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Abstract

This study aimed to investigate the effects of partially replacing calcium dihydro-
gen phosphate with neutral phytase on growth performance, body composition,
serum biochemical indices, and phosphorus utilization in gibel carp (Carassius
auratus gibelio). Seven experimental groups were established: D1 (positive
control group, feed supplemented with 1.5% calcium dihydrogen phosphate),
D2 (negative control 1, feed supplemented with 1.0% calcium dihydrogen phos-
phate), D3 (feed supplemented with 1.0% calcium dihydrogen phosphate + 400
U/kg neutral phytase), D4 (feed supplemented with 1.0% calcium dihydrogen
phosphate + 800 U/kg neutral phytase), D5 (negative control 2, feed supple-
mented with 0.5% calcium dihydrogen phosphate), D6 (feed supplemented with
0.5% calcium dihydrogen phosphate + 400 U/kg neutral phytase), and D7 (feed
supplemented with 0.5% calcium dihydrogen phosphate + 800 U/kg neutral
phytase), with 3 replicates per group and 25 fish per replicate [initial average
weight (23.3940.10) g], and an 8-week growth trial was conducted. The results
showed that after gibel carp were fed the experimental diets for 8 weeks, the D5
group exhibited the poorest growth performance, with weight gain rate, specific
growth rate, and feed intake significantly lower than those of all other groups
(P<0.05), while feed conversion ratio was significantly higher than that of all
other groups (P<0.05). The weight gain rate and specific growth rate of D2 and
D6 groups were significantly lower than those of D1 group (P<0.05), while feed
conversion ratio was significantly higher than that of D1 group (P<0.05). The
growth performance indices of D3, D4, and D7 groups showed no significant dif-
ferences from those of D1 group (P>0.05). Whole-body moisture, crude protein,
crude ash, and phosphorus contents, as well as serum cholesterol content and al-
kaline phosphatase activity of gibel carp showed no significant differences among
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all groups (P>0.05). Except for D5 group, serum phosphorus and triglyceride
contents showed no significant differences among the other groups (P>0.05). At
the same calcium dihydrogen phosphate supplementation level, the phosphorus
retention rate and apparent phosphorus digestibility of groups supplemented
with neutral phytase were significantly higher than those of groups without
neutral phytase supplementation (P<0.05), while phosphorus discharge showed
the opposite trend. Therefore, supplementation of 400 and 800 U/kg neutral
phytase in feed can reduce calcium dihydrogen phosphate supplementation by
0.5% and 1.0%, respectively, without compromising growth performance, body
composition, and serum biochemical indices of gibel carp. In gibel carp feed,
partial replacement of calcium dihydrogen phosphate with neutral phytase can
improve feed phosphorus utilization and reduce phosphorus discharge, thereby
conferring both economic and ecological benefits.
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Abstract

An 8-week feeding trial was conducted to investigate the effects of partially
replacing monocalcium phosphate (MCP) with neutral phytase on growth per-
formance, body composition, serum biochemical parameters, and phosphorus
utilization in gibel carp (Carassius auratus gibelio). Seven experimental groups
were established: D1 (positive control, 1.5% MCP), D2 (negative control 1, 1.0%
MCP), D3 (1.0% MCP + 400 U/kg neutral phytase), D4 (1.0% MCP + 800
U/kg neutral phytase), D5 (negative control 2, 0.5% MCP), D6 (0.5% MCP +
400 U/kg neutral phytase), and D7 (0.5% MCP + 800 U/kg neutral phytase).
Each group comprised three replicates of 25 fish with an initial average body
weight of (23.39+0.10) g.

After the 8-week feeding period, the D5 group exhibited the poorest growth
performance, with significantly lower weight gain rate, specific growth rate, and
feed intake compared to all other groups (P<0.05), while showing a significantly
higher feed conversion ratio (P<0.05). The D2 and D6 groups also displayed
significantly lower weight gain and specific growth rates, and significantly higher
feed conversion ratios compared to the D1 group (P<0.05). In contrast, the D3,
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D4, and D7 groups showed no significant differences in any growth performance
indices compared to D1 (P>0.05).

Whole-body moisture, crude protein, ash, and phosphorus contents, as well
as serum cholesterol levels and alkaline phosphatase activity, did not differ
significantly among all groups (P>0.05). Serum phosphorus and triglyceride
concentrations were also similar across groups, except for D5, which showed
significantly lower serum phosphorus and significantly higher triglyceride levels
(P<0.05). At equivalent MCP supplementation levels, groups receiving neu-
tral phytase demonstrated significantly higher phosphorus retention rates and
apparent digestibility compared to their non-phytase counterparts (P<0.05),
while phosphorus discharge showed the opposite trend.

These results indicate that dietary supplementation with 400 and 800 U/kg neu-
tral phytase can reduce MCP inclusion by 0.5% and 1.0%, respectively, without
compromising growth performance, body composition, or serum biochemical
parameters in gibel carp. Partial replacement of MCP with neutral phytase in
gibel carp diets enhances phosphorus utilization efficiency and reduces phospho-
rus discharge, thereby offering both economic and ecological benefits.

Keywords: gibel carp; neutral phytase; monocalcium phosphate; growth per-
formance; body composition; phosphorus utilization

Introduction

Fish meal is a resource-limited ingredient, and its price has surged in recent
years due to constrained catch quotas. Consequently, minimizing fish meal us-
age has become a primary strategy for feed manufacturers to reduce costs. A
successful approach involves maximizing the utilization of plant protein sources
to replace portions of fish meal, thereby increasing the proportion of plant-based
ingredients in aquafeeds. Aquatic animals have substantial phosphorus require-
ments, which are typically met by adding considerable amounts of monocalcium
phosphate to compound feeds. However, monocalcium phosphate is a mineral
phosphorus source that is non-renewable.

Plant protein ingredients contain substantial amounts of phytic acid or phytates,
which represent the primary form of phosphorus. Since aquatic animals lack en-
dogenous phytase in their digestive tracts, they cannot utilize phytate-bound
phosphorus [1-2]. Unabsorbed phytate phosphorus excreted into the environ-
ment can cause water eutrophication and aquatic pollution. Phytase catalyzes
the hydrolysis of phytate phosphorus into inorganic phosphorus while simultane-
ously releasing nutrients bound to phytic acid, thereby enhancing the potential
nutritional value of feeds [3]. Therefore, supplementing aquafeeds with exoge-
nous phytase can reduce monocalcium phosphate usage, achieving both cost
savings and environmental protection. Numerous studies have demonstrated
that dietary phytase supplementation effectively improves phosphorus utiliza-
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tion and reduces phosphorus pollution in aquatic animals [4-8], making it a
promising trend for future aquafeed industries.

Gibel carp, developed through artificial gynogenesis using triploid Fangzheng
crucian carp (Carassius auratus gibelio) as the maternal parent and diploid
Xingguo red carp (Cyprinus carpio var. singuonensis) as the paternal parent,
exhibits rapid growth, large size, and strong stress resistance. These traits
demonstrate excellent economic performance in aquaculture production. The
species also offers superior meat quality and nutritional value, making it the
primary crucian carp variety in Chinese aquaculture and a popular product
in domestic and international markets, including Korea, Japan, and Southeast
Asia [9-10].

Previous research on phytase application in aquafeeds has primarily focused on
acid phytase, which is suitable for gastric species with acidic stomach pH such
as salmonids, perch, and groupers, but not for agastric freshwater cyprinids
with neutral digestive tracts. Qiu et al. [11] investigated the effects of neutral
phytase on gibel carp growth and its distribution of enzymatic activity in the
intestine, but did not examine MCP replacement. This study utilized neutral
phytase adapted to the intestinal environment of aquatic animals to evaluate
its feasibility for replacing monocalcium phosphate in gibel carp diets, focusing
on growth performance, body composition, feed nutrient utilization, particu-
larly phosphorus utilization, to provide reference for the broader application of
neutral phytase in aquaculture.

1.1 Experimental Diets

The experimental diet formulation was designed based on commercial crucian
carp feed formulas. Seven experimental diets were prepared: D1 served as the
positive control with 1.5% MCP and no neutral phytase; D2 was negative control
1 with 1.0% MCP and no phytase; D3 contained 1.0% MCP + 400 U /kg neutral
phytase; D4 contained 1.0% MCP + 800 U/kg neutral phytase; D5 was negative
control 2 with 0.5% MCP and no phytase; D6 contained 0.5% MCP + 400 U/kg
neutral phytase; and D7 contained 0.5% MCP + 800 U/kg neutral phytase.

All feed ingredients were ground and passed through a 60-mesh sieve before
being accurately weighed according to the formulation table (Table 1 ). Ingre-
dients were mixed in a feed mixer for 30 minutes, after which soybean oil and
water (40% of feed dry weight) were slowly added during continuous mixing.
The mixture was then processed into 1.5 mm hard pellets using a hard pellet
extruder (produced by Shanghai Fisheries Machinery Research Institute). The
pellets were air-dried to 8-10% moisture content, sealed in plastic bags, and
stored at -20°C until use. The neutral phytase (trade name Weitelin) was pro-
duced by Guangdong VTR Co., Ltd. through liquid fermentation of a naturally
selected thermotolerant strain followed by spray drying, with an activity of 2,000
U/g at pH 6.5 and 25°C. Enzyme activity remained essentially unchanged after
feed pelleting.
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1.2 Experimental Fish and Feeding Trial

Gibel carp were purchased from a hatchery in Hunan Province and acclimated to
experimental conditions in indoor aquaria for two weeks prior to the trial. At the
start of the experiment, fish were fasted for 24 hours, then anesthetized with 74
mg/L MS-222 and individually weighed. Healthy fish with uniform body weight
were stocked at 25 fish per aquarium (200 L capacity) with an initial average
weight of (23.3940.10) g. Each dietary treatment had three replicates (aquaria).
Fish were fed the corresponding experimental diets during the trial.

A micro-flow-through system was used with water temperature maintained at
(23+2)°C and pH around 7.5. Continuous aeration ensured dissolved oxygen
concentration 5 mg/L. Feces were removed each morning by siphoning, and am-
monia nitrogen concentration was maintained below 0.01 mg/L. Fish were hand-
fed to satiation twice daily (08:30 and 16:30), with feed consumption recorded.
The feeding trial ran from May 15 to July 8, 2015, lasting 8 weeks.

1.3 Sample Collection and Analysis

At the end of the trial, fish were fasted for 24 hours and anesthetized with MS-
222 before individual weighing. Three fish were randomly selected from each
aquarium (9 fish per group), weighed, cooked, dried, and ground into powder
for whole-body proximate composition analysis. The powdered samples were
stored at -20°C. Another three fish per aquarium were randomly selected for
blood collection (0.5 mL per fish) from the caudal vein using 1 mL disposable
syringes. Blood samples were placed on ice for over 4 hours, then centrifuged
at 4,000 r/min for 10 minutes at 4°C. The collected serum was stored at -20°C
for biochemical analysis.

Moisture, crude protein, crude lipid, ash, and total phosphorus contents in
feed and whole-body samples were determined according to GB 6435-1986, GB
6432-1994, GB 6433-1994, GB/T 6438-1992, and GB/T 6437-2002, respectively.
Phytate phosphorus content was measured using the method described by Carls-
son et al. [12]. Serum phosphorus, triglyceride, cholesterol concentrations, and
alkaline phosphatase activity were determined using assay kits from Nanjing
Jiancheng Bioengineering Institute.

During the final week of the trial, 1% chromium(IIT) oxide (Cr O ) was added
to the experimental diets to estimate apparent phosphorus digestibility. Feces
were collected after feeding, and Cr O content in feed and feces was determined
by atomic absorption spectrophotometry [13].

1.4 Calculation Methods

The following formulas were used for calculations:

o Weight gain rate (%) = 100 x [final average weight (g) - initial average
weight (g)] / initial average weight (g)
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« Specific growth rate (%/d) = 100 x [In(final average weight (g)) - In(initial
average weight (g))] / feeding days (d)

o Feed intake (g/fish) = total feed consumption (g) / number of fish

o Feed conversion ratio = total feed consumption (dry weight, g) / weight
gain (wet weight, g)

o Protein efficiency (%) = 100 x weight gain (g) / protein intake (g)

o Survival rate (%) = 100 x final number of fish / initial number of fish

o Hepato-somatic index (%) = 100 x liver weight (g) / body weight (g)

« Viscero-somatic index (%) = 100 x viscera weight (g) / body weight (g)

o Phosphorus intake (g) = feed intake (g) x dietary total phosphorus content
(%)

o Phosphorus retention (g) = final body phosphorus content (g) - initial
body phosphorus content (g)

o Phosphorus retention rate (%) = 100 x phosphorus retention (g) / phos-
phorus intake (g)

o Phosphorus discharge (g/kg weight gain) = [phosphorus intake (g) - phos-
phorus retention (g)] / weight gain (kg)

« Apparent phosphorus digestibility (%) = 100 x {1 - [fecal total phosphorus
content (%) / feed total phosphorus content (%)] x [feed Cr O content
(%) / fecal Cr O content (%)]}

« Available phosphorus content (%) = apparent phosphorus digestibility (%)
x dietary total phosphorus content (%)

1.5 Statistical Analysis

Raw data were processed using Microsoft Excel 2000, followed by one-way
ANOVA and Tukey’ s multiple comparison tests using Origin 9.0 software. Dif-
ferences were considered significant at P<0.05. Results are presented as mean
+ standard error (mean+SE, n=3).

Results
2.1 Growth Performance

As shown in Table 2 , after 8 weeks of feeding, the D5 group exhibited the poorest
growth performance. Weight gain rate, specific growth rate, and feed intake were
significantly lower than all other groups (P<0.05), while feed conversion ratio
was significantly higher (P<0.05). Protein efficiency and viscero-somatic index
in D5 were significantly lower and higher, respectively, compared to D1, D3,
and D4 (P<0.05), and this group also showed the lowest survival rate.

The D2 and D6 groups displayed significantly lower weight gain and specific
growth rates, and significantly higher feed conversion ratios compared to D1
(P<0.05). In contrast, D3, D4, and D7 showed no significant differences in any
growth performance indices compared to D1 (P>0.05). No significant differences
in hepato-somatic index were observed among all groups (P>0.05). These re-
sults indicate that reducing dietary MCP levels impairs fish growth performance,
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while supplementation with 400 and 800 U/kg neutral phytase can compensate
for 0.5% and 1.0% MCP reduction, respectively, without negatively affecting
growth.

2.2 Body Composition

Table 3 presents the whole-body composition of gibel carp after 8 weeks. No sig-
nificant differences were observed among groups in moisture, crude protein, ash,
or phosphorus contents (P>0.05). However, crude lipid content in D5 was sig-
nificantly higher than in D1, D3, D4, and D7 (P<0.05), though not significantly
different from D2 and D6 (P>0.05). These findings suggest that phosphorus de-
ficiency induces lipid accumulation, while replacing 0.5% and 1.0% MCP with
400 and 800 U/kg neutral phytase, respectively, does not affect body composi-
tion.

2.3 Serum Biochemical Parameters

Serum biochemical parameters are summarized in Table 4 . Serum choles-
terol and alkaline phosphatase activity showed no significant differences among
groups (P>0.05). Serum phosphorus and triglyceride concentrations were also
similar across groups, except for D5, which exhibited significantly lower phos-
phorus and significantly higher triglyceride levels compared to all other groups
(P<0.05). These results demonstrate that reducing MCP levels decreases serum
phosphorus while increasing triglycerides, but these effects are mitigated when
neutral phytase is added at 400 or 800 U/kg to replace 0.5% or 1.0% MCP,
respectively.

2.4 Phosphorus Utilization in Experimental Diets

Phosphorus utilization data are presented in Table 5 . Phosphorus retention
rate showed no significant differences among D1, D2, and D5 (P>0.05), nor
between D3, D6, and D1 (P>0.05). However, D2 and D5 were significantly
lower than D3, D4, D6, and D7 (P<0.05), while D4 and D7 were significantly
higher than D1 (P<0.05). Phosphorus discharge was significantly higher in D2
and D5 compared to all other groups (P<0.05), and significantly lower in D4 and
D7 (P<0.05). Apparent phosphorus digestibility was lowest in D5 and second
lowest in D2, both significantly lower than other groups (P<0.05), while D4 and
D7 were significantly higher than all others (P<0.05). No significant differences
were observed among D3, D6, and D1 (P>0.05).

These results indicate that 400 and 800 U/kg neutral phytase provide available
phosphorus equivalent to 0.5% and 1.0% MCP, respectively. Partial replacement
of MCP with neutral phytase improves phosphorus utilization efficiency and
reduces phosphorus discharge.
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Discussion
3.1 Effects of Partial MCP Replacement on Growth Performance

Phosphorus is an essential mineral nutrient for fish growth, playing crucial
roles in skeletal systems, energy metabolism, and cellular processes [1]. Due
to high phosphorus requirements and low utilization of plant-derived phospho-
rus, aquafeeds typically contain substantial MCP supplementation [14]. Phytase
catalyzes phytate phosphorus hydrolysis into inorganic phosphorus, thereby in-
creasing available phosphorus content and allowing reduced MCP inclusion [15].

Yu et al. [16] reported that pretreating soybean meal with 500 and 1,000 U/kg
phytase to replace 1.6% MCP (with a control MCP level of 2.5%) did not sig-
nificantly affect growth performance or feed utilization in gibel carp. In the
current study, reducing MCP by 0.5% and 1.0% significantly decreased weight
gain and specific growth rates, indicating that MCP reduction led to insufficient
available phosphorus, impairing normal growth. The significantly increased
viscero-somatic index in the 1.0% MCP reduction group reflects visceral fat
accumulation, a known symptom of phosphorus deficiency in cyprinids [17].

However, simultaneous supplementation with 400 and 800 U/kg neutral phy-
tase at 0.5% and 1.0% MCP reduction levels, respectively, did not significantly
affect weight gain, specific growth rate, protein efficiency, or feed conversion ra-
tio. This suggests that phytase-released available phosphorus compensated for
the reduction in MCP-derived phosphorus. Nevertheless, 400 U/kg neutral phy-
tase replacing 1.0% MCP resulted in significantly lower weight gain and specific
growth rate compared to the positive control, indicating insufficient phospho-
rus liberation to fully replace 1.0% MCP. This aligns with calculated available
phosphorus contents based on apparent digestibility. Therefore, 400 and 800
U/kg neutral phytase can replace 0.5% and 1.0% MCP, respectively. Further
research is needed to determine whether higher phytase doses could completely
replace MCP in gibel carp diets.

3.2 Effects of Partial MCP Replacement on Body Composition

No significant differences were observed among groups in whole-body moisture,
crude protein, ash, or phosphorus contents. Previous studies have similarly
reported that dietary phosphorus levels and phytase supplementation do not af-
fect these parameters [18-19]. However, other research has shown that low avail-
able phosphorus significantly reduces ash and phosphorus contents in Atlantic
salmon (Salmo salar) juveniles [20] and ash content in grouper (Epinephelus
coioides) juveniles [21]. These discrepancies may relate to species differences,
fish size, culture environment, or trial duration.

Increased crude lipid content with reduced MCP supplementation likely results
from suppressed fatty acid -oxidation under phosphorus deficiency conditions
[22]. The absence of significant effects on crude lipid content when 400 or
800 U/kg neutral phytase was added alongside MCP reduction confirms that
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phytase-liberated phosphorus compensates for the reduced MCP phosphorus.

3.3 Effects of Partial MCP Replacement on Serum Biochemical Pa-
rameters

Phosphorus deficiency in aquatic animals typically causes anorexia, growth re-
tardation, reduced feed efficiency, increased visceral fat deposition, and altered
blood biochemical parameters including phosphorus, triglycerides, cholesterol,
and alkaline phosphatase [23]. Studies have reported significantly lower serum
phosphorus in fish fed phosphorus-deficient diets [24-25]. In this study, serum
phosphorus decreased with MCP reduction, with the 1.0% reduction group
significantly lower than the positive control. However, simultaneous neutral
phytase supplementation prevented these reductions, confirming that dietary
phosphorus deficiency lowers serum phosphorus.

No significant differences in alkaline phosphatase activity were observed among
groups, consistent with Sugiura et al. [26] who reported no relationship between
plasma alkaline phosphatase activity and dietary phosphorus in rainbow trout
(Oncorhynchus mykiss), but contrasting with Zheng et al. [23] who found signifi-
cantly higher activity in phosphorus-deficient Nile tilapia (Oreochromis niloticus
x O. aureus).

3.4 Effects of Partial MCP Replacement on Phosphorus Utilization

Studies have demonstrated that phytase supplementation in plant-based diets
improves phosphorus utilization in fish [18,27]. The current study confirms
that neutral phytase increased apparent phosphorus digestibility in gibel carp.
In fishmeal-free or low-fishmeal diets, phytate phosphorus constitutes a large
proportion of total phosphorus. Since fish lack endogenous phytase, they cannot
utilize phytate phosphorus, but exogenous phytase catalyzes its hydrolysis to
release inorganic phosphorus [15], thereby improving utilization efficiency.

In this study, replacing 0.5% and 1.0% MCP with 400 and 800 U/kg neutral
phytase increased phosphorus retention rates by 3% and 10%, and apparent
digestibility by 8% and 17%, respectively, with higher phytase doses yielding
greater digestibility. Xu et al. [28] reported a 7% improvement in apparent
phosphorus digestibility in black porgy (Acanthopagrus schlegelii) when replac-
ing 1.0% MCP with 400 U/kg neutral phytase. Yang et al. [29] found that 1,500
and 3,000 U/kg phytase improved apparent phosphorus digestibility in common
carp (Cyprinus carpio) by 9% and 11%, respectively. These differences may
stem from variations in diet formulation and fish species. Yu et al. [15] reported
a 6% increase in phosphorus retention rate when using phytase-pretreated soy-
bean meal to replace 1.6% MCP in gibel carp diets.

As phosphorus represents a major pollutant in aquaculture, reducing its dis-
charge is critical for minimizing environmental impact. Phytase replacement of
MCP not only reduces total dietary phosphorus but also improves utilization
efficiency, substantially decreasing phosphorus output. This study found that
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replacing 0.5% and 1.0% MCP with 400 and 800 U/kg neutral phytase reduced
phosphorus discharge by 13% and 33%, respectively, consistent with previous
findings [30-32].

Conclusions

1. Dietary supplementation with 400 and 800 U/kg neutral phytase can re-
duce monocalcium phosphate inclusion by 0.5% and 1.0%, respectively,
without adversely affecting growth performance, body composition, or
serum biochemical parameters in gibel carp.

2. Partial replacement of monocalcium phosphate with neutral phytase in
gibel carp diets maintains growth performance while improving phospho-
rus utilization efficiency and reducing phosphorus discharge, thereby pro-
viding both economic and ecological benefits.
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