake has a highm protein content of betwecn 40- 50% whilc groundnut and scsi~mc 
wcd rakes hrvc bctwcen 3240% and 34 - S7%,respeetively dsflending on the dcgrcc of-oil extraction. 
Groundla! and w ~ b c a n  cakes have mcthionine as the limiting amino acid (Altscul, 1958)- Sesame x e d  cakc i s  
rich i!~ nwtl~ionb~c, 14cn~,-fhcorc~ica1ly any combination of sesame secd cake with ciihcr of thc two cahs 
should l~avc a Lalnnccd amino acid profile for a diet. 

1bc nced of a fist1 for amino acid can be met if the amino acid is available. Plant plutci~~s have Iowvcr 
dipstibitiry than animal proteins in non-ruminants (bltschul, 1958). However Clarias gariepinus is a "chancc" 
mi~ivcuc.  as B is observed to digest bo~h plant and animal proteins adcquotcty. 

l'lris. audy was ll~creforc dcsigncd to utilize a cheaper source of protcin than fishmeal, a source or 
complimentary amino acid as found in solvent-extracted sesamc eake with a cgrnbinatim of eilhcr groundnut 
cakc or soyabcan cake. 

RIA'SEKfAlB AND MISTIIODS 
Expcrlmental dicts 

11rc soyabean cake usei was the blended Argentina variety. The crudc protein of L e  soyabcan cake was 
44. t X. Giouhut  cakc was purchaxd from Bodija market, Ibsdan. The percenmgc crudc protein was 35,9%. 
1'h I=rccnta@ crude prorein o f h c  fishnlent was 68%. 

Five imt~itrogcnous diets werc compounded to canlain 40% crudc protein to satisfy thc dietary nccd of 
gntfcpinlrs fingerlings: Diets 11, 111, and [V contain 50% solvc~~t cxtmctcd scsamc sced cake addcd to 50% 
lisl~~ncii. groundnut cake and soyabean cake proteins respectively. Diets I and V contained (40% crude protcin) 
100%~ murccd rrorir fishmeal and solvcnt extracted sesame d cake rcspeclivcly. 
.. T)tc dicls wcrc isocaloric with 397 -t. 0.45Kcalll00g of the feeds and isonitrogenous (40% crudc protein) 
I l icl 1 was tllc co~~trol (Table 1). v 

Experttrrnlrl tank and Expcrimcntnt Animals 
'!Be Ecrling 1ila1 was conducted in 40.51 glass aquaria (30 x 30 x 45cm). Under gmwl films wcrc installed 

111 cacll or l l ~ e  tanks lo rcmovc tllc parliculatc materials. Cmtinuws aeration was prwidcd by a cc~~tral 
crrtnprcssor ar~d air loncs. Nincty pcrcent of watcr in the aquaria was exchnnged cvcry wcck and rcplaccd with 
l~rcl~ca~rd walcr at ;I tanpcnturc of28 + 2.00'~. 

CBloridc lcvcis wcrc maintained at approximaicjy 500rng/l by dlc addition of 106 food -'grade sodiunl 
chloride (Nacl) per tank to mini~nizc potential effcctccts or nitrite to fish hcalth (Pcrronc and Mcadc, 1997). Tlrc 
ranks tvctc cleaned o11ec s week. Black polyslmne p1aslics bags were u&d to covcr thc lank during the night 
lin~trs tn give 16 : 8 hours per dayligl~t to,dark cycle (Halc and Garson, 1972). Watcr temperatures wcrc 
rcp~tlntcd ro give a 28 + 2.00'~; pH was 7.5 + 0.5; ammonia 0.25 + O.ISaf l .  dissolved oxygcn 8.50 
I .SQ~lg/l, water Ili~nlncss ZOO * 50ppm and alkalinity 240 l: 6Oppm. 

1:ingcrling or<: ~rrricpinus of  same parmtage stock size 4.5 5 1.5g wcrc obtaincd and acdimatcd in a stock 
lank for six wccks until used. nw fingerlings wcrc Gd on a commercisl ktfish pcllcted .dicl (24% crude 
protcia) as acclimaiisation diet. Six fish were randomly slacked into mch aquarium with 3 rcplicatca. At !he 
start nr thc study. i~rdividual fish wcigbt and lcnglh wcrc taken. (No significant diffcrencc (P > 0,051 occurrcd 
in IC fish weights among tmtmcnt pmlcd). The awragc fish weight was 70.42 -t. 0.42g. Fish were weighcd 
wcckl y for f o~~r  wccks and f e d  adjustcd week1 y accwdingly. The fish were fcd 3% cf their body weight. At 
thc start artd cnd of  rhc fcrding trial, a nrrmbcr of ftsh wen: sacrificed by decnpitali~n 6 fish at docking and 4 
fish pcr tmatmcnt for appmximatc analysis. Aflcr homogc~jiza!ion 28 samplcs was wcighcd and dricd in a 
drying oven at l OS'C ovcrnigltt Tor moisture determinatio~~. 

I)lcl Preparailer 
nty  ingcdie111s n ~ r c  first ground in a Phillips cofke mill to m a l l  pariiclc sizc {approximately 1 .O~mh) and 

pilsscd tl+ot~kt a 2SOjrm mcsh sicvc. Irlgrcdicnts wcrc thwwghly nlixed with thc addition of nwr boiling watcr 
pdr*) 10 hnn a ho~nogenous dough. Thc mixturcs wcrc passed through a mincer with 0.8mm diameter dic to 
j ~ d u c c  "sy~agl~c~ti-likc" srrands broken up furll~cr to 0.5 - l.Opmm sims. Thc pellets w m ~  leamcd for I S 
t~lii~utcs and dricd a1 6 0 ' ~  lor 4 hours wing Galienkimp mnvce~ionsl oven. They were thcn cooled and packcd 
in pdys!yrcnc b y .  f l I  dicts wcrc storcd in a dccp ircezer at a tcmpcralurc of- 1 8 ' ~  to prcvcnt rancidity nnd 



q~oi lng.  
Ibrrccitlnge prr~cin lovcb d thc dich wcre ddcrmined by !hc nlbbkjetdahl mcthad (A,O,A,C,, 1991). 

C'rutlc lipid was dclcrmincd by Nigh and dyer tccbnique as modified 6jl (Henson and Ollcy, 1963). Digcstiblc 
encrgy (DE) was cstimatcd from tlrc didary ingredients as elablishcd for channel carfisl~ (NRC, 1983). T h e  
d~cts  \ITIC atti~ly~cd for their .amino wid composition and digwtibility (Table 2). Faccal materials were 
ntct!a~rd. pooled-and rrcac-dricd and 5 1 0 d  ~t - I ~ C  till analyscd. 

'Carcass Con~posltion 
Fnur fish pcr trmtmcnt werc sacrificed Tor carcuss emposition analysis. The fish flesh wwc cut into slim 

of a b u t  O.05cm and a sample (30g) was homogenized with 30ml of deionized water for 45 s d s  in a thrm 
bladc M~illips kitchcn blender of HI3 281 1 1 model at 4300rpm. The homogenized flesh pulp was kept in Ihc 
rrcc/.crr nl - 18"  until analyscd for proximatc compnsitim. 

Ar~irn nrid rnalysb 
An~i~ jo  acid anolysis of faccai materials and dicts were carried out by hydrolysis using Cnn hydrochloric ncid 

(I 1C:l) in a krrstron (Itlrornakon SO0 ~nrina acid andyscr. 
E a x l  vol~rmcs of cach acid was c;rlcuIated thus:- 

Amino acid slandaid conc (~tlml) x Aia&&& 
Arca Standard pcak. 

Ear11 ctaccatntifin ,nll/111l was mulliplicd by 15 to give a.mount in pg in cach IOmg sampic wcight. 

Stnlidiral Analysis 
Grow111 pcriormanec and food conwrsiorl were measured in terms of daily weight gain (g), Specific growth 

ralc (SGR, % day), fwd canvcrsion mlio (FCR) and weight gain I%).. Growth response pararnctcrs wcre 
r;~lct~lalrtl as fulkws; SGR \%/day) (log wl - log wlTT) x 1130 where w, is the wcight of fish at time Itl). wl 

wciglll a fis11 nt tirnck 0 and T is the culture period jn days. 
I 

ItESUI;TS 
Table I sl~ows thc nutricnt contcnt oithe diets. Thc m m  dietary cnergy was 3.97 2 0.45kcaUg. The growth 
and fwd ufili7alim of C. gari~pinus fingerlings fcd dicts 1 to V we p~esentcd in Tabk 2. Wcight $Itins wme not 
sipificaally Jiffcrcnt (P r 0.05) among tha Clarias tingedings fed diets III and IV. Diet I ,  the control had the 
I~gl:cs~ daily wcigI11 @in, pcrccnt specific growth ratc, food conversion ratio and protcin productive value. 
C'it~rirrs fitlgcrlings fcd Dict V had $c poorest Fwd eonvcrsion ratio end [oral digestibility. H&cvcr, Dick V 
rerrrrc!cd tllc bcsl growtk ytm among tmarmcnts wl~ally icd plan1 prokina 

'I'nblc 3 shows that whole body proximate composilion at tht conclmion of t l ~e  fecding trial resulted in 
sig~:rrificarlt diKcrcnccs (P < 0.05) in pcrcentagc moisturc, cnrdc.protdo among the fish fed the five diets and 
avcragcd 78.72 and 13.97% mspectively. P e w a p e  protein was significantly higher (F < 0.05) in fsh fed dict 
I (100?/s FM polein), but thcrc was da significant dirtcreme (P > 0.05) b c t m n  Dids [I, 111 and IV, 
Trentmcr~i V (1 00% sesame soed cakc had a significantly higher (P < 0.05) protein dcposhcd in the flcsh of thc 
fish tllils ftd llini~ Cis11 icd Dief 1V (50% -me seed cakc plus 50'30 groundn~~t take). 

'fis lipid and as11 in the carcass are significantly lower (P 3 0.05) in all the treatments than in the initial fish 
&l*i\. 

'Sbc lcvcls of mcd~ioninc [1.3@1DOg and argininc (2.48dIOOg) in did I were hwcr than thc levels of ihc 
same amino acid in t l ~  plant protcin dicts 11 lo V, whereas thc lysine level incrcad  with rhc d m  of the 
plan1 prokin inclusion in the diet. Diet V with ( 1  .wI 00g) contains significantly (P < 0.05) thrice as much 
rrwt hirr~liec ;IS is ~cc:con~rncndcd for channcl catfish (O.S&IOOg) (NRC, 1983). 



' hh lc  1 .  Fcra Formulation (d100g) a d  Proximate Composi!ion Qf Expcrinicntol Dicts 

111grrtlicltlz 
l:id~~l>~i~i 
Sdrcnr - I:xtrrrctctt 
Susn~t~c Sccd Cake 
G-mil Cakc 
Soynhca~i Cakc 
Cud liver oil 
Con) oil 
Miucnl I'rcrnix 
Viiatnin l'rcmix 
Carbaxy Mcthyl - 
Ccllulmc 
Llrtmic n~irlr  
Dclt in 
I' - CcH~~lrac 
Nulrieid - -  Ca~tcnt 
Murstu~c - Frcc Itasis 
Illy Mnltcr 
Prnlcin X 
Iipid X I 

Dielary Ener~y 
Prolrin - Itlcrgy ltalio 
Chronic oxidc "/. 
Ash "In 
Cnidc film "/. 
NFE % 

'I'ablc 2: Gmwlh and Feed Utilization oTC pnriepitrrrs Ted Expcrimcnial Diets 
.- - 
Uicts I I1 I l l  1V V SEa - M a n  

Irgrcdkntr 
Itiitial %{*I. (g) 70.41' 70.50' 70.40' 70.62' 70,15' 0,42 * 
Final \vt. (6) 120.86' 8 8 , ~ 6 ~  77Sd 7 7 ~ 7 ~  84.3T -4.48 * 
Daily w{. Gain @day 1 . 8 ~  0 . 6 5 ~  0.29 0:2sd 0.51' 0.h - 
I'crrcnlagc wt. Gnin (A / , )  53-77' 35.66 10.21~ 10.1  ld 18.20 4.20 
S~,cci l icgrow~t~Ri~lcSGR~/)  1.67 0.91~ 0.35' 0 .34~  0,6V 0.11 
I:ot?rl f Conversion ratio I .  3.02~ 5,Ud 4.65' 6.33' 0.43 
Prntcin Eff. Ratio 0.70' 0.33~ 1 0.17' 0,1@ 0.05 
i'rociuctivc Vaiuc K 18.57' 18.23' 13.64' 15.15~ 15.71' 0.27 16.26 
hpparcnl Protein t>igstibility 88.1 8' 9 1 .2fib 92.51' 92,5OC 88,55' QA2 
Tolal Uigk~ibility - 8&72' 8 1 .h$ 96.92e 9x52' 54.901 3.33 



+l';~ldc 1 I'roxinlatc carcass composiIlon of thc fish fed theTwt Dias (Dry Matter I3asis) in % 
- 

I Itcls Initial f I1 I f 1  IV V Mcan SE* 

'I+;~l)tc 4 shows Illat thc mabioninr lcvcls in all Ibc cxperimmfal diets wcrc rnorc lhnn thc (NRC, 1983) 
r crnn~~lei~dstio~t for channel cat fish. Dict If with an dditim of 50% fishmcal had 1.79g1100g methioninc 
wh~cli wia or~ly sliglghlly higher than Dict V the all plant protcin containing 1.51d100g. Howcvcr, the cost 
irtalysis orlhe ingtcdicnts indicate thal it wilI cost less to compound dict V (two tirncs) than to use an all 
fid\nlc;d prolcin. 

** = I,ililiti~~g niitino acids for c lw~~ncl  catfish. 

TIN cost nnalysis of thc fccding scsamc seed cake protcin in Diet 11 rcduccs Fhc cost si~nificantly (P > 0,05) 
when compnrcd-to thc conlrol(25.80). Howcw, thc prductivc pratein value in the fish fed thc control and dict 
I I arc sirr~ilar (7';lbk 6) bul they arc significantly (P x 0.05) diffcmnt. 

' Rrlhermorc. fish in trcatmcnt V fcd 100% sesame seed cake protein had significant1 y llighly (P < 0.05) 
productivc pralcin value ( 1  5.7 1) than all the fish fed diets containing plant proteins (diets 111, (1 3,641 and dict 
IV (15.51). 



X FM 
incl krsiun (N) 

l ' h ~ n ~  Yrotcin 
CrrmrJtut cakc (W) 

Soy:ibc;ai Cnkc (W) 

- . . . -. . - 
Swrcc: Fisl~crics bpartrnsnl, Oya Stalc Ministry of kgricullurc and Natural Kesourccs, Ibadan, Nigcrin (1997) 

Ta11lc 6: I~canomic Evaluation of Feed 

DIETS 
llldcx of Evaluation 1 11 111 1V ' V  Mwn SE* 

IIIC idcttcc or Cod 0.60 1.28 3.37 2.60 1.04 1 0 
I'rolil Irtdea . 0.25 0.12' 0.04' 0.05~ 0.14~ 0.12 0.02 

-- 
Kg offish produccd = Daily wcigl~t p i d d a y  x No. of days used in producing flcsl~ 

lrtcidcncc aT Coat = Cosl of feed 
Kg of fish produccd 

1'1 orI1 tlltlex w Vdw or&& 
Cost or feed 

I ncrcmcni of body Pmc# #day 
Proicin iatakc (.g) 

llISCllSSlON 
Tlic prcscnl str~dy indicates that a 50% rcplactment of fish rncal with solvent extractcd scsamc sccd cakc causes 
a dcprcssiar~ in daily weight p i n  and a slight reduction in the protein productive valuc of Ihc carcass. In this 
study gowlh pcrforn~ances and faod conversions of fish fed a diet con?aining t 00% fish meal protein wcrc 
significantly h t k r  (P c 0.05) than fish fed 50% fislr mcal protcin plus SO% solvent extractad sssame sccd 
profcin; w any or tbc dhcr trcatmcnts that were a mixture of 50% solvcnt extracted scFmc sccd cake and 50% 
groul~dnut soyabcan cakc protein or cvcn ~ h c  lOO% solvent cxtmctcd s m c  x e d  cakc protcin. 

Fmal convcrsio~~ raria for .thc corttrol diet was similar lo published valucs for Clnrins gnricpinus qarcd at 
sit l l i t i l~ ~VAICF knipral(trc Vivccn (1986); Batogun and Ologhoba (1989). Howcvet the fsod convcrsisn nlio 
tor Dicl 11 to V arc sigrli ficantly higllcr (P < 0.05) than in similar expctimcnts (Hwscin and Jaunccy 1989), Thc 
so~nctvb;lt higlicr I:CIt valucs may bc due to the brcaking or thc dict pcllc~s mpidly. Small pnrticlcs of diets 
wcrc lost in ihc ulwlcrg~ound filters artd rcmovcd as thc tanks arc cleaned weekly thus skewing FCR values 



upwarrls. 31111s obscrvatian i s  similar to Webster d al. (1992) where channel catfish was fad soybcan and 
tlistrllctl grains for will or full ftshmeal and skewing of FCR valuw. 

' 

' f ' l~c dcprcssion in ~rowth, high FCR, pow digcslibility w&ld n&iecommnd an all plant protein, Eve11 
tliou& Altscl~ul. (1858) and Lpn (1117I) qorli3d in Olukunle (1996) had shown solvent extracted s c m c  mxd 
rlat lo contain pteolyt ic enzyrnc inhibitors that have an ad&= on growth of pwltg w swine, egg 
prortuctian and cgg quality. Howwm, S. indimurn hu an outer skin (hull) cantaiming a high Iwel of oxalic acid 
which mcts with calcium known to b in hiah coconmmttion in the seed to fwm oxaiate. Johnson er al. (1988) 
reparkd that oxrlie acid is present ia highest concmtration in .the hill  of'scwne seed cake (t4.93%), hcncc 
ddtullinp o f  scsanw d in thir study. Johnson et d (t979) fitrther suggested Ihat the modern concepts rof 
calcil~m rncIaMism and homeosfatus should be undertaking in the anirnnl undcr dudy lo know the eflects of 
nxabtc in had acceplability, Tfic hi$ FCR in Dids I1 to V may be duc to lower acceptability when compurcd 
to the contr~l did. Thc results of the pmcnt study Table 2 indicate that a dict containing 50% Scsamt sccd~akc 
pmlein will produ~c nearly a ptoduclivc protein in carcass of Chrlas garicpinus us a 100% fish ma1 protcin 
tltcl. Sil~cc ftsIt~ncnl.is onc d t h e  most expnsivc feed ingredients in a prepamd diW, usc oflcss expensive plan1 
protein sourccs rnay aljow hgrcdicnl flexibility id least cost did formulalion and possiblc incrcase profits for 
pr{wlaccm. Furtbft. research to CYCIIU~C calcium mctablism nr~d horncostatis; and the toxicity of oxatatcs in 
dirt s bf Clnrias R ~ r i ~ P i n u s  should bc conducted to establish thc cmed  pmcssing tcchniqucs, and incksioa 
lo\.cls of scsamc sccd cake brotein, 

1:urlIrcr remarch to evaluate diets containing scsarnc fishmeal protein partial or total rcplactmcnt iw fish 
nmll will rmnl a core  fana at her rescsrch projcci. 

1IEl'lr;KKNCES 
A tschul, M.A. ( 1 95 8). I'ro~xped plant pr011in fodstt& Academic Press 1 n r ,  Publishers, New Y wk. 

Awaciitrio~~ or Oficiof Analylical Cl~crnists (AOAC) (1 99 1 ): W. Norwicr. ((Ed.), Omiicial Mcthods of hnal ysis. 
Editinn. Wesltington b,C. 

U;IIO~II~~, A.M. and A.D. Ologhobo (1 9891. Growth perfonnancc and nutrielit ulilization of fingerlings of C. 
gi11.iryir11r.s (nurchdl) fcd rrrw nnd cooked soyabcan dim. Aq~ncnlttrre 76: 1 19 - 126. 

i i:~tc, 1.G. nntj A.R. Garlson (1 972). Culturn of yllw perch in lhc labaralory. Pmg. Iti.rI~ Cult. 3 4  195 - 198. 

1 1 1 ~ ~ i l i l l .  M.A. ant1 K. drunccy (1989). Studics on tile protein, enmgy and amino acid ~ i~cs t ib i l i t ~  of fish meal, 
mestird oil-cakc, linscd and scsamc meal for common carp {Cypri~rrr.r crrrpiu). Aqttaculfure 83: 59 
- 72. 

Johnan LA.. 'T.M. Sutciman and E. W. Lucas ( 1  9791, Scrome,protcin: A rcvicw and prospectus. J. Am. Oil 
C.h~tt t ix1,~ Ji.0. 5C: 

I .).all, C.K. ( 1 97 1 ). Scmm: Current Knowlcdgc of Composition and Usc. Pnpcr ptcscrtlcd at the AOCS 
Mccli~~g, Atlatflic City, USA, October, 197 1, 

NRC' ( N a l i c ~ ~ a l  Rcmarcb Coulci1) ( 1  98.7)# Nulricnt rcqujremcnis of urban wnkr fishes and sllcll lishcs, rcviscd 
cdition. National Acadcmy Washington, DC, 102pp. 

Oiukunlr. O.K. 1 196). Nutritional Potclrtials of pmcsscd &same indicutn in thc dicls of Clmus garicpinus 
Uurchcll 1822, A ihcsis submittal to the Department of Wildlire arid Ashcries Managcmcnr. Faculty 
of Agric. And Iiorcstry, University al Ibadqn, Nigcrin for thc award of Doeror of Philosophy of 
Urlivcrsity af Ibadnn. Ibadnn. 

01 cstnp. M.O.. On ykwerc and D.A. Koleoso f1986). Dchulling of brmiwcd, Sesamrrm indicum. An 
Unpi~blishcd Papcr Prcscntcd at the 1 om Annual Con f m c e  of Nigeria Institiltc of Food 
S c b t c r  nlxl Tcchnolagy Abstract. Badqgry, Nigeria. 

I'crrru~e. S,J, ntrtI T.1,. ~ e a d s  (1 997). Prolectivc cffcct of ehIoridc on nitrite toxicity tq Coho salmon 
Oirrn#diyt#rlrlt.~ kisnrtc/t). .I. F;s~I. Res. Board Can, 3 4  486 - 492. 



'Itwc, 0. ( 1985). , Wostc product utilization for Cc animal fwd industry. Invited P a p  Pmcnicd at Nigcria 
Inat. Of IZcd. Sci. &Tech. NiST. National Conference an "W of New Food Products From 
Rcildily Available Lmd ROW Materials" 24' - 27' Scpt. IB5, hdd at FllRO, Oshodi, Lagos. 

Vivccn, J.A.1.. and E.A. Huisman (1985). Practicat Manual for Culturc of African Catfish CIariasgu&pinus. 
loin1 Publication of Wrectorate General International Cooperation of the Ministry of Fmign Affairs, 
Thc Hague, The NetIPmlan&, Department of Fish Culture and Pisberics of the Agricultural 
University of Wageningen, The Ncdheriands; and Researe h'Group for Comprctansive Endminology, 
t2cprln1cnt of Zwology OF tlrc Universky 0rUtrccht,'7%~ Ncthcrlnnds. 

Wcbslm, C.U; James N. TidwcIl, Laura S. Goodgamc, Daniel H. h c e y  and Lisa Mackey (1 992). Usc of 
soykan.mca1 akl disrillcrs grains with solubles as partial or total rcplaccnlc~~t of fish mcal in dicts 
for Cl~an~icl Catfish, leI~111tlr.r punlalus, Aquaculture 1 M: 30 I - 309. 


