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Effects of dietary zinc level on performance, zinc status, tissue composition and enzyme 

activities of juvenile Siberian sturgeon, Acipenser baerii (Brandt 1869) 

Abstract 

The present study conducted to evaluate the effect of dietary zinc (Zn) levels on feed 

utilization, tissue Zn composition, and serum enzyme activities of juvenile Siberian 

sturgeon, Acipenser baerii. Five isoenergetic and isonitrogenous semi-purified diets were 

formulated with increasing Zn sulfate (ZnSO4.5H2O) level to provide the actual Zn values 

of 14.7 (control), 20.8, 27.3, 37.7, and 46.4 mg kg
-1 

diet. Each diet was assigned to three 

groups of 20 experimental Siberian sturgeons with uniform size (initial weight of 

26.52±0.94 g) for a period of 8-week feeding trial. Results showed that growth performance 

and muscle protein content were significantly increased with increasing dietary Zn level up 

to 27.3 mg kg
-1 

(p<0.05), beyond which they remained significantly unchanged (p>0.05). 

Muscle lipid content significantly declined with increasing dietary Zn level. While muscle 

and serum Zn content weren’t significantly changed among treatments (p>0.05), liver Zn 

content tended to rise with increasing dietary Zn supplementation. Alkaline phosphatase, 

superoxide dismutase, and glutathione peroxidase activities were also raised with 

increasing dietary Zn level. The adequate amount of dietary Zn requirements for the 

Siberian sturgeon was estimated to be 28.24 mg kg
-1 

based on the relative growth rate, and 

34.60 mg kg
-1 

based on the liver Zn content. 

Key words: zinc, Acipenser Baerii, serum enzymes, feed utilization. 
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Introduction 

Zinc (Zn) is one of the most essential trace elements required for growth and other 

metabolic functions including development, reproduction, and immunity in most animals 

like fish (Liang et al. 2012; Lin et al. 2013; Wang & Wang, 2015). It acts as an integral 

cofactor necessary for more than 200 enzymes such as carbonic anhydrase, alkaline 

phosphatase, DNA polymerases, and alcohol dehydrogenase which are involved in protein 

metabolism, energy production, gene regulation, and healthy maintenance of cell 

membranes (Eide 2006; Maret & Krezel 2007; Fountoulaki et al. 2010; Houng-Yung et al. 

2014). Zn also serves in synthesis of metallothionein, a cysteine-rich protein served as a 

free radical scavenger, suggesting a biochemical role of Zn in the antioxidant defense 

system (Prasad et al. 1993; Bales et al. 1994; Kaushik 2001).  

Fish can uptakes Zn from water and diet via branchial and gastrointestinal routes (Sappal 

& Kamunde 2009). However, ambient waterborne Zn concentration in most aquatic 

environments isn’t adequate to supply the metabolic requirements of on-growing fish and a 

dietborne Zn concentration is mostly requested. Signs of Zn deficiency include growth 

dwarfism, eye cataract, skin erosion, mortality increase, and immunity impairment through 

the effect of free radical action (Salgueiro et al. 2000; Hidalgo et al. 2002; Lin et al. 2013). 

The protein and carbohydrate digestibility could also be altered by Zn insufficiency due to 

the decreased activity of alkaline phosphatase and carboxypeptidase, respectively (Ogino & 

Yang 1978; Ramseyer et al. 1999; Apines et al. 2001; Kamalam et al. 2017). 

On the other hand, excessive Zn level could possibly be toxic in fish by disrupting 

transport and absorption system which alter the nutritional status of other trace elements 
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like iron, copper, and cadmium (Clearwater et al. 2002; Glover et al. 2004; Lemire et al. 

2008; Lin et al. 2013). Unnecessarily high Zn concentration may affect the immune 

response which influences the severity of infections in cultured fish (Lin et al. 2013). 

Minerals Input to the aquatic environments is another problem associated with highly Zn 

supplementation to the fish diet polluting the area with intensive aquaculture activities 

(NRC 2011). Accordingly, the diets offered to aquatic animals have to be contained a 

balance between fulfilling the Zn requirement and avoiding Zn deficiency and toxicity (Luo 

et al. 2011).  

Fish diets are generally supplemented with an inorganic Zn source in the form of Zn 

sulfate (Do Carmo E Sa et al. 2005). Quantitative dietary Zn requirement among several 

farm species including rainbow trout (Oncorhynchus mykiss; Ogino & Yang 1978), 

common carp (Cyprinus carpio; Satoh 1991), Nile tilapia (Oreochromis niloticus; Huang et 

al. 2015), blue tilapia (Oreochromis aureus; McClain & Gatlin1988), red drum (Sciaenops 

ocellatus; Gatlin et al. 1991), and grass carp (Ctenopharyngodon idella; Liang et al. 2012) 

were in the range of 14-57 mg kg
-1 

diet, while higher than 100 mg kg
-1 

values have been 

reported for channel catfish (Ictalurus punctatus; Ketola 1979) and Atlantic salmon (Salmo 

salar; Maage et al. 1995).  

Siberian sturgeon, Acipenser baerii, is one of the suitable freshwater fish species for 

aquaculture which its farming began in Russia since the 1970s (Williot et al. 2001; Gisbert 

& Williot 2002; Yazdani Sadat et al. 2014). Fast growth rate in higher water temperature 

followed by the early sexual maturation has accelerated farming of this species in waters of 

temperate zone than the native environment (Pyka & Kolman 1997). In 2013, production of 

Siberian sturgeon had thirty-fold increase compared to a decade ago (FAO 2016). Russia, 
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China, and France are the largest meat producers of Siberian sturgeon, while farming 

activities are growing in many other countries like Italy, Germany, Poland, Spain, Belgium, 

Uruguay, Hungary, and the United States of America (FAO 2016).  

In spite of extensive studies devoted to various aspects of biology and ecology, little 

attention has been paid to find nutritional needs of most sturgeon species under captive 

conditions (Hamlin et al. 2006; Yazdani Sadat et al. 2014) forcing the culturists to use 

commercial salmon feeds for sturgeon growing size which may leads to impaired growth, 

scoliosis, lack of equilibrium, and other nutritionally related deficiencies (Mohseni et al. 

2014). Accordingly, objective of this study was to investigate the optimum dietary Zn 

levels based on survival and growth performance of juvenile Siberian sturgeon as a species 

with high commercial value. Besides, proximate composition and some blood parameters 

were also studied in the diets with graded levels of zinc sulfate as the Zn source.  

Materials and methods 

Diet formulation and preparation 

The basal diet was prepared to provide 542.1 g kg
-1 

crude protein from casein, gelatin, 

and fish meal, 156.3 g kg
-1 

crude lipid from corn oil and Kilka fish oil, and 127.9 g kg
-1 

carbohydrate from wheat flour, dextrin, and corn starch (Table 1). Five isoenergetic and 

isonitrogenous semi-purified diets were formulated by adding equivalents of 0, 5, 10, 20, 

and 40 mg Zn kg
-1 

in the form of zinc sulfate (ZnSO4.5H2O) at the expense of Alpha 

cellulose.  
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Experimental diets were separately prepared by grinding all dry ingredients in a hammer 

mill, weighing with a digital balance, and mixing for 30 min in a food mixer. Pre-blended 

premix of fish oil and corn oil was then added slowly while mixing continued for another 

30 min. Afterward, ZnSO4.5H2O was dissolved in deionized water and mixed well with the 

other feed ingredients until stiff dough resulted. The dough was then pelletized without 

heating by a laboratory AQ3 pellet machine (Bio Green Tech Ltd., Leicester, UK) in a 2-

mm diameter die and dried to less than 10 percentage moisture using electrical fans. The 

resulting strands were then broken up, sieved into convenient pellet sizes and stored in 

plastic bags at -20 °C until use.  

The actual Zn concentration of each experimental diet was analyzed in triplicate using a 

flame atomic absorption Spectrophotometer (AA-6800; Shimadzu, Kyoto, Japan) after acid 

digestion to be 14.7, 20.8, 27.3, 37.7, and 46.4 mg Zn kg
-1 

diet, respectively. 

 

Experimental fish and feeding trial 

Healthy Siberian sturgeon, Acipenser baerii, were obtained from the Shahid Beheshti 

Hatchery Center, Guilan, Iran, and acclimated to the experimental conditions for two weeks 

before the feeding trial began. During the acclimation, the fish were fed with the basal diet 

(free of supplementary Zn) to apparent satiation for depletion of their possible body Zn 

reserve. At the beginning of the feeding trial, a total of 300 uniform size fish were selected 

from the stock population and randomly distributed to 5 triplicate groups. Each 500-L 

circular fiberglass tank with 20 fish specimens (initial mean weight 26.52±0.94 g) was 
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assigned as an experimental group (three tanks for each dietary treatment in a completely 

randomized design). 

Experimental tanks were supplied with flow-through water from a same source (Sefid-

Rud River, Guilan) at a rate of 0.5 l min
-1

. During the bioassay, dissolved oxygen 

concentration was maintained at 7.43±0.25 mg L
-1

, average water temperature 14.5±0.4 °C, 

pH 7.6±0.2, alkalinity 247.5±3.8 mg L
-1

, total hardness 320.3±14.3 mg L
-1

, NH4 0.14±0.01 

mg L
-1 

and a natural photoperiod (approximately 10 L:14D) was applied throughout the 

experimental period. The Zn concentration of rearing water was also monitored from the 

inlet of the tanks at the beginning, middle and end of the experiment. The samples were 

initially filtered through a 0.22-pore size syringe filter, and analyzed for determination of 

Zn concentration using a flame atomic absorption Spectrophotometer (AA-6800; 

Shimadzu, Kyoto, Japan). The Zn concentration of rearing water ranged between 0.0073-

0.0217 µg Zn L
-1 

during the experiment and no significant difference was observed in the 

water’s Zn concentration from the tanks in which fish fed by Zn supplemented diet and 

those fed the basal diet (p>0.05). 

Fish in each treatment were fed with the respective experimental diet to apparent 

satiation twice daily for a period of 8 weeks. Care was taken to ensure that no eaten food 

remained in the tanks during feeding; thus, leaching of Zn into water was very low and 

negligible. Uneaten feeds and feces of fish were removed by the water system and collected 

with a mesh collector placed under the individual drain pipe of each tank to determine feed 

intake. 

Fish Sampling 
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At the termination of experimental period and 24 h after the last feeding, the fish in each 

tank were counted, anesthetized with clove, Syzygium aromaticum, oil (0.070 ppm; Kouřil 

et al. 2003) and their body weight was bulk determined to calculate weight gain (WG), 

relative growth rate (RGR), protein efficiency ratio (PER), feed efficiency (FE), and 

survival. 

After biometrics of fish in experimental tanks, five fish from each dietary group were 

randomly selected to collect the blood sample from the caudal vessels. The blood samples 

were centrifuged at 3000 g for 10 min at 4 °C using a Sigma centrifuge (3-30k, Sigma 

Laborzentrifugen GmbH, Osterode am Harz, Germany) for separation of serums. The 

serum samples were stored at -80 °C before being used for biochemical analysis. After the 

blood collection, the sample fish were immediately dissected on ice to obtain muscle and 

liver for subsequent determination of body composition and tissue Zn composition. 

The vertebra centra of the same specimen were also removed and manually cleaned from 

adherent soft tissues, extensively washed in deionized water, dried without heating at room 

temperature, and ground to powder in a mortar. All samples were placed in separate bags 

and stored at -80 °C before analysis. 

Enzyme assay 

Plasma alkaline phosphatase (ALP) activity was evaluated spectrophotometrically 

following the method of Snedeker and Greger (1983) modified by Lin et al. (2013). Fish 

plasma samples were added to para-nitrophenyl phosphate in 0.5 M 2-amino-2-methyl-1-

propanol buffer (Sigma-Aldrich, St Louis, MO, USA) at pH 10.4 and incubated at 30 °C for 

30 min followed by the addition of 2 ml of 3 N NaOH to stop the reaction. Killed enzyme 
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blanks were also prepared by adding 2.0 ml of 0.25 N NaOH directly to the buffered 

sample with p-nitrophenyl phosphate. The change in absorbance of the samples and blanks 

was measured at 405 nm in a spectrophotometer (Shimadzu Corporation, Kyoto, Japan) 

against p-nitrophenol standards (Sigma-Aldrich, St Louis, MO, USA) and the activity 

expressed as IU L
-1

. 

Plasma Superoxide dismutase (SOD) activity was detected according to its ability to 

inhibit superoxide anion generated form xanthine/xanthine oxidase system using 19160 

SOD determination kit (Sigma-Aldrich, St Louis, MO, USA). For recognition of reaction 

inhibition, the optical density was measured at 550 nm. One SOD unit was defined as the 

enzyme amount required for 50 percent inhibition in the rate of xanthine reduction of 1 ml 

reaction system and expressed as SOD IU L
-1

 (Wang & Chen 2005). 

Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities 

were measured based on the colorimetric method of Reitman and Frankel (1957). 0.5 ml of 

serum was incubated for 30 min at 37 °C with 0.5 ml substrate (sodium azide). The solution 

was then mixed with 0.5 ml of 2,4-dinitrophenylhydrazine to arrest the reaction and 

incubated for more 20 min at 37 °C. The mixture reaction was stopped with the sodium 

hydroxide and the enzyme activity was spectrophotometrically determined at 546 nm wave 

length. 

Serum glutathione peroxidase (GPX) activity was determined on the basis of Flohé and 

Günzler (1984) method modified by Trenzado et al. (2006). To prevent haemoglobin 

interference, the serum samples were initially treated with KCN solution (Drabkin’s 

reagent; Sigma Chemical Co., St Louis, MO, USA). Afterward, a 50 mM potassium 

phosphate buffer (pH 7.0), 0.5 mM EDTA, 1 mM sodium azide, 0.15 mM NADPH and 
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0.15 mM H2O2 were added to a freshly prepared glutathione reductase solution (2.4 U mL
-1 

in 0.1 M potassium phosphate buffer, pH 7.0). The enzyme activity was determined at 37 

°C based on the NADPH consumption by measuring the optical density at 340 nm. 

Determination of Proximate Composition 

Diets and fish samples (including white muscle) were analyzed for proximate 

composition based on the standard procedures (AOAC 2000). Moisture content was 

determined by oven drying at 105 °C for 24 h. Crude protein (N× 6.25) was assessed by the 

Kjeldahl method after an acid digestion using an auto Kjeldahl System (LECO Instruments, 

St. Joseph, MI, USA). Crude fat was analyzed by ether extraction using a soxhlet extraction 

apparatus (64826 SUPELCO, Soxhlet Extraction Apparatus, Sigma-Aldrich, St Louis, MO, 

USA). Crude ash was also measured following combusting in a muffle furnace at 550 °C 

for 3 h and reweighing the residual components. 

Zn Analysis 

Samples of diets, serum, muscle, liver, and cartilage were subjected to the Zn analysis 

according to the standard methods (AOAC 2000). An aliquot of the samples (about 2 g) 

were dried at 100 °C for 24 h, homogenized for 5 min, and digested with 2 mL 

concentrated nitric acid and 0.5 mL hydrogen peroxide in a microwave device (CEM MDS 

2100, Conquer Scientific, San Diego, CA, USA). Following digestion, the samples were 

diluted with deionized water to 25 mL, filtered through a 0.22-pore size syringe filter and 

analyzed for Zn concentration based on the flame atomic absorption spectroscopy as 

described later. 
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Statistical analysis 

The data from each treatment were initially checked to confirm normality and 

homogeneity of variances by Kolmogorov-Smirnov test and Levene's test, respectively. To 

determine whether significant differences occurred among treatments, data were subjected 

to one-way analysis of variance (ANOVA). Where overall significant difference was found, 

Tukey’s HSD test was used to compare means between the dietary treatments. A p-value of 

less than 0.05 was considered statistically significant and the results were presented as 

means±SEM (standard error of mean). Optimum dietary Zn requirement of Siberian 

sturgeon were estimated using broken-line regression analysis (Robbins et al. 2006) based 

on the RGR followed by the cartilage and liver Zn level. All statistical analysis was 

performed using the SPSS 17.0 for Windows (SPSS, Michigan Avenue, Chicago, IL, 

USA).  

Results 

Growth Performance 

During the present study, no fish died and all experimental treatments had a 100 

percentage survival rate. No abnormal behavior or anomalous body shapes were discerned 

in fish fed the basal diet and those fed with Zn supplemental diets.  

The growth data of fish fed experimental diets for 8 weeks are provided in Table 2. As 

dietary Zn increased, WG significantly enhanced from 26.19±1.21 to 41.32±1.28 g 

(p<0.05), while no significant difference was observed between the WG of fish fed with 

equal to or over 27.3 mg Zn kg
-1 

diet (p>0.05).  
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The relationship between RGR and dietary Zn concentration was estimated based on the 

broken line regression model, which demonstrated that optimal Zn requirement for 

maximizing RGR of Siberian sturgeon was 28.24 mg Zn kg
-1 

diet (Fig 1). The PER was 

significantly increased with increasing dietary Zn levels from 14.7 to 37.7 mg kg
-1 

diet and 

then declined at higher dietary Zn levels. There was also a significant difference (p<0.05) 

in FE of fish fed with the basal diet and those fed the diet supplemented with more than 

27.3 mg kg
-1

 Zn level.  

Proximate Composition 

Body composition of Siberian sturgeon fed diets with graded levels of Zn is presented in 

Table 3. Although moisture content had an increasing trend with elevation dietary Zn level, 

the differences were not statistically significant among the treatments (p>0.05). On the 

other hand, muscle crude protein increased significantly (p<0.05) with increasing dietary 

Zn level from 13.72±0.47 to 16.20±0.31 mg kg
-1 

and then declined with further increase in 

dietary Zn level. 

 Supplementation of Zn in the diet also induced significant decrease (P<0.05) in muscle 

crude lipid with the lowest amount of 3.87±0.22 g 100 g
-1 

wet weight in the fish fed with 

46.4 mg Zn kg
-1 

diet. However, no statistically significant difference was observed in the 

crude lipid content of the fish fed with diets containing Zn content higher than 37.7 mg kg
-1 

(P>0.05). The fish in control treatment also showed the highest amount of muscle crude 

lipid with 7.18±0.39 g 100 g
-1 

wet weight among the treatments. No significant difference 

was found in muscle ash content of the fish fed graded levels of dietary Zn and those fed 

the basal diet (p>0.05).  
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Tissues Zn concentration 

Fish fed with the basal diet showed the maximum amount of muscle Zn content, whereas 

no significant (p>0.05) difference was found between them and those fed with Zn 

supplemental diets (Table 4). The highest concentration of liver Zn was found in the fish 

fed with diet supplemented by 37.7 mg Zn kg
-1

, while it had no significant difference with 

other Zn supplemental treatments. Similarly, the Zn content of cartilage enhanced with 

increasing dietary zinc levels up to 37.7 mg kg
-1 

diet and decreased by adding more Zn to 

the experimental diets (p>0.05). The requirements of dietary Zn supplementation for 

maintaining optimum Zn storages in cartilage and liver of Siberian sturgeon by the broken 

line model were estimated 30.00 and 34.60 mg kg
-1 

diet, respectively (Fig 2 & 3). On the 

other hand, the Zn content of fish serum didn’t significantly change with an increase in 

dietary Zn supplementation (p >0.05).  

Plasma enzymatic activities 

Fish fed with diets supplemented with Zn had significantly higher ALP activity in 

comparison to fish fed with the unsupplemented diet (p<0.05), whilst no significant 

difference was found between the former group (Table 5). A significant correlation was 

also detected between dietary Zn levels and activity of SOD and GPX (P<0.05). However, 

no significant difference was found in their activities between the fish fed with 37.7 and 

46.4 diets. Results also indicated that plasma ALT and AST were significantly declined by 

Zn supplementation to the experimental diet. 
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Discussion 

Zn is a distinctive micronutrient with substantial biological importance for growth, 

feed utilization, protein metabolism, and energy production (Lin et al. 2013; Houng-Yung 

et al. 2014). In the current research, WG was significantly decreased in response to the low 

dose of dietborne Zn in Siberian sturgeon, indicating the essentiality of dietary Zn for 

normal growth of the fish species, which is consistent with the results obtained in yellow 

catfish, Pelteobagrus fulvidraco (Luo et al. 2011), Nile tilapia, O. niloticus (Huang et al. 

2015), and Jian carp, Cyprinus carpio var. Jian (Tan et al. 2011). Conversely, Zn-

supplemented diet caused higher RGR and FE, pointing out that the diet was being healthy 

digested. A similar increasing trend of growth performance was also reported in Nile tilapia 

(Do Carmo E Sa et al. 2004) and yellow catfish (Luo et al. 2011).  

The current research clearly illustrated the beneficial effect of Zn supplementation on 

PER. Zn could acts as a promoter of the feed utilization by increasing protein and lipid 

deposition and intestinal enzyme activities (Ogino & Yang 1978; Tan et al. 2011). The least 

PER was found in the Siberian sturgeon fed the unsupplemented basal diet, while it 

enhanced by incremental increases in dietary Zn up to the required level probably due to 

the augmentation of carboxypeptidase activity resulting in protein digestion (Apines et al. 

2001). These results are in agreement with those of Liang et al. (2012) who found a 

positive effect of the dietary Zn level on appetite and protein digestibility in grass carp. The 

ability of fish to utilize proteins is also depended on digestive and brush border enzymes in 

the intestine (Tengjaroenkul et al. 2000). Zn is an integral part of metalloenzymes, such as 

carbonic anhydrase, DNA polymerase, and RNA polymerase, which warrant its roles in 
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regulating many processes of carbohydrate, lipid and protein metabolisms (Apines-Amar et 

al. 2004; Houng-Yung et al. 2014).  

National Research Council (NRC) has recommended a minimum requirement of 15-

30 mg Zn kg
-1 

fish diets (NRC 2011). However, no overt sign of Zn deficiency or mortality 

have been observed even in fish fed with the basal diet during the present experiment, 

suggesting that Siberian sturgeon is less susceptible to the Zn malnutrition compared to the 

other fish species such as channel catfish, I. punctatus (Paripatananont & Lovell 1995), red 

drum, S. ocellatus (Gatlin et al. 1991), and olive flounder, Paralichthys olivaceus (Deshang 

1999), which showed clinical signs of Zn deficiency after three-week Zn deprivation. 

Accordingly, quantity of the Zn obtainable from the basal diet, the inlet water and tissue 

storages in the current research were sufficient to prevent the appearance of the Zn shortage 

symptoms in Siberian sturgeon.  

Proteins with Zn-binding domains are estimated to take approximately 10 percentage 

of the animal proteome (Richards et al. 2010) which could represent the higher protein 

content of the Siberian sturgeon in the present trial fed the elevated Zn concentration. In 

addition, tissue lipid content steadily decreased by increasing Zn supplementation to the 

basal diet. Liang et al. (2012) also found that rainbow trout fed the Zn-deficient diet had 

lower protein and lipid contents. Although the findings on dietary Zn effect in lipid 

metabolism of fish is very poor (Liang et al. 2012), a growing trend in serum concentration 

of carbonic anhydrase by increasing the supplemental dietary Zn could explain its role for 

regulating the process of carbohydrate and lipid metabolisms (Houng-Yung et al. 2014). 

However, more trials are needed to confirm the reason of the increased body lipid in 

cultured fish species. There was also no significant difference in moisture and ash content 
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of the juvenile Siberian sturgeon fed graded levels of dietary Zn, which was in agreement 

with the result obtained in juvenile abalone (Haliotis discus hannai) and Jian carp (Tan & 

Mai 2001; Tan et al. 2011).  

While growth is of classical indicator for determination of nutritional status, it is less 

reliable criterion to ensure that food supply optimally fulfills the mineral requirement like 

Zn (Apines-Amar et al. 2004). In fact, net nutrient deposition is more precise and 

imperative tools to study the fish feed utilization (Luo et al. 2011; Liang et al. 2012). Zn is 

a vital trace element necessary for bone formation in teleost fish by promoting their 

mineralization process (Fountoulaki et al. 2010). However, there is little information about 

Zn storages in the cartilage. In the present study, vertebral cartilage Zn concentration 

increased linearly as dietary Zn supplementation increased and reached plateau at an intake 

of 37.7 mg Zn kg
-1 

diet. These findings support the hypothesis that vertebral cartilage could 

be a suitable indicator for determination of dietary Zn requirement like the bone in teleost 

fish, although more studies on the precious mechanisms is needed (Do Carmo E Sa et al. 

2005; Huang et al. 2015). 

There are numerous reports about significant effects of dietary Zn supplementation on 

the function of many Zn-dependent enzymes reflecting its acts in widespread physiological 

processes (Lin et al. 2013; Houng-Yung et al. 2014; Huang et al. 2015). Kucukbay et al. 

(2006) illustrated that dietary Zn deficiency reduced the activity of serum ALP in rainbow 

trout. Furthermore, Liang et al. (2012) showed an increase in plasma ALP activity of grass 

carp (C. idella) with increasing dietary Zn supplementation. Elevated ALP activity has been 

also found in tilapia (Do Carmo E Sa et al. 2004), and abalone (Tan & Mai 2001) fed the 

supplemental dietary Zn. In the present study, dietary Zn concentration significantly 
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influenced the ALP activity in plasma of Siberian sturgeon, suggesting its higher ability in 

digestive and absorptive capacities of ingested nutrients (Apines et al. 2001; Luo et al. 

2014; Hayes & Volkoff 2014).  

Up to date, few studies have actually examined the effect of dietborne Zn on its 

concentration in the muscle, which made the comparison considerably difficult. For the first 

time, Houng-Yung et al. (2014) showed an increase in muscle Zn concentration of grouper, 

Epinephelus malabaricus, with increasing dietary provision without any saturation in the 

respective tissue. In contrast, Zn supplementation in the present study had no influence on 

its concentration in the muscle. The primary reason for the discrepancy in the findings 

among the above studies may be attributed to the specie characteristics. Low Zn 

concentrations in muscles of the examined Siberian sturgeon may also indicate the low 

levels of the binding proteins involved in the Zn accumulation of muscular tissue 

(Papagiannis et al. 2004). However, comparison in Zn level even between the same tissues 

of different species is remained complicated due to the different cultural conditions or 

species-specific features.  

The relationship between Zn level and its accumulation varies among the organs. In 

the present study, the highest Zn concentrations were obtained in liver, followed by the 

cartilage, and serum. These results in agreement with those of other studies concerning the 

differences between trace metal concentrations in fish tissues (Allen-Gil & Martynov 1995; 

Papagiannis et al. 2004; Kalisinska et al. 2007; Gilbert et al. 2015) may be explained by the 

fact that liver is the major organ involved in xenobiotic metabolism of most vertebrates like 

fish (Maradonna et al. 2015; Kittler et al. 2016; Tabassum et al. 2016). Aquatic organisms 

normally bound the trace elements in their liver through cysteine-rich proteins known as 
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metallothioneins, the ubiquitous low molecular polypeptides which play important roles in 

the homeostasis, storage, transport and metabolism of essential trace metals like Zn (Do 

Carmo E Sa et al. 2004; Lin et al. 2013; Falfushynska et al. 2014). The lowest Zn 

concentration in serum content could be related to the high ability of liver or muscle in Zn 

accumulation reducing its concentration in the serum. 

It is well known that Zn is associated with the broad spectrum of fish immunity, from 

the skin wound healing to homeostasis of oxidation/reduction (Tenaud et al. 2000; 

Subramanian et al. 2007; Lin et al. 2013). As part of normal aerobic life, mitochondrial and 

endoplasmic reticulum membranes continuously generates reactive oxygen intermediates 

like superoxide radicals (O2
−
) and hydrogen peroxide (H2O2) as byproducts of the oxidative 

metabolism (Hidalgo et al. 2002). A variety of antioxidant defenses are developed in 

animals to protect them against reactive oxygen species which are primarily begun by the 

activity of specialized antioxidant enzymes (Feng et al. 2011; Huang et al. 2015). In 

agreement with the previous studies (Hidalgo et al. 2002; Luo et al. 2011; Lin et al. 2013; 

Houng-Yung et al. 2014), results of the current study demonstrated that Zn 

supplementation to the diet of Siberian sturgeon significantly affected the SOD and GPX 

activities, two powerful antioxidant enzymes responsible for free oxygen radical removal 

from the cellular environment and catalyst of lipid peroxidation through the Fenton reaction 

(Fattman et al. 2003; Prabhu et al. 2014; Huang et al. 2015).  

AST and ALT are important enzymes commonly measured in serum as clinically 

diagnostic tools to detect the toxic effects of various pollutants causing the tissue injury or 

organ dysfunction (Huang et al. 2015; Abdel-Tawwab 2016). These enzymes are involved 
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in catalysis of amino acids to keto acids routed for complete metabolism through Kreb’s 

citric acid cycle. Fish fed the diet without Zn supplementation in the present study had 

higher serum AST and ALT than those in supplemented group, which may be explained by 

a possible increase in generation rate of reactive oxygen species due to the reduced activity 

of GPX and SOD, leading to hepatocellular necrosis and leakage of liver enzymes to the 

blood stream (Hidalgo et al., 2002). 

Conclusions 

In conclusion, findings of the current research demonstrated that a proper level of 

dietary Zn was essential for promoting growth, enhancing feed utilization, increasing tissue 

Zn concentrations and improving metalloenzymes activities of juvenile Siberian sturgeon. 

Based on the RGR followed by the Zn content in cartilage and liver, the optimal dietary Zn 

supplementation for this species was estimated to be 28.24, 30.00, and 34.60 mg kg-
1
, 

respectively. These results revealed that the dietary Zn requirement of juvenile Siberian 

sturgeon was lower than those ranges reported for the other fish species (Fountoulaki et al. 

2010; Tan et al. 2011; Liang et al. 2012; Houng-Yung et al. 2014). This inconsistency may 

be explained by the fact that fish Zn requirement vary as a function of age, growing stage, 

season, and physiological conditions such as maturation stage and health (Lall 2002; 

Prabhu et al. 2014; Lall & Dumas 2015), although more evaluation on this fields is 

necessary for more accurate decision. Different supplemental Zn source may also influence 

its requirement for normal growth, wound healing and more immune parameters of 

Siberian sturgeon which should be further investigated.  
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Figure legends 

Fig 1. The relationship between dietary Zn concentration and relative growth rate (RGR) in 

Siberian sturgeon, Acipenser baerii, based on the broken line regression analysis. Each 

point represents the mean of twenty fish in each group. 

Fig 2. The relationship between dietary Zn concentration and cartilage Zn level in Siberian 

sturgeon, Acipenser baerii, based on the broken line regression analysis. Each point 

represents the mean of five fish in each group. 

Fig 3. The relationship between dietary Zn concentration and liver Zn level in Siberian 

sturgeon, Acipenser baerii, based on the broken line regression analysis. Each point 

represents the mean of five fish in each group. 
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Table 1. Diet formulation and proximate analysis of the basal diet for Siberian 

sturgeon, Acipenser baerii. 

g kg
-1 

dry matter Ingredients 

409.9 Casein 

86.3 Gelatin 

53.9 Fish meal  

134.0 Wheat flour 

75.5 Dextrin 

103.4 Corn starch 

67.8 Corn Oil 

60.0 Fish Oil 

4.0 Vitamin premix
1
 

1.1 Mineral premix
2
 

4.1 Alpha cellulose 

  

 Chemical Analysis 

912.9 Dry matter 

542.1 Crude protein 

156.3 Crude lipid 

127.9 Crude carbohydrate 

 
1 

Vitamin premix (mg kg
-1 

diet): thiamin, 15 mg; riboflavin, 30 mg; pyridoxine, 

15 mg; cobalamin, 0.05 mg; niacin, 175 mg; folate, 5 mg; ascorbic acid, 500 mg; 

inositol, 1000 mg; biotin, 2.5 mg; calcium pantothenate, 50 mg; choline chloride, 

2000 mg; DL-alpha tocopherol acetate, 60 IU; DL-cholecalciferol, 3000 IU; and 

alpha cellulose was used as the carrier. 

2 
Mineral premix (Zn free; g kg

-1
 premix): calcium carbonate (40% Ca), 2.15 g; 

magnesium oxide (60% Mg), 1.24 g; ferric citrate, 0.2 g; potassium iodide (75% 

I), 0.4 mg; cupric sulfate, 300 mg; manganese sulfate (33% Mn), 0.3 g; dibasic 

calcium phosphate (20% Ca, 18% P), 5 g; cobalt sulfate, 2 mg; sodium selenite 

(30% Se), 3 mg; potassium chloride, 0.9 g; sodium chloride, 0.4 g; and alpha 

cellulose was used as the carrier. 
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Table 2. Growth performance and feed utilization of Siberian sturgeon, Acipenser baerii, fed 

diets supplemented with graded zinc (Zn) levels for 8 weeks. Values are presented as 

means±SEM (n=3, with 20 fish per group).  

 WG (g) PER (%) RGR (% d
-1

) FE 

14.7 mg Zn 26.19
a
±1.21 0.91

a
±0.06 1.89

a
±0.03 0.44

b
±0.03 

20.8 mg Zn 29.84
a
±1.97 1.04

a
±0.04 2.29

a
±0.08 0.51

ab
±0.01 

27.3 mg Zn 39.05
b
±1.77 1.36

b
±0.07 2.79

b
±0.03 0.88

a
±0.03 

37.7 mg Zn 41.32
b
±1.28 1.44

b
±0.08 3.07

b
±0.05 1.02

a
±0.02 

46.4 mg Zn 37.72
ab

±2.15 1.32
ab

±0.05 2.80
ab

±0.04 0.81
a
±0.03 

Similar superscripts in each column show no significant difference between means for each 

treatment (P > 0.05). 

weight gain (WG, g): final weight (g) - initial weight (g)  

Protein efficiency ratio (PER; %) = weight gain (g) / protein intake (g) × 100 

Relative growth rate (RGR; % d
-1

) = final weight (g) - initial weight (g) × 100 / initial weight 

(g) × days 

Feed efficiency (FE) = weight gain (g) × 100 / feed intake (g)  
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Table 3. Body composition of Siberian sturgeon, Acipenser baerii, fed diets supplemented with graded zinc 

(Zn) levels for 8 weeks. Values are presented as means±SEM (n=5).  

 

Moisture content 

(g 100 g
-1

) 

Crude Protein 

(g 100 g
-1

) 

Crude Lipid 

(g 100 g
-1

) 

Ash Content 

(g 100 g
-1

) 

14.7 mg Zn 77.51±0.10 13.72
a
±0.47 7.18

b
±0.39 1.11±0.30 

20.8 mg Zn 77.93±0.28 14.46
b
±0.29 5.85

b
±0.28 1.17±0.22 

27.3 mg Zn 77.28±0.89 16.20
c
±0.31 4.96

ab
±0.25 0.90±0.18 

37.7 mg Zn 78.64±1.07 15.37
bc

±0.28 4.57
ab

±0.37 0.92±0.18 

46.4 mg Zn 78.97±1.35 15.42
bc

±0.30 3.87
a
±0.22 1.13±0.20 

Similar superscripts in each column show no significant difference between means for each treatment 

(p>0.05). Data represented based on wet weight. 
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Table 4. Tissues zinc (Zn) concentration of Siberian sturgeon, Acipenser baerii, fed diets supplemented 

with graded zinc (Zn) levels for 8 weeks. Values are presented as means±SEM (n=3, with 5 fish per 

group).  

 

Serum 

(mg L
-1

) 

Muscle 

(mg kg
-1

) 

Liver 

(mg kg
-1

) 

Cartilage 

(mg kg
-1

) 

14.7 mg Zn 0.02±8.78 25.60±2.32 26.80
a
±3.10 9.03

a
±0.17 

20.8 mg Zn 0.03±2.64 23.86±1.61 35.44
ab

±0.78 11.70
b
±0.19 

27.3 mg Zn 0.03±0.01 22.68±1.72 38.99
b
±1.34 13.59

cd
±0.24 

37.7 mg Zn 0.03±5.97 24.59±1.84 43.31
b
±2.88 14.04

d
±0.38 

46.4 mg Zn 0.03±0.01 23.28±0.89 33.06
ab

±2.14 13.11
c
±0.31 

Similar superscripts in each column show no significant difference between means for each treatment 

(p>0.05). Data represented based on dry weight except for serum Zn concentration. 
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Table 5. Serum enzymatic activities of Siberian sturgeon, Acipenser baerii, fed diets supplemented 

with graded zinc (Zn) levels for 8 weeks. Values are presented as means±SEM (n=3, with 5 fish per 

group). 

 ALP  SOD  GPX ALT AST 

14.7 mg Zn 593.00
a
±5.9 36.18

a
±1.07 4.21

a
±0.19 7.94

d
±0.93 734.28

e
±10.15 

20.8 mg Zn 849.33
b
±6.71 40.12

b
±1.11 4.93

ab
±0.27 5.22

c
±0.73 692.53

d
±8.95 

27.3 mg Zn 950.33
b
±5.84 47.19

bc
±1.52 5.34

b
±0.40 3.76

b
±0.41 620.84

c
±4.57 

37.7 mg Zn 900.67
b
±8.94 52.24

c
±1.33 6.71

c
±0.35 2.51

a
±0.16 575.32

b
±8.13 

46.4 mg Zn 952.00
b
±8.94 53.76

c
±1.84 6.51

c
±0.31 2.18

a
±0.10 493.11

a
±6.37 

Similar superscripts in each column show no significant difference between means for each treatment 

(p>0.05). 

ALP (IU L
-1

): Alkaline phosphatase 

SOD (IU L
-1

): Superoxide dismutase 

GPX (IU L
-1

): glutathione peroxidase 

AST (IU L
-1

): Aspartate aminotransferase 

ALT (IU L
-1

): Alanine aminotransferase 
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Fig 1. The relationship between dietary Zn concentration and relative growth rate (RGR) in 

Siberian sturgeon, Acipenser baerii, based on the broken line regression analysis. Each 

point represents the mean of twenty fish in each group. 
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Fig 2. The relationship between dietary Zn concentration and cartilage Zn level in Siberian 

sturgeon, Acipenser baerii, based on the broken line regression analysis. Each point 

represents the mean of five fish in each group. 
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Fig 3. The relationship between dietary Zn concentration and liver Zn level in Siberian 

sturgeon, Acipenser baerii, based on the broken line regression analysis. Each point 

represents the mean of five fish in each group. 
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