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Efficiency of the increase diets nutritional value by adding selenium as microelement into diets common carp
fingerlings were studied using aquarium and cement tanks systems, which allowed feeding and continues
measurement of growth parameters. In experiment (I) one hundred and fifty fingerlings each weighing approximately

7.5 +0.23 g was carrled out, in aquarium and fed either normal diet (group A) or diets supplemented with 0.08, 0.16,
0.32 and 0.64 mg kg ™ of sodium selenite. In experiment (I1) three hundred and sixty juvenile common carp, average
weight 26.9 + 1.38 g was carried out in cement tanks and fed as in experiment (I). When selenium added to the diets
and fed to the fish caused a significant increase in weight gain and carp fingerlings growth rate was accelerated by
18-22% feed expenditure out by 17-18% as compared to the control diet. Significant differences in survival rate were
found between treatments, indicating that diets are I|kely to be responsible for increased survwal rate, observed in
fish fed diets supplemented with 0.24 and 0.32 mg kg™ sodium selenite (O 12 and 0.15 mg kg™ selenium). The results
of this study indicated that a diet supplement, 0.24 and 0.32 mg kg™ of sodium selenite (0.12 and 0.15 mg kg™
selenium), is important for growth and survival of common carp.
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INTRODUCTION

In recent years, the intensification of carp fingerlings pro-
duction in Egypt has made it essential to develop comp-
lete and supplemental diets for use in hatcheries and nur-
sery ponds. The guantitative dietary requirement for trace
elements depends upon the amounts required for growth
and reproduction and that which is unavoidably lost by
the animal through gut, kidney and by passive diffusion
across the gills and generally body surface. Little effort
has been made to quantify the relative importance of die-
tary sources of trace elements in freshwater (Watanabe
et al.,, 1997). Nevertheless, freshwater fish depends on
an adequate supply of minerals, as there is continuous
effluent of ions from the water (Cowey and Sargent,
1979).

Selenium is required in the diet for normal growth and
physiological function of fish. Deficiencies are associated
with low glutathione peroxidase (GSHPx) activity, slow
growth and oxidative diathesis in rainbow trout (Hilton et
al., 1980; Bell et al., 1987). The dietary requirement for
selenium (supplied as sodium selenite) for normal growth
has been calculated as 0.38 mg / kg for rainbow trout

while levels of 13 mg/kg have been found to be toxic. Se-
lenium concentrations in different fish species support
this notion (Gatlin and Wilson, 1984; Lovell and Wang,
1997). Lobanove et al. (2008) reported that evolutionary
change from fish to mammals was accompanied by re-
duced use of protein containing selenium. They added,
selenium-containing protein evolved in preventing heart
disorder and mongolism disease, which attributed to defi-
ciencies in selenium.

The biological availability of minerals from the diet is
marked by the efficiency with which the body utilizes the
dietary minerals. It varies depending on the feedstuffs
and the form of the nutrient, nutrient interaction which
may be either synergistic of antigenic, physiological and
pathological condition of the fish, waterborne mineral
concentration and the species under consideration (Hil-
ton, 1989; Steffens, 1989; Watanabe et al., 1997). Sele-
nium supplementation is necessary for both aquaculture
species fed diets based on grain and oilseed products
such as catfish and tilapia and for species fed fish meal-
based diets that do not contain adequate amounts of se-



Table 1. Feed formulation and proximate composition

of basal diet.

Ingredients (%) Diet
PPM (40.6 % C.P.)" 74.0
Wheat brane 14.5
Fish oll 4.0
Molasses ) 2.0
Vitamin & mineral premixZ 1.4
vitamin c* 0.1
Dicalcium phosphate 3.0
Amino acid supplement
L-Methionine 0.5
L-Lysine 0.5
Proximate analysis (%)4
Moisture 8.28
Crude protein 33.2
Crude fat 14.77
Ash 9.56
Crude fiber 7.47
NFE® . 26.72
Gross energy (g kg'l) 4.7

Lppm- plant protein mixture was a mixture of equal pro-
portion of soybean meal, cottonseed meal, sunflower meal
and linseed meal according to El-Saidy and Gaber (2003).
-Premix supplied according to Satoh (1991).
-Phosphiten=Mg (ascorpyl- phosphate) (Showa,
enkok, k. Tokyo, Japan).
-Values represent the mean of three sample replicates.
-NFE (nitrogen free extract)=100-(% moisture+ % protein
+ % fa + %fiber+ %ash).

Table 2. Minerals content in the basal diet for common carp.

Mineral Diets
(A) (B) (9 (D) E)
Ca 0.92 1.14 1.16 1.19 1.23
P 1.38 1.39 14 1.43 1.48
K 1.41 1.43 1.45 1.47 1.51
Mg 0.55 0.56 0.57 0.59 0.61
Na 0.40 0.41 0.43 0.46 0.49
Cu 4.62 4.65 471 4.76 4.83
Fe 160.47 161.53 163.8 167.5 174.12
Se 0.04 0.08 0.12 0.20 0.36
Zn 195 19.6 19.8 20.2 20.5
Mn 14.27 14.31 14.37 14.51 14.68

Ca, P, K, Mg and Na expressed as percentage and Cu, Fe, Se, Zn,and
Mn as mg kg-1 dry matter.

lenium. The most commonly used forms of selenium sup-
plements to date have been inorganic compounds, sodi-
um selenite and sodium selenate. Selenium from these
supplements is passively absorbed from the gut and then

reduced in the liver where it is incorporated into cystine to
form selenocysteine.

The purpose of this study was to evaluate the growth,
feed utilization and economics value of common carp fed
diets supplemented with selenium.

MATERIALS AND METHODS
Feed

Five experimental diets were formulated from a basal or control diet
according to El-Saidy and Gaber (2003); they contained 33.2% cru-de
protein and gross energy 4.7 kcalg . The energy values were
calculallted by using the gross energy values for thle macronutrients (5.6
kcalg ™ protein, 9.5 k cal g~ fat, and 4.1 kcal g~ carbohydrates). The
proximate composition from the experimental basal diet is giv-en in
Table 1. The basal diet is considered as control treatment (A) and four
treatments (B, C, D and E) supplemented with different le-vels of
sodium selenite as follows: 0.0, 0.16, 0.24, 0.32, and 0.64 mg kg_l were
added to diets, respectively. The sodium selenite was first dissolved in
water and mixed through with the basal diets. The experimental diets
were pelleted; frozen-dried and stored at -20°C until use. The mineral
analyses of diets are given in Table 2.

Experimental design

To study the effect of different levels of dietary sodium selenite on
growth, food intake and food conversion efficiency of common carp
in fresh water, two experiments were designed as shown in Table 3.

Experimental fish

In experiment 1, common carp (Cyprinus carpio L) was obtained
from Fish Research Laboratory stock (Faculty of Agriculture, Uni-
versity of Menofiya, Egypt). At the beginning of the experiment, 15
glass aquaria (80 L) were each stocked with 10 fish with an average
weight of 7.5 £ 0.23 g. The aquaria were supplied with fresh water
(chlorine free) at rate 250 ml .min"" with supplemental aeration. The
aquaria were illuminated using overhead fluorescent lights set on a
14 h light: 10 h dark cycle. Each group of fish was weighed at the
beginning and every week throughout the experimental period.

In experiment 2, the experiment was conducted in 15 experimen-
tal concrete tanks. Each of the tanks was 2 m long, 2 m wide and
1.25 m high. Water levels in concrete tanks were kept at 1 m deep
to maintain water volume of 4 m°. The concrete tanks were
supplied with fresh at rate of 4 L.min™ with supplemental aeration.

A set of 360 juvenile common carp, with an average weight of
26.9+1.4 g were collected from Fish Research Laboratory stock and
twenty-four fish were randomly placed into each concrete tanks at

; . ) 3
stocking density of 6 fish / m™.

Each group of fish was weighed at the beginning and every week
throughout the two experimental periods. The fish were fed 3% of
body weight and fed 6 days /week.

Growth study

At the beginning of the growth study, 25 fish were sampled and
stored at - 20°C for analysis of whole body minerals. At the end of
the growth study, three fish from each tank were withdrawn for ana-
lyses and frozen at -20°C. Growth performances were determined
according to Cho and Kaushik (1985) as follows: SGR (specific
growth rate %) = 100 (Ln final weight - Ln initial weight) / day, FCR



Table 3. Effect of dietary selenium in practical diets of common carp (initial weight 7.5 g) on SGR, FCR, PER
and Hemoglobin after 28 and 120 days of experiments | and I, Values is means +SD.

Diet
Parameters IS

A (B © (2] (B)
Experiment 1
IBW(g) 7.540.3 7.540.25 7.540.31 7.440.12 7.6£0.2
FBW(g) 11.8+0.25° 12.4+0.25" 13.4%0.3% 13.6+0.25° 10.020.25"
FI (g fish™) 13.120.2° 13.5:0.2" 15.1+0.1% 15.3+0.1% 12.4:0.4°
SGR (%day) 1.6£0.1° 1.77+0.06" 2.06+0.08% 2.11+0.04% 1.3120.18°
FCR(FIWG) 3.06+0.5" 2.8+0.46° 2.59+0.31% 2.52+0.21% 3.3120.42°
FER 32.740.6° 35.7£0.6° 38.7:0.5% 39.6:0.2% 27.1£2.9°
PER 0.99:0.02° 1.08+0.02" 1.16+0.01% 1.18+0.04° 0.8120.1°
Hemoglobin (g%)  8.87+0.2%" 8.970.2° 9.2:0.1% 9.3:0.1% 8.5+0.4°
TSP (%) 2.9£0.1°° 3.0£0.1° 3.3:0.2° 2.740.1° 2.7+0.1°
Experiment 2
IBW(g) 27.3%1.45 26.6+1.37 27.740.9 27.8+1.4 27.0+1.96
FBW(g) 162.5+4.%d 207.145.6° 240.7+1.91° 251.3+6.78"  155.3+5.06°
FI (g fish™) 271.420.02°  315.7#559°  351.5¢12.05°  350.1#11.76°  256.5+12.8°
SGR (%day) 1.62+0.02° 1.84+0.08" 1.93+0.03" 2.0£0.07% 1.56+0.06°
FCR(FWG) 2.0£0.1° 1.75+0.05" 1.65£0.05"" 1.56+0.06" 2.0+0.1°
FER 50.0+2.5° 57.17+1.64° 60.4+2.06"" 64.24+2.43°  50.0242.51°
PER 1.45+0.04 1.72+0.08 1.82+0.03% 1.93x0.0® 1.48+0.7°
Survival (%) 77.76+2.41°  77.8+2.42" 97.244.82% 98.6£2.42° 66.7+4.17

Value having the same superscript letter within the same row is not significantly different (P 0.05).IBW: initial body weight;
FBW: final body weight; SGR: specific growth rate; FCR: feed conversion ratio; PER: protein efficiency ratio. TPS=total

serum protein.

(feed conversation ratio) = dry feed intake (g) / wet weight gain (g),
FER (feed efficiency ratio) =wet weight gain (g)/dry feed intake (g),
PER (protein efficiency ratio) = weight gain (g) / protein intake (g).

Hematological assay

Blood samples were obtained from fish at the end of the experi-
mental period. Four fish/group were randomly chosen and anesthe-
tized with tricane methanesulfonate (MS-222, Argent Chemical
Redmond, WA) at 125 mg/l. Blood samples were collected from the
caudal vein using heparinized 27- gauge needles and tuberculin sy-
ringes (20 units/ml) for determination of hemoglobin (Hb) and total
serum protein (TSP).

Hemoglobin was determined by the total hemoglobin kit (Sigma
Diagnostics, Sigma, St. Louis, MO) which is a standardized proce-
dure of cyanomethemoglobin method.

Chemical analyses

Analysis of samples were made as follows: dry matter after desica-
tion in an oven (105°C for 24 h), ash (incineration at 550°C for 12
h), crude protein (micro kjeldahl, N 6.25), crude lipid (ether extract
by Soxlhet method), crude fiber (AOAC, 1995) and gross energy
(Ballistic bomb calorimeter, Gallenkamp, England).

The minerals analyses were determined in the diets and whole
fish in second experiment. Samples were prepared for analyses us-
ing a dry —wet —dry ashing procedure (AOAC, 1995). In brief, sam-
ples weighed in dry porcelain crucible were dried in an oven. Dry
matter was determined and crucibles with dry samples were placed
in an ashing oven (400°C) for 24 h, removed and allowed to cool.

Samples were moistened with distilled water, then nitric acid (9M)
was added, and were gently heated on an electric hotplate to eva-
porate the liquid until only residual remained. Crucible were placed
in the ashing oven for additional 1 h, then removed and allowed to
cool. Ashes samples were solubilized in 6 N HCL and brought to
volume with distilled water to a ratio of 1:5 of acid water. Appro-
priate dilutions were prepared to bring mineral concentration within
standard reading range. lonic composition of diets and whole fish
were measured by Atomic Absorption spectrophotometer (Perkin —
Elmer, Uberlingen, Germany.

Water quality

Water temperature and dissolved oxygen were measured every
other day using titration method. Total ammonia, nitrite, and nitrate
were measured using spectrophotometer (Spectronic 601, USA).
Alkalinity was monitored twice-weekly using titration method of
Golterman et al. (1978). pH was monitored daily using an electronic
pH meter (pH pen, Fish Scientific Cinicinneti, Ohio, USA).

Calculations and statistical analysis

Calculations of growth parameters were conducted according to
Cho and Kaushik (1985). Statistical analyses were carried by one—
way ANOVA and the comparison between the treatments was ma-
de using the Duncan’s multiple range tests (Statistical for Windows,
release 12.21 Minitab, 1998 edition). The significance of differences
was tested at P<0.05. All percentage and ratio were transformed to
arcsine values prior to analysis (Zar, 1984).



RESULTS
Water quality

In experiments 1 and 2, water temperature ranged from
27.5 to 28.3°C, DO from 4.5t0 5.1 mg L, pH from 7.7 to
8.1, alkalinity from 170 to 184 mg Lt , and total ammonia
from 0.02 to 0.03 mg L 1 There were no significant differ-
rences in the water quality parameters among the treat-
ments during the whole two experiments period. The wa-

ter quality parameters were found to be within the accep-
table range for carp growth (Stickney, 1979).

Growth performance

In experiment 1, growth experiment period was 28 days
(Table 3), which indicated that fish fed on dietslc and D
supplemented with 0.24 and 0.32 mg kg~ sodium
selenite gained more weight than those fed control diet
and other diets. Numerically higher growth rate was
obtaineld when fish fed on diet D, supplemented with 0.32
mg kg~ so-dium selenite, although it was not significantly
different from that achieved by, the fish fed on diet B
contained 0.24 mg kg'1 sodium selenite (Table 3).
Poorest growth was recorded 1for fish fed on diet E,
supplemented with 0.64 mg kg = sodium selenite, WhICh
was significantly dif-ferent from diet D (15 mg kg
selenium) although it was not significantly different from
the control. Differences in specific growth rate (SGR)
were found to be significant (P 0.05) between control
diets and those fed on 0.24 and 0.32 mg kg = sodium
selenite (0.12 and 0.15 mg kg'l sele-nium) (Table 3).

A great deal of variation in feed intake (FI) was found in
all treatments. The fish fed the control diet and diet (E)
showed lower FI than those recorded in fish fed on diet
(C) and (D). Statistical analysis (Table 3) showed that
there was a significant (P 0.05) difference in feed intake
between all dietary treatments. It appeared that fish in-
take was affected by the addition of sodlum selenite to
the diets and in fact, 0.24-0.32 mg kg sodium selenite
seemed to stimulate fish growth.

Supplemental sodium selenite in the diets increased
feed efficiency ratio (FER) so that weight gain produced
per unit weight of food consumed was higher for diets su-
pplemented with sodium selenite than control diet. Signifi-
cantly, (P 0.05) higher value of 38.5 and 39.6% were re-
corded for fish fed on diets C and D, respectively compa-
red with average value of 32.7% recorded for control di-
ets. Feed conversion ratio (FCR) decreased progresssiv-
ely with increasing dietary sodium selenite levels and rea-
ch maximum at diet D then decreased at diet (E).

Protein efficiency ratio (PER) value, calculated to as-
sess the effect of differences in protein intake among fish
fed with the control diet or diets supplemented with sod-
ium selenite, showed a marked differences in their protein
contents. Like FER value, differences in PER values bet-

ween dietary treatments were significant (P 0.05) (Table
3), indicating that weight gain per unit of protein intake is
different in all treatments. The differences in levels of so-
dium selenite supplement to diets are likely to be respon-
sible for the increased feed efficiency ratio observed in
fish fed diets C and D supplemented with 0.24 and 0.32

mg kg ! sodium selenite.

Hemoglobin content increased with increasing dietary
sodium selenite levels and significant (P 0.05) differen-
ces was found between 0.12 and 0.30 mg kg'l selenium).
Total serum protein increased with increasing sodium se-
lenite levels and reach maximum at diet C (contained
0.24 mg kg sodium selenite or 0.12 kg~ sele-nium)
which is significantly different from diet D.

In experiment 2, 120 days growth experiment (Table 3,
Figure 1) indicated that fish fed on diet (C) and (D) sup-
plemented with sodium selenite, showed the same trend
as in experiment 1, for final fish weight, SGR, FER, and
PER. There are significant (P 0.05) differences of FBW,
SGR, FER, and PER that, fish fed on diet (D) showed
maximum growth rate. Significant (P 0.05) differences in
survival % were found between treatments (Table 3), indi-
cating that diets are likely to be responsible for increased
survival %, observed |n fish fed diets supplemented with

0. 24 and 0.32 mg kg’ sodlum selenite (0.12 and 0.15 mg

kg selenlum).

Comparison of the growth common carp in the two ex-
periments showed that fish fed on diets supplement with
0.24 and 0.32 mg kg'l sodium selenite (0.12 and 0.15 mg
kg'1 selenium) had a determinable effect on fish growth of
experiment 2 because culture fish in intensified culture re-
quires more trace elements

The economic calculation from the study is presented in
Table 5. The feed cost and the total cost (Lever Egyp-
tian) increased in the fish fed diets supplemented with
0. 24 and 0.32 mg kg sodlum selenite (0.12 and 0.15 mg

kg selenium). From the economic information, it can be
concluded that the highest net profit (Lever Egyptian) was
achieved W|th fish fed diets supplemented with 0.24 and

0.32 mg kg sodlum selenite

DISCUSSION

We demonstrated that selenium had an additive effect on
the growth of common carp fingerlings and juvenile. A
plant protein mixture was used in the present study, on
least cost-nutrient basis according to El-Saidy and Gaber
(2003) without a detrimental effect on growth. Significant
differences in growth rate of common carp occurred,
when f|sh fed on diets supplemented with 0.24 and 0.32

mg kg sodium selenite (0.12 and 0.15 mg kg seleni-
um). Reduction in growth rate associated with lower and

higher selenium supplemented with 0. 16 and 0.64mg kg

sodium selenite (0.12 and 0.15 mg kg selenium) in the
diets. These agree with Wang et al. (2007) who reported



Table 4. Effect of dietary selenium on minerals content in common carp muscle (experiment 2).

Values are means +SD.

Diets
Minerals
(A) (B) ) (D) (E)

Ca 4.74+0.05°  5.05+0.03" 5.57+0.04°  5.94+0.04°  6.05+0.02%
P 2.2140.06°  2.29+0.06° = 2.4140.05°  2.57+0.04*  2.67+0.07°
K 1.14+0.02°  1.15+0.06°  1.16+0.08%°  1.2+0.02° 1.06+0.02°

Mg 012+0.02°  015:0.01°  017:0.01%  0.17:0.01%°  0.1420.02°

Na 0.62¢0.02°  0.6740.01° 0.740.02%° 0.7120.02*  0.62+0.02°

Cu 4.3+0.1° 4.7¢0.1° 5.140.1° 5.4+0.1% 4.3+0.1°
Fe 110.9+4.1°  120.4+49°°  1253+53°  130.4+4.8%°  136.23+8.3%

Se 1.04+0.03°  1.13+0.02°  1.23:0.02°  1.29+0.02°  1.43+0.02°
Zn 102.4+1.01°  112.3+1.1%  127.6¢1.86°  136.7¢2.2%  122.3+0.85°

Value having the same superscript letter within the same row is not significantly different (P 0.05). IBW:
P, K, Ca, Na, and Mg expressed as percentage and Fe, Ma, Cu, Se and Zn as mg kg~ of dry matter.
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Figure 1. Change in average body weight (g/fish) of common carp,
Cprinus carpio fed five different diets (see Table 4).

that, there was significant difference in relative gain rate
(RGR) of trial supplemented with sodium selenite with
control (basal diet) because diets rich in selenium may
slow the rate of calories burns.

In our experiments, the optimum selenium levels were
0.24 and 0.32 mg kg'l sodium selenite or 0.12 and 0.15

mg kg'1 selenium in diets for common carp in both experi-
ments, where maximum growth was achieved and higher
level of 0.64 mg kg'l sodium selenite, or 0.30 mg kg~ se-
lenium growth was reduced. High levels of selenium in
the diets have a toxic effects resulting in reduced growth,
feed efficiency and increased mortality as reported by Hil-
ton and Hodson (1983) which showed that trout receiving
over dose of selenium developed renal calcinosis.

The selenium level in plant meal — based diet was parti-
cularly low (Table 2). Because, there was indication of a
decrease in whole-body selenium was found (Table 5).
Long term feeding with deficient in trace elements espe-
cially selenium lead to cataracts and short body dwarfism
in juvenile fish (Watanabe et al., 1980).

Table 5. Economic information for Common carp reared in cement
tanks (4 m3) for 120 days of experiment.

Diets

w B ©€) ® (E
No. fish stocked/tank 24 24 24 24 24
No fish harvested / 19 19 24 24 18
tank
Harvested (kg/ tank) 3.1 3.9 6 6.2 2.8
Food used(kg/tank) 5.2 6.0 8.8 8.7 4.6
Fingerling cost (LE)Z 1.0 1.0 10 1.0 1.0

Iltems

Food cost > 78 90 132 131 6.9
Total cost (IE) 88 100 142 141 709
Value of harvest (8 24.8 31.2 704 69.6 22.4
LE. kg)

Net profit (LE) 16.0 212 562 555 145

Y E= Lever Egyptian, one Dollar equal 6.12 L E.
Food cost equal.

In addition, Baines et al. (2002) reported that, bioaccu-
mulations selenium was almost exclusively through die-
tary uptake and fish weight was affected by selenium le-
vels. Weight gains of common carp significantly affected
levels of minerals in their body (Table 4). This was also
partly the result of low levels of some essential elements
in the diets, for instance, selenium and manganese. In
the present study, selenium came rather close to the le-
vels required for optimal physiological indicator (Satoh,
1991). Also Wang et al. (2007) decided that fish fed basal
showed lower selenium content in muscle compared to
fish fed selenium supplements. In fact moderate levels of

selenium (0.24 and 0.32 mg kg'1 sodium selenite or 0.12
and 0.15 mg kg = selenium) seemed to have a beneficial
effect on the growth of common carp and such an effect

has been previously suggested by Poston and Combs
(1976) to promote growth Atlantic salmon. Also Pope et



al. g1986) reported that dietary selenium levels of 0.15 mg
kg ~ are commonly used in salmon diet.
In view of the present study, extra selenium (0.64 mg

kg'1 sodium selenite or 0.30 mg kg~ selenium) incorpo-
rated in common carp diets could be compensated by de-
creasing the feeding level and the growth rate. There is
similar observation by Gatlin et al. (1986). For Atlantic
salmon, they reported, high levels of selenium (levels

above 0.13-0.15 mg kg'l) in the diet have toxic effect, re-
sulting in increased mortality. These results are in agree-
ment with our results in second experiment, where there
was increased mortality.

There was strong trend for total production (kg /4m3)
which increases with increasing level of selenium that

reached maximum at 0.24 and 0.32 mg kg'l sodium sele-

nite or 0.12 and 0.15 mg kg'l selenium (Table 5) .
Produc-tion estimated, according to Chapman (1968)
which is based on biomass estimate, adjusted for
mortality and was corrected for growth rate. This
calculation is the ba-sis for estimated economic yield for
both fish and culture operation, because net production
and harvest value (Table 3 and 5) was dependent on
selenium levels in the diets. These results agree with
those of Kayano et al. (1990) and Gaber and Hanafy
(2008) who reported that, the production in fish culture
that is generally dependent on feed consumption. In
addition, final harvest and pro-duction values were
directly related to selenium level and there are some
levels of selenium at which growth rate is reduced and
when it occurs production would be reduce-ed.

From the above discussion, it may be concluded that
the reduced growth performance of common carp fed
diets supplemented with 0.64 mg kg'l sodium selenite or

0.30 mg kg'1 selenium might be because it is compensa-
ted by decreasing the feeding consumption and growth
rate. The significantly better growth of fish fed diets supp-

lemented with 0.24 and 0.32 mg kg'1 sodium selenite or

0.12 and 0.15 mg kg'1 selenium makes it necessary to in-
crease growth rate more than 18- 22% and feeding ex-
penditure by 12-18% lead to increasing food utilization.

REFERENCES

Association oftﬁnalytical Chemists (AOAC) (1995). Official methods of
analysis, 16 edition. AOAC, Arlington, Virginia.

Baines SB, Fisher NS, Stewart R (2002). Assimilation and retention of
selenium and other trace elements from crustacean food by juvenile
striped bass (Morone saxitalis). Limnol Oceanogr. 47:645-655.

Bell JG, Cowey CB, Adron JW, Pirie BJS (1987). Some effects of
selenium deficiency on enzyme activities and indices of tissue pero-
xidation in Atlantic salmon parr (Salmo salar). Aquaculture. 65:43-54.

Chapman DW (1968). Production. In: SD Gerking (Editor), Methods for
Assessment of Fish Production in Fresh Water, International Biology
Programmer Handbook. 3: 313.

Cho CY, Kaushik SJ (1985). Effect of protein intake on metabolizable
and net energy values of fish diets. In: Nutrition and Feeding in Fish.
(Ed. by CB Cowey, AM Mackie, JG Bell) pp. 95-117. Academic
Press, London, UK.

Cowey CB, Sargent JR (1979). Nutrition. In: WS Hoar, DJ Randall
(Editors), Fish Physiology, Vol.VIIl. Academic Press, New York, USA,
pp. 1-69.

El-Saidy DMS, Gaber MMA (2003). Replacement of fishmeal with a
mixture of different plant protein sources in juvenile Nile Tilapia,
Oreochromis niloticus (L) diets. Aquac. Res. 34: 119-1127.

Gaber MMA, Hanafy MA (2008). Relationship between dietary protein
source and feeding frequency during feeding Nile tilapia, Oreo-
chromis niloticus (L.) cultured in concrete tanks. J. Appl. Aquac. 20
(3): 200-212

Gatlin MD, Wilson RP (1984). Dietary selenium requirement of fingerling
channel catfish. J. Nutr. 114: 627-633.

Gatlin Il DC, Poe WE, Wilson RP (1986). Effects of singular and
combined dietary deficiency of selenium and vitamin E on fingerling
channel catfish. J. Nutr.116: 1061-1067.

Golterman HL, Clymo RS, Ohnstad MAM (1978). Methods of physical
and chemical analysis of fresh waters. Blackwell Sci Pub Ox. pp.214.

Hilton JW, Hodson PV, Slinger SJ (1980). The requirement and toxicity
of selenium in rainbow trout (Salmo gairdneri). J. Nutr. 110: 2527—
2535.

Hilton J W, Hodson PV (1983). Effect of increased dietary carbohydrate
on selenium metabolism and toxicity in rainbow trout (Salmo
gairdeneri). J. Nutr. 113: 1241-1248.

Hilton JW (1989). The interaction of vitamins, minerals and diet compo-
sition in the diet of fish. Aquaculture 79: 223-244.

Kayano Y, Jeong TDS, Oda T, Nakagawa H (1990). Optimum feeding
frequency on young red-spotted grouper, Epinephelns Ankara,
Suisanzoshku 38: 319-326.

Lobanove AV, Hatfield DL, Gladyshev VN (2008). Use of selenium
supplements questioned. Genome Biology 9: R62

Lovell RT, Wang C (1997). Comparison of organic and inorganic
sources of selenium for growth and health of channel catfish. In: Bio-
technology in the Feed Industry, Proceedings of the 13th Annual
Symposium (Lyons TP, Jacques KA eds.). Nottingham University
Press, Loughborough, Leics, UK.

Pope TT, Hastein T, Froeslie A, Koppanz N, Norheim G (1986).
Nutritional aspects of haemorrhagic syndrome (‘Hitra Disease') in
farmed Atlantic salmon (Salmo salar). Dis. Aquat. Org. 1: 155-162.

Poston HA, Combs GF (1976). Interrelationships between requirements
for dietary selenium, vitamin E, and L-ascorbic acid by Atlantic sal-
mon (Salmo salar) fed a semi-purified diet. Fish Health News, 8(4): 6-
7.

Satoh S (1991). Common carp, Cyprinus carpio In: RP Wilson (Editor),
Handbook of Nutrition Requirements of Finfish. CRC, Press, U K. pp.
55-67.

Steffens W (1989). Principles of Fish Nutrition. Ellis Harwood, Chi
Chester. p. 384.

Stickney RR (1979). Principles of Warm water Aquaculture. Wiley Inter-
Science, New York.

Wang Y, Ha J, Li W, Xu Z (2007). Effect of different selenium sources
on growth performance, glutathione peroxidase activities muscle
composition and selenium concentration of allogynogenetic crucian
carp (Carassius auratus gibilio). Anim. feed Sci. Technol. 134(3-4):
243-251.

Watanabe T, Kiron V, Satoh S (1997). Trace minerals in fish nutrition.
Aquaculture 151: 85-207.

Watanabe T, Takeuchi T, Ogino Ch (1980).Effect on rainbow trout and
chum salmon of deletion of trace element from fishmeal diet. Bull
Japanese Soc. Sci. Fish. 46: 1521-1525.

Zar JH (1986). Biostatistician Analysis. Prentice Hall, Englewood Cliffs,
New Jersey, USA.



