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Abstract: To study the effect of Ca/P ratio on the P and Ca absorption and excretion in hybrid
sturgeon (Huso dauricus ♀ X Acipenser schrenckii ♂), five groups of fish were intubated with
100 mg P·kg−1 BW with the Ca/P ratios of 0:1, 0.25:1, 0.5:1, 1:1, and 2:1. Plasma P concentra-
tions were significantly elevated at Ca/P ratios below 2:1, and the highest value was obtained at
Ca/P ratio of 0.5:1. Plasma Ca content was significantly increased at the highest Ca/P ratio. Urine P
excretion rate in the fish intubated with Ca/P ratio of 0.5:1 was significantly higher than that of the
groups with Ca/P ratios of 0:1 and 2:1. The highest urea excretion rates were observed at Ca/P ratio
of 0.5:1 and 1:1. The total P excretion at 48 h post intubation reached about 30 mg·kg−1 BW, which
was recorded for the group with Ca/P ratio of 0.5:1. The present study showed that P absorption
efficiency was improved in hybrid sturgeon at Ca/P ratio of 0.5:1, indicating that P inclusion level in
sturgeon feed can be further optimized to reduce dietary P input and lower the excessive undigested
P discharge into the rearing water.
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1. Introduction

The deterioration of the water environment caused by nutrient pollution, which is
partially attributed to the nutrients discharging from intensive and poor farming prac-
tices [1,2], is a pervasive problem that is observed globally and of increasing concern in
recent decades [3,4]. Phosphorus (P), a stimulating nutrient for the growth of aquatic
plants and algae, is a critical factor in the eutrophication threats to aquatic environment [5].
Aquaculture practice is one of the major sources of P-rich-effluent, because P is an essential
nutrient for fish growth that must be added in feed due to the low bioavailability and
insufficient amount of P in water [6–9]. However, commercial diets often contain higher P
than the actual P requirement for fish, thus resulting in excretion of the excess P in feces
and urine [10,11].

Optimization of dietary P supplementation and increasing P utilization efficiency via
nutritional modulation is an alternative to support the sustainable development of aqua-
culture. Great efforts have been made in the recent decades to optimize feed formulation
based on accurate nutritional requirements in numerous fish species [12–15]. However,
sturgeon, a widely cultured species with ecological and economic importance, rarely have
been studied in regards to dietary P supplementation and utilization [16]. There is limited
information from scientific studies for sturgeon feed industries to refer. The existing few
studies reported that the P requirement of sturgeon ranges from 0.6% to 1.1% [17–19].
Whereas, according to the investigation on the commercial sturgeon feeds that dominated
the market, the feeds contain higher amounts of P than that reported in the literature [20].
This could be a concern that excessive P, which is not digested and is above sturgeon
requirement, will load into water, potentially threatening the aquatic system [21,22].
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P utilization efficiency can be influenced by many factors, such as the variety of P
sources and dietary Ca/P ratio [23], which could ultimately affect the supplementation
amount of P in fish feed. The deleterious effects of excess Ca in feed have been widely
recognized and should be taken into consideration because excessive Ca antagonizes the
minerals absorption and utilization [8,24]. To minimize dietary P input and reduce P excre-
tion, improving the absorption and retention of P through Ca supplementation regulation
could be an effective way and should be studied. Ca supplementation level varies with
different fish species and the optimal Ca/P ratio for fish is commonly recommended in the
range of 1:1–1:7 [24–26]. However, to our knowledge, there is no research about optimum
Ca/P ratio in sturgeon feed. Our previous study using a combined intubation technique
suggested that hybrid sturgeon administrated 100 mg P·kg−1 BW (1% of P in diet) showed
better performance of P utilization and a decrease in waste excretion; however, this could
be affected by calcium level [18]. Hence, we conducted a further study to evaluate the
effects of Ca/P ratio on P absorption and excretion in hybrid sturgeon using combined intu-
bation technique. This present study could contribute to achieving a more environmentally
friendly sturgeon feed by optimizing Ca/P ratio as a nutritional strategy for controlling
waste discharge.

2. Materials and Methods
2.1. Experimental Animal

Hybrid sturgeon weighing 1.09 ± 0.02 kg were obtained from a local fish farm (Wuhan
ShaoTanhe Eco-Farming Limited Company in Hubei, China). Prior to the experiment, fish
were fed twice a day with a commercial diet (Guangdong Yuequn Biotechnology Co., Ltd.;
Product ID: 6102; Batch No.:2109051501) and maintained at the aquaculture site of the local
fish farm. Fish tanks were continuously supplied with water flow from the ShaoTanhe
reservoir. The water parameters were as follows: average temperature 19.2 ± 0.2 ◦C,
dissolved oxygen > 8.0 mg·L−1, pH 7.4–7.8, ammonia < 0.5 mg·L−1, nitrite < 0.01 mg·L−1,
and total P < 0.40 mg·L−1.

2.2. Surgery Operation

The surgery operation was performed as described by Deng and our previous
study [18,27]. Briefly, each fish was weighed after anaesthetizing with 200 mg·L−1 of
MS 222 (Sigma, St. Louis, MI, USA) and then was fitted with an esophageal intubation
tube, a dorsal aortic cannula, and a pair of urinary catheters in 15–20 min with the gill
continuously irrigated with 100 mg·L−1 of MS 222. Postoperative sturgeon were transferred
to freshwater for regaining consciousness and then were settled in triangular Plexiglas
chambers (21 cm for each side and 90 cm in length). The experiments were approved by
the Animal Experimental Ethical Inspection of Laboratory Animal Centre, Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences.

2.3. Treatments

Forty-eight hours post operation, five fish in each group were intubated with
100 mg P·kg−1 BW with different Ca/P ratios (0:1, 0.25:1, 0.5:1, 1:1, and 2:1). Calcium
chloride (CaCl2) and monosodium phosphate (NaH2PO4·2H2O) were used as Ca and P
sources, respectively, to prepare intubation pastes. The intubation pastes were prepared
following the method described by Deng [27], Tashjian [28], and our previous study [18].
Starch paste made from solvable corn starch was used as a carrier of the chemicals. The
amount of NaH2PO4·2H2O was equal in all the treatments. Different concentrations of
CaCl2 were supplemented to achieve varying Ca/P ratios of 0:1, 0.25:1, 0.5:1, 1:1, and 2:1
per 2 mL of intubation paste. Each fish was orally administrated 2 mL of intubation paste
per kg of body weight (BW) and followed by another 1 mL of starch paste (without P and
Ca) to ensure that all the intubation paste entered the gastrointestinal tract of the fish.
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2.4. Sample Collection and Analysis

At 0, 2, 4, 8, 12, 24, and 48 h post intubation, a 0.2 mL blood sample was collected from
each fish. Blood taken immediately prior to the intubation was considered as the sample
at 0 h. Urine excreted during 0–2, 2–4, 4–8, 8–12, 12–24, and 24–48 h after intubation was
collected and recorded at the end of each collection period. The sample blood and urine
collection and analysis were performed as described in our previous study [18]. P and
Ca concentration in plasma and urine were analyzed using phosphomolybdate method
and arsenazo III method, respectively. The content of urea in urine samples was measured
using urease-GLDH (glutamic dehydrogenase) UV method. All the measurements were
conducted using Automatic Biochemical Analyzer (Mindray BS-460, China) following the
instructions of the commercial kits (Shenzhen Mindray Bio-Medical Electronics Co., Ltd.,
Shenzhen, China).

2.5. Statistical Analysis

The data of Plasma P and Ca concentrations were analyzed by repeated measures
ANOVA. P, Ca, and urea excretion data were analyzed by one-way ANOVA. Scheffe test
was used to determine the significant differences among treatments when P value was
identified lower than 0.05. The data were presented as means ± standard error (SE). All
statistical analyses were performed using SPSS program version 19.0.

3. Results
3.1. Plasma P and Ca Concentration

Plasma P content in each group was similar at the beginning of the intubation (0 h)
(Figure 1). As post intubation increased over time, significant elevation of plasma P
concentration was observed in the groups with Ca/P ratios of 0:1, 0.25:1, 0.5:1, and 1:1
(p < 0.05). Plasma P contents in these treatments increased rapidly at the first 2 h post
intubation. Peak concentration of plasma P appeared at 8 h after intubation in the groups
at Ca/P ratios of 0.25:1 and 0.5:1, which were later than the groups with Ca/P ratios of
0:1 and 1:1 (4 and 2 h, respectively). Hybrid sturgeon administrated with 100 mg P·kg−1

BW at Ca/P ratio of 0.5:1 have the highest peak value of plasma P content. Nevertheless,
the concentration of plasma P dropped to the basal level within 48 h after intubation in
all the treatments. However, fish intubated with 100 mg P·kg−1 BW at Ca/P ratio of 2:1
did not show any significant change in plasma P concentration during the whole 48 h post
intubation (p > 0.05).

As with plasma P, the fish in all the treatments had the similar basal level of plasma
Ca content at first measurement post intubation (0 h) (Figure 2). No significant variation
of plasma Ca concentration was observed in the treatments with Ca/P ratios of 0:1, 0.25:1,
0.5:1, and 1:1 (p > 0.05). The concentration of plasma Ca remained stable at the base level
during the 48 h post intubation period. Fish treated with Ca/P ratio of 1:1 showed an
increase in plasma Ca during the first 2 h, but no significant difference was found (p > 0.05).
Plasma Ca concentration was significantly affected in the fish where the highest dose of
Ca was administrated (Ca/P ratio of 2:1) (p < 0.05). The content of Ca in plasma notably
increased and reached the peak at 2 h post intubation (p < 0.05), then gradually decreased
over time and showed no significant difference with initial level after 8 h post intubation
(p > 0.05).

3.2. The Excretion Rate of P and Urea in Urine

Ca excretion in low Ca/P ratio groups (0:1, 0.25:1, and 0.5:1) was under-detection in
some short collection intervals, so only the changes of P and urea excretion rate with time
were presented (Figures 3 and 4).
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Figure 1. Plasma phosphorus (P) concentration of hybrid sturgeon (Huso dauricus ♀ X Acipenser
schrenckii ♂) after being intubated with 100 mg P·kg−1 BW at different Ca/P ratios. Different letters
indicate significant differences among the different time points in each treatment (p < 0.05).
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Figure 2. Plasma calcium (Ca) concentration of hybrid sturgeon (Huso dauricus ♀ X Acipenser schrenckii
♂) after being intubated with 100 mg P·kg−1 BW at different Ca/P ratios. Different letters indicate
significant differences among the different time points in each treatment (p < 0.05).
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Figure 3. Phosphorus (P) excretion rate of hybrid sturgeon (Huso dauricus ♀ X Acipenser schrenckii
♂) after being intubated with 100 mg P·kg−1 BW at different Ca/P ratios. Different letters indicate
significant differences among the treatments for each sampling time (p < 0.05).

After administrated with 100 mg P·kg−1 BW at different Ca/P ratios, P excretion rate
in all groups had no significant difference during 0–4 h (p > 0.05) (Figure 3). Significant
differences of P excretion rates among the treatments were appeared at the collection
intervals during 4–48 h post intubation, with the fastigium of P excretion occurring at
4–12 h. The excretion rate of urine P was the highest in the fish intubated with P at Ca/P
ratio of 0.5:1, which was significantly higher than that of the groups of Ca/P ratio of 0:1
and 2:1 (p < 0.05). With time further increasing, urine P excretion rates were decreasing and
showed no significant difference among the treatments with Ca/P ratio of 0:1 to 1:1 during
12–48 h post intubation (p > 0.05). However, P excretion rates in the groups of Ca/P ratio
of 0.25:1 and 0.5:1 were still higher than that of the other groups and showed significant
difference with the fish intubated with P at Ca/P ratio of 2:1 (p < 0.05).

As shown in Figure 4, intubation of P at different Ca/P ratios significantly affected
the urea excretion in hybrid sturgeon. The fastigium excretion of urea occurred at 4–8 h
post intubation, with a significant difference of urea excretion rate among the treatments
(p < 0.05). During this time interval, no significant difference of urea excretion rate was
observed among the groups with Ca/P ratios of 0:1 to 1:1 (p > 0.05). The highest excretion
rate of urea was observed in the groups with Ca/P ratio of 0.5:1 and 1:1, which were
significantly higher than that in the group treated with Ca/P ratio of 2:1 (p < 0.05). The
excretion rate of urea in the other collection intervals had no significant difference among
all the treatments (p > 0.05).
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Figure 4. Urea excretion rate of hybrid sturgeon (Huso dauricus ♀ X Acipenser schrenckii ♂) after being
intubated with 100 mg P·kg−1 BW at different Ca/P ratios. Different letters indicate significant
differences among the treatments for each sampling time (p < 0.05).

3.3. Total Excretion of P, Ca, and Urea in Urine during 48 h Post Intubation

P intubation at different Ca/P ratio significantly affects the P excretion in hybrid
sturgeon (p < 0.05) (Figure 5). With the increase in Ca/P ratio, the total excretion of P
increased and exhibited the highest excretion amount in the group of Ca/P ratio of 0.5:1.
Then, the P excretion amount declined with Ca/P ratio increasing and exhibited the lowest
value at the highest Ca/P ratio treatment (2:1). The accumulated P excretion in 48 h in the
group of Ca/P ratio of 0.5:1 was significantly higher than that of the groups with Ca/P
ratios of 0:1, 1:1, and 2:1 (p < 0.05). During the 48-h post-intubation period, accumulated
excretion amounts of Ca showed a positive relationship with Ca/P ratio, but no statistical
difference was detected among the treatments (p > 0.05). Compared to the P excretion
amount, it was much lower of the total excretion amount of Ca, which was only 2.8 mg·kg−1

BW in 48 h at the highest Ca/P ratio group (2:1). However, accumulated urea excretion
showed no significant difference among the treatments (p > 0.05).
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Figure 5. Total excretion amount of P (A), Ca (B), and urea (C) by hybrid sturgeon (Huso dauricus ♀ X
Acipenser schrenckii ♂) in 48 h after being intubated with 100 mg P·kg−1 BW at different Ca/P ratios.
Different letters indicate significant differences among the treatments (p < 0.05).
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4. Discussion

Plasma P concentration directly reflects the status of P absorption in fish. The con-
centration of plasma P rapidly increased after intubation in hybrid sturgeon, indicating
the high-absorption efficiency of monosodium phosphate, which is commonly used as
the P supplements in fish feeds [14,29,30]. P absorption was facilitated when Ca/P ratio
increased to 0.5:1 since the highest value and prolonged absorbing phase (6 h) of plasma P
was observed in this group. However, no variation of plasma P concentration was found in
fish at the treatment with Ca/P ratio of 2:1, suggesting that excess Ca inhibit P absorption
in the intestinal tract, which could be attributed to the combination of Ca and P to form
Ca–P complexes that is not available by fish [31–34]. The inadequate P absorption caused
by high dietary Ca can subsequently adversely affect the growth and health of the aquatic
organisms [24,35,36]. On the other hand, supplemented P that is not digested by fish will
be excreted into the water, which could be a critical factor leading to pollution and environ-
mental deterioration of aquatic systems [33,37]. The results of plasma P concentration after
intubation in the present study clearly indicated that the absorption of P could be regulated
by Ca/P ratio in hybrid sturgeon, and excess Ca in feed that inhibit P absorption should be
avoided as a way to decrease undigested P waste.

Compared to the effect of Ca/P ratio on P absorption in sturgeon, the absorption of Ca
was not sensitively influenced by Ca level. Plasma Ca concentration showed no significant
change in the treatments of Ca/P ratios of 0:1 to 1:1, while significantly elevated at 2 h after
intubation in the highest Ca group (Ca/P ratio of 2:1) and then gradually decreased to the
basal level in 8 hrs. The results suggest that hybrid sturgeon has the high ability to regulate
the homeostasis of Ca in the body by inhibiting the absorption or enhancing the excretion
of redundant Ca [38]. Unlike P that must be added into diets, fish can efficiently absorb Ca
directly from water, which could partly or entirely fulfill their requirement of Ca [33,39].
Whereas some calcium salts that are commonly used as P source such as, calcium hydrogen
phosphate, and monobasic calcium phosphate, could cause the increased level of Ca in fish
feed. This should be taken into consideration since our results suggested that inappropriate
Ca addition was unsuitable for mineral absorption and utilization, which could result in
excess nutrients discharging into water and then altering or affecting the composition of
the natural water [33,36].

Waste releasing from undigested diet is one of the sources of pollution; however, the
excretion of excessive nutrients that originate from digested feed is another key factor for
water deterioration. To maintain the P homeostasis in the body, it is known that excess P
intake by fish will be discharged into a waterbody through urine [40–42]. In accordance
with our previous study, P excretion of hybrid sturgeon was highly related to the plasma
P content after intubation [18]. Fish intubated with P at Ca/P ratio of 0.5:1 showed the
highest plasma P content, as well as the maximal excretion of urine P. The excretion data of
urine P suggests that the accumulated P that absorbed into blood was beyond the level of
the P requirement for the biological processes of fish body, thus, resulting in redundant
P excretion in urine [23,43]. Since P intubation dosage was consistent in each treatment,
the high excretion rate of P was attributed to the high level of plasma P content, which
was ultimately due to the high P absorption efficiency in the fish treated with Ca/P ratio
of 0.5:1.

Body P homeostasis is determined by the intestinal uptake of dietary P and renal P
reabsorption and excretion, involving the mechanism of active transport of P via sodium-
dependent phosphate co-transporters (Na-Pi co-transporters) [44–46]. Active transport of
P occurs and can be more essential under the condition of dietary P depletion, whereas
P can be absorbed through paracellular passive diffusion when a high concentration
of luminal P is present [45,47,48]. In accordance with our previous study, since no N
was added into the intubation paste, the nitrogen waste was mainly originated from
the catabolism of endogenous proteins during biological processes [18,49]. The results
showed that urea excretion rate made no significant difference during the first 4 h but
increased significantly at 4–8 h post intubation between the treatments, which means the



Fishes 2022, 7, 138 9 of 11

absorption phase (0–4 h) of P primarily occurred via passive transport for P absorption.
Renal P excretion relies on active transport that involves the participation of enzymes and
ATP, therefore, causing increased nitrogen waste as the end product of protein catabolism
during these processes [45,50,51]. Hence, the study revealed that the clearance of excess P
because of surplus dietary P supplementation could lead to protein consumption in fish,
consequently resulting in the increase in nitrogenous waste releasing, which is not welcome
in intensive aquaculture.

Nutrient concentration in plasma reflect the absorption efficiency of feed ingredients
by fish, while metabolite excretion indicates the status of nutrients in fish and provides
an outline of nutrient utilization [23,42]. The accumulated excretion of P in 48 h after
intubation were significantly affected among the fish intubated with an identical dosage of
P at 100 mg·kg−1 BW with different Ca/P ratios. The study showed that hybrid sturgeon
exhibited preferable absorption of P in the groups of Ca/P ratio of 0.25:1 and 0.5:1 and also
had higher P excretion. This indicated that P absorbed into blood in these groups was well
above the requirement for fish body, and excessive P was excreted through urine. The total
excretion of P in the group of Ca/P ratio of 0.5:1 reached about 30 mg·kg−1 BW in 48 h,
which was the highest and accounts for 30% of the intubation dosage (100 mg·kg−1 BW).
According to the results, it was considered, under the condition of Ca/P ratio of 0.5:1, that
when P absorption efficiency was improved in hybrid sturgeon, the P supplementation
level can be further optimized to minimize P content absorbed into fish blood, decreasing
redundant P excretion.

5. Conclusions

In conclusion, the utilization efficiency of P in hybrid sturgeon could be enhanced by
Ca/P ratio regulation, which was not above 0.5:1. The previous studies have recommended
that the P supplementation in sturgeon feed is about 1%, with the intubation dosage of
100 mg P·kg−1 BW in the current study. However, the present study reveals that P at
100 mg·kg−1 BW was still well above the P requirement for sturgeon at the optimum
condition of Ca/P ratio. Hence, Ca/P ratio around 0.5:1 is suggested in sturgeon feed to
decrease undigested P releasing by increasing P absorption efficiency. Moreover, by taking
advantage of Ca/P ratio regulation on P utilization, further study of P supplementation in
sturgeon feed can be optimized by reducing P supply to reduce digested P excretion, with
the aim of reducing redundant P discharge in sturgeon aquaculture.
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