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AlJSTRACT 

A number of fnvestfgatlons have been made on 
the metal requirements for ffsh diets, but more 
Infromation Is needed. Few studies of the tissue 
metal contents of farmed fish have been made, and 
fn order to extend our knowledge of fish metal 
utilization the metal contents of some tissues 
of Oreoohrmis ntlotlcus of different ages and sex 
have been determined. Ffshes of circa 4.0. 8.0 
and 17.0 em in standared length were used for the 
estfmation of Ca, P, Mg, K, Na, Zn, Cu, and Fe 
in skfn, muscle and bone. Tissues were dried. 
digested and all elements excludfng' P were measyr'ed 
by atomic absorption. Singificant differences were 
observed between small and large fish. Some of 
these differences were as expected, e. g. increase 
inCa. P. Mg, in bone with age. However, other 
significant changes were found. For example, a 
considerable decrease in zn content of the skin 
from circa 19.0 mg % dry wefght in small ffsh to 
11.6 mg% dry weight in large fish, and of the 
muscle from 0.7 mg % dry weight to 0.18 mg % dry 
weight. Other elements such as Fe showed lfttle 
variation wfth age. No sex dffferences were observed. 

INTRODUCTION 

Hequirements of many farmed fish species for V&l'ious nutrients have 
been determined and contributed to healthier, more rapidly growing fishes 
cultured in hatcheries and com mercial facilities (Millikin, 1982). However, 
dietary mineral requirements for such farmed species have received little 
attention, perhap's because' they are difficult to study. Unlike most 
terrestrinl animals, fishes have the ability to absorb some ions not only 
froln their deits but also from the surrounding water. The demand from 
the aquaculture industry for complete, dry fish diets has greatly increased 
the intCl'cst in the mineral metabolism of fishes. Although little information 
is nvnilnble on the complete nutritional requirements, functions, and 
aVAilability of minerals to fish, most of the published work (some 
comprehensive reviews may be consulted such as Nose and Arai, 1979; 
Lall, 1979; Cowey and Sargent, 1979, and Millikin, 1982) is in agreement 
with the fact that minerals have a marl<ed effect on growth, survival 
!lnd malformation in farmed species such us common carp, Cyprinus carpio 
(Ogino and Chiou, 1976; Ogino and Takeda, 1976; Sakamoto and Yone, 



1978; Pfeffer, 1978 and Satoh et ul., 1983), rainbow trout, Salmo gnirdneri 
(Ogino and !(amizono, 1975; Ogino and Takeda, 1976; Ogino and Yang, 
1978; Ogino et aI, 1979; Ketola, 1975; «nox et aI., 1981 a,b, and 1982; 
Satoh et cd., 1983 a,b &. c, and Yamamoto et al., 1983), channel catfish, 
Iclalurlls punctntus (Andrews et al., 1973; Lovell, 1978. Murai et al., 1981; 
Wilson et al., 1982. and Gatlin et aL, 1982), and Red Sea bream, Chrysophrys 
major (Sakamoto and Yone, 1973, 1978 and 1979). 

The formulation of an artifical diet req\Iires precise knowledge of the 
level of the nutrients which will produce optimal growth Witll an economic 
cost of production. Recently, there has been fin attempt by Tacon and 
De Silva (1983) to evaluate the mineral composition of commercially 
available diets and lo examine their suitability using criteria for mineral 
requirements. They found large differences in the mineral composition 
within llnd between the different feed categories. The availability of dietary 
en inerals to fish and their evalua lion by the growth rate of fish and the 
chemical analysis of body tissues have- been reported in a number of farmed 
fish species (Pfeffer, 1978) but more information is needed. In order to 
ex lend our knowledge of mineral utilization, the mineral contents of O. 
niloticus tissues of different ages and sex have been determined in the 
prcsen t study. 

MATERIALS AND METHODS 

Orcochromis nilolicus were obtained during February and March 1984 
f.·om tile stOCking tanks at Aston University in Birmingham. Fish were 
of three different sizes (small, medium and large, circa 4, 8, 17 cm 
respectively), kept in fibre glass tanks, pulmbed with a recirculating system, 
which included gravel filters and faecal traps. Fis 1, were fed twice daily 
with commel'cial trout diets. Fish were selcrl':u randomly from each of 
the three tanks and anaesthetized with benzccHine (l IIll saturated solution 
of benzocaine in 5 I water). Individual fish wen.) wE!ighed t,1 thL nearest 
0.01 gm and standard length measured to the nearest 1 In m. Fish were 
sexed when possible and the state of gonads were recorded. Skin, including 
scales, and muscle from each fish were removed. The vertebrae and the 
skull were excised from the carcass after boiling. Samples were wet
weigheOd individually, dried at 105 °c over night and then weighed again 
to estimate the moisture content. The dried skin, muscle and bone were 
digested in n concentrated nitric acidl perchloric acid mixture (IO : 3, 
VIV). A Perkin-Elmer model 373 Atomic Absorption Spectrophotometer 
was used in accordance with the manfacturer's specifications for the 
delermination of Ca, Na, K, Mg, Fe, Cu, and Zn within the digested samples. 
flO!' P detet'mination, samples were assayed by the molybdate method 
(Touusl<y and Shorr, 1953). The miner'aI con ten ts were expressed as gm 
% dl'y weight for Ca and P, and mg % dry weight for Na, K, Mg, Fe, Cu, 
and Zn. All data were subjected to analysis of variance llnd the statistical 
significance was established by student's t-test (Fisher, 1950). 
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RESULTS AND D1CUSSION 

For each group o[ fish, there were distinct differences regarding standrad 
length, body weight, age, and moisture content (Table 1). Gonads of large 
fish were also examined, where sex and state of maturity were determined. 
1\ 11 speci mens (Table 2) were in the resting stage (11). The following results 
are bnsed only on individuals of O. niloticus examined off the breeding 
season. 

The menn concentration of the mineral stUdied in the skin, muscle and 
bone of the different groups of fish (small, medium and large) is shown 
in Tables 4 and 5. The distribution of these elements within the tissues 
clearly indicates wide variation in the concentration of each element 
DIld these variations are highly significant. Calcium for instance varied 
between 0.9 gm % in the muscle and 22.1 gm % in bonej P from 1.02 gm 
96 to 11l.5 gm %j Mg from 108 mg % to 343 mg %j Zn from 1.98 mg % 
in muscle to 18.8 mg % in skin. Similarly, the distribution of the major 
minerals Ca, P, Mg, l{, Na varied greatly in the different tissues of rainbow 
trout and carp (Pfeffer, 1978). 

On examining the concentration of the minerals in each tissue, significant 
differences were .found in the diffel'ent fish groups. Some of these 
differences were as expected e.g. increase in Ca, P and Mg content with 
nge. [lone calcium of small fish was 16.0 gm % and increased to 20.6 gm 
% in medium fish and reached its maximum value in large fish, being 22.1 
gm %j [01' P it was 6.0, 10.1 and 10.5 gm %, and for Mg it was 249, 312,and 
343 mg 96 respectively.The same pattern of increase in mineral content 
was also observed in skin but not quite so in muscles where there was 
a decrease in Ca, P and Mg content with age (Table 3). These differences 
may be explained in the light of the function of these elements in each 
tissue. Ca, P and Mg are known to be closely related in metabolism, 
particularly in bone and scale formation, while in muscles they participate 
in other physiological processes such as muscle contraction and maintenance 
of membrane integrity (Lall, 1979). 

r'· 

Na and I{ contents in tissues examind displayed a different pattern when 
compared with Ca, P and Mg contents. There were significant decreases 
in the concentration of l{ in the skin, muscle and bone of the fish. Skin 
I{ content was found to be higher in small fish than in medium and large 
fish, being 741, 448 and 245 mg % respectively. Na content exhibited 
this pnttern in skin and muscle but not in bone. In bone there was an increase 
in Na content with age, being 343, 371 and 515 mg % in small, medium 
nnd large fish. llowever, Love et a1. (1968) in their work on the muscle 
of Gadus morhua found that the potassium concentration did not alter 
nccol'ding to the size of the fish, but that sodium always decreased as 
t he fish grew. 

Inforination on the availabillity of tl1e major elements in finfish is limited. 
The nvuilability of P in fish meal is low in Oreochromis niloticus when 
cOlllpnrC'd with carp and rainbow trout (Watanabe et aI., 1980). However, 
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TABLE 2 
Data on males and females of Oreochromis niloticus. 

Sex Male Female· 

Number of fish 9 6 

Standard length (em) 
Average 17.7,:: 2.01 16.0':: 1.7 
Range 12.2 - 19.1 12.8 - 18.0 

Body weight (g) 
Average 231.1.:: 45.8 121. 5.±. 58.4 
Range 118 .0 - 276. 3 85.3 - 190.8 

+ Standard deviation.
 
" Gonads of all individuals were in the resting stage (II).
 

the avnilability of fish meal P is significantly higher in rainbow trout 
tl1l1n corp (Pfeffer, 1978 Hnd Ogino et aI., 1979). The difference in the 
availability of P among various finfish is probably due to the secretion 
of gastric juices (Yone and Toshima, 1979). 

The contents of the trace elements studied (Fe, zn, and Cu) showed 
different />atterns with the age of the fish when compared with the major 
elements such as Ca, P, and Mg. There were considerable decreases in 
Zn content of the skin from 18.8 mg % in small fish to 11.6 mg % in farge 
fish, and of the bone fro In 15.1 to 10.1 mg % and of the muscle from 5.4 
to 1.98 mg %. Cu content behaved similarly to Zn in all tissues,e.g. It 
decreased from 0.72 mg % to 0.18 mg % in muscle. Although there were· 
significant differences in Fe content' between small and large fish, the 
large individual variation in each tissue does not seem to reflect any 
consistont relationship with the age of the fish, but may reflect the 
processes inclUding oxidation-reduction activity and electron transport. 

Although the mineral requirement of small fish has not been studied 
in detail, it seems that their requirements for certain minerals, particularly 
Zn ond eu, is higher than that of adult fish in view of the high metabolic 
activi ty and growth in small fish (Tacon and De Silva, 1983). Ogine and 
Ynng (1978) found that when rainbow trout and common carp fingerlings 
were [cd a low of Zn (l mg/kg dry weight), fish showed poor growth, high 
mortality, high incidence of cataracts, fine and skin erosion. 
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