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INTRCDUCTION

In fish culture, the fecdirg probloms constitute sonie of the major difficulties.
It is krown that a suiteble diet is tI'2d which cap provide the fish with the raw
materials recessary for tle production of flesh erd to keep them in a lealthy
condition. Trom the peint ¢f view of pond cultivation ecoromy, food metabolism
in fish consists of two compcererts: a part of the metabolism serves to
sustain the body of the fi h and its furcticrs, ard the other part enters into
growth and further devclopmert. Netwially, tke seccrd furction is the
primary concern of the pond cultivator.

In order to fulfil abur darce of the food requircments of the reared fish in the
cxperimental pords. cither the basic production capacity of the pords may be
enharced through artificie] fertilizing wetlods erd in t1 is wey the natural food for
the fish may he multiplied ; or the naturel food may be supplimented or substitu-
ted with artificial ard ecoromic foed. In both cases a knowledge of the basic
nutritive requiremnes ts of the fish is reeded.

The irdividuel components of fi-h food must be evaluated aceording to their
importance in the fish metabolism. Aitificial foed should in its composition be
similar, as far as possible, to 1that of the natural foed. For the composition, the
same basic rules apply for fish as for other animals. The orgaric nutrients;
protein, fat, carboliydiate, minerals ard vitamins are the chief constituents,

Proteins and carboliydrates play a major partin determining the success
or failure of any fish diet. Thorgh few studies bave been made on the functions
of proteins in the fish body, yet it may be assumed that they are similar to those in
the bodeis of higker animals (Phillips ot al 1956).

It is known however, that the percentage of food protein that can be utilized
to satisfy the protein needs of the fish body depends on the protein quality of the
food. A protein food can be coraidered es highest protein quality if its analysis
is approximating to that of the body protein, or if this protein food produces the

best rate of growth (Wood, 1952).

Morcover, the digestibility of a protein determines the degree of its utilisation
by a particular animal. Fresh meat products were found to be highly digestible
by carnivorous fish, Fresh meat has heen found to promote trout growth and prov-
ide 1t with certein dictary essentials (Phillips, 1956).

In contrast to the many functions of protein in the animal body, the role
of carbolhydrate is limited.

The amount of carbohydrate that may be added to fish diets scems to be
limited by the physiology of the fish itself.

Morcover, fots and minersls are knowy to form two of the major groups of
substances that must be represented in the diet of fishes. It is however assumed
that the information about the role of fats in higher animals also applies to
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fishes (Phillips et al, 1949, 50, 51, and 52). The deposition of fat within 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 the animal body is necessary, exce-
ssive deposition of fat in the body increases the susceptibility to many diseases.

Although much is known about the role of minerals and the great diversity
of their uses in the nutrition of higher animals, less is krown 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 al, 1953, 54, 56 and 57).
Excessive levels of dietary salts cause in the body an upset in the osmotic regula-
tion which is characterized by an edema and eventually results in the death of
the fish (Phillips et al, 1957).

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

In order to determine the nutritive efficiency of the diet, the growth rate of
the experimental animals as well as the rate of production of new flesh were taken
into consideration. In this concern the variation in protein, fat, and ash contents
of the fish muscles were studied.

MATERIALS AND METHODS

Clarias lazera about one year old and ranging from 11-15 cm. in length were
collected 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 conditions were maintained inthe ponds.

In order to investigate the most favourable nutritive diet for our experimen-
tal animals, three types of feeds were tested. The first was of exculsively animal
matter constituted of minced fresh forage fish meat. The other two diets were
of exclusively plant matter ; one formed of rice bran while the other of fresh veget-
ables. The nutritive values of the different experimental diets were chemically
investigated in accordance with the Official A.S.T.M. (1960).

For each experiment, two ponds 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
other were monthly sacrificed for chemical investigations.

Prior to cxperimentation, fillets of fish muscles were taken, dried and then
analysed for protein, fat and ash contents.

After dissection water content was determ:ined by drying muscle samples
to a constant weight at 1050C.
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Protein content was determined by estimating the nitrogen content of the
muscle using the method of Kjeldahl (Kirk, 1947), (Atwater, 1892 ; Steyermark,
1951).

Fat content of muscles were determired by Soxhlet continuous-extraction
method. As for ash, this was determined by ashing muscle samples in muffle
furnance at 1000°C till constent weight ; the residue 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 chemically analysed for their nutritive, valuesi.e. water, protein, fat, carbo
hydrate and total minerals. In the course of these estimations, the vitamin con-
tents have not been investigated. The data obtained are given in tables 1 and 11,

2.—Determination of Protein Content wn Fish Muscle Samples :

As graphically represented in figure 1, remarkable variations in the protein
content of the muscle samples can be traced due to different types of feeds. The
results obtained suggest the following :

(@) The first group fed with fish meat diet does not show any significant
chenge in the protein content of the muscle samples during the first experi-
mentation month. Later, a rapid and remarkable increase is recorded
which progressively procecds till the end of the experimentation period.

(b} The second group which was fed with rice bran shows decreased protein
value of muscle samples along the first experimentation month. This
decreased value cortinues more or less unchanged till the third experim-
entation month after which soin.e increase in the protein value takes place.
Yet the protein value of the muscle samples remains far below those
recorded in the other two groups.

(¢) The third group fed with vegetable diet shows rapid and significant
increase in the percentage 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 of the experimentation period. During
the first three montbs, the 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 Content in Fish Muscle Samples :

As grapbically repieserted in fig vie 2, diffaat {ypes of foeds sean s to (xat

remarkable effect on the fat content of the fish nascl.
following :

(@)

(b)

()

Tle rcsults srggpet tle

In the first group fed with fish meat diet, there is a progressive decrease
in the fat content of the muscle semples all along the cxperimentation
period till the fifth month. TLater a drastic ard serious fall is recorded
which may be attributed to other intrinsic causes amorg which the
factor of fish spawirg at that time of the year (June) may be taken into
consideration. Similar obse1vatiors have been described i other fishes

e.g. Cod where decreased fat content accompanied the spawning period
(Dambergs, 1964).

In the second group fed with vice bran diet, the decrease more or less
parallels that :ccorded in the first group, only the values of the fat cont-
ents are kept slightly higher.

In the third group fed with vegetable diet, there is a drastic decrease
in the fat content of muscle samples. This being remarkably sharper
during the first experimentation month and gets more gradual later on.
The values are the least as compared with thoserecordedin the other two

groups.

4.—Determination. of the Ash Content in Fish Muscle Samples:

The ash content of the muscles are subjected to slight veuations ranging
from 5.7 to 6.5 per cent, due to different types of feeds. The results are graphic-
ally represented in figure 3. Tke results point to the following :

(@)

(b)

()

In the first group fed with fish meat diet, no significant variation in the
ash content can be traced along the whole experimentation period apart

from a slight increase towards the first month ater which the ash content
returng to its initial wvalue.

In the secornd group fed with rice bran dict, there is a comparatively
higher increase which can be recorded :lerg the first experimentation
month, Later, the value tends to decreas but keeps higher than that
in the first group.

In the third group, no measurable changes car e detected along the first
nmonth. Later, there seems to be a steady ard prgoressive increase in
the ash content of the muscle samples along the whole experimentation
period. After the third month, the ash conter t values record the highest
levels as compared to those estimated in the other experimental groups.
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5.—Determination of the Percentage of Watcr Content in the Fish Muscle Samples :

The data obtained for the water content fluctuations due to different types
of feeds are graphically represented in figure 4.

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

However, it seems likely that the water content of the muscle samples decrease
slightly along the first three experimentation months. The decrease being more
pronounced in those arimals fed with rice bran.  After the third month, the water
content values progressively increase till the end of the experimentation period,
The increase is least in those animals fed with rice bran.

6. Growih Rate Mecsurements

In table III, average values for length measurements, weight est:mations
and the weight/length ratios are given. The ratios are graplically 1eprescrred
in figure 5. The results puint to sigrificant variationis in growth measurenents due
to different types of feeds.

(¢) In the first group fed with fish meat diet, tl.e niexinial increase in the
weight estimations ard in the weight/length ratio has been recorded.
After six morth duraticn, the increace in weight reaches ehout 195 per
cent and the weight/length ratio amounts to 2.18 ard the animal look
healthy.

(b) In the second group fed with rice brar diet, the irciease in weight is
moderate. After six month duration, it reactes about 148 per cent
and the weight/length ratio amounts to only 1.69, TLe animals look
less healthy than those of the fiist group.

(¢) In the thiid group fed with vegetable diet, the gam ir weiglht is very
slight reachirg only about 8 per cent after six monthi duration. At
that time, the weight/lergth ratio does not record measurable charges
and amounts to only 0.91. The animals look lean and unhealthy.
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TABLE 1.—Warer ConTENT oF EXPERIMENTAL FisH Foops
(ExprEssED As PercEnTacE oF Fresg WEIGHT)

\
kind of Diet | Fish Meat

Rice Bran

Vegetables

Percentage . . . . . ’ 79.56

8 43

88 94

TABLE 2.--CremicaL ComposiTioN OF EXPERIMENTAL F1sa Foops

(ExprEsSED AS PERCENTAGE OF Fresy WEIcHT)

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 Fibers 11.14 10.05

15
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DISCUSSION

The tested fresh forage fish meat has proved to be the 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 the fish with abundance of
protems which are apparently higbly digestible and easily utilizable for flesh
production. This is reflected by the higher growth rate of the feeded fish and
the rapid addition of protein matter to their muscles. The relatively smaller
percentages of fat and minerals in that diet seem to be enough for providing the
fish with their essential growth and health factors. Deficiency of carbohydrate
matter in this type of dict seems to exert no harmful effect on the fish. Ic is
well known that.the 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 either 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 tissue repair in the body. The chemical ¢nalysis of the
muscle samples of such animals showed 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 decreased fat deposition,
but to the relatively more rapid addition of proteins in the muscles.

The other two tested diets seem to play their role in a different manner
Being rich in carbohydrates, they seem to furnish the fish with nigher carkohydrate
stores which are mainly used for energy production. This may indirectly save the
protein for flesh production : what is generally known as the “sparing action of
carbohydrates”.

The rice bran diet, having the lowest protein content showed the least rate of
protein addition in fish 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 deposition of fats in the muscles which add to the weight of the animals.
This can be correlated with the high concentration of fat content in rice bran diet.
The greater deposition of fats seems to be not quite favourable for the fish.
Regardless the relatively higher growth rate as compared to the third group, the
animals were sluggish and not healthy looking.

The vegetable diet with its higher protein content realized a comparat vely
greater percentage increase in musele proteins. Yet the diet, being very poor in
fat content, caused a drastic deplotion in the fat percentage of the muscles. Thic
seems to keep the growth ratio to minimal. However, it seems that the
percentage increase in deposition of muscle proteins in this case is only relative and
does not imply a more rapid deposition of proteins than in those fed with fresh meat
diet. The percentage of protein in muscles apparently increased in this case as
fat was metabolically removed from the muscles. Accordingly, such phenomenon
reflects an incrcasing percentege 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 with
the other two tested feeds.
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However, it is noticeable that the percentage of the nutritive components in
each diet correlates well with the additivi. of the respective component in the
fish muscles. For the proteirs, the highest rate of protein addition was recorded
with fish meat which contairs the grcatest concentration of protein (91.879).
The least with rice bran diet which contains the minimal protein content (14.44 9).

As for fats, the greatest deposition of fats were recorded with rice bran diet
which contains the highest level of fat content (15.099,). The least deposition was
recorded with vegetable diet cuntaining the ninimal fat content (1.869;).

As to ash content, the greatest addition of minerals were recorded with
vegetable diet containing the highest concentration of mirerals (15.019).
The least addition beirg recorded with meat diet containing the minimal content
(3.61%). The initial better addition of minerals with rice bran diet seems to be
correlated wih some unkown factors amongst which may be the high fat deposi-
tion in muscles.

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

The poor protein addition with the rice bran diet seems to be enhanced after
about 3 months from the stari of the experiment. This seems to take place through
the possible utilization of such given prote'n diet and the possible transformations
of the nutritive stores in the body.

It is regretable, however, that the role and coneentration 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 is rich in water-soluble vitamins while that of rice bran is rich in
fat-soluble vitamins. The fresh meat diet seems to provide both of them. Such
a role awaits further investigaticis in the futule,

It can be thus concluded that the fresh meat diet, is the most suitable for
Clarias lazera. Tt provides the fish with an abundant protein supply of high qual-
ity, and ecntains the necessary dietary essentials to promote its growth. The
higher efficicrcy of this diet is confirmed by the better growth rate, the greater
addition of {lesh 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 Clarias
lazera reared in experimenal ponds. 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 plant
matter ; one formed of rice bran and the other of fresh vegetables. The nutritive
values of the different experimental diets were chemically investigated. The
nutritive efficiency of each diet was then estimated or the basis of the change in
rate of growth of feeded animals as well as the rate of production of new flesh.
In this concern, the 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 e xperimen-
tal diet for Clarias lazera. It provides the fish with an abundant protein supply
and contain the necessary dietary essenvials to promote its growth. The higher
efficiency of this diet is confirmed by the better growth rate, the greater addition
of flesh as well as by better healthy condition of the feeded experimental fishes,



222 FEEDING OF CATFISH CLARIAS LAZERA

REFERENCES

A.S.T.M. (1960).—American Society for Testing and Materials,

ArwaTrgr, W.0. (1892).—The chemical composition and nutritive values of food-fishes and aguatic
invertebrates. U.S. Fish Commission Dept. 1888, 679-868.

DamBeraE, N. (1964). Extractives of Fish Muscle. 4. Seasonal Variations of Fat, Water-Soluables,

Protein, and Water in Cod (Gadus morkia L.y Fillets. J. Fish. Res. Bd. Canada, 21 (4):
703-709.

Kirx, P.L. (1947).—~Advances in Protein Chem. 3,139-167. The Chemical determination of proteins.

ParLLirs, A.M., Jr.(1947).—The physiological effect of sodium chloride upon brook trout. Trans.
Amer. Fish. Soc. 74 (1944): 297-309.

Parrres, A.M., Jr. Brookway, D.R., MavuriceE BRyaxnt, ;Ropcers, E.O. and MaxwsLL, J.M:
(1949). The ntrition of trout. Cortland Hatchery Rept. 18,30 pp., illus.

PriLLyes, A.M., Brockway, D.R.; Kolb, A.J. and Maxwell, J.M. : The nutriticn of

trout. Cortland Hatchery Rept. 19. N.Y. Cons. Dept., Fish. Res. Bull. 14, 24 pp., illus.

PrmLLips, A.M., Brockway, D.R., Lovrace, ¥F.E., Poporiag, H.A, AND MaxwELL, J.M. (1951).—

The nutrition of trout Cort land Hatchery Rept. 20. N.Y. Cons. Dept. Fish. Res. Bull .15,
25 pp., illus.

Pmriips, A.M., Jr. Lovsrace, F.E.; Brockway, D.R. and Barzer, G.C. Jr.: (1952).—The

nutrition of trout. Cortland Hatchery Rept. 21.N.Y. Cons Dept., Fish. Res. Bull. 16,46
Pp., illus.

PurLries, A.M., Jr. Lovelace, F.E.; Brockway, D.R. snd Balzer, G.C. Jr. : (1953).—The nutrition
of trout. Cortalnd Hatchery Rept. 22. N.Y. Cons. Dept. Fish. Res. Bull. 17,31 pp., illus.

ParLLips, A M. Jr. Lovelace ,F.E.; Podolisk, H.A.; BRockway, D.R. and Barzer, G.C. Jr. : (1854).

The nutrition of trout. Cortland Hatchery Rept. 23. N. Y. Cons. Dept. Fish, Res. Bull. 18,52,
pp., illus.

Purcures, A.M.; LoveLacg, F.E.; Poporiax, H.A.; BRockwAy, D.R. AND BavrzEr, G.C. Jr. (1956).—

The nutritiin of trout. Cortland Hatchery Rept.24, N.Y. Clons. Dept. Fish. Res. Bull. 19, 56 pp.
illus.

ParLLIps, A.M. Jr.; PopoLiag, H.A.; Brockway, D.R. aNp BaLzer, G.C. IR, (1957).—The nutrition
of trout. Cortland Hatchery Rept. 25. N.Y. Cons. Dept., Fish. Res. Bull. 20, 61 pp., illus.

Woop, E. M. (1952).—Methods for protein studies with trout with applications to special die ts
Master’s thesis, Cornell University, Ithaca, N.Y. (1952).



