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Abstract. In this study five species of probiotic bacillus as bacterial blend under the commercial title of
Protexin aquatic were used for bioencapsulation of Artemia urmiana (Gunther, 1899). This experiment
was conducted in a completely random design. A. urmiana naupli I was used as a vector to carry
probiotic bacillus to digestive tract of Huso huso (Linnaeus, 1758) larvae. Nauplii with three
concentrations of bacteria, 1×105, 2×105 and 3×105 bacteria per milliliter in suspension of broth for 10
hours were bioencapsulated and beluga larvae were fed by them. Beluga larvae were fed 50 percent of
their body weight for 6 times a day. The control treatment was fed by unbioencapsulated artemia nauplii.
The results indicated that the probiotic bacillus could influence on growth and feeding parameters in
beluga larvae. The final body weight and specific growth rate (SGR) for weight in experimental
treatments had significant difference in comparison to control treatment (P0.05). In experimental
treatments the Food efficiency was increased significantly in comparison with control. The probiotic
bacillus had significant positive effects on conversion efficiency ratio (CER), Daily growth coefficient
(DGC) and average weight gain (AWG) in comparison to control treatment (P0.05). Also the relative
food intake (RFI) significantly decreased (P0.05) while Protein gain (PG) and Energy retained as protein
(PD.KJ day-1 ) significantly increased (P0.05).
Key Words: Probiotic, bioencapsulation, Artemia nauplii, specific growth rate, relative food intake.
 در اﯾن ﻣطﺎﻟﻌﮫ ﭘﻧﺞ ﮔوﻧﮫ از ﺑﺎﺳﯾﻠوس ھﺎی ﭘروﺑﯾوﺗﯾﮑﯽ ﺑﮫ ﺻورت ﻣﺧﻠوط ﺑﺎﮐﺗرﯾﺎﯾﯽ و ﺑﺎ ﻧﺎم ﺗﺟﺎری ﭘروﺗﮑﺳﯾن آﮐواﺗﯾﮏ ﺑرای ﻏﻧﯽ ﺳﺎزی آرﺗﻣﯾﺎی درﯾﺎﭼﮫ:ﭼﮑﯾده
 ﻧﺎﭘﻠﯽ آرﺗﻣﯾﺎی اروﻣﯾﮫ ﺑﮫ ﻋﻧوان وﮐﺗور و ﺑرای اﻧﺗﻘﺎل ﺑﺎﺳﯾﻠوس ھﺎی ﭘروﺑﯾوﺗﯾﮑﯽ. اﯾن آزﻣﺎﯾش در ﻗﺎﻟب طرح ﮐﺎﻣﻼ ﺗﺻﺎدﻓﯽ اﻧﺟﺎم ﺷد.اروﻣﯾﮫ ﻣورد اﺳﺗﻔﺎده ﻗرار ﮔرﻓت
2×105 ،1×105)  ﻧﺎﭘﻠﯽ ھﺎ ﺑﺎ ﺳﮫ ﻏﻠظت از ﺑﺎﮐﺗری. ﻣورد اﺳﺗﻔﺎده ﻗرار ﮔرﻓتHuso huso (Linnaeus, 1758) ﺑﮫ دﺳﺗﮕﺎه ﮔوارش ﻻرو ﻓﯾل ﻣﺎھﯽ
 ﻻروھﺎی ﻓﯾل ﻣﺎھﯽ ﺑر. ﺳﺎﻋت ﻏﻧﯽ ﺳﺎزی ﺷده و ﻻروھﺎی ﻓﯾل ﻣﺎھﯽ ﺗوﺳط آﻧﮭﺎ ﺗﻐذﯾﮫ ﺷدﻧد10  ﺑﺎﮐﺗری در ھر ﻣﯾﻠﯾﻠﯾﺗر از ﺳوﺳﭘﺎﻧﺳﯾن ﺑراث( ﺑﮫ ﻣدت3×105 و
 ﻧﺗﺎﯾﺞ ﻧﺷﺎن داد ﮐﮫ ﭘروﺑﯾوﺗﯾﮏ ھﺎی. ﮔروه ﮐﻧﺗرل ﻧﯾز ﺗوﺳط ﻧﺎﭘﻠﯽ آرﺗﻣﯾﺎی ﻏﻧﯽ ﻧﺷده ﺗﻐذﯾﮫ ﺷدﻧد. ﺑﺎر در روز ﺗﻐذﯾﮫ ﻣﯽ ﺷدﻧد6  درﺻد از وزن ﺑدن ﺧود و50 اﺳﺎس
( ﺑرای وزن در ﺗﯾﻣﺎر ھﺎی آزﻣﺎﯾﺷﯽ ﺗﻔﺎوتSGR)  وزن ﻧﮭﺎﯾﯽ و ﻧرخ رﺷد وﯾژه.ﺑﺎﺳﯾﻠوﺳﯽ ﻣﯽ ﺗواﻧﻧد ﺑر رﺷد و ﭘﺎراﻣﺗرھﺎی ﺗﻐذﯾﮫ ای در ﻻرو ﻓﯾل ﻣﺎھﯽ ﻣوﺛر ﺑﺎﺷﻧد
. ﮐﺎراﯾﯽ ﻏذاﯾﯽ ﺑﮫ ﻣﯾزان ﻗﺎﺑل ﺗوﺟﮭﯽ در ﻣﻘﺎﯾﺳﮫ ﺑﺎ ﮔروه ﺷﺎھد اﻓزاﯾش ﯾﺎﻓت، در ﺗﯾﻣﺎرھﺎی آزﻣﺎﯾﺷﯽ.(P <.005) ﻣﻌﻧﯽ داری در ﻣﻘﺎﯾﺳﮫ ﺑﺎ ﮔروه ﮐﻧﺗرل داﺷﺗﻧد
( در ﻣﻘﺎﯾﺳﮫAWG) ( و ﻣﯾﺎﻧﮕﯾن وزن ﺑﮫ دﺳت آﻣدهDGC )  ﺿرﯾب رﺷد روزاﻧﮫ،(CER) ﭘروﺑﯾوﺗﯾﮏ ھﺎی ﺑﺎﺳﯾﻠوﺳﯽ اﺛر ﻗﺎﺑل ﺗوﺟﮫ و ﻣﺛﺑﺗﯽ را ﺑر ﺿرﯾب ﺗﺑدﯾل ﻏذا
( در ﺣﺎی ﮐﮫ ﻣﯾزان ﭘروﺗﺋﯾن ﺑﮫ دﺳتP0.05) ( ﺑﮫ ﺻورت ﻣﻌﻧﯽ داری ﮐﺎھش ﯾﺎﻓتRFI )  ھﻣﭼﻧﯾن ﻣﯾزان ﻧﺳﺑﯽ ﻏذای ﺧورده ﺷده.(P<0.05) ﺑﺎ ﮔروه ﮐﻧﺗرل داﺷت
.(P0.05) ( ﺑﮫ طور ﻣﻌﻧﯽ داری اﻓزاﯾش ﯾﺎﻓتPD.KJ day-1 ) ( و اﻧرژی ذﺧﯾره ﺷده ﺑر ﻣﺑﻧﺎی ﭘروﺗﺋﯾنPG) آﻣده

.  ﻏﺬای ﻧﺴﺒﯽ ﺧﻮرده ﺷﺪه، ﻧﺮخ رﺷﺪ وﯾﮋه، ﻧﺎﭘﻠﯽ آرﺗﻤﯿﺎ، ﻏﻨﯽ ﺳﺎزی، ﭘﺮوﺑﯿﻮﺗﯿﮏ:ﮐﻠﻤﺎت ﮐﻠﯿﺪی

Introduction. The use of probiotics has a long tradition in animal husbendery (Stavric &
Kornegay 1995) but has rarely been applied in aquaculture. Probiotics are usually defined
as live microbial food supplements, that are administrated in such a way as to enter the
gastro-intestinal tract and to be kept alive, this beneficially affects the host animal by
improving its intestinal microbial balance and in turn its health (Gatesoupe 1999).
Appropriate probiotic applications were shown to intestinal microbial balance, which led
to improved food absorption (Fuller 1989). Optimization of zootechnical, nutritional and
microbiological factors can reduce the heavy mortalities that often occur during the
rearing of marine fish larvae (Olsen 1997). The use of probiotic bacteria has been
suggested as an important strategy to accomplish reproductible outputs through
biocontrol in cultivation systems for marine fish larvae and crustaceans (Nogami 1992).
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The bacterial flora in the larval gut originates from bacteria associated with the eggs, the
water in the rearing tanks, and the live food (Ringø & Birkbeck 1999). Intensive rearing
of marine fish larvae suffers from heavy mortalities, which may be attributed to bacteria
introduced in the rearing system with live food (Keskin et al 1994). Replacement of the
opportunistic bacteria with other less-aggressive bacteria may provide a solution. The
brine shrimp Artemia sp. are common live food organisms used for the rearing of marine
fish larvae. These have been considered as possible vectors for the delivery of different
substances, such as nutrients and probiotics (Gatesoupe 1991). This positive effect of
probiotics may be attributed to their ability to outcompete other bacteria (Austin et al
1995) or to produce micronutrients important for the development of fish larvae (Ringø
et al 1992). Several bacteria have been used as probiotics in the larval culture of aquatic
organisms and they can be either delivered directly into the water, or via live carrier such
as Artemia nauplii and rotifers, or else added to pelleted dry food (Gomez-Gil et al 2000).
The aim of this study was to evaluate the effects of probiotic bacillus on the growth and
feeding factors of beluga larvae.
Material and Method
Preparing of probiotic bacillus. The probiotic bacillus was prepared from Protexin Co
(Iran-Nikotak). The five species of probiotic bacillus as bacterial blend under the
commercial title of Protexin aquatic were used for bioencapsulation of A. urmiana. The
blends of probiotic bacillii (Bacillus licheniformis, Bacillus subtilis, Bacillus polymixa,
Bacillus laterosporus and Bacillus circulans) from suspension of spores with special media
were provided. Three concentrations of bacterial suspension, 1×105, 2×105 and 3×105
bacteries per milliliter (CFU ml-1) were provided by Protexin Co and the colony forming
unit (CFU) of probiotic bacillii were tested by microbial culture in Tryptic Soy Agar (TSA)
(Rengpipat et al 1998).
Artemia cyst hatching and bioencapsulation. The cysts of A. urmiana from the
center of Artemia & Aquatic Animals in Urmia (Iran) were used for this study. The corions
of the cysts were removed chemically by using the methodology that proposed by
Sorgeloos et al (1977). This process is known as decapsulation. Hatching of the
decapsulated cysts was performed in glass cone with 1 liter of seawater (3.0 % salinity)
at a density of 5.0 g liter-1 and incubated at 30°C with constant illumination and aeration
through setting air pump (Gomez-Gil et al 1998). The bioencapsulation of Artemia nauplii
were accomplished with density of 2 g live nauplii litter-1 (Makridis et al 2001) for 10
hours and with three concentration of 1×105, 2×105 and 3×105 bacteries per milliliter in
suspension of broth.
Experimental design. Twelve fiberglass tanks (capacity of 50 liters) with three
replicates for experimental and control treatments were used. This experiment was
conducted in a completely randomized design with four treatments (treatment 1-3 and
control). Healthy larvae of beluga (initial weight: 55.30±0.65) were obtained from the
fish hatchery of sturgeon center of Marjani (Iran). The density of fish larvae in per tank
were 4-5 fish per liter. Beluga larvae in control and experimental treatments were fed 50
percent of their body weight for 6 times a day (3.00, 7.00, 11.00, 15.00, 19.00, and
23.00). The control treatment was fed unbioencapsulated Artemia nauplii. Water quality
parameters of input water to rearing system were monitored each week throughout the
experimental. The water temperature was 18.48 ± 1.44°C, pH was 7.82 ± 0.38, electro
conductivity was 1636.75 ± 380.51 and water oxygen level was maintained above 7.62
± 0.53 mg l-1 during the experiment by setting electrical air pump.
Sample collection. The fish were weighted individually at the begining and at the end of
the experiment. Before distributing fish to the experimental tanks (in the beginning of
exogenous feeding), 50 fish were sampled from the holding tank for biometry and
analysis of the initial body composition. In the termination of experiment, 50 larvae from
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each tank were sampled and the total weight and length of body were measured. The
samples of fish were stored in -20°C until analyzing.
Proximate analyses of Artemia nauplii and fish. The proximate compositions of
samples of fish (initial and final of experiment) and Artemia nauplii were analyzed
according to the AOAC Procedures (1990) as follows: moisture was determined by oven
drying at 105°C for 24 h; crude protein (CP,%N×6.25) by using a micro Kjeltec autoanalyzer; lipid by extracting the residue with 40–60°C petroleum ether for 7–8 h in a
Soxhlet apparatus; gross energy (GE) using the automated bomb calorimeter and ash
was determined by combustion at 550°C in a muffle furnace to constant weight.
Calculation and statistical analysis. Some growth and feeding parameters of fish
were calculated based on the data of carcass analysis and biometry of beluga larvae.
Specific growth rate for weight (% BW day-1) and length were calculated by the following
formula:
SGR (%Body weight day-1) = [(Ln BWt1–Ln BWt0) / t1- t0] × 100
SGR (%Body length day-1) = [(Ln BLt1–Ln BLt0) / t1- t0] × 100
where LnBWt0 and LnBWt1 are neperian logarithm of initial and final body weight and also
LnBLt0 and LnBLt1 are neperian logarithm of initial and final body length of fish larvae and
t1–t0 is duration of experiment (De Silva & Anderson 1995). Body weight increase was
expressed as: BWI (mg) = BWt1 - BWt0 (Tacon 1990), where BWt0 and BWt1 are initial
and final body weight of fish larvae.
Percentage of average weight gain was calculated:
AWG % = [(BWt1- BWt0)/BWt0)]×100 (De Silva & Anderson 1995).
Relative food intake (RFI %) = [F/0.5(BWt1 – BWt0)(t1–t0)]100
where BWt0 and BWt1 are initial and final body weight of fish larvae and t1 –t0 is duration
of experiment and F is the food intake (De Silva and Anderson 1995).
Conversion efficiency ratio (CER %)= Wet weight instant growth rate100/Daily food
intake rate.
Food efficiency (FE %)= Mean weight gain (g)/food consumed(g) (De Silva & Anderson
1995).
Daily growth coefficient (DGC)= 100(FBW1/3–IBW1/3) (Cho 1992)
Nitrogen Retention Efficiency (NRE %)= [(FBWN final)–(IBWN initial)/Gross N intake]100
where IBW and FBW are initial and final body weight of fish larvae and N initial and N final is
nitrogen content (%) in whole fish body at the initial and end of the trial respectively
(Brafield & Liewellyn 1982).
Protein gain (PG)= [(FBWProteinfinal)–(IBWProteininitial)/(t1–t0)]100
where Proteininitial and Proteinfinal are protein content (%) in whole fish body at the initial
and final of the experiment respectively (Azevedo et al 2004).
Lipid gain (LG)= [(FBWLipidfinal)–(IBWLipidinitial)/(t1–t0)]100
where Lipidinitial and Lipidfinal are percentage of lipid in fish body at the initial and final of
the experiment (Brafield & Llewellyn 1982).
Energy retained as protein (PD.KJ day-1)= (Protein gain23.6 KJ g-1) (Brafield & Llewellyn
1982).
Energy retained as lipid (LD.KJ day-1)= (Lipid gain39.5 KJ g-1) (Brafield & Llewellyn
1982).
One-way ANOVA and Duncan’s multiple range test were used to analyze the
significance of the difference among the means of treatments by using SPSS program.
Results and Discussion. The proximate composition of beluga and A. urmiana nauplii
are shown in Table 1 and Table 2. The feeding and growth parameters of beluga larvae
are presented in Table 3. Among the three different concentration of probiotic bacillus in
both of bioencapsulation of Artemia nauplii, which was fed by Belug larvae, the highest
results obtained in T1 (bioencapsulated Artemia with 1×105 CFU/ ml). Final body weight
and specific growth rate of beluga larvae, were significantly (p0.05) affected by probiotic
bacillus. In the experimental treatments, growth parameters were significantly (p0.05)
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higher than control treatment. The highest average of weight gain was obtained in the
experimental treatment of T1.

Table 1
Proximate composition of A. urmiana nauplii
Crude
protein (%)

Crude
lipid (%)

Crude energy
(Cal./g)

Dry matter
(%)

Moisture (%)

Ash
(%)

56.83

21.2

4727.49

9.09

90.91

3.75

Table 2
Proximate composition of Beluga (Huso huso) larvae in the first of exogenous feeding
Crude
protein (%)

Crude lipid
(%)

Crude energy
(Cal./g)

Dry matter
(%)

Moisture (%)

Ash
(%)

64.88

11.2

4199.88

11.11

88.89

6.35

The results indicated that the probiotic bacillus could influence on growth parameters in
beluga larvae. The gained body weight in experimental treatments of larvae had
significant difference in comparison to control treatment (P0.05).
Probiotic bacillus had significant positive effects on the specific growth rate (SGR),
daily growth coefficient (DGC) and conversion efficiency ratio (CER) in comparison to
control treatment (P0.05). The maximum of SGR for body weight of beluga larvae
obtained in treatment of T1 while SGR for body length was shown in T4 (fed on by
bioencapsulated Artemia with 3×105 CFU ml-1). Significant different in experimental
treatments (T1, T2 and T3) were not obtained regarding of FBW, SGR, AWG and DGC.
The feeding parameters significantly increased in experimental treatments in comparison
to control treatment. The relative food intake (RFI) in experimental treatment in
comparison to control (60.83 %) decreased while nitrogen retained efficiency (%),
Protein gain (g day-1) and energy retained as protein (PD.KJ day-1) significantly were
higher (P0.05) than control. The protein retained was significantly increased (P0.05).
In comparison to control treatment (0.0169 g day-1), the maximum of Protein gain
obtained in treatments of T1 was (0.0191 g day-1). No significant difference was shown
between the experimental treatments of T1, T2 and T3 (P0.05). Also the energy
retained as protein (PD.KJ day-1) in beluga larvae which was fed by bioencapsulated
Artemia nauplii, was significantly increased (P0.05). While probiotic bacillus significantly
decreased the lipid gain (g day-1) in T1 and T2, but in treatment of T3 in comparison to
control, it was increased. No significant difference was observed between the control and
T4 (P0.05). The same pattern was obtained about the energy retained as lipid (LD.KJ
day-1).
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Table3
Growth and feeding parameters of Beluga (Huso huso) larvae in
experimental treatments (trial 1-3) and control

Treatment

Control
Unbioencapsulate
d Artemia nauplii

T1
Bioencapsulated
Artemia nauplii
with 1×105
CFU/ ml

T2
Bioencapsulat
ed Artemia
nauplii with
2×105
CFU/ ml

T3
Bioencapsulate
d Artemia
nauplii with
3×105
CFU/ ml

55.30  0.65

55.30  0.65

55.30  0.65

55.30  0.65

Final body weight (mg)

217.7132b

244.282.87 a

235.4421 a

234.9430 a

Body weight increased
(mg)

163.4831.54b

185.76 33.89a

180.4530.44 a

182.69 38.29 a

Average weight gain (%)

293.6741.33 b

341.7443.58 a

325.7546.79 a

324.8548.36 a

Specific growth rate for
weight
(% BW day-1)

11.7642.45 b

12.9572.29 a

12.6781.84 a

12.6422.12 a

Specific growth rate for
length
(% BL day-1)

4.6115 0.8338 b

4.7218 0.6795 b

5.0109 0.7929 a

Daily growth coefficient
(%)

2.2866 0.4825 b

2.4525 0.4652a

2.4619 0.3691a

2.4582 0.4301a

Relative food intake (%)

60.8312.73 a

51.4257.63 b

52.335.195 b

53.086.495 b

Food efficiency (%)

33.305.37 b

39.103.79 a

38.694.38 a

37.285.80 a

Conversion efficiency ratio
(%)

56.177 10.450 b

72.467 11.253 a

67.323 15.461 a

66.561 16.312 a

Nitrogen retained
efficiency (%)

54.7952 7.5922 b

63.1441 8.1570 a

60.4854 6.4235 a

59.7658 7.7017 a

Protein gain
(gday-1)

0.0169 0.0020 b

0.0191 0.0032 a

0.0184 0.0036 a

0.0182 0.0038 a

Lipid gain (gday-1)

0.001580.00037a

0.001280.00028 b

0.001150.0002 c

0.001600.00034 a

Energy retained as protein
(PD.KJ day-1)
Energy retained as
lipid(LD.KJ day-1)

0.40040.0757b

0.45170.0892a

0.43540.0663a

0.43090.0803a

0.06240.0149a

0.05080.0115 b

0.04530.0794c

0.06340.0132a

Parameter
Initial weight (mg)
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Discussion . In the present study, nauplii of A. urmiana were used as a vector to carry
the probiotic bacillus to digestive tract of beluga larvae. The probiotics in this experiment
promoted the feeding and growth parameters in beluga larvae in experimental
treatments in comparison to control treatment.
All the probiotic treatments resulted in better growth performance and some of
feeding parameters than the control. The beneficial influence of probiotc bacillus (blend of
bacillus) on the feeding efficiency of Huso huso larvae, was completely observed. The
results indicated that the probiotic bacillus had significantly effects on the growth and
feeding parameters in experimental treatments. The better body weight and SGR for
weight and length were obtained in experimental treatments (T1). Similar results were
observed by Gatesoupe (1991) in using Bacillus toyoi on turbot (Scophthalmus maximus
Linnaeus, 1758), Swain et al (1996) in Indian carps that improved the growth factors and
feeding efficiency and Ghosh et al (2003) on the Rohu.
Noh et al (1994) and Bogut et al (1998) also proved that the commercial probiotics
of Streptococcus faecium improved the growth factors and feeding efficiency of carp.
However, in trial T1, beluga larvae were fed by bioencapsulated Artemia nauplii in
suspension of 1×105 bacteria per milliliter, obtained the best body weight and food
Efficiency (FE). Results of this study also showed that different concentration of probiotic
had different effects on growth parameters. However growth parameters decreased with
the increasing level of probiotic bacillus. Same results were obtained by Bairagi et al
(2004) and Ghosh et al (2003) on the Rohu (Labeo rohita Hamilton, 1758). They used
different concentration of Bacillus circulans (isolated from intestine of Labeo rohita) as
bacterial supplementation in diet of this fish. The best growth and feed utilization
efficiency of Rohu obtained in concentration of 1.5×105 CFU 100gr-1 of diet. While the
using of B. circulans, reduced the lipid digestibility and carcass crude lipid. The level of
carcass lipid decreased from 89.45% (in control) to 77.12% in experimental treatments.
In the present study the lipid gain decreased in experimental treatment in comparision to
control. Ghosh et al (2003) indicated that the supplementation of bacteria cells induced a
reduction of lipid deposition, probably by reducing lipid digestibility, and increase in body
protein in fish. Same results were obtained by Bairagi et al (2002) and Ghosh et al
(2002) on the Rohu fingerling (Labeo rohita). Ghosh et al (2002) indicated that the B.
circulans, B. subtilis and Bacillus pamilus, isolated from the gut of Rohu, have
extracellular protease, amylase, and cellulose and play an important role in the nutrition
of Rohu fingerlings. The photosynthetic bacteria and Bacillus sp. (isolated from the pond
of common carp) was used in diet of common carp (Cyprinus carpio Linnaeus, 1758) by
Yanbo and Zirong (2006). The results indicated that this probiotics increased growth
parameters and digestive enzyme activities. The results of this studies showed that
bacterial probiotics can increase the growth and feeding efficiency in fish. The different
bacterial strains used in the present study as probiotics were effective in stimulating fish
performance that the blends of bacteria had the best results.
Conclusions. This experiment indicated that the probiotic bacillus have the highest
ability to promote the growth parameters in Huso huso larvae. Different concentrations of
probiotic bacilluse had different effects on the growth and feeding parameters in Beluga
larvae. In general, the findings can be useful in the performance of larviculture of this
species.
References
AOAC., 1990 In: W. Horwitz (ed). Official Methods of Analysis of Association of Official
Analtical Chemists (AOAC). Vol. 1, 15th ed. Assoc. Official Analytical Chemists,
Washington.
Austin B., Stuckey L. F., Robertson P. A. W., Effendi I., Griffith D. R. W., 1995 A probiotic
of Vibrio alginolyticus effective in reducing diseases caused by Aeromonas
salmonicida, Vibrio anguillarum and Vibrio ordalii. Journal of Fish Diseases 18:9396.

AACL Bioflux, 2010, Volume 3, Issue 4.
http://www.bioflux.com.ro/aacl

278

Azewedo P. A., Leeson S., Cho C. Y., Bureau D. P., 2004 Growth and feed utilization of
size rainbow trout (Onchorhynchus mykiss) and Atlantic salmon (Salmo salar)
reared in fresh water: diet and species effects and responses over time. Aquaculture
Nutrition 10:401-411.
Bairagi A., Ghosh S. K., Sen S. K., Ray A. K., 2002 Enzyme producing bacterial flora
isolated from fish digestive tracts. Aquaculture International 10:109-121.
Bairagi A., Ghosh K. S., Sen S. K., Ray A. K., 2004 Evaluation of the nutritive value of
Leucaena leucocephala leaf meal, inoculated with fish intestinal bacteria Bacillus
subtilis and Bacillus circulans in formulated diets for rohu, Labeo rohita (Hamilton)
fingerlings. Aqucalture research 35:436-446 .
Bogut I., Milakovic Z., Bukvic Z., Brkic S., Zimmer R., 1998 Influence of probiotic
Streptococcus faecium M74 on growth and content of intestinal microfolora in carp
Cyprinus carpio. Czech J. Anim. Sci 43:231-235.
Brafield A. E. E., Llewllyn M. J., 1982 Animal Energetics. Blackie & Son Ltd., Glasgow, U.
K. pp. 163.
Cho C. Y., 1992 Feeding system for rainbow trout and salmonids with reference to
current estimates of energy and protein requirement. Aquaculture 100:107-123.
De Silva S. S., Anderson T. A., 1995 ln: Fish Nutrition in Aquaculture. Chapman and Hall,
London. 319 pp.
Fuller R., 1989 Probiotics in man and animals. J. Appl. Bacteriol. 66:365-378.
Gatesoupe F. J., 1991 Bacillus sp. Spores: A new tool against early bacterial infection in
turbot larvae, Scophthalmus maximus ln : Larvens P., Jaspers E., Roelands I. (Eds),
Larvi–fish and crustacean larviculture symposium. European Aquaculture Society,
Gent 24:409-411.
Gatesoupe F. J., 1999 Review: The use of probiotics in aquaculture. Aquaculture
180:147-165.
Ghosh K., Sen S. K., Ray A. K., 2002 Characterization of Bacillus isolated from the gut of
Rohu, Labeo rohita, fingerlings and its significance in digestion. Appl. Aquaculture.
12:33-42.
Ghosh k., Sen S. K., Ray A. K., 2003 supplementation of an isolated fish gut bacterium,
Bacillus circulans, in Formulated diets for Rohu, Labeo rohita, Fingerlings.
Aquaculture-Bamidgeh 55(1):13-21.
Gomez-Gil B., Herrera-Vega M. A., Aberu-Grobis F. A., Roque A., 1998 Bioencapsulation
of two different vibrio species in nauplii of the Brine shrimp (Artemia fransiscana).
Applied Environmental Microbiology 64:2318-2322.
Gomez-Gil B., Roque A., Turnbull J. F., 2000 The use selection of probiotic bacteria for
use in the culture of larval aquatic organisms. Aquculture 9:259-270.
Keskin M., Keskin M., Rosenthal H., 1994 Pathways of bacterial contamination during egg
incubation and larval rearing of turbot, Scophthalmus maximus. Appl. Ichthyol.
10:1–9.
Makridis P., Bergh Q., Skjermoj J., Vadstein O., 2001 Addition of bacteria
bioencapsulated in Artemia metanauplii to a rearing system for halibut larvae.
Aquaculture International 9:225-235.
Nogami K., Maeda M., 1992 Bacteria as biocontrol agents for rearing larvae of the crab
Protunus trituberculatus. Canadian. J Fis and Aqu Sci. 49:2373-2376.
Noh S. H., Han K., Won T. H. Choi Y. J., 1994 Effect of antibiotics, enzyme, yeast culture
and probiotics on the growth performance of Israeli carp. Korean. J Anim. Sc.
36:480-486.
Olsen Y., 1997 Larval rearing technology of marine species in Norway. Hydrobiologia
358:27-36.
Rengpipat S., Phianphak W., Piyatiratitvorakul S., Menasveta P., 1998 Effects of probiotic
bacterium on black tiger shrimp Penaeus monodon survival and growth. Aquaculture
167:301-313.
Ringø E., Birkbeck T. H., 1999 Intestinal microflora of fish and fry. Aquaculture Research
30:73-93.

AACL Bioflux, 2010, Volume 3, Issue 4.
http://www.bioflux.com.ro/aacl

279

Ringø E., Sinclair P. D., Birkebeck T. H., Barbour A., 1992 Production of ecosapentanoic
acid (20:5n-3) by Vibrio pelagius isolated from turbot (Scophthalmus maximus L.)
Larvae. Appl. Environ. Microbiol. 58:3777-3778.
Sorgeloos P., Bossuyt E., Lavina E., Baeza-Mesa M., Persoone G., 1977 Decapsulation of
Artemia cysts: a simple technique for the improvement of the use of brine shrimp in
aquaculture. Aquaculture 12:311.
Stavric S., Kornegay T., 1995 Microbial Probiotics for pigs and poultry. pp.205-231. ln:
R. J. Wallace and A. Chesson (eds.). Biotechnology in Animal feeds and Animal
feeding. Weinheim, New York.
Swain S. K., Rangacharyulu P. V., Sarkar S., Das K. M., 1996 Effect of a probiotic
supplementation on growth, nutrient utilization and carcass composition in merigal
fry. Aquaculture 4:29-35.
Tacon A. G. J., 1990 Standard method for the nutrition and feeding of farmed fish and
shrimp. Argent laboratories press pp.4.24.
Yanbo W., Zirong X., 2006 Effect of probiotic for commom carp (Cyprinus carpio) based
on growth performance and digestive enzymes activities. Animal feed science and
technology 127:283-292.

Received: 03 September 2010. Accepted: 15 October 2010. Published online: 16 October 2010.
Authors:
Hojatollah Jafaryan, Gonbad Higher Education Center, Department of Natural Resources, Iran, Gonbad; Postal
code: 4971857765, e-mail: hojat.jafaryan@gmail.com
Mohammad Mehdi Taati, Department of Fishery, Gorgan University of Agricultural Sciences and Natural
Resources, Iran, Golestan, Gorgan, Shahid Beheshti Avenue, Postal code: 49138-15739, e-mail:
taati.mehdi64@gmail.com
Noor Mohammad Makhtoumi, The center of sturgeon culture of Marjani, Agh ghala, Golestan, Iran; e-mail:
makhtoumi.noormohammad@gmail.com
How to cite this article:
Jafaryan H., Taati M. M., Makhtoumi N. M., 2010 The effects of probiotic bacillus for promotion of growth and
feeding parameters in beluga (Huso huso) larvae via feeding by bioencapsulated Artemia. AACL Bioflux
3(4):273-280.

AACL Bioflux, 2010, Volume 3, Issue 4.
http://www.bioflux.com.ro/aacl

280

