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Abstract

An 8-week experiment was conducted to determine the cobalt and zinc
requirements of fry of seabass (Lates calcarifer) and catfish (Clarias
batrachus). Fifteen diets for each fish were formulated with varying
concentrations of cobalt and zinc, alone and in combination. The control diet
was not supplemented with cobalt or zinc. The diets for L. calcarifer had 45%
protein, while the diets for C. batrachus had 30%. The diet that produced the
best growth for L. calcarifer (1100%) contained 2.5 mg Co + 45 mg Zn/kg
diet and for C. batrachus (1149%) contained 5 mg Co + 30 mg Zn/kg.
Growth in the control L. calcarifer was 738% and in the control C. batrachus
was 428%. For both species, the food conversion ratios were best in the
above diets, 1.17+0.52 for L. calcarifer and 1.40+0.62 for C. batrachus as
opposed to 1.89+0.39 and 2.54+0.61 for the respective controls.
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Introduction
Enhancement of growth of fish species may be achieved by genetical manipulation or
with growth promoters that improve metabolic efficiency and antioxidant enzyme activity
(Wang et al., 2009). Zinc and cobalt are growth promoters in fish as they regulate
enzymatic activity (Watanabe et al., 1997). Deficiency of zinc or cobalt renders poor
appetite, poor growth, less synthesis of hemoglobin, erythrocyte maturation, and anemia
(Hazell, 1985; Stickney, 1994).

Growth in Oreochromis niloticus, Mugil cephalus, and Liza ramada significantly
increases when fed diets containing cobalt chloride (Davis and Gatlin, 1991; Hamza and
Kenawy, 1997; Mahmoud, 2009). However, the dietary requirements of Co and Zn in
freshwater fish species depend on the amount of mineral elements that exists in the
surrounding water body (Hepher, 1990). Cobalt is adsorbed and desorbed to and from
pond sediments (Adhikari and Ayyappan, 2002) and various water bodies have relatively
high concentrations of Co and Zn (Kim and Paul, 2006).

Formulated diets can provide additional minerals for optimum growth of fish
(Lorentzen and Maage, 1999; Jahan et al., 2000; Storebakken et al., 2000). The
inclusion of cobalt in the diet of Tilapia zillii enhances the growth rate (Anadu et al.,
1990; Hossien et al., 2008). The optimum dietary cobalt requirement for common carp is
0.1% (Mukherjee and Kaviraj, 2009). The zinc requirement is 20 mg/kg feed for channel
catfish (Ictalurus punctatus), 15-30 mg/kg feed for common carp (Cyprinus carpio), 30
mg/kg for rainbow trout (Salmo gairdneri; De Silva and Anderson, 1995), and 30 mg
Zn/kg for fingerlings of tilapia (O. niloticus; Eid and Ghonim, 1994).

In this study, we examined the zinc and cobalt requirements for fry of seabass (Lates
calcarifer) and catfish (Clarias batrachus), two preferred fishes for aquaculture.

Materials and Methods

Fry of seabass (Lates calcarifer) were procured from a natural seed collection center at
Poynad, Raigad District, India, and acclimatized in a plastic pool (710 |) in the laboratory
for one week. Fry of catfish (Clarias batrachus) were obtained from a local supplier and
acclimatized in the laboratory conditions as above. During acclimatization, the fry were
fed brine shrimp nauplii to satiation. At the start of the experiment, 20 fry were randomly
selected and stocked into each of 48 aerated aquaria (40.5 ). The fry were fed an
artificial diet for one week before the experiment began. Sixteen 45% protein diets for
seabass fry (Cuzon and Fuchs, 1988; Singh et al., 2005) and sixteen 30% protein diets
for catfish fry (Giri et al., 1999) were formulated from a basal diet (Table 1). Cobalt (Co)
in the form of cobalt chloride and zinc (Zn) in the form of zinc chloride were mixed into
the diets before pelletization in varying concentrations - 2.5, 5.0, or 7.5 mg Co/kg feed
and 15.0, 30.0, or 45.0 mg Zn/kg feed.

The experiment was conducted in

Table 1. Ingredients and proximate composition triPlicate (15 experimental diets + one
of basal diets for fry of seabass (Lates calcarifer) control). Feed was offered at the rate of
and catfish (Clarias batrachus). 10% of the body weight (Singh et al.,
2005) twice daily (10:00 and 16:00).

Seabass Catfish S .
- Water (stored drinking water devoid of
Ingredient (%) .
, 1 - I zinc and cobalt) was exchanged at a rate
Fishmeal 48 Fishmeal 40.65 o
) > : 2 of 25% per day. The study was
Groundnut oil cake 30 Groundnut oil cake 26.40 ducted f iaht K p t
Rice bran® 12 Rice bran 19.35 conducte or eig Weeks. ercen

Bombay duck meal’ 10 Wheat flour 13.60 Weight gain and feed conversion ratio

Proximate composition (%) were determined weekly. Weight gain

Protein 45.00 Protein 30.00 (%) was computed as 100(final wt -
Lipid 8.11 Lipid 6.908 initial wt/initial wt) and the feed
Moisture 12.26 Moisture 7.55 conversion ratio (FCR) as wt of feed
Ash 4.04 Ash 12.06 offered/wt gain (Stickney, 1994). Water
! from landing center at Mumbai, India temperature, dissolved oxygen, and total
2 from local supplier, Panvel, India alkalinity were analyzed as per

3 from private rice mill, Panvel, India procedures of APHA (1998) Water pH
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was determined with an electronic digital pH meter (APX 175 E/C).

The proximate compositions of the diets were analyzed using standard methods of
AOAC (1995). Data were statistically analyzed by two-way analysis of variance (ANOVA)
at p<0.05 (Snedecor and Cochran, 1982). Significant differences among means were
examined using Duncan's multiple range test (Duncan, 1971).

Results
Water parameters are shown in Table 2. Growth and feed efficiency are shown in Table 3.

Table 2. Average physico-chemical parameters during cobalt and zinc dietary experiment.

Week

Water parameter Initial

Seabass (Lates calcarifer)

Dissolved oxygen (mg/l) 6.2-6.3 5.8-6.0 6.0-6.2 6.2-6.3 6.0-6.3 6.1-6.2 5.9-6.2 5.9-6.3 6.0-6.3

Temperature (°C) 28 28 27 27 27 27 27 27 27
Alkalinity (mg/I) 61-63 62-63 63-64 63-64 60-62 62-63 61-63 62-64 61-63
pH 7.1-7.2 7.0-71 7.2-7.3 7.0-7.2 7.1-7.2 7.0-7.2 7.1-7.3 7.1-7.2 7.0-7.2

Catfish (Clarias batrachus)

Dissolved oxygen (mg/l) 6.1-6.2 6.0-6.3 5.8-6.0 5.9-6.1 6-1-6-2 5.9-6.0 6.0-6.1 5.8-6.0 6.1-6.2

Temperature (°C) 29 29 29 29 29 29 29 29 29
Alkalinity (mg/l) 60-62 61-63 62-64 61-63 61-63 59-62 60-62 61-63 59-62
pH 7.0-7.1 7.1-7.2 7.2-7.3 7.1-7.2 7.2-7.3 7.0-7.1 7.1-7.2 7.0-7.1 7.2-7.3

Table 3. Growth and feed conversion ratio (FCR) of fry of seabass and catfish fed diets
containing different levels of cobalt (Co) and zinc (Zn).

Sea bass Catfish
" ) wt » ) wt
Diet Initial Final gain FCR Initial Final gain FCR
wt (g) wt (g) (%) wt (g) wt (g) (%)
Control 0.24+0.01 2.01+0.17® 738 1.89+0.39®> 0.50+0.06 2.67+0.38° 428 2.54+0.61°
2.5 mg Co 0.24+0.02 2.31+0.36° 863 1.47+0.16° 0.50+0.08 3.12+0.14° 517 1.77£0.15°
5.0 mg Co 0.24+0.04 2.27+£0.19° 846 1.53+0.14° 0.50+0.01 3.87+0.36° 665 1.86+0.37°
7.5 mg Co 0.24+0.03 2.14+0.47° 792 1.51+0.72° 0.50+0.05 4.10+0.54° 712 1.93+0.42¢°
15 mg Zn 0.24+0.06 2.17+0.83° 804 1.35+0.11¢% 0.50+0.03 3.28+0.73° 550 1.84+0.31°
30 mg Zn 0.24+0.03 2.19+0.16° 813 1.78+0.69° 0.50+0.03 4.93+0.11® 876 1.67+0.74°
45 mg Zn 0.24+0.07 2.52+0.11% 950 1.59+0.40° 0.50+0.09 5.11+1.36" 911 1.94%0.60¢

2.5 Co+15mg Zn 0.24+0.05 2.49+0.38° 938 1.68+0.979 0.50+0.07 3.38+0.71° 568 1.81+0.48°
2.5 Co+30 mg Zn 0.24+0.08 2.37+0.51° 888 1.50+0.63° 0.50+0.03 5.80+£0.32% 1047  1.49+0.71f
2.5 Co+45 mg Zn 0.24+0.03 2.88+0.64° 1100 1.17+0.52" 0.50+0.06 5.47£0.22% 981 1.76%0.82°
5.0 Co+15 mg Zn 0.24+0.02 2.62+£0.19¢ 992 1.35+0.14Y 0.50+0.06 3.99+0.21° 690 1.83+0.17°
5.0 Co+30 mg Zn 0.24+0.07 2.58+0.32° 975 1.58+0.10° 0.50+0.03 6.32+0.73" 1149  1.40+0.62f
5.0 Co+45 mg Zn 0.24+0.01 2.71+0.69" 1029 1.22+0.36" 0.50+0.02 5.89+0.669 1064 1.58+0.309
7.5 Co+15 mg Zn 0.24+0.06 2.49+0.17° 938 1.78+0.78° 0.50+0.07 3.19%£0.14° 531  1.83+0.12°
7.5 Co+30 mg Zn 0.24+0.06 2.55+0.18° 963 1.84+0.49% 0.50+0.01 3.91+0.73° 674 1.71+0.59°
7.5 Co+45 mg Zn 0.24+0.01 2.57+0.63° 970 1.70+0.83% 0.50+0.08 3.87+0.61° 665 1.69+0.71°¢

Means in a column identified by different superscripts significantly differ (p<0.05).

Discussion
The weight of both L. calcarifer and C. batrachus increased significantly in all the
treatments as compared to the control. Percent weight gain was much higher in
treatments containing both cobalt and zinc. Similar results were recorded for fry of
Osteobrama belangeri (Azad, 1997) and O. niloticus (Mahmoud, 2009), suggesting that
feed intake and, thereby, weight gain are influenced by levels of cobalt and zinc, which
play a role in enzymatic activities involved in metabolic and biochemical processes in the
body (Dabrowski et al., 1993; Guillaume et al., 2001). Dietary cobalt and zinc stimulate
oxygen chemoreceptors and hypoxic reflexes (Maage and Julshamn, 1993; Apines et al.,
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2001; Tan and Mai, 2001). The differences in Co and Zn requirements of L. calcarifer and
C. batrachus could be attributed to differences in their metabolic rates, feeding habits,
age, sex, and species (Kotze et al., 1999). The best FCR was achieved with the 2.5 mg
Co+45 mg Zn diet for L. calcarifer and the 5 mg Co+30 mg Zn diet for C. batrachus.
Likewise, in O. belangeri, the best FCR was achieved by fry fed a diet containing 5 ppm
Co+45 ppm Zn (Azad, 1997). Juvenile Atlantic salmon fed a diet containing 100 mg
Zn/kg had a good growth rate but feed conversion efficiency dropped from 1.02 to
0.89% (Shearer et al., 1992).

The zinc requirement of carp ranges 15-30 mg Zn/kg (Gatlin and Wilson, 1983). High
dietary concentrations of Zn and Co accumulated in body tissues when a diet containing
2000 mg Zn/kg diet was fed to common carp (C. carpio), grass carp (Ctenopharyngodon
idellus), and tilapia (Oreochromis aureus) for eight weeks and dropped when the
concentration was reduced to 50 mg Zn/kg diet (Sun and Jeng, 1999). Also, accumulated
Zn in the digestive tract tissues of common carp decreased when the dietary Zn was
reduced to a normal (50 mg/kg) or deficient (4 mg/kg) level for four weeks (Sun and
Jeng, 1999).

Fingerling Nile tilapia fed a diet supplemented with 30 mg Zn/kg showed better
growth than those fed a diet containing 5 mg Zn/kg (Eid and Ghonim, 1994). The
optimum level of zinc (44.50 mg/kg diet) improved the weight gain of juvenile O.
niloticus (do Carmo e Sa et al., 2004) while a higher weight gain and feed efficiency was
obtained in Epinephelus malabaricus fed diets containing 10.7 and 20.7 mg Co/kg (Lin et
al., 2010). Fish living in contaminated sediments, water, or biotic communities,
accumulate metals in their body (Shahunthala, 1989; McCarthy and Shugart, 1996;
Jezierska and Witesta, 2001). In the present investigation, Zn levels were low.

In conclusion, the 2.5 mg Co+45 mg Zn/kg diet promoted the best growth in L.
calcarifer fry and the 5 mg Co+30 mg Zn/kg diet maximized growth in C. batrachus fry
grown in freshwater culture using cobalt and zinc deficient water.
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