Optimization of salinity, pH and temperature for enrichment of Artemia urmiana nauplii with Lactobacillus rhamnosus and Bacillus subtilis
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Introduction
Artemia is a suitable larvae food for both marine and freshwater crustaceans and fish (Bengstone et al., 1991). Artemia has been used as a vector for the delivery of different materials, such as nutrients, antimicrobial agents, vaccines, and probiotics and all these may have a positive effect on host organism by improving properties of the native micro-flora (Patra & Mohamed, 2003). 
As new findings emerged, several definitions of probiotics have been proposed e.g., a live microbial feeding supplement which beneficially affects the host animal by improving its intestinal balance (Fazeli & Azari-Takami, 2006). Studies (Patra & Mohamed, 2003) have been made on the efficacy of Artemia nauplii in bioencapsulating bacteria and this indicates that it strongly depends on the type of bacteria used, temperature and pH of incubation, time of exposure, and status (live or dead) of the bacteria.
Lactobacillus rhamnosus and Bacillus subtilis are well known as aquatic probiotic bacteria, which are active against furunculosis in rainbow trout (Nikoskelainen et al., 2001) and Vibriosis in shrimp (Balcazar & Rojas-Luna), respectively. These bacteria are well suited as probiotic agents because they are able to achieve high concentration in the intestin quickly, maintain constant levels, do not permanently colonize the intestine, and do not translocate easily out of the intestinal tract compared to other flora. 
There was no document in literature about optimization of Artemia urmiana nauplii enrichment with probiotic bacteria. The aims of the present study were: (i) to decide the maximum level of enrichment of Artemia nauplii by the known probiotic bacteria, and (ii) to optimize salinity, pH and temperature for enrichment of Artemia urmiana nauplii with Lactobacillus rhamnosus and Bacillus subtilis.
Materials and Methods
Bacterial strains and culture
Two different probiotic bacteria e.g. Lactobacillus rhamnosus (LMG[footnoteRef:2]18243) and B. subtilis (PTCC[footnoteRef:3]1023) were cultured in MRS (Merck, Germany) and BHI (Merck, Germany) broth medium, respectively. Incubation was done at 30 ˚C and aerobic conditions, then bacteria were harvested by centrifugation, the supernatant was discarded and the pellet was resuspended in sterile PBS. Bacterial densities (5×106 CFU/ml) were determined according to the McFarland standard (Marques et al., 2006) and bacterial suspensions were stored at 4 ˚C until starting the enrichment. [2: - Laboratory of Microbiology, Ghent University, Belgium]  [3: - Persian Type Culture Collection] 

Artemia urmiana nauplii
Cysts of Artemia urmiana were obtained from Artemia and Aquatic Animal Research Institute, Urmia University, Iran. Bacteria-free cysts and nauplii were prepared via decapsulation, using the procedure described by Sorgeloos et al. (1986). During decapsulation, 0.22-µm filtered aeration was provided. All manipulations were carried out under a laminar flow hood and all tools were previously autoclaved at 120 ˚C for 20 min.
Decapsulated cysts were washed carefully with filtered and autoclaved seawater (FASW) on a 50-µm pore size sterile net and transferred to a sterile 1500-ml conical flask containing 1000 ml of FASW. The conical flask was capped with cotton and placed under a laminar flow hood, after that the hatching process for Artemia cysts have been done according to the standard procedure (Sorgeloos, 1986).
Enrichment treatments
In the laminar flow, 7000 hatched nauplii (200/ml) were transferred to sterile 50-ml Falcon tubes containing 35 ml of AFSW. This study comprises 3 experiments and different salinities (20, 25, 30, 35, 40 g/L), pH (5.5, 6.5, 7.5, 8.5, 9.5) and temperatures (26, 28, 30, 32, 34˚C) were examined in triplicate, separately in each experiment. Artemia nauplii enrichment was conducted with equal proportions of probiotics (5×106 CFU per one ml of sterile PBS) at the start of experiments.
Sampling
Sampling was done at 6, 12 and 24 h after onset of enrichment. In order to count the number of bacteria in the media and mid gut of enriched Artemia, both nauplii and media from each falcon tubes were sampled. One ml of media serially diluted in PBS (101-108) and total viable count was carried out on MRS agar and BHI agar for both probiotics, respectively. As well as, 200 mg nauplii from each enriched falcon tube were collected in sterile conditions. The collected nauplii were disinfected and counted according to the Rengpipat et al. (1998). Briefly, disinfected nauplii washed three times in PBS and then homogenized in PBS, after that bacterial count was performed as mentioned above for media. 
Statistical Analysis
The results were analyzed by the Student’s t-test to determine differences (P < 0.05) between tested groups. All statistics were performed with SPSS for Windows, version 11.5 (SPSS Inc, Chicago, IL, USA).

Results
Artemia urmiana nauplii were enriched with two species of probiotic bacteria (L. rhamnosus and B. subtilis) under gnotobiotic conditions. In all treatments equal amounts of bacterial cells were offered. The results presented in Fig. 1, results obtained in experiment 1 show that salinity had not any significant effect on bacterial viability after 6, 12, and 24 h of enrichment.
The results from experiment 2 and 3 demonstrated that, the best pH and temperature for Artemia nauplii enrichment was 7.5 and 30 ˚C, respectively and was independent of used bacterial species.
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Fig.1. Histogram for optimization of salinity, pH and temperature for Artemia urmiana nauplii enrichment with two probiotic bacteria.
Discussion and conclusion
Artemia enrichment or bioencapsulation is widely applied in marine fish and crustacean hatcheries all over the world for enhancing the nutritional value of Artemia with essential fatty acids and for drug delivery (Putra and Mohamed, 2003). Because of its primitive feeding characteristics, it allows a very convenient way to manipulate its biochemical composition by exploiting the non-selective feeding behavior in instar II Artemia prior to oaring them to the predator larvae. Similarly, Artemia nauplii and rotifers are also being used for the delivery of probiotics to fish larvae (Gatesoupe 1994), and shrimp larvae (Rengpipat et al. 1998). 
In this study, the 6-12 h after hatching was found as the best time for enrichment of Artemia urmiana nauplii. Our results were in agreement with the observations of Bossier (2005), Gomez-Gill et al. (1998) and Patra and Mohamed (2003) showed that the best time for enrichment of Artemia franciscana were at the beginning of Instar II and about 12 or 18 h after hatching nauplii. On the other hand, the study of Ringo and Birkbeek (1999) showed the gastrointestinal flora of various organisms is developing during the early stages of life.
Research in probiotics for aquaculture is at an early stage of development and many studies are still needed, as the available information is inconclusive (Gomez-Gil et al. 2000). The multitude of organisms and techniques used in larviculture, in addition to the increasing number of potential probionts necessitates experimental trials in all possible host–target combinations before critical assessments can be made. Artemia metanauplii are a widely used live feed organism in larviculture and have the potential to be used as a means for probiotic feeding of active prey-capturing larvae.
In conclusion, this study shows that, in order to achieve the best result, enrichment should be conducted at optimum conditions.
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