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Abstract

An eight weeks feeding experiment was conducted to investigate the effects of dietary calcium (Ca) levels on growth
performance, blood biochemistry and whole body composition in bighead carp (105.52 +0.33g; 16.914+0.09cm). Six practical
diets (31.0% crude protein, 6.0% crude lipid) were formulated to contain graded Ca levels ranging from 0.41% to 1.59% of
dry diet. At the end of the feeding trial, results showed that survival rate (SR) was not significantly affected by dietary Ca
level. Final weight (FW), weight gain (WG), specific growth rate (SGR) increased with the increasing dietary Ca level up to
1.26%, and thereafter showed a decreasing trend, while feed conversion ratio (FCR) showed a converse trend. Furthermore,
high Ca level (1.59%) significantly increased the activities of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), and significantly decreased serum phosphorus (P) content (P<0.05). Alkaline phosphates (ALP) activity was
significantly higher than other groups with Ca-deficient diets (0.41%) (P<0.05). High Ca level (1.59%) significantly
decreased serum P levels. Serum Ca levels were not significantly affected by dietary Ca levels (P>0.05). Based on FCR and
SGR, the optimal dietary Ca level was determined to be 1.26%, and the corresponding Ca/ P ratio was calculated to be 1.13:1.
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Introduction

In mammal and aquatic animal, calcium (Ca) is
accounted as one of the most important minerals and
is essential for normal growth, skeletal development
and several physiological processes in aquatic species
(NRC, 2011; Lall, 2002). In aquatic animal, fish can
absorb Ca from the surrounding water to fulfil part or
the entire metabolic Ca requirement, because its
concentration is high in water (Ichikawa and Oguri,
1961). Some studies have reported that dietary Ca
may not be needed for some aquatic species such as
black sea bream (Sparus macrocephalus) (Hossain
and Furuichi, 1999). In contrast, some studies have
reported that dietary Ca supplement was also
necessary for fish. Sakamoto and Yone (1973) found
the uptake of Ca from seawater was not sufficient to
meet the Ca requirement of red sea bream, and it
required 0.34% Ca in the diet. Hossain and Furuichi
(1999, 2000a, b, c) also reported that dietary Ca
supplement was necessary for redlip mullet (Chelon
haematocheilus); Japanese flounder (Paralichthys
olivaceus) and  scorpion  fish  (Sebastiscus
marmoratus).

Unlike Ca, there seems no doubt that dietary

phosphorus (P) supplement was necessary for fish,
because its concentration is low in both freshwater
and seawater (Lall, 2002). The importance of P
supplementation in diet has widely been reported in
many species including freshwater species rainbow
trout (Oncorhynchus mykiss) (Ogino & Takeda,
1978), common carp (Cyprinus carpio) (Ogino &
Takeda, 1976; 1978) and marine species like gilthead
sea bream (Sparus aurata L.) (Rodrigues & Teles,
2001), black sea bream (Sparus macrocephalus)
(Shao et al., 2008), Atlantic salmon (Salmo salar)
(Vielma & Lall, 1998) and juvenile haddock
(Melanogrammus aeglefinus L.) (Roy & Lall, 2003).
Many studies suggested that the ratio of Ca to
other minerals, particularly P, should be considered as
well as individual dietary levels of minerals (Porn-
Ngam, Satoh, Takeuchi, & Watanabe, 1993). An
excess of Ca relative to P has an adverse impact on
the growth and survival of some species including
grouper (Epinephelus coioides) (Ye et al., 2006) and
Pacific white shrimp (Penaeus vannamei) (Davis,
Lawrence, & Gatlin, 1993). In brook trout (Salvelinus
fontinalis), dietary Ca/P ratio is also accounted as
most effective for utilization of the minerals (Phillips,
1959), which suggests the importance of the level of P
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for the absorption of dietary Ca. The recommended
levels of Ca/P ratio for fish are in range of 0.5:1 to
1:1.3 (Phillips, 1959; Nakamura & Yamada, 1980; Ye
et al., 2006; Nose & Arai, 1979; Sanchez, Palacios,
Perez, & Rass, 2000). Some studies have reported that
whole-body protein and lipid contents were effect
with dietary Ca supplementation in japanese seabass,
Lateolabrax japonicas. However, dietary Ca
supplementation in diet have no impact on whole
body composition, such as fingerling scorpion fish
(Hossain & Furuichi, 2000c), juvenile jade perch
(Scortum barcoo) (Song, Mao, Wang, Zhu, & Han,
2009), Atlantic cod (Gadus morhua) (Kousoulaki,
Fjelldal, Aksnes, & Albrektsen, 2010). Dietary
supplements with an excess of Ca relative to P has an
adverse impact on the growth and survival of fish,
which is related to blood parameters and plasma
biochemical parameters considered as convincible
indicators for the physiological conditions and health
status of fish in response to dietary supplements
(Congleton & Wagner, 2006; Kader, Koshio,
Ishikawa, Yokoyama & Bulbul, 2010; Kavitha,
Ramesh, Kumaran, & Lakshmi, 2012; Davis, 2004).
So there is necessary to investigate these parameters
relates to growth and health status.

The bighead carp (Aristichthys nobilis) is one of
the most important aquaculture species in China
(Tong & Sun, 2015). Furthermore, it is also
distributed in Asia, Europe and America (Kolar,
Chapman, Courtenay, Williams, & Jennings, 2005).
Commercial production of this fish species has been
rapidly increased and reached approximately 3.36
million tons in 2015 in China (Ministry of Agriculture
of the People’s Republic of China, 2016). In recent
years, studies about bighead carp nutrition have been
conducted, such as requirement of protein (Santiago
& Reyes, 1991), vitamins (Santiago & Gonzal, 2000).
However, information about its mineral requirements
is scarce, especially its Ca and Ca/P requirement.
Therefore, the aim of this study was to determine the
effect of dietary Ca level (Ca/P ratio) on the growth
performance, blood biochemistry and whole body
composition in bighead carp.

Materials and Methods
Diet Preparation

Formulation of the experimental diets are
presented in Table 1. Six practical diets (31.0% crude
protein, 6.0% crude lipid) were formulated to contain
graded Ca levels (0.41 (control), 0.72, 0.93, 1.15, 1.26
and 1.59% of dry diet) by Calcium lactate. Dietary
protein was supplied by fish meal, rapeseed meal,
soybean meal, cottonseed meal, dietary lipid was
supplied by fish oil. Ingredients were ground into
powdered through form120 mash (aperture: 125
micron) sieve to make sinking pellet feed though a
pelletizer (F-26 (l1l), South China University of
Technology, China), and then dried at 45°C overnight
and then stored at -20°C for further use.

Experimental Procedure

Bighead carp were obtained from the breeding
farm of Freshwater Fisheries Research Centre (FFRC)
of Chinese Academy of Fishery Sciences. Prior to the
feeding trial, we selected the healthy bighead carp
with similar sizes, reared in cages (length: 2m, width:
1m, height: 1m). To acclimatize with the experimental
diet and conditions, bighead carp was fed with a
commercial diet containing 31% protein and 6% lipid
(Wuxi Tongwei feedstuffs Co. Ltd., Wuxi China) for
two weeks. At the initiation of the experiment, the
bighead carp (105.52+0.33g; 16.91+0.09cm) were
fasted for 24h and weighed, then were randomly
sorted into eighteen cages (length: 2m, width: 1m,
height: 1m) with 15 fish in each cage for farm pond
culture. Each diet was randomly assigned to triplicate
cages for 8 weeks. Fish were hand-fed three times
daily at 8:00, 12:00 and 16:00 until apparent satiation.
During the experimental period, water temperature
ranged from 26 to 28°C, pH from 7.1 to 7.7, dissolved
oxygen from 6.3 to 7.6mg/L, ammonia nitrogen from
0.007 to 0.011mg/L, hydrogen sulfide from 0.004 to
0.009mg/L, and Ca from 43.17 to 52.12mg/L. Water
temperature, dissolved oxygen, pH, ammonia
nitrogen, hydrogen sulfide were tested by ProDSS
Multiparameter Water Quality Meter (YSI, USA).
Water Ca content was tested by EDTA titrimetric
method (Jensen & Thurshy, 1996).

Sample Collection

At the end of the experimental, six experimental
bighead carp from each cage were collected and
anesthetized with 100 mg L 3-Aminobenzoic acid
ethyl ester methanesulfonate (MS-222), then weighed
and 1 milliliter blood samples were collected
immediately from the caudal vein using disposable
medical syringes. Then plasma was separated by
centrifugation (3500xg, 10 min, 4°C) and then stored
at -80°C until analysis. Another five bighead carp
from each cage were randomly collected and stored at
-20°C for whole fish body composition analysis. The
initial weight and final weight of each cage fish was
recorded to calculate specific growth rate (SGR), feed
conversion ratio (FCR) and weight gain (WG).

Growth Parameters

Growth parameters were calculated as follows:

Specific growth rate (SGR) (%/d) =100 x
[(In(final body weight (g)) -In (initial body weight
(9) ) )/days ]

Feed conversion ratio (FCR) = dry feed fed (g)/
wet weight gain (g)

Weight gain (WG) (%) = 100 x (final weight (g)
-initial weight (g)) /initial weight (g)
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Table 1. Formulation and proximate composition of experimental diets for feeding trial

ingredients - - - Diet Number - - -

dietl diet2 diet3 diet4 diets diet6
Fish meal? 5.00 5.00 5.00 5.00 5.00 5.00
Rapeseed meal® 27.00 27.00 27.00 27.00 27.00 27.00
Soybean meal® 26.00 26.00 26.00 26.00 26.00 26.00
Cottonseed meal® 7.55 7.55 7.55 7.55 7.55 7.55
Wheat meal® 24.15 22.95 21.72 20.61 19.29 18.02
Fish oil 5.00 5.00 5.00 5.00 5.00 5.00
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin C 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin and mineral premix’ 1.00 1.00 1.00 1.00 1.00 1.00
Monopotassium phosphate 2.40 2.40 2.40 2.40 2.40 2.40
Calcium lactate 0.00 1.09 2.18 3.27 4.36 5.45
Bentonite 1.00 1.00 1.00 1.00 1.00 1.00
Glycine 0.70 0.81 0.95 0.97 1.20 1.38
Proximate analysis 100.00 100.00 100.00 100.00 100.00 100.00

(% Dry basis)

Moisture 9.61 8.77 8.795 8.45 8.31 8.36
Protein 3171 31.74 31.78 31.65 31.73 3177
Lipid 6.52 6.56 6.51 6.53 6.55 6.51
Ash 8.75 8.92 9.62 9.27 10.22 10.42
Calcium (Ca) 0.41 0.72 0.93 1.15 1.26 1.59
Phosphorus (P) 1.13 1.12 1.13 1.11 1.12 1.16
Ca/P 0.41 0.72 0.93 1.15 1.26 1.59

*fish meal: crude protein 61.4%, crude lipid 9.3%; "Rapeseed meal: protein 37.5%, crude lipid 1.4%; soybean meal: crude protein 44.2%,
crude lipid 1.1%; “cottonseed meal: crude protein 49.3%, crude lipid 1.4%; “wheat meal: crude protein 11.8%, crude lipid 1.2%.

fitamin and mineral mix

Vitamin mix (IU / kg of diet or mg/ kg of diet): Vitamin A, 900 000 1U; Vitamin D, 250 000 IU; Vitamin E, 4500 mg; Vitamin K3, 220 mg;
Vitamin B;, 320 mg; Vitamin B,, 1090 mg; Vitamin Bs , 2000 mg; Vitamin Bs, 5000 mg; Vitamin B, , 116 mg; Pantothenate, 1000 mg;
Folic acid, 165 mg; Choline, 60 000 mg; Biotin, 50 mg; Niacin acid, 2500 mg.

Survival rate (SR) (%) =100 x (survival fish
number/total fish number)

Whole Body Composition Analysis

Moisture, crude protein, crude lipid and ash
contents of diet and fish whole body were analyzed
according to the established methods of AOAC
(2003). The diet and fish whole body moisture were
dried in an oven at 105°C until constant weight; crude
protein (Nx6.25) by Kjeldahl method after acid
digestion; lipid by ether extraction using Soxhlet; ash
by combustion at 550°C for Sh. Duplicate analyses
were conducted for each sample.

Blood and Serum Chemical Analysis

The counts of red blood cell (RBC), white blood
cell (WBC), hemoglobin (HGB) and hematocrit
(HCT) were measured using an Auto Hematology
Analyzer (BC-5300Vet, Mindray, PR China) with a
test kit from Shenzhen Mindray Medical International
Co. Ltd., PR China. Aspartate aminotransferase
(AST) activity, alanine transaminase (ALT) activity,
P, alkaline phosphates (ALP) activity, serum Ca and P
levels were determined using an automatic
biochemical analyzer (Mindray BS-400, Mindray
Medical International Ltd., Shenzhen, China) as
described in our previous studies (Ren et al., 2013;
2015, Liu et al., 2012).

Statistics Analysis

All data were subjected to one-way analysis of
variance (ANOVA) using the software of the SPSS
16.0 for Windows. Significant differences between
means were evaluated by Tukey’s Multiple Range
Test. Probabilities of P<0.05 were considered
significant. Data are expressed as means with
standard error of the mean (SEM).

Results
Growth Performance

Growth performance are presented in Table 2.
Survival rate (SR) was not significantly affected by
dietary Ca level. Final weight (FW), weight gain
(WG), specific growth rate (SGR) increased with the
increasing dietary Ca level up to 1.26%, and
thereafter showed a decreasing trend, while feed
conversion ratio (FCR) showed a converse trend.
Based on FCR and SGR, the optimal dietary Ca/P
ratio was determined to be 1.13:1, and the
corresponding Ca and P level was calculated to be
1.26% and 1.12%, respectively.

Whole Body Composition
Whole body moisture, protein, lipid and ash

content were not significantly affected by dietary Ca
levels (P>0.05) (Table 3).
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Blood Parameters

Red blood cell (RBC) counts, white blood cell
(WBC) counts, hemoglobin (HGB) counts,
haematocrit (HCT) were not significantly affected by
dietary Ca levels (P>0.05) (Table 4). High Ca level
(1.59%) significantly increased the activities of
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), and significantly decreased
serum P content (P<0.05) (Figure 1; 2; 5). Alkaline
phosphates (ALP) activity was significantly higher
than other groups with Ca-deficient diets (0.41%)
(P<0.05) (Figure 3). Serum Ca levels were not
significantly affected by dietary Ca levels (P>0.05).
Serum Ca levels were not significantly affected by
dietary Ca levels (P>0.05) (Figure 4).

Discussion

In aquatic animal, Ca is accounted as one of the
most important minerals and is essential for normal
growth (NRC, 2011). Studies were reported that the
existence in tilapia of a compensatory Ca uptake
mechanism vis-a-vis the availability of Ca in the
water (Flik, Fenwick, Kolar, Mayer-Gostan, &
Wendelaar Bonga, 1986; Hwang, Tung, & Chang,
1996; Vonck, Wendelaar Bonga, & Flik, 1998). In
high-Ca water or sea water, fish could satisfy their
requirements by uptake mechanism, while in low-Ca
water or freshwater, fish could not satisfy their
requirements and need to increase diets Ca levels to
meet fish requirements. (Robinson, Rawles, Yette,
Brown, & Greene, 1986; Vonck et al., 1998). In the

current study, fish fed with the Ca-deficient diet
(0.41%) showed poor growth performance and the
best growth performance were observed in 1.26%
dietary Ca level, which indicated that Ca is necessary
for bighead carp in the current breeding water.
However, high Ca diet (1.59%) resulted in poor
growth performance in bighead carp which indicated
high dietary Ca might have adverse effects on the
growth of bighead carp, which was similar to the
report that higher dietary Ca levels has been shown to
adversely affect the growth and survival in channel
catfish (Gatlin & Phillips, 1989), rainbow trout
(Salmo gairdneri) (Spinelli, Houle, & Wekell, 1983),
Chinook salmon  (Oncorhynchus tshawytscha)
(Richardson, Higgs, Beams, & McBride, 1985),
grouper (Ye et al., 2006) and Japanese seabass
(Lateolabrax japonicas) (Song et al., 2016).
Baldisserotto, Kamunde, Matsuo and Wood (2004)
reported that low CaCl,-supplemented (60 mg Ca?* g
food) diet resulted in decreasing weight gain in
rainbow trout. Based on FCR and SGR, a dietary Ca/P
ratio for juvenile bighead carp were determined to be
1.13:1, which was similar to the ratios reported for
some fish species, such as brook trout (1:1, Phillips,
1959); Mayan cichlid (Cichlasoma urophthalmus)
(1.3:1, Sanchez et al.,, 2000); common carp (1:1,
Nakamura & Yamada, 1980); juvenile grouper (1:1,
Ye et al., 2006); eel (Anguilla japonica) (0.93:1, Nose
& Arai, 1979), higher than red sea bream (0.5:1,
Sakamoto & Yone, 1973). Therefore, it is suggested
that different fish species have different dietary Ca/P
ratios to fulfil their growth potential.

In our study, dietary Ca supplementation had no

Table 2. Growth performance index of bighead carp fed experimental diets for 8 weeks

DietNO. % CaP Initial Weight(g) ~Final Weight(s) ~ WG(%)! FCR? (%S d25_1)3 (554

Dietl 041 0361 105332033 1704251137 6180104 1.632003 0.86£0.03% 100£0.00
Diet2 072 0.641  10633£033  18235:1.00°  71.50+142° 1.4120.02° 0.96£0.02° 100:0.00
Diet3 093 0821 10533033  18333:120%  7460+l.14% 136:0.02 1.00£0.01% 100£0.00
Diet4 115 1041 10533033  18833:145°  78.8141.86° 1.290.03° 1.04£0.04° 100+0.00
Diet5 126 1131 10533033  19633£0.88¢ 864041340 1.18£0.02° 1.1120.03¢  1000.00
Diet6 159 1431  10533£033  187.33£120% 77294140 131:0.04% 1.02+0.01% 10040.00

WG (%): weight gain; >FCR (%): feed conversion ratio; 3SGR (% day'): specific growth rate; *SR (%): survival rate. Mean values and
standard error (M£SE) are presented for each parameter. Significant differences with within the diets are indicated by different letters

(P<0.05).

Table 3. Whole body composition (wet basis) of bighead carp fed experimental diets for 8 weeks

: Ca . Protein Lipid Ash
Diet NO. % Ca/P Moisture (%) %) ((;:)) (%)
Diet 1 0.41 0.36:1 82.17+0.61 11.33+0.28 2.49+0.06 4.15+0.07
Diet 2 0.72 0.64:1 82.13+0.36 11.2340.12 2.47+0.08 4.07£0.05
Diet 3 0.93 0.82:1 82.23+0.61 11.1740.21 2.36+0.05 4.03+0.09
Diet 4 1.15 1.04:1 82.56+0.53 11.44+0.28 2.31+£0.04 4.10+0.04
Diet 5 1.26 1.13:1 82.61+0.46 11.56+0.11 2.26+0.06 3.91+0.06
Diet 6 1.59 1.43:1 82.47+0.75 11.49+0.21 2.39+0.07 4.06+0.08

Mean values and standard error (M+SE) are presented for each parameter. No Significant differences within the diets (P>0.05).
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Table 4. Blood hematological parameters of bighead carp fed experimental diets for 8 weeks

Diet NO. “ CalP d’gg& RBC (10%2/L)? (';%‘3 '(*O/f)f

Diet 1 0.41 0361 117371 157£0.06 76255384 24.49£2.51
Diet 2 0.72 0.64:1 115.7343.02 1.64£0.05 81445102 25.94+324
Diet 3 0.93 0.82:1 117.62+6.39 1.66+0.08 82.86£5.14 23431322
Diet 4 115 1041 114.9142.29 1.64+0.05 80.86£182 2849223
Diet 5 126 1131 102.85+5.34 1.46+0.07 7200£3.18  24.0942.64
Diet 6 159 1431 111,543 .38 1.57+0.06 76.00£2.59  27.78+1.54

*white blood cell (WBC), 2red blood cell (RBC), *hemoglobin (HGB) and *hematocrit (HCT). Mean values and standard error (M+SE) are
presented for each parameter. No Significant differences within the diets (P>0.05).
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Figure 1. Aspartate aminotransferase (AST) activity of bighead carp fed diets with different calcium levels. Vertical bars
represent mean = SE values for triplicate samples. Value with different superscripts are significantly different (P<0.05).
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Figure 2. Alanine aminotransferase (ALT) activity of bighead carp fed diets with different calcium levels. Vertical bars
represent mean =+ SE values for triplicate samples. Value with different superscripts are significantly different (P<0.05).

significant effects on whole body ash content, which grouper (Ye et al., 2006). This finding suggested that
was similar with these results reported in fingerling dietary Ca supplementation did not change ash
scorpion fish (Hossain & Furuichi, 2000c), juvenile content or has no effect on internal deposition. A
jade perch (Scortum barcoo) (Song et al., 2009), study showed that the Ca exchange rate of fish scales
Atlantic cod (Kousoulaki et al., 2010) and juvenile was three times that in bone (Berg, 1968).
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Figure 3. Alkaline phosphates (ALP) activity of bighead carp fed diets with different calcium levels. Vertical bars
represent mean = SE values for triplicate samples. Value with different superscripts are significantly different (P<0.05).
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Figure 4. Serum calcium content of bighead carp fed diets with different calcium levels. Vertical bars represent mean +
SE values for triplicate samples. No Significant differences within the diets (P>0.05).
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+ SE values for triplicate samples. Value with different superscripts are significantly different (P<0.05).
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Furthermore, dietary high Ca supplementation
reduced Ca content in scales and not in bone
(Berntssen, Waagbg, Toften, & Lundebye, 2003),
which indicated the present study might be reasonable
in that the ash. In our study, dietary Ca
supplementation had no significant effects on whole
body lipid, protein and moisture. Similar results were
reported in juvenile jade perch (Song et al., 2009),
fingerling scorpion fish (Hossain & Furuichi, 2000c).
Hossain and Yoshimatsu (2014) has reported that
dietary increased Ca could also was used for building
the hard tissues and other physiological functions at
the developmental stage of fish, which indicated
dietary Ca supplementation might be used for
building hard tissues and other physiological
functions in juvenile bighead carp. However, when
japanese seabass were fed with the high Ca (3.1%;
Ca/P, 2.73:1) group, whole-body protein and lipid
contents were lower than other treatments (Song et
al., 2016). The differences for various species of fish
may be due to experimental environment conditions,
diet composition and age. In our study, the highest Ca
level is 1.59% far below 3.1%, which might affect
trail result.

Blood parameters are considered as convincible
indicators for the physiological conditions and health
status of fish in response to dietary supplements
(Congleton & Wagner, 2006; Kader et al., 2010). In
our study, dietary Ca supplementation had no
significant effects on RBC counts, HGB counts and
HCT, which indicated dietary Ca supplementation did
not affect the capacity of carrying oxygen and
collecting carbon dioxide. The number of WBC
counts in the blood is related to inflammatory stimuli
and immune system, which is often an indicator of
disease. In our study, dietary Ca supplementation had
no significant effects on WBC counts, which
indicated dietary Ca supplementation did not affect
the capacity of immune. In fish physiological
diagnoses, we usually use plasma biochemical
parameters to determine the general status of health
(Kavitha et al., 2012; Davis, 2004). Blood Ca, P
levels are devoted to evaluate Ca and P nutritional
status of animals, which can reflect the absorption of
Ca and P in bone (Zhang et al., 2006). Plasma Ca
levels were not affected with dietary Ca
supplementation, suggesting Ca homeostasis in
bighead carp. Similar results were reported in juvenile
tilapia (Oreochromis niloticus x O. aureus); grass
carp (Ctenopharyngodon idella) (Liang et al., 2012);
Atlantic salmon (Berntssen et al., 2003). However,
serum Ca concentration increased significantly with
dietary Ca levels, and reached a maximum (7.71
mmol L) in Japanese seabass (Song et al., 2016).
These results concluded that various species of fish
could lead to varying plasma Ca levels significantly
(Urasa & Wendelaar Bonga, 1987). Nakamura (1982)
reported that Ca may interact with other essential
dietary minerals, particularly P. In our study, plasma
P levels showed decreasing trend with increasing
dietary Ca levels. Nakamura (1982) observed a
negative and linear relationship between the amount

of P absorbed and the dietary Ca content in carp.
When there is an excess of dietary Ca
supplementation, the P is not absorbed by the
intestine, which could explain the reason of the result
(Andrews, Murai, & Campbell, 1973; Cowey &
Sargent, 1979). High activities of blood AST and
ALT generally indicates a weakening or damage of
normal liver function in fish species (Kim & Lee,
2009). In the -current study, high dietary Ca
supplementation significantly increased serum AST
and ALT activity and reached a maximum, which
indicated that dietary Ca levels could weaken or
damage of normal liver function in bighead carp. The
results could explain the poor growth performance in
bighead carp with dietary Ca excessive
supplementation (1.59%). ALP activity affect the
absorption of several minerals in particular Ca and P
for bone mineralization (Coleman, 1992). In the
present study, in bighead carp fed with Ca-deficient
diets, ALP activity was significantly higher than other
groups, demonstrating that low dietary Ca levels did
not meet the bone mineralization requirement. ALP
activity was also significantly higher than other
groups with Ca-deficient diets in Japanese seabass
(Song et al., 2016), which was in accordance with our
trail result. Hurwitz and Griminger (1961) reported
that lower Ca-containing diets also increased plasma
ALP activity, which was a marker of insufficient bone
mineralization in a fowl nutritional study.

The present study demonstrated that optimal
dietary Ca level (1.26%) could improve growth
performance and lowered FCR. However, higher Ca
level (1.59%) damaged the liver function.
Furthermore, dietary Ca supplementation had
significant adverse effects on serum P absorbed. Thus,
it is suggested that the optimal Ca level was
determined to be 1.26%, and the corresponding Ca/ P
ratio was calculated to be 1.13:1 based on this study.
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