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Background. Cobalt (Co) is an essential mineral required in trace quantity in the diet of fish. Although freshwater fish are capable of accumulating adequate quantity of trace minerals from the medium, Co is extremely scarce
in the freshwater resources. Therefore, freshwater fish require a supplement of Co in the diet. Since information
regarding requirement of Co for growth and its balance in the body of fish is poorly documented there is scope
to quantify requirement of cobalt for common carp.
Materials and Methods. Two separate trials were made with fingerlings of common carp, Cyprinus carpio:
a growth trial made in outdoor cement tanks for 60 days and a digestibility trial made in 15-L glass aquaria in the
laboratory for 7 days. Four experimental diets (average crude protein 30.94%) supplemented by four different
levels of Co (0.00%, 0.05%, 0.10%, and 1.0%) were formulated and tested in these two trials. Growth was evaluated from gain in weight, specific growth rate, feed conversion ratio, and deposition of protein and lipid in the
body of the fish. Apparent protein digestibility (APD) of the diets was evaluated from the proportion of chromium (Cr) and protein in the diet and faeces. Water qualities were checked every week and levels of Co in liver,
kidney, gill, gut, and caudal trunk of the fish were determined by atomic absorption spectrophotometer at the end
of 60 days in the growth trial.
Results. Fingerlings of C. carpio fed 0.1% to 1.0% cobalt-supplemented diet (CSD) showed significantly higher growth than the control diet. Although conversion rate, weight gain and SGR were significantly higher in
0.05% CSD as compared with control diet (0.00% CSD), there was no significant difference in apparent protein
digestibility (APD), apparent net protein utilization (ANPU), and deposition of crude protein in the body between
fish fed control and 0.05% CSD. Fish fed 1.0% CSD showed significantly higher level of Co in different tissues
as compared with other diet groups.
Conclusion. It is concluded from the present study that dietary supplement of Co (0.1% to 1.0%) serves as a
growth promoter for common carp. Increased growth with no additional tissue burden of Co is achieved at 0.1%
dietary Co, while a higher level of supplement (1.0%) may result in increased deposition of Co in different tissues.
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INTRODUCTION
Cobalt (Co) is one of the thirteen minerals that have
been demonstrated to be essential components in the diet
of fish (Davis and Gatlin 1991). Cobalt is a part of vitamin B12 and is concerned with nitrogen assimilation, erythrocyte maturation and synthesis of haemoglobin
(Ashley 1972, Hazell 1985). Intestinal microorganisms
help to synthesize vitamin B12 in fish, but removal of
cobalt from the diet reduce intestinal synthesis of vitamin
B12 (Lovell and Limsuwan 1982). Deficiency of vitamin
B12 causes several abnormalities including poor appetite,
poor growth, low haemoglobin, and anaemia in fish
(Stickney 1994). Cobalt is thus essential for fish. Since
*

freshwater fish are capable of absorbing minerals from the
surrounding water in addition to the food ingested, the
dietary requirement of a freshwater fish species for a particular element depends to a large extent on the concentration of the element in the medium (Hepher 1990).
But, Co is extremely scarce in freshwater bodies. While
the concentration of Co ranges from 4–12 µg · L–1 in the
river water of Germany, it ranges from 1 to 36 µg · L–1 in the
rivers of USA (Barałkiewicz and Siepak 1999). KaradedeAkin and Ünlü (2007) detected trace to 0.08 mg · L–1 Co in
the water in a section of the Tigris River in Turkey. In
several other countries the uncontaminated natural waters
have been found to contain no more than a few
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micrograms per litre of Co (Anonymous 1991,
Hem 1992). We did not find any report of Co in any river
or other freshwater bodies in India. Cobalt was also not
detected in the medium used in the present experiment.
Because of these uncertainties of Co in the freshwater
medium, freshwater fish requires a supplement of Co in
the diet for its optimum growth. But there is little information regarding requirement of Co for growth and its
balance in the body of fish (Hasan 2000). Although animal and plant feed stuff used in the artificial feed formulation generally provide an adequate quantity of minerals
(Gatlin and Wilson 1986, Jahan et al. 2000, Storebakken
et al. 2000) some species of fish require additional supply
of some minerals for optimum growth (Lorentzen and
Maage 1999). There is evidence that fish reared with
cobalt supplemented diet show significant increase in
growth over fish fed control diets with no supplement of
Co (Anadu et al. 1990, Hossein et al. 2008).
However, requirement of a metal in the diet of fish
needs to be carefully screened to ensure that the metal is not
accumulated in unnecessarily high level and elicits toxicological effects. A deficiency of micronutrients may result in
increased accumulation of heavy metals from the environ-

ment (Golovanova 2008). Kidney, liver, gill, and gut tissues are the principal sites of heavy metal accumulation in
fish (Popov et al. 2002, Farkas et al. 2003). Co is also accumulated in the soft tissues of fish (Bird et al. 1999).
However, accumulation of Co from diet and its distribution in different tissues of carp are not precisely known.
The objective of the present study was to evaluate if
dietary supplement of Co could increase the growth of
common carp (Cyprinus carpio) and to determine accumulation of Co in different tissues in response to different
levels of dietary Co.

MATERIALS AND METHODS
Two different trials were made with the fingerlings of
Cyprinus carpio: a growth trial and a digestibility trial.
Fingerlings of the fish (average length: 45.39 ± 2.75 mm;
average weight: 1.02 ± 0.26 g) were collected from a local
hatchery (Malakshmi Matshya Industries, Kalna, West
Bengal) and were stocked in 50-L glass aquaria containing
tap water (temperature 29.0 ± 0.2°C; pH: 7.5 ± 0.1, DO:
7.7 ± 0.2 mg · L–1, total alkalinity: 70.8 ± 3.8 mg · L–1
as CaCO3). The fish were acclimatized in this condition
for one week before using in any trial. During acclimatiTable 1

Ingredient and proximate composition of the experimental diets
Diets (% Co as supplement)

Ingredient
[%]

T1 (0.00)

T2 (0.05)

T3 (0.10)

T4 (1.00)

Rice bran

10.57

10.57

10.57

10.57

Wheat flour

21.14

21.14

21.14

21.14

Mustard oil cake

42.29

42.29

42.29

42.29

Fishmeal

22

22

22

22

Vitamin premix

1

2

2

2

2

Mineral premix

2

2

2

2

2

CoCl2.6H2O

0

0.2

0.4

4.04

CMC

4

0.5

0.5

0.5

0.5

Cr2O3

5

0.1

0.1

0.1

0.1

3

Proximate composition [g · kg–1 dry matter basis]
Dry matter

900.0

897.9

890.0

888.0

Ash

160.0

150.0

155.0

170.0

Moisture

100.0

102.1

110.0

112.0

Crude protein

313.0

312.0

311.7

300.9

40.1

39.4

38.8

37.5

Crude fat

Contains [%]: (Ambiplex; Brihans Lab, Pune): vitamin B1: 7.14, vitamin B2: 2.55, vitamin B6: 1.02, vitamin B12:
0.012, biotin: 0.025, calcium pantothenate: 2.55, niacin: 76.50, cholin chloride (B4): 10.20.
2 Contains [%]: calcium lactate (1.71), CaSO · 2H O (13.65), CaCl · 2H O (68.13), KH PO (04.26), KCl (03.75),
4
2
2
2
2
4
NaCl (04.44), Na2CO3 (01.02), MgSO4 · 7H2O (01.71), FeSO4 · 7H2O (0.68), ZnSO4 (0.03), KI (0.55), MnSO4 (0.07).
3 Used
P
as source of dietary cobalt [g per 100 g diet].
4 Carboxymethyl cellulose used [g per 100 g diet] as binder.
5 Used as a non-absorbent reference substance only in the diets used in the digestibility experiments.
1
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zation, the fish were fed ad libitum a diet containing 30%
crude protein. The acclimatized fingerlings were stocked
in outdoor tanks at a stocking density of forty fingerlings
per tank.
Experimental diets were prepared with raw ingredients such as mustard oil cake, rice bran, fishmeal and
wheat flour and were formulated to contain approximately 30.94% crude protein (Table 1). The prepared diet also
contained trace amount of Co (7.48 ± 0.04 µg · g–1)
before supplementation of the diet by the metal. Cobalt
(II) chloride, hexahydrate was added in required quantity
to the prepared diet to make four experimental diets with
four different levels of dietary cobalt: 0.0% (T1), 0.05%
(T2), 0.10% (T3), and 1.00% (T4) (Table 1). To test protein digestibility of the diets, 1.0% chromic oxide (Cr2O3)
was added to each diet separately. All diets were prepared
in pelleted form using 0.5% carboxymethyl cellulose as
a binder and the pellets were sun-dried for a few days
before use in the trial.
The growth trial was made in 400-L outdoor cement
tanks. Each tank was stocked with 40 acclimatized fingerlings. Altogether twelve tanks were arranged according to
randomized block design so that fingerlings could be
reared in three replicates for each of the four dietary conditions (Table 1). The fish were fed twice daily at an interval of eight hours at a fixed ration of 5% of the body
weight. Samples of fish were bulk weighed every fortnight and the quantity of the feed required for each tank
was readjusted. Samples of water were collected every
week to determine water quality parameters. All fish from
each outdoor tank were sampled at the end of 60-day trial;
length (mm) and weight (g) of the fish were recorded and
five sampled fish from each tank were subjected to biochemical analyses to determine moisture, crude protein,
lipid and ash content (g · kg–1 wet weight basis) of the

fish. Percent increase in weight, specific growth rate
(SGR % per day), feed conversion ratio (FCR), protein
efficiency ratio (PER), and apparent net protein utilization
(ANPU %) were calculated using standard methods
(Steffens 1989).
The digestibility trial was conducted in 15-L glass
aquaria. Each aquarium was stocked with 10 fish. The fish
were fed a ration at 5% of their body weight. The ration
was provided at 0800 h and the fish were allowed to eat for
6 h. Left over diets were collected after 6 h of feeding,
oven-dried, and weighed. The leaching rate was estimated
by placing weighed diets in aquaria without fish for 6 h
and then recollecting, drying and re-weighing the diets.
The average leaching rate was used to calibrate the amount
of uneaten diets. Faecal samples were collected by siphoning from each aquarium continuously at a 3–4 h interval
for a period of 17 h after the removal of uneaten diets. To
minimize nutrient leaching, only fresh and intact faeces
were collected and dried to a constant weight at 60°C in an
oven. Apparent protein digestibility (APD %) of the diet
was calculated from the proportion of Cr and protein in the
diet and faeces following the methods described by
Ellestad et al. (2002) and Mondal et al. (2008).
Chemical analyses and data collection. Proximate
analyses of the experimental diets were performed following the AOAC procedures (Helrich 1990) as follows: moisture was determined by oven drying at 105ºC for 24 h;
crude protein (Nitrogen * 6.25) was determined by
micro–Kjeldahl digestion; total lipid was determined by
extracting the residue with 40–60ºC petroleum ether for
7–8 h in a Soxhlet apparatus and ash was determined by
ignition at 550ºC in a Muffle furnace to a constant weight.
Concentration of Co in the tissues, and Cr in the diets and
faeces were determined by flame atomic absorption spectrophotometer (Varian Spectra AA240) located in the

Table 2
Digestibility and growth of common carp, Cyprinus carpio, fingerlings fed cobalt-supplemented diets
Parameter
Initial weight [g]

T1

T2

1.02 ± 0.26

T3

1.02 ± 0.26

T4

1.02 ± 0.26

1.02 ± 0.26

Gain in weight [%]

72.99 ± 2.94

85.30 ± 3.43

84.38 ± 3.31

APD 1 [%]

84.11 ± 0.71a

83.57 ± 1.55a

88.91 ± 1.01 b

90.93 ± 0.13 c

FCR 2

2.97 ± 0.03a

2.70 ± 0.09b

2.58 ± 0.11b

2.12 ± 0.24c

SGR 3 [% per d]

0.39 ± 0.01a

0.44 ± 0.02b

0.45 ± 0.03b

0.52 ± 0.02c

PER 4

2.15 ± 0.09a

2.59 ± 0.10b

2.64 ± 0.10b

3.50 ± 0.33c

18.38 ± 0.74a

22.73 ± 1.52a

28.13 ± 3.13 b

29.03 ± 3.23b

ANPU5 [%]

a

b

b

108.57 ± 10.31c

Data are mean ± SD (n = 10); means with dissimilar superscripts in the same row indicates least significant difference
(LSD) between the means at 5% level.
1APD (Apparent Protein Digestibility) = 100 –100 × ((% Cr in diet / % Cr in faeces) × (% protein in faeces / % protein in diet).
2 FCR (Feed Conversion Ratio) = dry weight of diet given / increase in weight of the fish.
3 SGR (Specific Growth Rate) = {(ln final weight – ln initial weight)/days on trial} × 100.
4 PER (Protein Efficiency Ratio) = wet weight gain of fish / protein consumed.
5 ANPU (Apparent Net Protein Utilization) = (net increase in carcass protein / amount of protein consumed) ×100.
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Department of Zoology, University of Kalyani. Detailed
analytical procedures of the determination have been followed from Saha and Gilbreath (1991), Kaviraj and
Ghosal (1998), and Guhathakurta and Kaviraj (2000).
Water quality parameters in the experimental tanks were
checked following standard procedures of APHA
(Anonymous 1995).
Statistical analyses. One sample K–S test revealed
that all sets of data from both the trials were normally distributed. Therefore, these data were subject to one-way
ANOVA, without any transformation, followed by least
significant difference (LSD) test between the mean values
to determine significant variation between the dietary levels (Gomez and Gomez 1984). The data have been presented in the tables as mean ± SD.

RESULTS
Fingerlings of Cyprinus carpio fed cobalt-supplemented diet (CSD) showed significantly higher growth
than the control diet (Table 2). This was evident from
weight gain, feed conversion ratio (FCR), and specific
growth rate (SGR). Results of one-way ANOVA carried
out on these parameters, with treatment and error degrees
of freedom respectively as 3 and 8 (df3, 8), revealed that F
value calculated for each of this parameter was higher
than the corresponding tabular value of F (8.84) at 5%
level of probability indicating significant variation
between the dietary groups. Values of F calculated for
protein efficiency ratio (PER), apparent protein digestibility (APD), apparent net protein utilization (ANPU) and
deposition of protein and lipid in the body of the fish also

showed significant variation (P < 0.05) between the
dietary groups. Comparing mean values of these parameters between the dietary groups by least significant difference (LSD) test it was revealed that growth was significantly higher in fish fed 1.0% CSD (T4) as compared with
0.05% to 0.10% CSD (T2–T3). Protein efficiency ratio
(PER) also showed a similar trend. Apparent net protein
utilization (ANPU) by the fish was similar between control (T1) and 0.05% CSD (T2) (LSD; P > 0.05). But
ANPU significantly increased in T3 and T4 diets as compared with T1 and T2 diets (LSD; P < 0.05). Apparent
protein digestibility (APD) of the 0.05% CSD diet (T2)
was also similar to control (T1). APD increased significantly in 0.1% (T3) and 1.0% (T4) CSD as compared with
control (T1) and 0.05% (T2) CSD. APD was significantly higher in T4 diet than T3 diet. However, ANPU was
not significantly different between T3 and T4 diets.
The proximate composition of the carcass at the end of
the trial showed a significant increase in crude protein
level from the initial value in all the dietary groups (T1 to
T4; Table 3). The increase was significantly higher (LSD,
P < 0.05) in T3 and T4 diets as compared with control
(T1). Crude protein level of control and 0.05% CSD was
similar (LSD, P > 0.05). Crude lipid level of the body,
however, significantly increased only in cobalt-supplemented diets (T2 to T4). There was no significant difference in ash content of the body between initial and final
values of any diet group.
Bioaccumulation of cobalt (Co) in different tissues of
C. carpio has been included in Table 4. Co accumulation
increased in all tissues as compared with the respective

Proximate composition of carcass [g · kg–1 wet weight basis] of common carp, Cyprinus carpio
Component

Initial

Table 3

Final
T1

T2

T3

T4

Crude protein

65.00 ± 3.54

96.30 ± 1.77

Crude lipid

51.47 ± 0.81a

56.13 ± 0.96ab

60.51 ± 1.83bc

63.41 ± 3.98c

63.22 ± 0.19c

101.38 ± 17.32a

94.32 ± 16.51a

93.38 ± 13.08a

88.34 ± 3.63a

80.75 ± 9.41a

Ash

a

b

102.50 ± 3.54

bc

c

110.00 ± 7.07

110.00 ± 7.07c

Data are mean values ± SD (n = 5); different superscript letters in a row indicate significant difference between mean values
(LSD, P < 0.05).

Level of Co [µg ·
Dietary group

g–1

dry weight] in different tissues of fish sampled at the end of experiment

Table 4

Liver

Kidney

Gill

Gut

Caudal trunk

—

—

—

—

0.44 ± 0.09a

T1

3.44 ± 0.60a

9.42 ± 0.06a

2.08 ± 0.14a

6.65 ± 0.12a

8.94 ± 1.68b

T2

2.81 ± 0.33a

7.19 ± 1.10a

3.07 ± 0.39b

2.63 ± 1.03a

4.44 ± 0.09b

T3

10.63 ± 8.93ab

10.63 ± 0.29a

1.89 ± 0.03a

3.97 ± 0.68a

5.19 ± 0.09b

T4

17.50 ± 3.76b

31.21 ± 7.37b

24.15 ± 0.56c

91.51 ± 12.58b

30.21 ± 7.37c

Initial

Data are mean values ± SD; different superscript letters between the diets in a column indicate significant difference
(LSD; P < 0.05).
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initial values. Results of one-way ANOVA, using Co in
liver, kidney, gill, gut, and caudal trunk as dependent variables, showed that there was significant variation of Co
accumulation in these tissues between the dietary groups
(P < 0.05). Comparing tissue accumulation of Co between
different dietary groups by LSD test, it was revealed that
Co accumulation significantly increased in all tissues
(LSD; P <0.05) of fish fed 1.0% CSD (T4) as compared
with other dietary groups (T1, T2, T3), except similar values of Co in liver between T3 and T4 diets (P > 0.05). Co
level in all tissues of fish fed T1 to T3 diets showed similarity (P > 0.05) except a marginally but significantly
higher values of Co in gill tissues of fish fed T2 diet as
compared with those fed T1 and T3 diets. Maximum
accumulation of Co in fish fed 1.0% CSD (T4) was found
in gut followed by kidney, caudal trunk, gill and liver.
Water quality parameters recorded during the trial (temperature 28.89–31.56ºC; pH 7.34–7.78; dissolved oxygen
7.03–8.15 mg · L–1; NH3–N 0.14–0.22 mg · L–1; NO3–N
0.03–0.05 mg · L–1) were within the optimum ranges
required for rearing common carp. Co could not be detected in water in control and 0.05% CSD group. Level of Co
detected in water in 0.1% and 1.0% CSD group at the end
of experiment was respectively 0.28 ± 0.06 mg · L–1 and
0.41 ± 0.05 mg · L–1.

DISCUSSION
Inadequate literature sources are available to quantify
dietary requirement of cobalt for optimum growth of fish.
While a few species like rainbow trout requires meagre
amount of Co (0.05 mg Co · kg–1 diet; Hasan 2000)
effects of the mineral on growth of fish are not well established. Diets used for common carp in the present investigation contained Co in much higher level than those
required by rainbow trout. This excess dietary cobalt
increased the digestibility of the diets and growth of common carp. Digestibility was increased at inclusion level
above 0.05% Co (0.1% to 1.0%) while growth increased
in all the levels of dietary Co tested (0.05% to 1.0%). The
results indicate that Co act as growth promoter for common carp. Growth promoting effects of Co has also been
demonstrated for tilapia (Anadu et al. 1990) and rainbow
trout (Hossein et al. 2008). Adhikari and Ayyappan
(2002) observed that Indian major carp, Labeo rohita,
exhibited significantly higher growth when cobalt was
used as a micronutrient fertilizer. Common carp fed a fodder diet supplemented by Co at 3 g per ton (equivalent to
0.03% of diet) also showed an increase by 30 percentage
points in growth of fingerlings and an average of 15–20
percentage-point increase in growth of two-year-old commercial fish (Sukhoverkhov 1967). Cobalt is an essential
mineral necessary for the synthesis of vitamin B12. But
only trace amount of Co is required for this purpose.
Other physiological role of Co in fish has not yet been
determined. Common carp fed cobalt-supplemented fodder exhibited an increase in erythrocyte count and haemoglobin content of the fish apart from increasing vitamin
B12 content in the liver of the fish (Sukhoverkhov 1967).
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Hertz et al. (1989) observed that an increase in the level
of Co in the diet of fish could increase incorporation of
labelled amino acid into fish protein thereby promoting a
protein sparing effect in the diet of fish. Therefore, excess
dietary cobalt, as observed in the present investigation,
can well act as growth promoter of fish.
The present study reveals that Co is accumulated in
different tissues of common carp fed even the control diet
with no dietary Co supplement indicating that ingredients
used in the formulation of diet served as a source of Co.
It is further revealed from the present study that an equilibrium of Co exists in the body of common carp even
when Co is added to the diet up to inclusion level of 0.1%
Co in the diet. Further increase in dietary Co significantly increased Co in all tissues. Accumulation of Co from
diet and its distribution in different tissues of fish is poorly documented. Available literatures indicate that Co is
accumulated from the medium at small concentration in
some soft tissues of fish. In rainbow trout the metal has
been found accumulated mainly in the kidney
(0.195–0.449 µg · g–1), blood (0.038–0.090 µg · g–1), spleen
(0.015–0.078 µg · g–1), and liver (0.015–0.06 8 µg · g–1) tissues of the fish (Harms and Kunze 1977). The skeletal and
muscle tissue accumulated negligible quantity of the metal
(0.007 to 0.014 µg · g–1 and 0.002 to 0.007 µg · g–1,
respectively). Concentrations of Co in muscle, gill, and
liver were, however, moderately higher (2.47–3.59,
8.28–10.1, and 10.2–13.0 mg · kg-1 dry mass) in Nile
tilapia, Oreochromis niloticus (see: Kebede and
Wondimu 2004) than rainbow trout. Concentration of Co
in the medium was not mentioned in any of these two
studies. But moderately high concentration of Co
(4.03–4.06 µg · g–1 dry weight) detected in the muscle of
tilapia was correlated to moderately high concentration of
the Co (70–96 µg · L–1) in the water of a lake (Ali and
Fishar 2005). Deficiency in micronutrient concentration in
the body of fish may result in increased accumulation of
heavy metals notwithstanding concentration of the metal in
the medium (Golovanova 2008). In the presently reported
study Co could not be detected in the medium containing
control and 0.05% CSD group. Co probably leached out
from the higher CSDs and the level of Co moderately
increased in water in these dietary groups (0.1% and 1.0%).
Since there was no apparent deficiency of Co in any diet
(even in control) and Co was detected in water only in moderate level in the higher CSD groups it is assumed that Co
was accumulated in different tissues of common carp principally from the diet. This was also evident from the very
high level of Co detected in the gut tissues in 1.0% CSD
group. Yildiz (2008) also observed significantly higher
level of Co in fillet of fish cultured on diets containing Co
as compared with those captured from the wild.
The presently reported study indicates that additional
supply of Co up to 0.1% in the diet did not significantly
increase the Co level in the tissues, except a marginal
increase in gill, as compared with the control diet. Dietary
inclusion of Co at 1.0% level however, significantly
increased Co in all tissues. Although the increase in tissue
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level of Co did not affect the growth of fish, there is probability that average daily intake (ADI) of Co in man, which
depends to a great extent on the food habit (Yamagata
et al. 1963, Biego et al. 1998, Fakayode and Olu-Owolabi 2003),
may increase through consumption of such fish. But, no
safe recommended dietary allowance (RDA) has yet been
established for cobalt, although a RDA for man is available for vitamin B12 (2.4 µg per day) of which Co is an
integral part (Anonymous 2009). Moreover, actual intake
rate of Co in dressed fish after removal of the viscera could
not be quantified in this study.
Therefore, it is concluded that dietary Co acts as
growth promoter for common carp and formulation of diet
with additional supply of Co is a viable option for augmentation of production of this fish. Increased growth with no
additional tissue burden of Co is achieved at 0.1% dietary
Co, while a higher level of supplement (1.0%) may result
in increased deposition of Co in different tissues.
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