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Phosphorus is an essential mineral for aquatic animals to maintain the health of the
skeletal system and many physiological functions. This study assessed the effects of two
inorganic phosphorus sources on growth performance, apparent phosphorus digestibility,
whole-body proximate composition, and physiological status in juvenile Pelodiscus
sinensis. Two experimental diets were supplemented with 4% calcium phosphate
monobasic (MCP) and 5.47% calcium phosphate dibasic (DCP), respectively, to obtain
equal total dietary phosphorus (2.20%). 96 turtles (initial body weight: 5.40+0.03g) were
randomly distributed into 12 tanks and fed the corresponding diets for 60d. Results
showed that phosphorus sources have not significantly influenced the growth
parameters, including the specific growth rate, feeding rate, and feed conversion ratio
(P>0.05). No significant differences were observed in the hepatosomatic index and
whole-body proximate compositions between MCP and DCP groups (P>0.05). The
apparent digestibility coefficients of dry matter and phosphorus in MCP group (53.22%)
are slightly higher than that in DCP group (48.98%) but did not reach the statistically
significant level (P > 0.05). Turtles in MCP and DCP groups are the same in plasma
physiological parameters and have equal alkaline phosphatase activities in plasma and
liver (P>0.05). In conclusion, calcium phosphate monobasic and calcium phosphate
dibasic had the same biological phosphorus availability in diet for juvenile Pelodiscus

sinensis.

INTRODUCTION

Phosphorus plays a prominent role in the development and
maintenance of the skeletal system and performs many
physiological functions, including energy metabolism and
the maintenance of acid-base equilibrium in vertebrates.!
Inadequate phosphorus will lead to lower mineralization of
bone, lower feed efficiency ratio, higher lipid deposition,
and retarded growth in aquatic animals.2*4 The origins of
phosphorus for aquatic animals stem from surrounding wa-
ter and diet. In contrast, the quantity of phosphorus ab-
sorbed from surrounding water by aquatic animals is ex-
tremely remote. They mainly depend on the phosphorus in
diets.> The contents of available phosphorus in feed ingre-
dients cannot meet the requirements of aquatic animals.
The dietary supplementations of exogenous inorganic

phosphates have become the effective phosphorus supply
in aqua-feed.!

Inorganic phosphates include calcium phosphate,
sodium phosphate, and potassium phosphate.6 Calcium
phosphate is usually the common phosphorus source be-
cause it can simultaneously provide both phosphorus and
calcium. Previous studies in many aquatic species found
that different calcium phosphates had largely significant
variations in phosphorus availability, it is observed that
MCP had higher phosphorus availability and higher growth
performance than DCP in Carp (Cyprinus carpio),” European
sea bass (Dicentrarchus labrax L.),3 Hemibarbus maculatus®;
yellowtail (Seriola quinqueradiata).® However, the same
availabilities of MCP and DCP were observed in Ore-
ochromis niloticus.10 Hence, the availabilities of phosphorus
sources varied with the different phosphorus sources and
species cultured. Moreover, public concern has increased
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about the effect of phosphorus discharge from aquaculture
systems on the water environment.!1:12 Phosphorus is also
a vital nutrient for phytoplankton in aquatic ecosystems.
The unavailable dietary phosphorus will be discharged into
the surrounding water, initiating excessive phytoplankton
growth and eutrophication.!314 Therefore, it is vital to as-
certain the appropriate phosphorous source for each animal
to guarantee the health of aquatic animals and the environ-
ment.

Soft-shelled turtle (Pelodiscus sinensis) is an important
aquatic species in Asia. Its production is beyond 300 thou-
sand tonnes per year in China, and it is also a member of
aquatic reptiles with a carapace and plastron as a skeleton
instead of a spinal column. Few researches were conducted
on the requirement of dietary phosphorus in reptiles. Re-
cently our study found that the optimal available phos-
phorus in the diet for Pelodiscus sinensis is 1.041% (total
phosphorus is 1.80%),* which is slightly higher than fish.
However, its suitable phosphorus sources supplemented in
diet are still open. Thereby, the objective of this study is
to evaluate the effects of two calcium phosphates (MCP
and DCP) on the growth performance, feed conversion ef-
ficiency, apparent digestibility of phosphorus, whole body
proximate composition, and physiological status in juvenile
Pelodiscus sinensis.

MATERIALS AND METHODS

DIETS PREPARATION

Two inorganic phosphorus sources were purchased from
Shanghai Yien Chemical Technology Ltd. (Shanghai,
China): Calcium phosphate monobasic (Ca (H,PO,), -H,O,
92% purity, named as MCP), calcium phosphate dibasic
(CaHPO4-2H,0, 99% purity, named as DCP). Two isoni-
trogenous (41% crude protein), isoenergetic (19.5M]/kg,
gross energy), iso-calcium (2.5%), and iso-phosphorus
(2.2%, total phosphorus) experimental diets were designed
with MCP and DCP, the contents of MCP and DCP in diets
were added at doses of 4% and 5.47% respectively. The con-
sistent dietary calcium levels were obtained by adjusting
limestone and microcrystal cellulose contents in two exper-
imental diets. Fishmeal, chicken meal, casein, and wheat
gluten were used as dietary major protein sources, a-starch
as the carbohydrate source, and fish oil as the lipid source.
Yttrium oxide (Y,05) was added at 0.1% as an inert marker
to determine the apparent digestibility coefficient. The
available phosphorus contents in MCP and DCP diets were
1.18% and 1.08%, respectively, calculated by the total phos-
phorus content multiplied by the apparent digestibility co-
efficients of phosphorus. The feed ingredients and chemical
composition of the two experimental diets are presented in
Table 1. All ingredients were mixed and ground through
175-um mesh. The 2.0 mm soft pellets were made by ex-
truded pelletizer (EL-260, Youyi Machinery Factory, Weihai,
China) and stored at -20°C until use.

Table 1. Formulation and proximate composition of
experimental diets

Groups
Ingredients (%) mcp?! DCP?
Fish meal 17.00 17.00
Chicken meal 18.00 18.00
Wheat gluten 7.00 7.00
Squid liver powder 4.00 4.00
Yeast powder 4.00 4.00
Casein 12.00 12.00
Gelatin 3.00 3.00
Yeast extract 2.00 2.00
a-starch 16.00 16.00
Fish oil 4.00 4.00
Vitamin & mineral premix3 2.00 2.00
Yttrium oxide (Y,03) 0.10 0.10
Others* 1.30 1.30
Limestone 272 1.07
Calcium phosphate monobasic 4.00 0
Calcium phosphate dibasic 0 5.47
Microcrystal cellulose 2.88 3.06
Proximate composition (%)
Moisture 16.74 16.06
Crude protein 40.87 41.58
Crude lipid 4.99 4.62
Crude ash 11.65 1151
Gross energy (MJ/kg) 19.47 19.56
Calcium 246 2.55
Total phosphorus 2.22 2.20
Available phosphorus 1.18 1.08

IMCP: Calcium phosphate monobasic; 2DCP: Calcium phosphate dibasic;3Vitamin &
mineral premix: according to Zhang et al.15; 4Others: methionine 0.17, lysine 0.20,
sodium chloride 0.10, betaine 0.10, potassium chloride 0.20, taurine 0.40, choline chlo-
ride 0.10, mildew inhibitor 0.03.

TURTLES AND CULTURE CONDITIONS

Juvenile soft-shelled turtles were obtained from Yutian
Farm (Tangshan, China). After 10 days’ acclimation, turtles
were deprived of diets for 24 h, and 96 turtles (initial body
weight: 5.40%0.03g) were randomly assigned to 12 cylindri-
cal fiberglass tanks (0.6m in diameter and 0.7m in height)
with 6 tanks per group. Each tank was stocked with 8 tur-
tles. All turtles were manually fed with the corresponding
experimental diets to apparent satiation three times daily
(8:00, 12:30, and 17:30) for 60 d. Feces and leftover diet
were siphoned out 30 min post-feeding to calculate the
feeding rate and apparent digestibility coefficients. The
conditions during the experiment were as follows: water
temperature is 30°C *0.5°C, pH was 7.5+0.1, and the dis-
solved oxygen was more than 5 mg/L, ammonia-N was less
than 0.11 mg/L.
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SAMPLE COLLECTION AND CHEMICAL ANALYSIS

At the end of the trial, all turtles were fasted for 24h and
anaesthetized with MS-222 (1000mg/L) before sampling.
Turtles were counted and batch-weighted in each tank. Five
turtles in each tank were randomly selected and pooled into
one sample to analyze the body’s proximate composition.
Another three turtles per tank were weighted and decapi-
tated individually, the blood was collected into heparinized
tubes and centrifuged at 4000 g, 4°C for 15 min, and plasma
was stored in a -80°C freezer before analysis. Then, the tur-
tles were dissected out the liver to weight and stored in the
freezer for further alkaline phosphatase activity measure.

The proximate composition analysis of diets, feces, and
whole body (moisture, crude protein, crude lipid, crude ash,
and gross energy) was conducted following Zhang et al.16
Phosphorus and calcium contents were determined accord-
ing to the method of Wang et al.# The plasma contents of
triglyceride, total cholesterol, glucose, and alkaline phos-
phatase activities in plasma and liver were measured with
commercial kits according to the manufacturer’s protocols
(Nanjing Jiancheng Bioengineering Institute, Nanjing,
China) by spectrophotometry (TU-1901; Purkinje General
Ltd., Beijing, China). Total protein concentration in the
liver was determined with bovine serum albumin as the
standard. The Y,0z contents in feed and feces were an-
alyzed by inductively coupled plasma source mass spec-
trophotometer (X Series 2 ICP-MS) (Thermo Electron Cor-
poration, Waltham, MA, USA).

DATA CALCULATION

Survival rate (SR, %) = 100 x (final number of turtles/initial
number of turtles).

Weight gain rate (WGR, %) = 100 x [FBW (g) - IBW (2)])/
IBW (g);

Specific growth rate (SGR, %/d) =100 x (LnFBW -
LnIBW)/days;

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

Feeding rate (FR, %/d) = 100xdry feed intake (g)/ [(IBW
(8) + FBW (g))/2)/days;

Hepatosomatic index (HSI, %) = 100x (liver weight, g) /
(body weight, g);

Apparent digestibility coefficient of nutrient (ADC) =100
x (1- nutrient content in feces /nutrient content in diet x
Y,0; content in diet/ Y,O content in feces);

STATISTICAL ANALYSIS

All Data were expressed as means * SD and analyzed using
STATISTICA 10.0 software (Statsoft, Inc., Tulsa, OK, USA).
Before analysis, the normality of data distribution and the
homogeneity of variance were assessed by the Shapiro-Wilk
and Levene’s tests, respectively. An Independent T-test was
employed between MCP and DCP treatments in this study.
The significant level was set at P <0.05.

Table 2. Effects of two phosphorus sources on the
growth performance of Pelodiscus sinensis

Groups
Parameters MCP DCP
Survival rate (%) 100 100
Final body weight (g) 40.42+5.15 40.24+6.11
Feeding rate (%/d) 2.06+0.13 2.03+0.12
Weight gain rate (%) 649.92+0.96 646.63+1.13
Specific growth rate
(%/d) 3.29+0.21 3.28+0.24
Feed conversion ratio 0.82+0.08 0.82+0.08
Hepatosomatic index 3.940.62 4.32+0.87

(%)

Note: Values within the same row with different letters are significantly different
(P<0.05).

Table 3. Apparent digestibility coefficient (ADC) of
Pelodiscus sinensis fed with two experimental diets

Groups
Parameters (%) Mcp DCP
ADC of Dry matter 83.03+0.01 81.95+0.01
ADC of phosphorus 53.22+0.04 48.98+0.02

Note: Values within the same row with different letters are significantly different
(P<0.05).

RESULTS

GROWTH PERFORMANCE AND FEED CONVERSION
EFFICIENCY

The growth performance of turtles fed with different exper-
imental diets is displayed in Table 2. No dead turtles were
observed throughout the whole trial period in this study.
Different phosphorus sources have not significantly influ-
enced the growth parameters, including final body weight,
weight gain rate, and specific growth rate (P > 0.05). The
feeding rate and conversion ratio were unaffected (P >
0.05). No significant difference was observed in the hepato-
somatic index between MCP and DCP groups (P > 0.05).

APPARENT DIGESTIBILITY AND PROXIMATE BODY
COMPOSITION

The apparent digestibility coefficients of dry matter and
phosphorus in MCP group are slightly higher than that in
DCP group but did not reach the statistically significant
level (P > 0.05) (Table 3). T-test showed no significant dif-
ferences in body proximate composition, including mois-
ture, crude protein, crude lipid, crude ash, gross energy,
calcium, and phosphorus between the two treatments
(Table 4).
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Table 4. Whole-body proximate composition in
Pelodiscus sinensis fed with two experimental diets (wet
weight basis)

Groups

Parameters (%) MCP DCP

Moisture 72.42+0.01 72.15+0.01
Crude protein 17.24+0.01 17.50+0.01
Crude lipid 5.11+0.02 5.14+0.01
Crude ash 4.99+0.01 4.99+0.01
Gross energy (MJ/kg) 21.56+1.20 21.31+0.29
Calcium 1.18+0.03 1.19+0.02
Phosphorus 0.82+0.02 0.85+0.01

Note: Values within the same row with different letters are significantly different
(P<0.05).

Table 5. Plasma physiological and biochemical
parameters and hepatic alkaline phosphatase activity
in Pelodiscus sinensis fed with two experimental diets

Groups

Parameters (%) MCP DCP
Triglyceride (mmol/L) 4.88+0.44 3.21+0.87
Total cholesterol (mmol/L) 6.42+0.85 6.27+0.80
Glucose (mmol/L) 5.44+0.35 5.92+0.56
Plasma Alkaline 8.13+2.12 7.30+£1.33
phosphatase (U/L)

Hepatic Alkaline 0.37+0.09 0.32+0.08

phosphatase (U/g prot)

Note: Values within the same row with different letters are significantly different
(P<0.05).

PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS

No significant differences were observed for plasma triglyc-
eride, total cholesterol, glucose contents, and alkaline
phosphatase activity between MCP and DCP groups, and
the alkaline phosphatase activity of turtle liver in MCP
treatment was similar to that in DCP treatment (P > 0.05)
(Table 5).

DISCUSSION

In the present study, the survival rate of turtles was 100%,
and the growth rate increased six-fold during the 60d feed-
ing period, demonstrating that all turtles in this experi-
ment were healthy under these experimental surroundings.
Furthermore, the dietary calcium contents in two experi-
mental groups of this study were adjusted with limestone to
equal levels. Hence, there’s a reasonable prospect that the
different responses between the two treatments are all de-
served from the only variable of dietary phosphorus in this
study.

The apparent digestibility coefficients of dietary phos-
phorus and dry matter were not significantly affected by
MCP and DCP in the current study, similar to the results

in Oreochromis niloticus.10 However, this result disagreed
with most of fish, such as Carp (Cyprinus carpio),” European
sea bass (Dicentrarchus labrax L.),8 Hemibarbus maculatus,’
and yellowtail (Seriola quinqueradiata).® This may be be-
cause of the solubility of calcium phosphates and the ani-
mal species. Phosphorus absorption in the gastrointestinal
tract is positively correlated with the solubility. The more
soluble the salt, the higher the phosphorus availability.!
It is reported that MCP has higher water solubility (1.8g/
100mL) than DCP (0.136g/100mL) at room temperature,l?
which is the main reason that the availability of MCP is
more than DCP for some animals, especially in stomachless
animals.

On the other hand, the animal species cultured is an-
other factor influencing the phosphorus availability. The
stomach-containing species could effectively secret acid
gastric juice to absorb dietary phosphorus better than those
stomachless species; salmonids utilize phosphorus in fish
meals more efficiently than carp, tilapia, and channel cat-
fish.! Generally, in commercial feed formulation, DCP is
usually supplemented in the feed of terrestrial animals ex-
cept for piglets, and MCP is added to the diet of fish and
piglets. The piglet’s stomach is underdeveloped in function
compared with adult swine, and most fish, especially
cyprinid fish (stomachless fish), had a relatively weaker se-
cretion in gastric juice. So, piglets and most fish utilized
dietary MCP better than DCP. Pelodiscus sinensis, a kind of
aquatic reptile, has a relatively developed stomach and lives
in a warm environment (its optimal growth temperature is
30°C), which promotes turtles to secrete the acid gastric
juice abundantly for digesting and absorbing phosphorus in
their diet. Therefore, Pelodiscus sinensis utilized MCP and
DCP at the same apparent digestibility coefficient in this
study.

Although the digestibility of phosphorus is considered
as the direct evidence for the availability of phosphorus
sources, the growth performance, whole-body proximate
compositions, the plasma physiological and biochemical
parameters are regarded as the comprehensive and reliable
indicators to assess the requirements of phosphorus.!8-21
Dietary phosphorus levels have significantly influenced
aquatic animals’ growth performance; inadequate dietary
available phosphorus and excessive phosphorus have given
rise to decelerated growth and inferior feed utilization.1-22
This phenomenon was also observed in our previous phos-
phorus research of Pelodiscus sinensis.* The dietary optimal
available phosphorus level for Pelodiscus sinensis is 1.041%.
According to this, this study’s dietary available phosphorus
levels (1.18% and 1.08% in MCP and DCP groups, respec-
tively) are adequate for Pelodiscus sinensis.

Meanwhile, the MCP group and DCP group have the
same growth response in this study, which is consistent
with the results of the digestibility in this study and similar
to the results in Oreochromis niloticus,!® and Hemibarbus
maculatus.® However, it is not similar to the results in Lep-
tobotia elongata.?3 The reason is mainly from the different
digestibility of phosphorus resources between MCP and
DCP in diet, although they are the same in total dietary
phosphorus.2! In the present study, all ingredients in each
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experimental diet are the same except for the phosphorus
sources, and the nutritional levels are equal in the two
groups. There’s a reasonable prospect that the different re-
sponses of growth performance in turtles will come from
the phosphorus sources. However, the same growth per-
formance and feed coefficient ratio between MCP and DCP
groups were observed in this study, which illustrated that
different phosphorus sources did not influence the growth
performance of turtles and further indirectly verified that
Pelodiscus sinensis obtained equivalent phosphorus from
both phosphorus sources.

Alkaline phosphatase (AKP) is a membrane-bound ec-
toenzyme and plays an important role in biomineralization.
It hydrolyzes pyrophosphate and provides inorganic phos-
phate to promote mineralization and appears to be a sen-
sitive and reliable indicator for dietary phosphorus require-
ment.20:24 Generally, plasma AKP activities of aquatic
animals were significantly decreased when fed with a high-
phosphorus diet.1%25 In the study of Oreochromis niloticus,
the serum AKP activities in the MCP diet were significantly
higher than in the DCP diet.10 However, no other AKP re-
sults were reported in the studies of phosphorus sources.
In the present experiment, the AKP activities in turtles’
plasma and liver were unaffected by MCP and DCP supple-
mentation. This may be because the available phosphorus
contents in both MCP and DCP groups equally satisfied the
needs of skeleton mineralization in turtles.

Moreover, dietary phosphorus levels often influence the
body proximate composition of aquatic animals. The body’s
phosphorus content is usually positively connected with di-
etary phosphorus level, and the body’s lipid content will
increase when fed with an inadequate phosphorus diet.l
19,20 Qur prior study in Pelodiscus sinensis also demon-
strated that insufficient dietary phosphorus decreased the
body phosphorus level and increased the body lipid level
of turtles. In the present study, the body proximate com-
position, including crude protein, crude lipid, calcium, and
phosphorus, was unaffected by MCP and DCP, which again

illustrated that MCP and DCP had an equal effect on
Pelodiscus sinensis.

In summary, dietary supplementation with MCP and
DCP did not markedly influence the growth performance,
digestibilities of dry matter and phosphorus, body proxi-
mate compositions, plasma physiological parameters, and
the activities of alkaline phosphate in plasma and liver.
The present study suggested that MCP and DCP had the
same biological phosphorus availability in juvenile Pelodis-
cus sinensis.
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