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INTRODUCTlO:N 

In fish culi-mc, the fecdirg prohl( ms COllBtit'lIte HCill'.e oftlle lllajor diffil-lIlties. 
It is kEown t·}mt a S11 itll,ble did is th:.t whicb cal] provido thc fi..':h with the raw 
materinlR r,ece~;s[l,fy f(il' n:e 1']( dudi(,1\- (if flesh md to keep them in a llealthy 
condition. Fn,m tl,C ppint cf \'iew pf pond Cll It i\'at.ion cUJ)'Obl.y, food metabolism 
in fish consists of tv.'O ('r.mper.eds: a part or th(' metabolism serves to 
sustain the body of the fi h and its funtie.]' s, a1'd the other part cnters into 
gro\vth a:r..d furtlier devdopn"J'rt. NpJUl a1)y, t1:e DEee l' d fu1'ction is the 
primary concern e,f the pond cultivator. 

In order to fulfil almr darec of tre food requircment s of t1:e reared fh'lh in the 
experimental pord,:. (,itIer the biJ,8ic production capncity of t·he pords may be 
enharced through artificip.] f,·rtili7,iJ1g IT.eHods ny din t} i.'l \Vlwt!'.e nl:.tural food for 
the fulh may he Dmliiplied ; or tlw r:aJl1r2.] foeld may he suppiimented or substitu­
ted with artificial aFd ('coromic food. In hoth ca,sC's a knowledge of t,he basic 
llutritive rC'qllireIY'.<'] ts of ille fi,;}l i,: rC'cded. 

The individwd ('ompe'IlC'llts of f1.1l food must he evaluated according to their 
importance in Hie fi',h rnek.bolism. Al t·ificia} food should in its composit,ion be 
similar, aB far ns Jlos~.ib;e, to 1ktt of 1110 J1p,tura} food. For the composition, the 
same basic rllkB apply for fish as for oiber animals. The orgar'ic nutrients; 
protein, fat, carhe,Lydlate, minem]s ard vitamiNl are tlle d,ief constituents. 

Proteirs a:r:d ol.rbu};ydrates pIny a n:.a.jor pm·tin determining the succeBS 
or f8,ilure of any fiHh diet. Though fe\\' studies have been made on Nle functions 
ot proteins in t·he fiRh body, yet it may b8 2ossurr.ed that j hey are similar to those in 
t,he bodeis of higher anim.als (PhJJipR nt a.l 1956). 

It is known. however, that the pcrcent,age offood prot·ein that can be utilized 
to Ratif\fy the protein needs of the fish body depends on the protein qua.lity of 1he 
food. A protein food c,"n 1>e cnrr:idrred ,$ hifhest pTotrin quality if its ltm.]y,:is 
is approxim?,ting to t·hat of the body pl'Otein, or if this protein food produceb the 
best rate of growt.h (Wood, 1952). 

Moreover, 1·he digestibilit'Y of a protein determinC'R the degree of its utiliRation 
by a pa,rticular animal. Fresh meat products W8re found to be highly digestible 
by carnivorous fish. F'esh lUNtt haR bcC'n found to promote trout growth and prov­
ide it with ccrt:.in diota.ry ('"senti;],]:, (Phillips, 1956). 

In contrast to 1,he In3,ny functions of protein in 1,}lC animal body, the role 
of cp,rbollydrate is limited. 

The amount of carbohydrate that may be added to fisll dietB BccmB to be 
limited by t·he phy~iology of t,11e fish itDelf. 

Moreover, f:\ts and miJlerals are know]' to fonn t,wo ()f the ma.jor groups of 
8uhstancefl 1,hat mllst be represented in the diet of fishes. It is }lOwever assllllled 
that the illformation about the role of fa.ts in higher animals also gpplies to 
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fishes (Phillips et aI, 1949,50, 51, and 52). The deposit,ion of fat wit,hill the fish 
body is not necessarily dependent upon dietary food alone, as body' fat may' be 
manufactured from dietary protein and carhobydrate. However, though fat in 
the diet is essential, and though fat within tl:e anilr.a.l body is necessary, exce­
ssive deposition of fat in the body increascs the f.Usceptibility to many diseases. 

Although mvch is known about the role of minerals and the great diversity 
of their uses in the nutrition of higber animals, less is known about the mineral 
requirement of fishes. Yet, it has been found that all the minerals needed by 
higher animals are also needed by fishes (Phillips, et aI, 1953, 54, 56 and 57). 
Excessive levels of dietary Sl',lts cr,use in the body an upset in the osmotic regula­
tion which is charact13rized by' an edelr.a and eventually results in the death of 
the fish (Phillips et aI, 1957). 

The aim of the present studies is to determine a suitable and economic arti­
ficial food for Olarias lazera reared in experimental ponds. 

In order to dctermine the nutritive efficiency' of the diet, the growt'h rate of 
the experimental animalR as well as the rate of product'ion of new flesh were taken 
into cOllflideration. In this concern the variation in protein, fat, and ash contents 
of the fish muscles Were studied. 

MAtERIALS AND METHODS 

Olarias lazera about one year old and ranging from 11-15 cm. in length were 
r.ollected from the Experimental Fish Farm of the Institute of Inland waters and 
Fish Culture near the Barrage at the outskirts of Cairo City. The fish were reared 
in six special ciment ponds 24 square meters in capacity', furnished with clay 
bottoms. Normal environmental condit,ions were ml',intained int,he ponds. 

In order to investigate t,he most favourable nutritive diet for our experimen. 
t,a] animals, three types of feeds were tested. The first was of exculsively anima] 
matter constituted of rninced fresh forage fit,h lr.eat. The other two diets were 
of exclm;ively' plant matter; one formed of rice bran while tb.e other of fresh veget­
ables. The nutritive values of the different experimental diets were chemically 
investigated in accordance with the Official A.S.T.I\1. (1960). 

For each cxperiment, two vonds were used each furnished with fifty' animals. 
Equal weights of feeds were daily introduced to the experimental ponds. The 
fish in one pond Were devoted to rate of growth measurements while those in the 
oth er were monthly s<:,crificed for cr,en°.icp.l investigatioJl.s. 

Prior to experiment,ation, fillets of fish muscles were taken, dried and then 
analy'sed for protein, fat and ash cont,ents. 

Mter dissect,ion water content was detern·.ir.ed hy drying muscle samples 
to a. constant weight at 1050C. 
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Protein content was determined by' est,imat,ing t}lC nit,rogen content of t,he 
muscle using t,he method of Kjeldahl (Kirk, 1947), (Atwater, 1892; Steyermark, 
1951 ). 

Fat content of muscles were determined by Soxhlet wn.tinuous-e:xt,raction 
method. As for ash. this was determined by ashing mnscle samples in muffle 
furnance at 1000°0 t,ill cunstent wcit;ht, ; thc rct;icl.ue being taken as the ash cont­
ent of muscle sample. 

RESULTS 

1.--Determination of the Nutritive Values of the Experimental Diets: 

Samples of each of the three experimental feeds used in the present studies 
were clJemically' analysed for their nutritive, values i.e. water, protein, fat, carbo 
hydrate and total minerals. In the course of these estimations, t,he vitamin con­
tents have not been investigated. The data obtained are given in tables 1 and 11. 

2.-Determination of Protein Content in Fish Muscle Samples: 

As graphically' represented in figure 1, remarkable variations in t,he protein 
cont,ent of t,}Je muscle samples can be traced due to different ty'pes of feeds. The 
results obtained suggest t,he following: 

(a)	 The first group fed with fish meat diet does not show any significant 
chp.nge in t,he protein content of t.b.e muscle samples during t,he first experi­
mentation lllont,h. Later, a rapid and remarkable increase is recorded 
which progressively proceeds till the end of the experimentation period. 

(b)	 The second group wllich was fed wit,h rice bran shows decreased protein 
value of muscle samples along the first experimentation month. This 
decreased value cOJ1tinues more or less unchaEged till NJe third experim­
entat,ion month after which Ron.e increase in the protein value takes place. 
Yet the protein value of the muscle samples remains far below t,hose 
recurded in the other two groups. 

(c)	 TIJC third group fed w1t,h vegetable diet shows rapid and significant 
increase in the pt:rcentage of protein content ofthe muscle samples from 
the early begining of the experimentation period. This increase continues 
till the end of the second month after which the protein value remains 
more or less unchanged till the end oft,he experimentation period. During 
the first three months, tlle percentage protein value of the muscle samp­
les of that group apparently realized the greatest increase as compared 
to the other two groups. Later, this value is surpassed by that recorded 
in the first group. 
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3.-Determination of Fat Oontent in Fish Muscle Samples: 

.AP, graphically f(plf~('l't(d in fif liH' 2, d;m!l! t lYr<~ df\ld~ f(11H 10 O~I]t 
remarkable effect on the fa.t conto:t of 11:e fn;l; n,l r~c!u,. TI e lUV]tf, },ruu,t 11 e 
following: 

(a)	 ln the first group fed with fish meat diet, there is a progreKKive decrease 
in t.he fat content of the muscle s2,mpler: all 8,]l)Y1g Hie cxpClimentati()]) 
period tm the fift,h mont,h. Later a dra.stic aT1(l seTiouK fa']] is recorded 
which may be attributed to other intrillHic CltUSeR amnrg which t,he 
factor of fish spawing at thltt time (lithe ymtr (June) may be taken into 
consideration. Similar obscI"atiors have been deE\cribed in other fiKheR 
e.g. Cod where decreased fat content accompm,jed the spawning period 
(Dambergs, 1964). 

(b)	 In the second group fed wit,lI l'ice bran diet, t,he decrease more or less 
parallels that 1ccorded in the first group, only the values of the fat cont­
ents are kept slightly higher. 

(c)	 In the third group ffd wit,n vegetable diet, there is a drastic decrease 
in t,he fat content of muscle sp.mples. This being remarkably sharpeJ' 
during the first experiment,ation month ard gets mOTe gra.duallater on. 
The values are the least as compared wit,h those recorded in the ot,her two 
groups. 

4.-Determination of the Ash Oontent in Fish Muscle Samples: 

The ash content of the mURcles are subjected to slip-ht vr,l iatin]) s Tlwging 
from 5.7 to 6.5 per cent, due to differcnt types of feeds. The results are grapllic­
ally represented in figure 3. The results point to t.he following: 

(a)	 In the first group fed with fish meat diet" no significant variation in tllC 
ash content can be traced along thc whole e:x-perimentati()n period apart 
from a slight increase towards the first month [,Her which the ash contcnt 
returns to its initial value. 

(b)	 In the second group fed wit,h rice bran (lict, there i,~ ?o c()lll.parat,ivf'ly 
bigber increase which can be recorded "lupg Hie fin;t, experimellj.giiOJl 
montb. Later, the value tends to dccn'[',sO bllt keeps higher t,han tlmt 
in the first group. 

(c)	 In the third group, no measurable cp,angc~ I P,l' 1,e detected along the fil'Ht 
montb. Later, t,here seems to be a steady i),rd prgoresflive increase ill 
the ash content of t,be musc!!l samples along the whole experimentation 
period. Mter the t,bird month, the ash conte] t, values record the lligheHt 
levels as compared to those estimated in the other experimental groups, 
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5.-Determination of the Percentage of Water Content in the Fish Muscle Samples : 

The uata obtained for t,he water content fluctuations due to different typelil 
of feeds are grfl.phically represent,ed in figure 4. 

It can be noticed that t,he variations in the water content of the muscles are
 
minor and ranging in all t,he different treatments from 79.5 to 80.5 per cent.
 

However, it seems likely that the water content ofthe muscle samples decrease 
Rli~'Mly along the first three experimentl',tion mont,hs. The decrease being more 
pronounced in those animals fed with rice bran. After tIle third month, the water 
eontent vullles progressively increase till t,he end of t,he experimentation period, 
The incH'ase is kaNt in tlloRe anim:'l.ls fed witl} rice bran. 

6. Growth Rate 1rlecisurernents:' 

In table III, average values for length measurements, weIght est.mations 
and the w0ight/krcgt,h ratios are given. The ratios are grapLicu.lly lepre.Rcnred 
in flgme G. The result;; pvint to ;;igliificanti variativER in growth meaRUl'('lhfmt,s due 
to differ~llt types of feeds. 

(a)	 In the first group fed with fish meat diet, tLe me.ximal increase in i.lw 
weight estimations ar.d in U}e weight/length li1tio has been recorded. 
After f;ix mont,h duratic,n, the increaLe in weight reaehs Pobout 195 per 
cent and t,he weight/length ratio amounts to 2.18 ar.d the animallovk 
healthy. 

(b)	 In the second group fed with rice 1mI' diet, the irCH'f'"RC in weigllt is 
moderate. After Rix month duration, it l€p,eI.eR 2.1)v11t 148 per cent 
and the weight /leHgth ratio amoUliJR to only l,G9. TLe animals look 
less healthy than t,hose of the filRt group. 

(c)	 In the third group fed with veget,r,1Jle diet, the gain if'. weiglit is very 
:-;light rei1(:]lirg oltly about 8 per cent after six m.ont,h uuwt·ion. At 
tlmt time, the weight.jkrgth ratio dues not recO! d meaRUIable da.ngeR 
and :.1!1lounts to only 0.91. The animals look lean and unhealt.lly. 
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TABLE I.-WATER CONTENT OF EXPERIMENTAL FISH FOODS 

(EXPRESSED As PERCENTAGE OF FRESH WEIGm) 

kind of Diet 
I 
1 

I 

Fish Meat Rice Bran Vegetables 

Percentage . I 
'1 

1 

79.56 8 43 
1 

I 
I 

88 94 

TABLE 2.--CSEMICAL COMPOSITION OF E.x'P:EjRIMENTAL FISH FOODS 

(EXPRESSED AS PERCENTAGE OF FRESH WEIGm) 

Nutritive Component Fish Meat Rice Bran Vegetables 

Protein. . 91.87 14.44 25.07 

Fat 4.62 15.09 1.86 

Carbohydrates 47.60 48.01 

Total Minerals. 3.51 11.73 15.01 

Crude Filwrs 11.14 10.05 

15 
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DISCUSSION
 

The ~sted fresb forage fish meat has proved to be tbe most suitable experimen­
tal diet for Clarias lazera. This is expected in accordance to its carnivorous feed­
ing habit. This rich protein diet seems to supply tbe £iBh with abundance of 
proteins whicb are apparently highly digestible and easily utilizable for flesh 
production. This is reflected by the higher growth ra~ of the feeded fish and 
the rapid addition of prot..ein matter to their muscles. The relatively smaller 
percentages of fat and minerals in that diet seem to be enough for providing the 
fuh with their essential growth and health factors. Deficiency of carbohydrate 
matter in this type of diet seems to eK-ert no harmful effect on the £iBb. 10 is 
well known tbat. tbe production of energy is the principal use of carbohydrate 
in the body. However, since the energy requirements of an aimal may be satis­
fied by eit,her fat or protein other than carbohydrates, the amount of the latter 
that is actually needed for life is relatively low. The rich protein value in this 
experimental diet seems to provide the fish with the necessary energy not at the 
expense of growth and ti~;sue repair in the body. The cpemical I nalysis of Hie 
muscle samples of sucb animals slJOwed that there was a progressive increase in the 
protein value correlated with a gradual decrease in fat content, while the water 
and ash contents remain almost unchanged. However, the decrease in the percen 
tage of fat content may not be directly attributed to derreased fat deposition, 
but to tbe relatively more rnpid addition of proteins in the muscles. 

The other two testecl diets seem to play their role in a different manner 
Being rich in carbohydratrs, they seem to furnish the fish v;ith higher carbohydrate 
stores which are mainly used fur energy production. This may indirectly save the 
protein for fle&h pruducti(lll: what is generally known as the "sparing action of 
carbohydrates". 

The rice bran diet, having the lov;est protein content showed the least rate of 
protein addition in flsh muscles. However, the greater growth ratio recorded with 
rice bran diet as compared to that in case of vegetable diet may be attributed to 
higher depmition of fats in the muscles which add to the v;eight of the animals. 
This can be correlated witb the bigh concentration offat content in rice bran diet. 
1'he greater deposition of fats seems to be not quite favourable. for the fisb. 
Regardless the relatively higber growth rate as compared to the third group, the 
animals were sluggish and not IJealthy looking. 

The vegetahle diet with its higher rrotein content realized a comparat vely 
greater percentage increase in muscle proteins. Yet the diet, being very poor in 
fat content, cauood a drast,ic deplc:tion in the fat percentage of the muscles. Thit 
seems to keep the growt}) ratio to minimal. However, it seems that the 
percentage increase in depositiun of muscle proteins in this case is only relative and 
does not imply a more rapid deposit,ion of proteins than in those fed with fresh meat 
diet. The percr.ntage of protein in musGles apparently increased in this case 88 

fat was metabolically removed from the muscles. Accordingly, such phenomenon 
reflects an iner(asing percelltr,ge of the protein fraction as the fat component 
decreases. The absolute data and the rate of growth measurements clearly 
indicate a more deposition of proteins with the fresh meat diet as compared v.ith 
the other two tested feedE'. 
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However, it is noticeable that the perCi'ntage of the nutritive components in 
eacl] diet correlates well with the adrlitiul' of tIle respective component in the 
fish muscles. For the protf'il's, ne hiELest rat(' of plOtf'in additicn WaR recorded 
with fish meat which COnb1il's Ole gn r,tei"t concentration of protein (91.87%). 
Tlle leaRt with rice bran diet which contailw the minimal protein content (14.44%). 

As for fats, the greatest deposition of fats were record(\d with rice bran diet 
which contains the highest levd of fat content (15.09%). The least deposition was 
recorded with vegetable diet c0ntaining the minimal fat content (1.86%). 

As to ash content, the greatest addition of minerals were recorded with 
vegetable diet containiEg the highest concentration of mill.crals (15.01 %). 
The least addition beirg recorded with meat diet containing the minimal content 
(3.51 %). The initial better addition of minerals with rice bran diet ~eems to be 
correlated wih some unkown factors amongst which may be the high fat deposi­
tion in museles. 

The lowest rate of growth recorded with the vegetable diet may be correl­
ated to the drastic depletion oHhe fat stores which apparently result in depriving 
tlle fish from numerous important growth factors and causes the relative increase 
in the water content of the mupcles. Moreover, the food protein, being of plant 
origion, ilecm. to be poorly digefltible by carnivorous fishes as Clarias lazera. 

The poor protein addition with tIle rice bran diet seems to be enllanced after 
about 3 montlls from the start of the experiment. This seems to take place through 
the possible utilization of such given prot,e;n diet and the possible transformations 
of the nutritive stores in t,he body. 

It is regrerable, however, t,}lat the rolc and conecntration of vitamins in our 
experimental diets were not estimated. Nevertheless, it is well known that the 
role played by vitamins is very important. It can, however, be expected that 
vegetable diet i~; rich in water-soluble vitam.ins w]-lile that of rice bran is rich in 
fat-soluble vitamins. The freRh me:::,t d;et Hefoms to provide both of them. Such 
a role awaits furtlH,r investigatif,u, in no futme. 

It can be thus concluded that tIle fresh meat diet, is the most suitable for 
Clar1'as lazera. It provides the fish wit,h an abundant protein supply of high qual­
ity, aEd c(,Jl.tailli\ the m·eessary dietary essentials to promote its growth. The 
higher efficiH(y of this diet is confirmed by the better growth Tate, the greater 
addition of flesh as well as by the better healthy condition of the feeded experimen­
tal fishes. 
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SUMMARY 

Attempts have been made to determine a suitable artificial food for Olarias 
lazera reared in experimenal pond;;. In this concern the nutrivive value of those 
types of feeds were tested. The first was of exclusively animal matter constituted 
of minced fresh forage fish meat. The other two diets were of exclusively pla.nt 
matter; one formed of rice bran and tbe otber of fresh vep:etables. The nutritive 
values of the different experimental diets were ehemically investigat€d. The 
nutritive efficienc) of each diet was then estimated on the basis of the cbange in 
rate of growth of feeded animals as well as the rate of production of new flesh. 
In this concern, tbe increase in protein, fat and ash content of fish muscles were 
studied. 

The tested fresh forage fish meat has proved to be the most suitable experimen­
tal diet for Clarias lazera. It provides the fisb with an abul'.dant protein supply 
and contain the necessary dietary eflsentials to promote its growtb. The higher 
efficiency of this diet is confirmed by the better growt,h rate. the greater addition 
of flesh as well as by better healthy condition of the feeded experimental fishes. 
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