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Abstract: The role of different weight groups of the red tilapia on nutrient uptake of the feed supply Article history:
was investigated in a recirculating aquaculture system (RAS). Five weight groups of red Tilapia viz.
20 (200.0), 40 (39.70.44), 80 (80.380.41), 120 (113.621.92), and 180 (177.671.81) g in
triplicate treatments were designed. The studied nutrients uptake rates by red tilapia were
significantly different (P<0.05) between the treatments. It was found that the red tilapia could
assimilate 11.46% Fe, 13.43% Zn, 6.81% Mn, 3.55% Cu, 26.81 Ca %, 20.29% Mg, 32.53% N, 7.16%
K ands15.98% P content of the feed supply during three weeks culture period. The specific growth
rate (SGR) and food conversion ratio (FCR) indices showed significant differences (P<0.05) between
the treatments. The highest growth rate was recorded in 120 g treatment. It was concluded that
nutrient requirements of the red tilapia are changed in different growth stages.

Introduction
Fishes show different characteristics on nutrient
uptake of the feed supply and metabolic excretions
during their life cycle. The feeding habitat, stocking
density, feed input rate and water quality effect the
assimilation of nutrient by fish (Tacon, 1995; Rafiee
et al., 2019). For desirable growth of fish, minerals in
the feed supply must be nutritionally balanced, and
elements and mineral concentrations in the water and
fish body are major biological factor affecting
dynamics of nutrient inputs in an aquaculture
ecosystem e.g. recirculating aquaculture system
(RAS) (Rafiee and Saad, 2005; Rafiee et al., 2019). A
factorial deduction is known as the simplest method to
determine nutrient requirements of fish; however, it
does not comprise the changes in the absorption of the
nutrient by fish during different life stages. Hence, the
main objective of this study was to evaluate the role of
different weight groups of the red tilapia
(Oreochromis sp.) on nutrient uptake of the feed
supply in a recirculating aquaculture system.
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Materials and Methods
Five weight groups of red tilapia viz. 200.00 (20),
39.700.44 (40), 80.380.41 (80), 113.621.92 (120),
and 177.671.81 (180) g in triplicate treatments were
designed and fish randomly introduced into the
experimental units. These weight classes were chosen
based on our previous study using same culture system
(Rafiee et al., 2002, 2019). It was estimated that the
mean individual fish weight in each group would
attain to next mean individual weight group after three
weeks, for example 20 g fish would grow to 40 g in 3
weeks, thereby, duration of the study was 3 weeks.
Each experimental system was a fiberglass tank
(110x84x100 cm) equipped with three hydroponic
troughs (110x30x5 cm), and a submersible pump
(Model Aqua, 1500). A pump was used to circulate the
water from the fish tank through the hydroponic
troughs, then to fish tank again (Fig. 1). The
hydroponic troughs were used to control the
penetration of light to the fish tank and reduce algal
growth and as a bed for water recycling (providing the
DOI: https://doi.org/10.22034/ijab.v8i5.410
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Table 1. The (Mean±SD) percentage (%) of minerals* (Nutrients) content of the supplementary fish feed.

Growth indices
BWI (%)
FCR
SGR (%)
CF (%)

Control
98.89 ±8.83
2.53±0.24
1.64±0.81
1.24±0.38

Concentrations of apple cider vinegar
1%
2%
101.68±21.45
99.02±59.42
2.84±0.44
3.12±0.09
1.75±0.35
1.65±0.99
1.23±0.08
1.30±0.09

4%
90.47±42.17
2.4±0.18
1.50±0.70
1.23±0.95

*Fe (Ferrous), Mn (Manganese), Zn (Zinc), Cu (Cupper), Ca (Calcium), Mg (Magnesium), N (Nitrogen), P
(Phosphorous) and K (Potassium).

similar condition to fish in an aquaponic system
without plant). At the beginning, each rearing tank
was stocked with 75 red tilapias.
Water supply: Each tank was filled with 640 L of
water and aerated continuously with two circular air
stones (3 L min-1). The characteristics of water supply
were followed: aged tap water: pH = 7.17, Ec = 0.16
mmhos, Ca = 5 mg L-1, Mg = 2.5 mg L-1, K = 0.00041
mg L-1, P = 0.00031 mg L-1, Fe = 0.578 mg L-1, Mn =
0.033 mg L-1, Zn = 0.00015 mg L-1 and Cu = 0.00013
mg L-1.
Feed and feeding: The feed was a commercial diet
floating pellet (Car-gill Company), with 24% protein,
6% fat, 6% fiber and 11% moisture. The fish were fed
twice a day ad libitum at 09.00 and at 13.30 h. The
minerals content of feed was measured before
initiation of the study. The characteristics of feed are
given in Table 1.
Sampling and water quality measurements: Dissolved
oxygen (DO) and water temperature (T) in rearing
tanks were measured twice a week (YSI Model 57).
electro conductivity (EC) was determined twice a
week using EC meter (HANA instrument conductivity
meter HI 8033). Two 100 ml of water were sampled
from each tank to determine pH using Orion model
410A pH meter. Total ammonia (NH4NH3) was
measured (taking two samples of water from tanks
with 10 times dilution using distilled water) weekly
(Parsons, 1984). Nitrite (NO2) was weekly measured
(AHPH, 1980).
Fish weight measurement: The individual and
biomass of fish were measured at the beginning and
end of experiment using gravimetry and correction for
water values. Daily growth rate (DGR) feed

Figure 1. Schematic feature of the used recirculating aquaculture
system: 1. the fish tank 2. The hydroponic troughs 3. The water
pump (Rafiee and Saad, 2005).

consumption (FC), and feed conversion ratio (FCR)
were calculated based on Sirimannaa and Dissanayaka
(2019).
Sampling and dry fish weight measurements: Before
the experiment, each fish group acclimated with
experimental feed for 1 month, 5 fish were sampled
and weighted, then cut into the small pieces and were
put in a dry dish, then it was put inside an oven at 70C
and dry weight was recorded. The samples were
reweighed until getting the fixed weight for each fish
sample; this process was also done for fish sample at
the end of the experiment (AHPH, 1980).
Nutrient (minerals) content of the dry fish and feed
measurements: The dry fish and feed were pulverized
and homogenized prior to mineral composition
analysis process. A 0.25 g of dry feed and fish flesh
(four replicates) were taken and digested by Kejeldahl
method (HATCH Company, Cat. No.23130-18,
instruction Manual). Then, the volume of digested
samples was brought up to 100 ml using distilled
water. The concentration of total nitrogen (modified
Bertholet method) and phosphorous in each sample
was measured using an auto analyzer (Chem lab System 4). The percentage of elements in dry samples
was measured using the following the equation of
A%= n × 0.04; where A is percentage of element and
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Table 2. The fish weight (Mean±SD) at the harvest time (FWT), feed conversion ratio (FCR), total feed consumption (TFC), daily growth rate
(DGR) and feed consumption (g) per experimental unit per day (FCD).

Fish groups (g)
20
40
80
120
180

FWT (g)
44.730.53
63.020.00
112.256.31
172.761.11
191.264.40

FCR
1.10.02a
1.180.05a
1.180.16a
0.90.01a
3.380.92b

TFC (g)
2025000a
2167670a
2702197a
3579386c
2868282b

DGR (g)
1.180.03b
1.160.04b
1.520.29b
2.820.12c
0.650.18a

FCD (g)
96.40.00a
103.20.30a
128.639.37a
170.418.35c
136.613.40b

Values with the same superscript letters in a column are not significantly different at the 0.05 level.
Table 3. Percentage of mineral (nutrients) composition (Mean±SD) of dry weight of red tilapia sampled at the beginning and end of the experimental
period.
Fish groups
(g)
20
40
80
115
177

44
63
112
172
191

Zn
(%)

Fe
(%)

Cu
(%)

0.0047
0.00023d
0.0031
0.00023abc
0.0043
0.00230bcd
0.0029
0.00220ab
0.0032
0.0000abc

0.0052
0.0.001a
0.0300
0.0084a
0.0320
0.0055a
0.0320
0.0010a
0.0370
0.0078a

0.0004
0.000018b
0.0004
0.000036abc
0.00040
0.000100c
0.00058
0.000120ab
0.00055
0.000230c

0.0033
0.00023abcd
0.0029
0.00033ab
0.0037
0.00061abcd
0.0044
0.00040cd
0.0031
0.00061abc

0.0320
0.0150a
0.0330
0.0110 a
0.0310
0.0031 a
0.0360
0.0084 a
0.0340
0.0230a

0.00037
0.000037abc
0.00040
0.000062ab
0.00053
0.000160ab
0.00043
0.000230c
0.00053
0.000260a

Mn
(%)
beginning
0.00045
0.00130b
0.00053
0.00023a
0.0004
0.00020a
0.00013
0.00023a
0.0004
0.00040a
End
0.00065
0.00024a
0.0007
0.00023a
0.0003
0.00027a
0.0004
0.00040a
0.0004
0.00040a

Ca
(%)

Mg
(%)

N
(%)

P
(%)

K
(%)

2.32
0.24a
2.61
0.41 a
2.81
0.02 a
2.87
0.09ab
2.60
0.11a

0.100
0.007bc
0.102
0.005c
0.091
0.002a
0.093
0.004ab
0.092
0.004ab

5.60
0.220a
5.21
0.222a
5.21
0.170a
5.17
1.110a
5.21
0.470a

1.09
0.625a
1.09
0.110a
1.05
0.611a
1.12
0.141a
1.08
0.130a

0.19
0.005a
0.19
0.027a
0.18
0.060a
0.16
0.009a
0.16
0.027a

2.75
0.53a
2.83
0.08a
2.45
0.27a
2.61
0.32a
2.48
0.31a

0.980
0.070c
0.101
0.005bc
0.093
0.088ab
0.092
0.004ab
0.093
0.004ab

5.27
0.860a
5.37
0.025a
5.23
1.260a
5.21
0.470a
5.10
0.250a

1.09
0.102a
1.26
0.095a
1.12
0.150a
1.08
0.130 a
1.03
0.140a

0.19
0.034a
0.19
0.036a
0.18
0.009a
0.16
0.027a
0.16
0.024a

Values with the same superscript letters in a column are not significantly different at the 0.05 level.

n= auto analyzer reading. The mean feed nutrients
accumulated in the body of the fish calculated using
the fish growth rate (final mean fish weight - initiation
mean fish weight) × A% and extended to the fish
biomass considering density of 75 fish per unit of
system.
Concentration of minerals in the water: The
concentrations of dissolved nutrients in the fish tank
was measured weekly by auto analyzers and atomic
absorption devices. The unit of measurement was
reported in mg L-1.
Data analysis: Percent values were transferred to arc
sin values. Data were subjected to One-way ANOVA,
significant differences between the means were
compared based on Duncan’s new multiple range test,

and statistical significance were tested at 0.05 level
using SPSS (version 10.0).
Results
Fish growth: Growth parameters showed significant
differences (P<0.05) between the treatments. The
highest growth rate was recorded in 120 g treatment
where the fish attained a mean individual weight of
172.8 g with the daily growth rate (DGR) of 2.82
g/day. The feed consumption (FC) in this treatment
(3579 g) was higher with a mean feed conversion ratio
(FCR) of 0.9, lower than others. The highest FCR and
lowest growth rate were recorded in 180 g the
treatment with average of 3.38 and 0.65 g/day,
respectively (Table 2).
Nutrient content of feed uptaken by red tilapia: Table
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Table 4. Average percentage of feed nutrients captured by different weight groups of red tilapia at the end of the experimental period.

Fish groups
(g)
20
40
80
120
180

Zn
(%)
0.75
8.33
9.83
38.38
0.015

Fe
(%)
10.01
6.30
6.18
11.55
0.019

Cu
(%)
27.21
30.41
8.10
1.37
0.065

Mn
(%)
5.34
6.04
0.57
5.79
0.02

Ca
(%)
34.66
33.65
22.10
33.77
9.85

Mg
(%)
80.85
4.23
5.37
5.98
5.03

N
(%)
27.87
31.22
36.56
34.48
32.53

P
(%)
14.08
19.14
20.36
19.16
7.18

K
(%)
6.85
7.00
8.00
8.59
5.38

Table 5. Changes in the concentration (Mean±SD) of total phosphorous (P) and magnesium (Mg) in the fish tanks during a 3 -week experimental
period.

Treatments
(g)
20
40
80
120
180

Week 1
10.551.20abc
13.33.00cd
9.716.80abc
5.006.25ab
2.590.70a

Phosphorus
(mg L-1)
Week 2
11.370.86 a
14.500.70 a
11.293.72 a
8.901.46 a
5.901.00 a

Week 3
13.131.80a
16.601.10a
19.334.8 a
15.631.70a
18.494.01a

Week 1
1.200.32bcd
1.300.40abc
1.47097ab
1.500.51a
1.90.98d

Magnesium
(mg L-1)
Week 2
2.330.79bc
2.800.20bc
2.670.72ab
2.870.58abc
12.573.03c

Week 3
3.431.81abc
3.131.89a
3.830.85c
3.981.96bc
4.700.17c

Values with the same superscript letters in a column are not significantly different at the 0.05 level.
Table 6. Changes in the concentration (Mean

Treatments
(g)
20
40
80
120
180

Week 1
13.002.00 a
14.332.10 a
12.71.85 a
12.672.10 a
15.001.17 a

SD) of total calcium (Ca) and potassium (K) in fish rearing tanks during the experiment.

Ca
(mg L-1)
Week 2
17.331.53 a
18.330.58 a
17.00 2.19a
19.003.00a
16.003.93a

Week 3
24.671.53 a
27.002.00 a
22.003.54a
27.002.15a
24.671.86a

Week 1
5.001.70a
4.501.00 a
5.001.13 a
4.000.58 a
4.780.21 a

K
(mg L-1)
Week 2
6.001.31
6.701.70a
6.701.51 a
5.201.30 a
6.702.90 a

Week 3
6.401.30a
6.831.80a
5.941.60a
7.002.00a
8.331.20 0a

Values with the same superscript letters in a column are not significantly different at the 0.05 level.

3 shows the percentage of nutrient content of red
tilapia in different weight groups. The mineral
composition in different weight groups indicated that
the body weight significantly (P<0.05) has affected
the assimilation rate of Zn, Cu, Mn and Mg. Mean
total feed nutrients uptaken by different weight classes
reported in Table 4. The percentage of feed nutrients
uptake by fish (20 to 191 g) varied in different
treatments.
Water quality parameters: Total ammonia nitrogen
ranged 0.73 to 9.66 mg L-1, nitrate-N 0.03 to 9.77
mgL-1, total inorganic nitrogen 6.50 to 19.34 mg L-1,
Ec 0.16 to 0.50 mmhos/cm and pH 7.26 to 5.89 (with
a decrease in all treatments) during the experimental
period.
Macro-elements concentration: The phosphorus (P)

increased in all the treatments during the experiments.
After one week, it showed significant differences
(P<0.05) between treatments. The highest
concentration was recorded in the treatment with 20 g
fish i.e. P was lower in the treatments with higher
weight and it reached to 19.33 mg L-1 in 80 g treatment
after 2 weeks (Table 5). Mg showed significant
differences (P<0.05) in all treatments during the
experiment. The Mg increased in 80 and 120 g
treatments with 10.83 and 11.9 mg L-1, respectively
(Table 5). Calcium was not different (P>0.05)
between treatments and its lowest concentration was
measured in 120 g group, and the highest values in 20
and 180 g groups, (24.67 mg L-1). The concentration
of K in 80, 120 and 180 g groups increased during the
experiment and it was higher (39.33 mg L-1) in 180 g
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treatment (Table 6).
Discussions
Based on the results, the nutrients uptake by fish per
unit (kg) with the same biomass was different in
different weight classes, showing that the nutrient
requirements of red tilapia changed during its life
cycle. It was estimated that the red tilapia on average
can assimilate 11.46% Fe, 13.43% Zn, 6.81% Mn,
3.55% Cu, 26.81 Ca %, 20.29% Mg, 32.53% N, 7.16%
K and 15.98% P of feed supply during rearing period.
The assimilation rate of 32% (Quillere et al., 1993),
and 40-43.2% (Siddiqui et al., 1988; El Sayed, 1990)
for feed nitrogen reported for the fingerling and breed
of tilapia in the conventional system while this was
20% for a male population in RAS without using plant
(Suresh and Lin, 1992), 31% with a mixed population
(Rakocy et al., 1993) and 37.4% for a male population
(Zweig, 1986) and 29% by fish and shrimp
(Avnimelech and Ritvo, 2002). It was calculated that
averagely 88.54% Fe, 93.19% Mn, 86.57% Zn,
96.44% Cu, 73.19% Ca, 79.71% Mg, 67.47% N, 92.84
% K and 84.02% P of input feed were released to the
culture system in the form of faecal material, urine and
ammonia gas excretion forms. Other works have
reported the rates of 20-40% of feed nitrogen as
nitrogen excretion in the form of ammonia-N by fish.
If 39.29% of feed nitrogen excreted in the form of
ammonia by the red tilapia (Rafiee et al., 2019), a
simple calculation shows that 25% of the feed nitrogen
remained in the fecal materials as organic nitrogen.
The composition i.e. the chemical form in which the
minerals are present and the quantity of minerals in
feed affect the feed availability to the fish. In this
experiment, different weight groups of red tilapia were
exposed to constant dietary nutrient input. The results
showed that body size (biomass changes or density)
affects the assimilation rates of some minerals
supplied by the feed.
The levels of Mg in the feed supply have more
effect on fish growth when combined with the
adequate protein supply and its uptake reaches a
higher level when it combined with a low protein
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supply (Dabrowska et al., 1991). The concentration of
Mg in a whole body of carp fed with a diet with protein
levels of between 24-34% ranged from 590 to 1000
mg kg-1. An increase in the Mg concentration in the
diet can causes more uptake of Mg (Dabrowska et al.,
1991). The Mg concentration in the whole body of
rainbow trout linearly increases with increasing the
Mg content in fish diet and the optimum uptake
between 299 to 385 mg kg-1 for wet weight of rainbow
trout has been reported (Shearer, 1989). The mean
concentration of Mg in the diet used in this experiment
was 4.240 mg kg-1 and its uptake in the whole body as
significantly different between treatments ranging 920
to 1010 mg kg-1 (dry weight), with the highest level in
the 63 g group. Increasing Mg concentration in water
led to a significant increase in Mg uptake by rainbow
trout, and it depends on dietary Mg supply as well
(Shearer and Asgard, 1992). In contrast, the lowest
concentration of Mg recorded in the 40 g group (63 g
at the harvest time). Based on these results, fish weight
affects Mg retention in red tilapia and the Mg content
of the diet was at the optimum level for red tilapia
growth.
The requirement of fish for phosphorous depends
on the fish species, feed composition and form of
phosphorous supply. Phosphorous from vegetable
feed components has an availability of 20-50% in carp
and trout (NRC, 1983). The P concentration in the
whole body of rainbow trout increase with an increase
in dietary P content, and its concentration in a diet
containing 3.4-8.6 g kg-1 (dry matter) causing P uptake
between 3 to 4.3 g kg-1 of body weight (wet weight).
The concentration of P in the present work was 11.8 g
kg-1, and uptake was measured 9.4 to 12.6 g kg-1 (dry
weight). The highest concentration was recorded in
the 63 g group. The concentration of P in water was
significantly different between the treatments, but not
significant in weight classes. Comparing these results
to the previous work on rainbow trout (Nakamura,
1982), indicates that P requirement of red tilapia is
greater. There is a negative linear correlation between
calcium content of the diet and the amount of P
absorbed by carp (Nakamura, 1982). This relationship
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in 63 g group can be related to the high concentration
of Ca in the water compared to others.
Zn deficiency affects the fish growth rate (Hidalgo
et al., 2002). A considerable excretion of Zn via the
gills has been reported with faecal Zn excretion, which
consists of both unabsorbed Zn and endogenous Zn.
An amount of 5 to 20 mg kg-1 Zn in the diet is
considered for trout and carp (Ogino and Yang, 1978)
and that in our experiment was higher (56 mg kg-1).
The uptake of Zn in the body of different weight
groups ranged 24 to 51 mg kg-1 showing significant
differences between groups. The Zn in the whole body
of rainbow trout has been reported 36 to 120 mg kg -1,
when the Zn in the diet and water supply were 1 to 590
mg kg-1 and 0.007 to 0.148 mg L-1, respectively (Spry
et al., 1988). Zn concentrations in the water linearly
increase with an increase in the Zn content of diet and
has a high turnover (Wekell et al., 1992). High
concentration of Ca-phosphate is considered the
reason for the low availability of Zn in diets containing
higher fishmeal. The direct addition of different levels
of Ca-phosphate resulted in a significant decrease in
Zn concentration in the trout (Spry et al., 1988; Scarpa
and Gatlin, 1992).
Severe dietary deficiency of the elements such as
Cu, Mn, and Fe in the fish is generally resulted a
decrease in the growth rates (Ogino and Yang, 1978).
Experiments with semisynthetic ratios suggest a diet
containing 12-20 mg Mn kg-1 to cover the
requirements of carp and rainbow trout (Ogino and
Yang, 1978). The concentration of Mn in the supplied
feed of the current experiment was 30 mg kg-1, higher
than the levels suggested for carp and rainbow trout
(Ogino and Yang, 1978). The Mn uptake in red tilapia
ranged 3 to 7 mg kg-1, higher in 63 g group. The
availability of Mn in inorganic compounds differ
according to the form of the bond within a compound
(Satoh et al., 1987), with use of MnSO4 and MnCl2
showing higher availability than MnCO2 or MnO2.
The Fe storage in the liver is significantly reduced
in the cases of Fe deficiency (Walker and Fromm,
1976). The Fe concentration in the diet was 1090 mg
kg-1. The recommended level of Fe in the diet of carp

and rainbow trout varies 60 to 50 mg kg-1 (Cho and
Cowey, 1991). Fe in different treatments was not
significantly different, indicating that the high levels
of Fe in the diet met the requirements of red tilapia and
fish weight was not significantly affected by Fe
retention. Reductions in the Fe, Mn, Cu, and Zn may
be attributed to chemical interactions leading to
precipitation or low concentration of these elements in
the waterborne. The concentration of these elements
in the different weight groups of red tilapia was higher
compared to carp and rainbow trout, indicating higher
requirements of red tilapia. As conclusion, it can be
mentioned that red tilapia can assimilate 11.46% Fe,
13.43% Zn, 6.81% Mn, 3.55% Cu, 26.81 Ca %,
20.29% Mg, 32.53% N, 7.16% K and 15.98% P
content of the feed supply. It was also demonstrated
that the nutrient requirements of red tilapia are
different during its life stage stages.
References
APHA (American Public Health Association) (1980).
American Water Works Association, and Pollution
Control Federal. 16th Ed. APHA, Washington DC.
1268 p.
Avnimelech Y., Ritvo G. (2001). Aeration, mixing and
sludge control in shrimp ponds. Global Aquaculture
Alliance, 4: 51-53.
Cho Y.C., Cowey C.B. (1991). Rainbow trout,
Oncorynchus mykiss, In: R.P. Wilson (Ed.). Handbook
of Nutrient Requirements of Finfish. CRC Press.
London. pp: 131-143.
Dabrowska H., Meyer-Bourgdoff K.H., Gunther K.D.
(1991). Magnesium status in freshwater fish, common
carp (Cyprinus carpio, L.) and dietary magnesium
interaction. Fish Physiology Biochemistry, 9:165-172.
El-Sayed A.M. (1990). Long-term evaluation of cotton
seed meal as a protein source for Nile tilapia,
Oreochromis niloticus L. Aquaculture, 84: 315-320.
Hatch Company (1991). Digital, Digestion Apparatus,
Instrument Manual. Printed in USA.
Hidalgo M.C., Expósito A., Palma J.M., Higuera M.
(2002). Oxidative stress generated by dietary Zn
deficiency: studies in rainbow trout (Oncorhynchus
mykiss). International Journal of Biochemistry and Cell
Biology, 34(2): 183-193.
Nakamura Y. (1982). Effect of dietary phosphorus and

Int. J. Aquat. Biol. (2020) 8(5): 337-343
calcium contents on the absorption of phosphorus in the
tract of carp. Bulletin of the Japanese Society of
Scientific Fisheries, 48: 409-413.
NRC. (1983). Nutrient requirement of warm water fishes
and shellfishes. National Academy press. Washington
DC.
Ogino C., Yang G.Y. (1978). Requirement of rainbow trout
for dietary Zn. Bulletin of the Japanese Society of
Scientific Fisheries, 49: 425-429.
Parsons T.R., Maita Y., Lalli C.M. (1984). A manual of
chemical and biological methods for sea water analysis.
Pergamon Press Ltd., Oxford. 173 p.
Quillere I., Marie D., Roux L., Gosse F., Morot-Guadry J.F.
(1993). An artificial productive ecosystem based on a
fish/bacteria/plant association. 1. Design and
management.
Agriculture,
Ecosystems
and
Environment, 47: 13-30.
Rakocy J.E., Hargreaves J.A., Bailey D.S. (1993). Nutrient
accumulation in a recirculating aquaculture system
integrated with hydroponic vegetable production. In:
J.K. Wang (Ed.). Techniques for Modern Aquaculture.
Proceedings of a Conference, 21-23 June 1993,
Spokane, WA. pp: 148-158.
Rafiee G.R., Saad C.R., Kamarudin M.S., Sijam K., Ismail
M.R., Yusop P. (2002). A simple technical feasibility
for production of fish and vegetable in an integrated
recirculating system, Proceeding of Second
International Conference on Sustainable Agriculture for
Food, Energy and Industry, Beijing, 8-12 September
2002.
Rafiee G.R., Saad C.R. (2005). Nutrient cycle and sludge
production during different stage of red tilapia
(Oreochromis sp.) growth in a recirculating aquaculture
system. Journal of Aquaculture, 244: 109-118.
Rafiee G.R., Saad C.R., Kamarudin M.S., Ismail M.R.,
Sijam K. (2019). Effects of supplementary nutrient in an
aquaponic system for production of ornamental red
tilapia (Oreochromis sp.) and lettuce (Lactuca sativa var
longifolia). Survey in Fisheries Sciences, 5(2): 65-75.
Sathoh S., Yamamoto H., Takeuchi T., Watanabeh T.
(1987). Effects on growth and mineral composition of
carp of deletion of trace elements or magnesium from
fish meal diet. Bulletin of the Japanese Society of
Scientific Fisheries, 49: 431-435.
Scarpa J., Gatlin D.M. III. (1992). Dietary Zn requirements
of Channel catfish (Ictalurus punctatus) swim up fry in
the soft and hard water. Aquaculture, 106: 311-322.

343

Sirimannaa S.R., Dissanayaka C. (2019). Effects of culture
conditions on growth and survival of Poecilia sphenops
and Poecilia reticulata. International journal of Aquatic
Biology, 7(4): 202-210.
Shearer K.D. (1989). Whole body magnesium
concentration as indicator of magnesium status in rain
bow trout (Salmo gairdneri). Aquaculture, 77: 201-210.
Shearer K.D., Asgard T. (1992). The effect of water-borne
magnesium on the dietary magnesium requirement of
rainbow trout (Oncorynchus mikiss). Fish Physiology
and Biochemistry, 9: 387-392.
Siddiqui A.Q., Howlader M.S., Adam A.A. (1988). Effects
of dietary protein levels on growth, feed conversion and
protein utilization in fry and young Nile tilapia,
Oreochromis niloticus. Aquaculture Engineering, 11: 122.
Suresh A.V., Lin C. (1992). Effect of stocking density on
water quality and production of red tilapia in a recirculated water system. Aquaculture Engineering, 11:
1-22.
Spry D.G., Hudson P.V., Wood C.M. (1988). Relative
contribution of dietary and water borne Zinc in the
rainbow trout. Comparative Biochemistry and
Physiology, 55A: 311-1125.
Tacon A.G.J. (1995). Application of nutrient requirement
data under practical condition: special problems of
intensive and semi- intensive fish farming systems.
Journal of Applied Ichthyology, 11: 205-214.
Walker D.M. (1992). System dynamics and the roles of
plant within a Hydro /Aquatic system. Dickenson
College Carlisle Pa. USA.
Wekell J.C., Shere K.D., Gauglit J.J, (1986). Zinc
supplementation of trout diets: Tissue indicators of
body Zinc status. Prog. Fish-Culture, 48: 205-212.
Zweig R.D. (1986). An integrated fish culture hydroponic
vegetable
production
system.
Aquaculture
Management, May/June, 34-40.

