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Abstract. The study was conducted to evaluate the welfare status of juvenile Acipenser stellatus, in
condition of administration of Vitamin E and thyme (Thymus vulgaris) in their food. The research was
conducted between December 16th, 2013 and January 21st,2014, in the recirculating system of the
Aquaculture, Environmental Science and Cadastre Department, University of Galati, Romania. We used
four experimental groups, represented by A. stellatus juveniles (main initial weight 103.89±22.57 g)
aged 7 months, provided from different genitors: V1 (♀2 Danube x ♂1 Aquaculture), V2 (♀1 Danube x
♂1 Danube), V3 (♀1 Danube x ♂2 Aquaculture) and V4 (♀2 Danube x ♂2 Danube. At the end of the
experiment, red blood cell counts (RBC), packed cell volume (Hct), hemoglobin concentration (Hb), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) were measured and analysed, with routine methods used in fish hematology.
Regarding the serum’s biochemical parameters the determinations were made with the help of
VetTest®Chemistry Analyser, using IDEXX VetTest kits, the result interpretation being made in
comparison with the reference values from the literature. No significant changes were registered (p >
0.05) in number of erythrocytes, hemoglobin concentration, MCV (mean corpuscular volume), MCH
(mean corpuscular hemoglobin variation) and MCHC (mean corpuscular hemoglobin concentration), while
the packed cell volume registered significant differences (p < 0.05) between the four experimental
variants. Also, statistical analysis showed that there are no significant differences (p < 0.05) between the
experimental variants regarding the serum biochemical parameters including Calcium, Magnesium,
Albumin, Globulins, Total protein, Glucose, Cholesterol, Triglyceride and Blood urea nitrogen. Significant
differences (p < 0.05) were noted within the ammonia level but the obtained values are in the reference
values for sturgeon.
Key Words: hematological profile, serum biochemical parameters, Acipenser stellatus, Recirculating
Aquaculture System (RAS).

Introduction. The most reasonable and logical mitigation strategy to reduce the fishing
pressure on sturgeon natural stocks would be a massive development of sturgeon
aquaculture production that would help not only to compensate for the decline of fishery
production, but also to satisfy the market demand to the extent that price come
drastically down, thereby making illegal trade less attractive (Bronzi et al 2011).
The species Acipenser stellatus (Pallas, 1771) is a good candidate for Romania’s
aquaculture, given the results of researches conducted until now (Patriche 2001; Ceapă
2008; Dicu et al 2012). In Romania, according to CITES, stellate sturgeon catches have
declined during the period 2002-2006 from 12.427 tons to 3.43 tons (72.5% in four
years), aspect that makes the sturgeons aquaculture to grow with restocking programs of
Danube.
The nutritional requirements for sturgeons, reared in intensive recirculating
systems were not sufficiently studied (Dicu et al 2013). Recent researches had shown
that the introduction of relatively small concentrations of vitamins, probiotics, prebiotics
and newest phytobiotics in animal diet leads to ensuring some specific demands or
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influencing in a positive way (directly or indirectly) the growth performances and the
welfare status (Pop et al 2006; Denev 2008; Maurilio 2011; Kasiri et al 2011; Antache et
al 2013).
Phytobiotics are natural compounds which, being incorporated into diets, lead to a
optimization of animal productivity (Cristea et al 2012). Increasing number of recent
studies present the positive aspects of phytobiotics administration, in diets, of different
fish species, such as: the immunostimulator (Khalil et al 2009), bioproductive (El-Dakar
et al 2008), antioxidant and antimicrobial effect (Abdelhamid 2010), their ability to
stimulate the enzymatic equipment and to increase the nitrogen absorbtion (Al-Absawy
2010). The thyme (Thymus vulgaris) contains a number of important compounds, such
as the phenols: thymol (44–60%) and carvacrol (2.2–4.2%) (Alcicek 2011). The
therapeutic properties of thyme on fish are: antiseptic, antioxidant, digestion stimulant
etc. (Coutteau et al 2011).
Vitamin E is among the most important nutrients influencing the fish immune
system, and the supply of vitamin E in fish feed can reduce mortality and improve fish
performance, while increasing specific and nonspecific immune responses (Puangkaew et
al 2004; Raja et al 2008).
The analysis of blood parameters is one of the most valuable modern diagnostic
tools because it has been shown that the physiological values of these parameters are
species-specific and age-dependent (Anver 2004). The objective of this study was to
evaluate the hematologic profile and serum biochemical parameters of different genetic
combination of stellate sturgeon after administration in feed of vitamin E and thyme.
Material and Method
Experimental design. The experiment was carried out between 16th December 2013
and 21st January 2014 at the pilot recirculating system located in a laboratory of
“Aquaculture, Environmental Science and Cadastre” Department, University “Dunărea de
Jos ” of Galati, Romania.
The system is provided with 4 rearing units with a total volume of 500 L each. The
pilot recirculating grow system used for these experiments has been described,
constructively speaking, also in other studies, reason for which this paper no longer
contains its description (Enache et al 2011). We use four experimental groups,
represented by stellate sturgeon juveniles (aged 7 months) with a mean body mass of
103.89±22.57 g, from the different genitors: V1 (♀2 Danube x ♂1 Aquaculture), V2 (♀1
Danube x ♂1 Danube), V3 (♀1 Danube x ♂2 Aquaculture) and V4 (♀2 Danube x ♂2
Danube. Fish were fed with TROCO PRE GROWER pellets, with the diameter of 2.0 mm
(Table 1). The fodder was supplemented with 1% thyme kg-1 feed and vitamin E 500 mg
kg-1 feed. Fish were fed three times per day (09:00, 13:00 and 17:00) with a daily ration
of 2.6% of fish body weight (BW). The survival was surveyed daily.
Table 1
Nutritional composition of the TROCO PRE GROWER pellets
Parameters
Protein
Fat
Crude fibre
Ash
Phosphorus
Calcium
Sodium
Vitamin A
Vitamin D3
Vitamin E
Vitamin C (stable)
Gross energy (/kg)
Digestible Energy (/kg)
Metabolisable Energy (/kg)
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Quantity
45%
18%
1.2%
8.2%
1.2%
1.8%
0.4%
10.000 I.E
746 I.E
200 mg kg-1
150 mg kg-1
21.5 MJ; 5.1 Mcal
19.7 MJ; 4.7 Mcal
17.6 MJ; 4.2 Mcal
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Water quality. During the experiment, the attention was directed towards the control of
the water quality parameters in order to maintain them within the rearing optimum
intervals for the stellate sturgeon growth: water temperature (20.36±0.50°C), dissolved
oxygen (7.98±0.20 mg L-1), pH (7.74±0.06 pH units), nitrate (23.38±0.21 mg L-1),
nitrite (0.13±0.01 mg L-1) and ammonium (0.31±0.13 mg L-1).
Blood sampling and analysis. At the end of the experiment, about 1 mL of blood was
taken by caudal venous puncture, from 7 fish/on each experimental unit. After sampling,
a part of the blood was placed in heparinized Eppendorf tubes in advance and the other
part in unheparinized tubes. Using the routine methodology of fish hematology (Blaxhall
& Daisley 1973; Svobodova 2001), hematological indices were measured and analyzed.
The red blood cell counts (RBCx106/μL) was determined by counting the erythrocytes
from 5 small squares of Neubauer hemocytometer using Vulpian diluting solution. The
hematocrit (PCV, %) was determined by duplicate using heparinised capillary tubes
centrifuged for 5 minutes at 12,000 rotations minute-1 at Hettich Haematockit 210
Centrifuge. The hemoglobin concentration in blood (Hb, g dL-1) was quantitatively
determined by colorimetric method with Drabkin reagent and then read at
spectrophotometer Spectrocord 210 Analytikjena, at a 540 nm wavelength. Using
standard formulas according to Ghergariu et al 1985, the red blood indices were
calculated: the mean corpuscular volume (MCV, μm3), the mean corpuscular hemoglobin
(MCH, pg) and the mean corpuscular hemoglobin concentration (MCHC, g dL-1).
Regarding the serum’s biochemical parameters the determinations were made
with the help of VetTest® Chemistry Analyser, using IDEXX VetTest kits for: albumin
(ALB), Calcium (Ca2+), Total protein (TP), Glucose (Glc), Cholesterol (CHO), Triglyceride
(Trig), Magnesium (Mg2+), Blood urea nitrogen (BUN), Ammonia (NH3) and Globulins
(GLOB).
Statistical analysis. The hematological parameters of the four experimental groups
were expressed by mean and standard deviation (M±SD). Differences in hematological
parameters between the experimental variants were processed statistically with Microsoft
Office 2010 using ANOVA test.
Results and Discussion
Blood hematological parameters. The effects on hematological parameters of vitamin
E and thyme were showed in Figure 1. The result showed that there was no significant
difference in the number of erythrocytes (p = 0.15) and hemoglobin concentration (p =
0.06) in the four experimental variants, values being situated in the normal intervals for
sturgeons (Knowles et al 2006; Dicu et al 2013). However, higher values of the number
of red cells were found in the case of V2 variant (♀1 Danube x ♂1 Danube). Also, the
concentration of hemoglobin was higher in case of V2 and V4 were fish were obtained
from Danube genitors.
Regarding the hematocrit values, significant changes were registered between the
four experimental variants (p=0.007), the obtained values being below the reference
values reported by other authors for sturgeons (26-46%) (Knowles et al 2006; Docan et
al 2011; Dicu et al 2013). Generally, fish hematocrit varies depending on physiology,
health and activity of the fish and large fluctuations indicate, according to some authors
(Farrell 2011) stressful conditions or even chronic stress appearance. In our study, the
lower quantity of hematocrit can be the sign of anemia or dehydratation of the stellate
sturgeon organism.
Lower hematocrit values were reported by other authors (Poston et al 1976),
when brook trout (Salvelinus fontinalis) fry was administrated a high dose of vitamin E
(5000 mg kg-1). Also, Baker & Davies (1996), reported in the case of African catfish
(Clarias gariepinus) fed with a high α-tocopheryl acetate dose (500 mg kg-1 dry feed) a
lower hematocrit than fish fed with the basal diet.
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Figure 1. Mean, minimum and maximum values of RBCc erythrocytes, hematocrit and
hemoglobin of A. stellatus.
Based on the obtained values of the hematological indices we calculate the erythrocytes
constants (MCV, MCH, and MCHC) of stellate sturgeon (Figure 2). Their diagnostic value
is very important because they help to detect the presence of some physiological lesions
in the process of hemoglobin formation and offers information on the size, shape and
hemoglobin quantity in erythrocytes (Ghergariu et al 1985).

Figure 2. Mean, minimum and maximum values of MCV, MCH and MCHC of A. stellatus.
By analysing the data values regarding red blood constants (MCV, MCH and MCHC), we
can notice that no significant differences (p > 0.05) were recorded between the four
experimental variants, values being similar with those reported by others authors
(Knowles et al 2006; Docan et al 2011; Dicu et al 2013).
The serum’s levels of measured parameters of stellate sturgeon are presented
in Table 2. Blood biochemistry is the most economical and authentic tool to assess the
health status of the fish. Generally, the blood profile of any fish can change with the fish
species, age, cycle of sexual maturity and health conditions (Shahsavani et al 2010a;
Shahsavani et al 2010b; Yousefisn et al 2011). Also, blood chemistry parameters
among fish species may be affected by sampling technique, analyses methods, water
quality and diet (Sakamoto et al 2001).
The present study revealed no significant differences (p > 0.05) in the serum
levels of Ca2+, Alb, Glob, TP, Glu, Chol, Trig, Mg2+ and BUN, while the level of NH3
registered significant differences (p > 0.05) between the four experimental variants.
Electrolytes (Ca2+ and Mg2+) have multiple physiological roles in the body. The
extra- and intracellular distribution of these ions is essential for the control of osmotic
equilibrium and the cellular hydro-ionic, as well as for maintaining membrane
permeability (Patriche et al 2011c). In our study Ca levels varied between 7.16-7.56 mg
dL-1, without significant differences between the four experimental variants (p = 0.21),
values being similar with those reported in the literature (Table 3) (Patriche et al 2010;
Patriche et al 2011b).
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Table 2
Biochemical measurements of stellate sturgeon’s blood serum after feeding with
vitamin E and thyme
Parameter

V1
7.167±0.231
1.423±0.143
0.067±0.058
1.900±0.200
1.967±0.252
44.00±2.00
99.667±2.082
375.000±0.000
2.333±0.577
227.667±63.509

Ca2+ (mg dL-1)
Mg2+ (mg dL-1)
ALB (g dL-1)
GLOB (g dL-1)
TP (g dL-1)
GLU (mg dL-1)
CHOL (mg dL-1)
TRIG (mg dL-1)
BUN (mg dL-1)
NH3 (umol L-1)

Experimental variants
V2
V3
7.433±0.231
7.567±0.252
1.483±0.078
1.543±0.142
0.033±0.058
0.167±0.058
1.867±0.058
2.167±0.115
1.900±0.100
2.333±0.153
52.67±6.65
57.67±11.01
102.667±2.887
115.667±23.438
363.667±19.630
375.000±0.000
2.333±0.577
2.333±1.155
187.000±43.715
115.667±9.452

V4
7.400±0.100
1.510±0.044
0.067±0.115
2.000±0.173
2.067±0.252
45.00±1.73
104.333±9.504
375.000±0.000
3.333±0.577
142.667±7.638

Table 3
Reference interval of the serum parameters in some sturgeons

Parameter Measure unit
TP
BUN
Ca2+
Mg2+
Chol
Trig
Alb

mg
mg
mg
mg
mg
mg

dL-1
dL-1
dL-1
dL-1
dL-1
dL-1

g dL-1

Acipenser
guldenstaedti
1 year
(Patriche et al
2010)

Huso huso
1 year
(Patriche et al
2011b)

Acipenser
stellatus,
1 year
(Patriche et al
2011a)

Acipenser
brevirostrum
(Knowles et
al 2006)

2.6±0.5
14.4±1
8.1±0.5
1.6±0.2
96±20
362±30
-

2.15±0.47
4.5±0.7
7.65±0.5
1.8±0.2
62±13.8
244±30
-

2-3.5
29.7

2.7-5.3
6.6-12.1
1.6-2.3
42-133
0.8-1.7

Regarding the Mg level from plasma this recorded slightly lower values (1.42+1.54 mg
dL-1) than the normal limits reported by literature (Patriche et al 2010; Patriche et al
2011b).
Albumin and globulin are two important parts of total protein (TP), and changes in
these parameters affect the level of TP. Albumin and globulin concentration are
commonly used for evaluating the effect of nutrients on fish immunity. Albumin in fish
blood performs the transportation of lipids and helps in the general metabolism of fish
(Andreeva 1999). The values obtained for albumin were lower than those reported by
Patriche (2008) for stellate sturgeon, ranging between 0.03-0.16 g dL-1, without
significant differences (p = 0.24) between the experimental variants.
Globulins in blood samples recorded values between 1.86 and 2.16 g dL-1, values
beeing slightly lower than the admitted limits for sturgeon (3.63-4.5 g dL-1) (Mitranescu
et al 2010).
Total serum protein represented the most important indicator of the nutritional
state of the organism and of the fish health condition, being influenced by fish species,
age, sex, water temperature, quantity and quality of feed (Patriche 2008). Serum protein
values for stellate sturgeon, obtained in current study are slightly lower than others from
the literature (Patriche et al 2011b). So, serum proteins registered values between 1.90
and 2.33 g dL-1, the differences between the variants being statistically insignificant (p =
0.11). Some authors reported that the concentrations of total protein, albumin and
globulin in plasma represent indicators of liver function and therefore the decrease of
serum protein could be attributed to renal excretion or impaired protein synthesis, or due
to liver hypofunction or disorder (Bernet et al 2001; Kori-Siakpere 2006). The lower level
of TP in case of V2 and V4 variants can be explained by the fact that stellate sturgeon
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provided from Danube genitors is less adapted to supplementary feeding affecting their
liver conditions.
For fish, blood glucose presents large variations depending on a number of factors
such as diet, size, age and nutritional and reproductive status, water temperature and
others. After Patriche (2008) blood glucose registered values between 40-90 mg dL-1. In
our study, glucose recorded similar values with those reported by (Patriche 2008)
(44.00±12 mg dL-1 in V1, respectively 57.67±11.01 mg dL-1 in V3), without significant
differences between the experimental variants (p = 0.09).
Triglycerides are used to evaluate nutritional status, lipid metabolism, and its high
concentrations may occur with nephritic syndrome or glycogen storage disease (Yang &
Chen 2003). The most important function of triglyceride is to store and provide cellular
energy. In our study, triglycerides recorded values between 363.66 and 375 mg dL-1,
being similar to others from the literature (Patriche et al 2010; Patriche et al 2011b),
reported for sturgeons.
Cholesterol is an important structural component of cell membranes and the outer
layer of plasma lipoproteins. In our study, cholesterol recorded average values of
99.66±2.08 mg dL-1 in V1, respectively 115.66±23.43 mg dL-1 in V3, with no significant
differences between the experimental variants (p = 0.48), according to the interval
reference for sturgeon (Patriche et al 2010; Patriche et al 2011b; Knowles et al 2006) .
Blood urea nitrogen (BUN) resulted from the proteins catabolism. The blood urea
nitrogen concentration is an important indicator for providing information functional from
liver and kidneys (Patriche 2011b). In our study BUN registered values between 2.33 and
3.33 mg dL-1.
Regarding the ammonia level from blood plasma, significant differences were
registered between the experimental variants (p = 0.03). Ammonia values varied
between 115.66±9.45 in V4 and 227.66±63.50 umol L-1 in V1, being within the reference
values for sturgeons (Mitranescu et al 2010).
Conclusions. The current findings can provide a helpful reference for evaluating the
health, nutritional status, physiological status of A. stellatus provided from aquaculture
and Danube genitors.
The studies on determining the dietary vitamin requirements of sturgeon are
scarce. Our results showed that supplementation of stellate sturgeon diet with thyme and
a high dose of Vitamin E (700 mg kg-1) had no influence on some of hematological and
biochemical parameters. Although the fish provided from aquaculture genitors presented
a better physiological state it can be said that the stellate sturgeon welfare was
influenced by the addition of vitamin E and thyme in the diet or by the genetic heritage.
However, further studies are still necessary to evaluate the beneficial role of vitamin E
and thyme in fish fed and how they affect the physiological status of fish.
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