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Abstract
The dietary calcium requirement of fingerling Labeo rohita (6.0 ± 0.11 cm; 1.94 ±
0.07 g) was examined using seven iso-nitrogenous and iso-caloric purified diets
(350 g kg−1 crude protein; 16.72 kJ g−1 gross energy) with incremental levels of
calcium (2.14, 3.12, 4.23, 5.11, 6.14, 8.23, and 11.24 g kg−1) that were hand-fed to
triplicate groups of fish (20 fish per tank) to apparent satiation for 8 weeks. At the end
of the feeding trial, ten fish from each replicate tank (n = 10 × 3) were sampled to
obtain serum, scales, and vertebrae. The remaining fish in each tank were sampled to
determine proximate chemical body composition. Live weight gain (LWG; 637.6%),
protein gain (PG; 2.19 g fish−1), protein retention efficiency (29.89%), and feed
conversion ratio (1.69) improved with increased dietary calcium up to 5.11 g kg−1

and then stabilized. Dietary calcium up to 5.11 g kg−1 significantly increased calcium
and phosphorus concentrations of whole body, vertebrae, and scales. Fish fed a diet
with calcium higher than 5.11 g kg−1 had a significant decrease (P < 0.05) in magne-
sium and zinc, while potassium was unaffected. Serum alkaline phosphatase activity
increased (P < 0.05) with increased dietary calcium up to 5.11 g kg−1, but serum
calcium and phosphorus concentrations remained unchanged. Based on broken-line
regression analysis of LWG, PG, whole body, vertebrae, and scale calcium content
against dietary calcium concentration, dietary calcium in the range of 5.16–
5.48 g kg−1 is recommended for fingerling L. rohita.
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Introduction

Nutritionally balanced and cost-effective feed plays an important role in determining the
quality and success of intensive aquaculture. A complete diet must have adequate amounts
of protein, fat, carbohydrate, vitamins, and minerals. Although energy-giving nutrients play an
important role, the importance of vitamins and minerals cannot be underestimated. Minerals
are involved in the formation of skeletal, and other hard, tissues and also function in electron
transfer, regulation of acid-base balance, production of membrane potentials, and osmoregu-
lation (NRC 2011). Of the minerals required by fish, some, the macro-minerals, are required in
large quantities; these include calcium, phosphorus, potassium, and magnesium. Calcium (Ca)
is required by aquatic organisms for proper growth, bone mineralization, and other physio-
logical functions such as blood clotting, muscle functioning, and the transmission of nerve
impulses (NRC 2011). Calcium plays a key role in ionic regulation of freshwater fish because
it influences biological membrane permeability and inhibits diffusive efflux and excessive loss
of ions to the surrounding water (Wood and McDonald 1988). It is also essential for activating
several enzymes and stimulating muscle contraction (Hossain and Yoshimatsu 2014). Approx-
imately 99% of the body calcium of teleosts is incorporated into bone and scales, which may
act as internal calcium and phosphorus reservoirs (Flik et al. 1986).

Calcium is present dissolved in water, and all or part of the calcium requirement of the fish
can be met by absorption. A fish may be able to satisfy its requirement via absorption when in
high-calcium water, but in low-calcium water, the contribution of calcium present in food
increases (Ichikawa and Oguri 1961; Steffens 1997). Despite the importance of calcium for
fish growth and health, few studies have been performed to quantify the dietary calcium
requirements of freshwater fish species (Chavez-Sanchez et al. 2000; Paul et al. 2004, 2006;
Shiau and Tseng 2007; Liang et al. 2012; Kandeepan 2013). A few studies have been
conducted on fish held in calcium-free water (Robinson et al. 1986, 1987).

Indian major carps (IMCs) are the mainstay of freshwater aquaculture on the Indian
subcontinent. IMCs are mostly produced via semi-intensive farming using feeds based on
locally availability ingredients. Of the IMCs, Labeo rohita is the most popular aquaculture
species. It has good market demand, fast growth, and attains the market size of 800–1000 g in
a year (FAO 2009). With the introduction of intensive cultivation, there is a need to develop
formulated feeds that meet all the nutritional requirements of a species (NRC 2011). Apart
from some information about phosphorus and calcium requirements of L. rohita fry (Paul et al.
2006), there is a lack of knowledge about the dietary calcium requirement of fingerling
L. rohita. A study was, therefore, performed to generate data relating to the calcium require-
ment and calcium/phosphorus ratio in the diet of fingerling L. rohita.

Materials and methods

Experimental diets

Seven iso-nitrogenous and iso-energetic (350 g kg−1 crude protein; 16.72 kJ g−1 gross energy)
feeds (C1-C7) were prepared with calcium lactate (Loba Chemie, India) replacing cellulose to
obtain graded concentrations of calcium. The dietary range of calcium was based on require-
ments reported for other fish species (NRC 2011; Antony Jesu Prabhu et al. 2016). Analyzed
dietary calcium concentrations were 2.14, 3.12, 4.23, 5.11, 6.14, 8.23, and 11.24 g kg−1
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(Table 1). Dietary phosphorus concentration was fixed at 6.56 g kg−1, based on information
from Musharraf and Khan (2019). Based on previous studies with L. rohita, dietary protein
was fixed at 350 g kg−1 (Renukardhyay and Varghese 1986; Khan 1991; Debnath et al. 2012),
with casein and gelatin serving as dietary protein sources. Feeds were prepared as described by
Abdel-Hameid et al. (2017); ingredients were mixed to form a dough which was forced
through a 2-mm die to obtain feed strands that were dried in hot air at 40 °C, crumbled and
sieved and then stored in a freezer in small sealed polythene bags.

Fish husbandry and experimental setup

L. rohita fingerlings were obtained from the hatchery of College of Fisheries, G. B. Pant
University of Agriculture and Technology, Pantnagar. These fingerlings were dipped in
KMnO4 solution (1:3000) as a prophylactic measure. Fishes were then transferred to indoor

Table 1 Formulation and proximate composition of experimental diets

Dietary calcium levels (g kg−1 dry diet)

Ingredients (g kg−1 dry diet) 2.14
(C1)

3.12
(C2)

4.23
(C3)

5.11
(C4)

6.14
(C5)

8.23
(C6)

11.24
(C7)

Casein1 335 335 335 335 335 335 335
Gelatin2 84 84 84 84 84 84 84
Dextrin 315.4 315.4 315.4 315.4 315.4 315.4 315.4
Cod liver oil 20 20 20 20 20 20 20
Corn oil 50 50 50 50 50 50 50
Ca-free mineral mix3,4 40 40 40 40 40 40 40
Vitamin mix4,5 30 30 30 30 30 30 30
Sodium phosphate (monobasic) 6.9 6.9 6.9 6.9 6.9 6.9 6.9
Calcium lactate.5H2O 0.0 7.7 15.4 23.1 30.8 46.2 69.2
α-Cellulose 78.7 71.0 63.3 55.6 47.9 32.5 9.5
Carboxymethyl cellulose 40 40 40 40 40 40 40
Total 1000 1000 1000 1000 1000 1000 1000
Proximate analyses (g kg−1 dry

diet)
Crude protein 350.17 349.86 350.12 350.24 350.32 349.88 349.98
Crude lipid 69.72 69.43 69.71 69.32 70.14 70.21 70.21
Gross energy6 (kJ g−1) 16.79 16.76 16.74 16.76 16.75 16.78 16.78
Analyzed calcium 2.14 3.12 4.23 5.11 6.14 8.23 11.24
Analyzed phosphorus 6.57 6.56 6.56 6.57 6.57 6.56 6.56
Calcium/phosphorus ratio 0.33:1 0.48:1 0.64:1 0.78:1 0.93:1 1.25:1 1.71:1

1 Crude protein (800 g kg−1 ; Loba Chemie, India)
2 Crude protein (980 g kg−1 ; Loba Chemie, India)
3Mineral mixture (g kg−1 of mineral premix) calcium biphosphate 0.00; calcium lactate 0.00; ferric citrate 29.7;
magnesium sulfate 132.0; potassium phosphate (dibasic) 239.8; sodium phosphate (monobasic) 87.2; sodium
chloride 43.5; aluminium chloride·6H2O 0.154; potassium iodide 0.15; cuprous chloride 0.10; manganous
sulfate·H2O 0.80; cobalt chloride·6H2O 1.00; zinc sulfate·7H2O 3.00; α-cellulose 462.6; Loba Chemie, India
4 Halver (2002)
5 Vitamin mixture 30 g kg−1 of diet (10 g vitamin mix + 20 g α-cellulose) choline chloride 5.0; meso-inositol 2.0;

L-ascorbyl-2-polyphosphate 1.0; nicotinic acid 0.75; calcium D-pantothenate 0.5; riboflavin 0.2; menadione 0.04;
pyridoxine hydrochloride 0.05; thiamine hydrochloride 0.05; folic acid 0.015; biotin 0.005; alpha-tocopheryl
acetate 0.40; vitamin B12 (cyanocobalamin) 0.0001; Loba Chemie, India
6 Analyzed gross energy value of experimental diets as determined by Gallenkamp ballistic bomb calorimeter
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plastic lined cylindrical fish tanks (1.22 m in diameter, 0.91 m in height; water volume 600 L)
and acclimated to the laboratory conditions and basal diet (350 g kg−1 crude protein) for
2 weeks.

Acclimatized L. rohita fingerlings (6.0 ± 0.11 cm; 1.94 ± 0.07 g) were randomly distributed
to 21 polyvinyl circular tanks (volume 70 L; water volume 55 L; fitted with flow-through (1–
1.5 L min−1) system) in triplicate at the stocking density of 20 fish per tank for seven dietary
treatment levels. Crumbled experimental diets were hand-fed near to satiation three times daily
at 0800, 1200, and 1600 h. Fecal matter was removed before every feeding. The unconsumed
feed was collected, dried, and weighed to calculate the feed intake. To monitor the growth
performance, anesthetized fish (MS-222; 100 mg L−1) of each experimental group was
fortnightly weighed on a top-loading electronic balance (Precisa 120A; 0.1 mg sensitivity;
Oerlikon AG, Zurich, Switzerland). The duration of the feeding trial was 8 weeks.

Water quality parameters

The water quality parameters such as temperature, total alkalinity, dissolved oxygen, total
ammonia nitrogen, free carbon dioxide, and pH were evaluated daily as per the APHA (1992)
standard methods and were found to range between 25.2–28.3 °C, 66.1–75.2 mg L−1, 7.2–
7.6 mg L−1, 0.27–0.35 mg L−1, 6.2–9.1 mg L−1, and 7.1–7.4, respectively. The calcium and
phosphorus concentrations of the rearing water were found in the range of 18.65–24.23 mg L−1

and 0.07–0.14 mg L−1, respectively, during the feeding trial.

Sample collection and chemical analysis

Fishes were deprived of the feed for 24 h before sampling. At the start of feeding trial, 40 fish
were anesthetized (MS-222; 200 mg L−1), sacrificed, and pooled to determine the initial body
composition. At the end of feeding trial, ten fish from each replicate tank were randomly
collected, anesthetized with 100 mg L−1 of MS-222, and the blood samples were collected
from the caudal vein of fish using a 2-mL syringe. The collected blood samples from each
replicate tank were pooled in Eppendorf tubes, clotted, and then centrifuged at 3000×g for
10 min at 4 °C. Serum was separated and stored at − 20 °C until used. After blood collection,
these fishes were sacrificed for obtaining the scales and vertebrae samples as per the methods
detailed in our previous study (Musharraf and Khan 2019). Scales were gently removed
through direct scrape from the anterior lateral sides of fish, cleaned using distilled-deionized
water, and then dried at 105 °C. Subsequently to the scales collection, fish were cooked in a
microwave oven for about 5 min to remove the vertebrae. Vertebrae samples were lightly
scrubbed, cleaned, oven dried for about 2 h at 105 °C, and then solvent extracted and dried at
60 °C. Scales and vertebrae samples were then ground separately for mineral analysis.
Remaining ten fish from each replicate tank (n = 10 × 3) were sampled to determine the final
body composition.

Proximate composition of experimental diets and final and initial body samples were analyzed
following the standard methods (AOAC 2005). Moisture was estimated in a hot air oven at 102 ±
1 °C (Yorko Instruments, New Delhi, India), crude protein (N × 6.25) was analyzed by the
Kjeldahl method using an automatic analyzer (Kjeltec Tecator™ Technology 2300, Hoganas,
Sweden), crude fat was estimated by the ether-extractionmethod using a Socs Plus SCS 4 (Pelican
Equipments, Chennai, India), and crude ash was estimated by incineration in a muffle furnace at
550 °C for 12 h (S.M. Scientific Instrument Pvt. Ltd., Jindal Company, New Delhi, India). Gross

Aquaculture International (2020) 28:1125–11391128



energy content was estimated using a Gallenkamp ballistic bomb calorimeter CBB 330 010L
(Gallenkamp, Loughborough, UK). Calcium and phosphorus concentrations of the dietary
ingredients, test diets, scales, vertebrae, whole body, serum, and rearing water and potassium,
magnesium, and zinc concentrations of the scales, vertebrae, and whole body samples were
analyzed by the inductively coupled plasma atomic emission spectrometer (ICP-AES, model:
IRIS INTREPID II XSP DUO; Thermo Electron Corporation, Beverly, MA, USA) after acid
digestion of the samples as per the method adopted by Liang et al. (2014). Serum alkaline
phosphatase (ALP) activity was assayed as per the method adopted by Apines et al. (2003).
Briefly, 15μL diluted serum sample was added to 1.0 mL of 16.7 mM p-nitrophenyl phosphate in
0.5 M 2-amino-2 methyl-1 propanol buffer at pH 10.4 (Sigma Chemical Co., St. Louis, MO,
USA). Following incubation at 37 °C for 30 min, 2.0 mL of 0.25 N NaOH was added to stop the
reaction. Killed enzyme blanks were prepared by adding 2.0 mL of 0.25 N NaOH directly to the
sample followed by the addition of the buffered p-nitrophenyl phosphate. The optical density of
the samples and blanks was determined in a spectrophotometer at 405 nm against p-nitrophenol
standards (Sigma Chemical Co.).

Evaluation of growth performance

The different nutritional indices were determined as follows:

Live weight gain LWG;%ð Þ ¼ final body weight gð Þ–initial body weight gð Þ=initial body weight gð Þ � 100
Feed intake FI; g fish−1

� � ¼ Total dry feed intake gð Þ=total no:of fish
Feed conversion ratio FCRð Þ ¼ g dry feed consumed=g wet weight gain
Protein gain PG; g fish−1

� � ¼ final body protein content� final body weight gð Þ
–initial body protein content� initial body weight gð Þ
Protein retention efficiency PRE;%ð Þ ¼ g protein gain=g protein consumed� 100
Survival %ð Þ ¼ final number of fish=initial number of fish� 100

Statistical analyses

Shapiro-Wilk test was used to test the normality of the data, while Levene’s test was used to
test the equality of variances before conducting one-way analysis of variance (ANOVA; Sokal
and Rohlf 1981). Differences among treatment means were determined by Tukey’s honestly
significant difference (HSD) test at a P< 0.05 level of significance. Optimal dietary calcium
requirement of fingerling L. rohita was determined using the broken-line regression model
(Robbins et al. 2006). All the statistical analyses were performed using the Origin software
(version 6.1; Origin Software, San Clemente, CA, USA).

Results

Growth performance and conversion efficiencies

All fish survived for the full duration of the trial. Growth and feed utilization improved as
dietary calcium concentrations increased from 2.14 to 5.11 g kg−1, but there were no further
improvements thereafter (Table 2). Broken-line analysis of live weight and protein gain against
increasing concentrations of dietary calcium indicated the optimal requirements at 5.19 and
5.22 g kg−1 of diet, respectively (Figs. 1 and 2).
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Whole body composition

Whole body moisture declined consistently (P< 0.05), while crude protein increased with
increasing levels of calcium up to 5.11 g kg−1 diet (C4) and then stabilized. Whole body fat did
not changed (P> 0.05) in fish fed all the diets. Crude ash responded positively (P< 0.05) up
to 5.11 g calcium kg−1 of diet (C4) and then levelled off (Table 3).

Mineralization in whole body, scales, and vertebrae

Calcium and phosphorus concentrations in the whole body, scales, and vertebrae increased (P
< 0.05) with increase in dietary calcium levels up to 5.11 g kg−1 (C4) and then stabilized.
Broken-line analysis of whole body, vertebrae, and scale calcium concentrations against
varying dietary calcium levels depicted the optimal requirements at 5.16, 5.36 and
5.48 g kg−1, respectively (Figs. 3, 4, and 5). Whole body, scales, and vertebrae magnesium
concentration remained unaffected (P> 0.05) up to 5.11 g kg−1 dietary calcium level and then
declined significantly. Zinc concentration of whole body, scales, and vertebrae responded
positively (P < 0.05) up to 5.11 g calcium kg−1 diet (C4), and thereafter, a significant decline
was recorded. No significant variation was recorded in potassium concentration and calcium/
phosphorus ratios of whole body, scales, and vertebrae in fish fed different dietary calcium
levels (Table 4).

Biochemical composition of serum

Serum calcium, phosphorus, and calcium/phosphorus ratio were not affected (P> 0.05) with
increasing levels of dietary calcium in all the treatment groups. Serum alkaline phosphatase
(ALP) activity increased (P < 0.05) with increasing levels of calcium up to 5.11 g kg−1 of diet
(C4) and then a constancy was recorded (Table 5).

Discussion

It is normally accepted that calcium requirement of most of the freshwater fish species is
fulfilled mainly by the absorption of calcium through skin and gills and in marine fishes by
drinking of seawater (Lall 2002). In this study, fingerling L. rohita fed C1 (2.14 g kg−1), C2

(3.12 g kg−1), and C3 (4.23 g kg−1) diets exhibited reduced growth, feed conversion, vertebrae,
and scale mineralization indicating that these diets contained suboptimal level of calcium.
These deficiency signs were also reported in many previous investigations (Paul et al. 2004,
2006; Shiau and Tseng 2007; Liang et al. 2012). However, deficiency of calcium has not been
noted in some previous studies (Andrews et al. 1973; Ogino and Takeda 1976).

Although calcium concentration of the rearing water was high (18.65–24.23 mg L−1),
significant gain in weight of rohu fed diets with incremental levels of calcium was recorded
(Table 2), suggesting an essentiality and dietary requirement. Maximum growth and best
conversion efficiencies were found at 5.11 g kg−1 dietary calcium, indicating that this calcium
level is required for optimizing growth. Based on the broken-line regression analysis for
mineralization response parameters, the requirement of calcium for fingerling L. rohita was
determined to be in the range 5.16–5.48 g kg−1 diet. A requirement for dietary calcium, as
established for fingerling L. rohita, was noted for other fish species, such as channel catfish,
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Ictalurus punctatus (Robinson et al. 1986) and blue tilapia, Oreochromis aureus (Robinson
et al. 1987) reared in calcium-free water, and American cichlid, Cichlasoma urophthalmus
(Chavez-Sanchez et al. 2000); mrigal, Cirrhinus mrigala (Paul et al. 2004); hybrid tilapia,
Oreochromis niloticus × O. aureus (Shiau and Tseng 2007); and grass carp, Ctenopharyn-
godon idella (Liang et al. 2012) held in freshwater that contained a range of calcium
concentrations. Dietary calcium does not appear to be required by all freshwater fish species,
including common carp, Cyprinus carpio (Ogino and Takeda 1976); rainbow trout, Onco-
rhynchus mykiss (Ogino and Takeda 1978); and guppy, Poecilia reticulata (Shim and Ho
1989), when reared in water that contains calcium.

In the present investigation, it was recorded that increase in levels of dietary calcium led to
increment in whole body protein and ash concentrations and decrement in the moisture
concentration of fish fed diet containing calcium up to 5.11 g kg−1 (C4). Similar findings were
also noted in many previous investigations (Chavez-Sanchez et al. 2000; Paul et al. 2004,
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2006). The higher body protein and lower body moisture concentration in fish fed 5.11 g kg−1

(C4) dietary calcium suggest that the above level of calcium is good enough for efficient
protein metabolism leading to improvement in protein retention and fish growth. However, no
significant change was witnessed in the whole body fat concentration of fingerling L. rohita
fed different dietary calcium levels. In contrast, body fat concentration was found to be
somewhat lower in rainbow trout fed higher dietary calcium levels (Kalantarian et al. 2013).
From these findings, it seems that calcium in the diet can reduce the overall fat absorption by
its precipitation in intestine that resulted in its increased excretion through feces.

In teleosts, bones and scales are the main site of calcium deposition comprising of
approximately 99% of the body calcium concentration (Flik et al. 1986; Hossain and
Yoshimatsu 2014). Whole body, scales, and vertebrae calcium concentration have been
evaluated as response parameters in many previous investigations to determine the dietary
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calcium requirement of fish (Shiau and Tseng 2007; Liang et al. 2012). In this investiga-
tion also, whole body, scales, and vertebrae calcium concentration have been used as
reliable parameters to determine the dietary calcium requirement of fingerling L. rohita
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Fig. 5 Broken-line relationship of scale calcium concentration as affected by graded levels of dietary calcium.
Each point represents the mean of three replicates per treatment

Table 4 Mineral concentrations (Phosphorus (P), potassium (K), magnesium (Mg), zinc (Zn) and calcium/
phosphorus ratio) in whole body, vertebrae and scales of fingerling L. rohita fed diets containing varying levels of
calcium

Diet (calcium levels; g kg−1) P (g kg−1) K (g kg−1) Mg (g kg−1) Zn (mg kg−1) Ca/P ratio

Whole body (wet weight basis)
C1 (2.14) 5.71 ± 0.11d 2.81 ± 0.12 0.26 ± 0.03a 23.5 ± 1.47b 1.28 ± 0.02
C2 (3.12) 7.21 ± 0.19c 2.76 ± 0.09 0.25 ± 0.05a 22.2 ± 1.19b 1.24 ± 0.02
C3 (4.23) 8.35 ± 0.21b 2.73 ± 0.15 0.26 ± 0.04a 28.5 ± 2.25a 1.23 ± 0.04
C4 (5.11) 9.54 ± 0.15a 2.72 ± 0.19 0.27 ± 0.06a 29.2 ± 1.57a 1.23 ± 0.03
C5 (6.14) 9.58 ± 0.17a 2.75 ± 0.13 0.19 ± 0.03b 24.6 ± 2.66b 1.23 ± 0.02
C6 (8.23) 9.42 ± 0.13a 2.79 ± 0.08 0.12 ± 0.04c 17.3 ± 1.55c 1.24 ± 0.04
C7 (11.24) 9.48 ± 0.16a 2.74 ± 0.17 0.11 ± 0.02c 17.4 ± 1.28c 1.24 ± 0.03

Vertebrae (fat free and dry weight basis)
C1 (2.14) 69.59 ± 3.27d 4.24 ± 1.15 3.25 ± 0.23a 182.53 ± 12.3a 1.92 ± 0.03
C2 (3.12) 75.52 ± 2.38c 4.19 ± 1.23 3.23 ± 0.09a 196.45 ± 19.7a 1.96 ± 0.04
C3 (4.23) 84.44 ± 2.66b 4.21 ± 1.68 3.16 ± 0.14a 193.24 ± 17.8a 1.98 ± 0.02
C4 (5.11) 98.76 ± 3.52a 4.18 ± 1.34 3.17 ± 0.12a 185.62 ± 14.7a 2.00 ± 0.04
C5 (6.14) 100.71 ± 4.42a 4.23 ± 1.09 2.65 ± 0.11b 145.13 ± 16.3b 1.97 ± 0.05
C6 (8.23) 102.29 ± 3.15a 4.25 ± 1.45 2.06 ± 0.19c 122.22 ± 15.5c 1.95 ± 0.04
C7 (11.24) 99.32 ± 5.19a 4.22 ± 1.29 2.07 ± 0.17c 119.26 ± 13.4c 2.01 ± 0.03

Scale (dry weight basis)
C1 (2.14) 32.87 ± 3.28d 3.15 ± 2.27 2.54 ± 0.09a 127.63 ± 12.31a 2.02 ± 0.04
C2 (3.12) 36.40 ± 2.55c 3.29 ± 1.94 2.59 ± 0.05a 125.46 ± 16.25a 1.99 ± 0.03
C3 (4.23) 41.83 ± 5.89b 3.21 ± 3.11 2.67 ± 0.08a 123.21 ± 13.86a 2.00 ± 0.02
C4 (5.11) 51.36 ± 2.35a 3.37 ± 2.07 2.88 ± 0.07a 129.14 ± 18.45a 2.01 ± 0.02
C5 (6.14) 50.93 ± 4.63a 3.20 ± 2.19 1.95 ± 0.05b 86.25 ± 9.22b 1.99 ± 0.03
C6 (8.23) 51.76 ± 3.26a 3.17 ± 1.76 1.02 ± 0.04c 43.69 ± 11.48c 2.02 ± 0.03
C7 (11.24) 49.89 ± 4.19a 3.26 ± 3.15 1.03 ± 0.05c 40.36 ± 10.67c 2.01 ± 0.03

Mean values of 3 replicates ± SEM. Mean values in a column with different lowercase letters are significantly
different (P < 0.05)
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which improved up to 5.11 g kg−1 dietary calcium level. Similarly, Liang et al. (2012)
observed that whole body calcium concentration and that of the above tissues of grass carp
increased significantly with increasing levels of dietary calcium up to 7.99 g kg−1. Phos-
phorus concentration of whole body, scales, and vertebrae was also found to increase with
increasing levels of dietary calcium in the fish under study, while in grass carp, phosphorus
concentration increased in vertebrae only. Shiau and Tseng (2007) also observed signif-
icant improvement in calcium and phosphorus concentrations in the scales and bones of
hybrid tilapia fed diets with varying doses of calcium. In this study, calcium/phosphorus
ratios of whole body, scales, and vertebrae remained insignificantly different among the
different treatment groups irrespective of the dietary calcium levels. Similar findings have
also been reported previously (Ogino et al. 1979; Watanabe et al. 1980; Liang et al. 2012).
These findings suggested that fish have the capability of balancing the calcium and
phosphorus ratio by the absorption or excretion of calcium (Watanabe et al. 1980). Liang
et al. (2012) suggested that different fish species maintain the calcium/phosphorus ratios
steady. Furthermore, in this investigation, the level of phosphorus in trial diets was
adjusted as per the requirement of fingerling L. rohita (Musharraf and Khan 2019). This
may be one of the reasons for constancy in the calcium/phosphorus ratios in whole body
and different tissues of L. rohita as the fish may have absorbed and utilized the dietary
phosphorus to balance the calcium/phosphorus ratios.

Higher levels of dietary calcium can interfere with the availability and utilization of other
essential elements in fish (Lall 2002). In this study, increase in calcium levels above
5.11 g kg−1 diet resulted in significant reduction in magnesium and zinc concentrations in
the whole body, scales, and vertebrae, while potassium concentration remained unaffected.
This is probably due to inhibitory effect of high dietary calcium level on magnesium and zinc,
making them less available to fingerling L. rohita. In Atlantic salmon (Salmo salar), higher
levels of dietary calcium supplementation resulted in reduced magnesium deposition in scales
and vertebrae (Vielma and Lall 1998). Dietary calcium levels above requirement significantly
decreased body magnesium concentration, and highest zinc concentration in scales and
vertebrae was observed in grass carp fed on diet containing 6.24 g kg−1 calcium followed
by a decrease on further increase in dietary calcium levels (Liang et al. 2012). These findings
suggest that high dietary calcium levels might have a competitive inhibitory effect on these
cations during intestinal absorption resulting in their reduced absorption and retention (Roy
and Lall 2003).

Table 5 Serum calcium (Ca), phosphorus (P), calcium/phosphorus ratio, and alkaline phosphatase activity of
fingerling L. rohita fed diets containing varying levels of calcium

Diets (calcium levels;
g kg−1)

Calcium
(mg L−1)

Phosphorus
(mg L−1)

Ca/P ratio Alkaline phosphatase
(U L−1)

C1 (2.14) 91.39 ± 17.3 93.26 ± 32.4 0.98 ± 0.09 93 ± 6.11d
C2 (3.12) 96.38 ± 26.7 95.43 ± 19.8 1.01 ± 0.11 119 ± 4.39c
C3 (4.23) 92.63 ± 16.8 93.57 ± 24.6 0.99 ± 0.08 147 ± 5.24b
C4 (5.11) 97.25 ± 23.9 95.34 ± 29.5 1.02 ± 0.10 168 ± 7.31a
C5 (6.14) 97.62 ± 31.2 96.65 ± 19.4 1.01 ± 0.14 173 ± 6.21a
C6 (8.23) 93.19 ± 29.5 94.13 ± 17.8 0.99 ± 0.08 169 ± 3.14a
C7 (11.24) 92.71 ± 34.2 90.89 ± 23.6 1.02 ± 0.09 171 ± 4.16a

Mean values of 3 replicates ± SEM. Mean values in a column with different lowercase letters are significantly
different (P < 0.05)
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In the present investigation, dietary calcium requirement of fingerling L. rohita obtained at
5.19 g kg−1 is higher than that reported by Paul et al. (2006) which is 1.9 g kg−1. Lower
requirement of dietary calcium in Paul’s report may be because the fish were stocked in water
containing high calcium concentration (50 mg L−1), while in this study, rearing water calcium
concentration was lower (18.65–24.23 mg L−1). This is because of the fact that fish may uptake
calcium from water to fulfil the requirement (Lall 2002). The other possibility of the difference
in the dietary calcium requirements may be because the test diets did not contain higher levels
of dietary calcium than recommended requirement in the investigation conducted by Paul et al.
(2006). In mineral nutrition studies, growth is not considered to be a sufficient indicator to
establish the requirement of mineral under question and must be substantiated by mineral
analyses of the tissues (Baker 1986; Cowey 1992). In this investigation, along with growth
parameters other stringent criterion such as whole body, vertebrae and scale calcium concen-
trations were also evaluated to assess the dietary requirement of calcium for fingerling
L. rohita, and the values determined based on these parameters are close to those obtained
with growth data.

Calcium is present in blood either as protein bound, combined with citrate or as free ion.
This free calcium fraction is the physiologically important fraction which constitute half of the
calcium fraction (Hanssen et al. 1991). In the present investigation, no significant changes
were recorded in the serum calcium and phosphorus concentrations, and calcium to phospho-
rus ratio of fingerling L. rohita irrespective of the different levels of dietary calcium, suggest-
ing the occurrence of calcium homeostasis. Similar results on calcium and phosphorus
concentrations and calcium to phosphorus ratio in serum were also reported in hybrid tilapia
(Shiau and Tseng 2007) and grass carp (Liang et al. 2012). In teleost fishes, serum calcium
levels are regulated within narrow limits as the calcium absorption from water usually balances
the losses that occur due to diffusion and through urine (Perry et al. 1992; Shiau and Tseng
2007; Liang et al. 2012). This may be the reason for the consistency in the serum calcium
concentration in this study. Increased alkaline phosphatase (ALP) activity is an indicator of
increase in osteoblastic activity (Kaplan 1972). It is actively involved in the absorption and
retention of essential minerals, particularly calcium and phosphorus for bone mineralization
(Coleman 1992). Serum ALP activity significantly enhanced with increment in calcium levels
up to 5.11 g kg−1 diet, and the highest ALP activity was noted at this level. This indicates to a
more efficient use of the dietary calcium in whole body, vertebrae, and scale mineralization in
this study. Similar responses of serum ALP activity were also recorded in hybrid tilapia (Shiau
and Tseng 2007) and grass carp (Liang et al. 2012).

Conclusion

Present study indicated the essentiality of including adequate amount of calcium in diet for
optimizing growth potential and maximizing mineral deposition in whole body, scales, and
vertebrae of fingerling L. rohita. Broken-line analyses of LWG, PG, whole body, vertebrae,
and scale calcium concentration against dietary calcium levels indicated the calcium require-
ment at 5.19, 5.22, 5.16, 5.36, and 5.48 g kg−1 of diet, respectively. Hence, dietary calcium
requirement ranging between 5.16 and 5.48 g kg−1 in diets with 6.5 g kg−1 phosphorus is
optimum and recommended for fingerling L. rohita (in water with at least 22 mg calcium L−1).
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