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Abstract. Alginate polysaccharide/oligosaccharide (APS/AOS) has been proven as a good
immunostimulant. FNCC-0041 & FNCC-0040 are lactic acid bacteria (LAB) producing
exopolysaccharides. Vibrio bacteria are pathogenic for aquatic cultivans. This study determines
the performance of APS/AOS in combination with LAB as immunostimulants. These were
ductcd in Artemia challenge test assay against three species of Vibrio spp., namely Vibrio
parahaemolyticus (Np), V. harveyi (Vh), and V. vulnificus (Vv). The treatments were prepared
by Factorial Design with two factors (APS/AQOS doses and Vibrio spp.) and replicated three
times. The APS/AOS concentration was 0, 300, 600, 900 ppm. There were 8 levels of vibrio
challenges, namely non-Vibrio, Vp, Vh, Vv, Vp-Vh, Vh-Vp, Vv-Vp, and Vp-Vh-Vv. LAB and
APS/ AOS were fermented with seawater encapsulated by newly hatched Artemia’s nauplii for
one hour. Ten nauplii were taken out and challenged with 10° cells'mL Vibrio. Its survival rate
(SR) was counted every six hours until reached 100% mortality. Results show that SR of all
nauplii Artemia bio encapsulated treatments was higher than control (p<0.05). The best
survival rate was reached from 400 ppm AOS. It has appeared that there is a synergically
positive effect among the bio encapsulated AOS and LAB to accelerate the Artemia’s immune
system.

1. Introduction

Sargassum spp., the brown macroalgae, is a non-commercial alga that spread all over the Indonesian
coast. At th@peak season, the mass of Sargassum spp. is plentiful and unused. Our previous study has
@own that Sargassum siliquosum from the southern coast of Java is rich in alginate (40.34%) [1].
Alginate is a linear polysaccharide composed of C5 epimer f-D-mannuronate (M) and a-L-guluronate
(G). Our previous study had been revealed that alginate enabled to arise the shrimp imfiune system [2,
3]. According to [4], the oligosaccharides tend to have the higher biological activity compared to its’

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL

Published under licence by IOP Publishing Ltd 1




1
The 4th International Symposium on Marine and Fisheries Research T0P Publishing

I0OP Conf. Series: Earth and Environmental Science 919 (2021) 012060  doi:10.1088/1755-1315/919/1/012060

polymer chain. Alginate oligosaccharides are composed of around 5 to 25 monosaccharides [5].
Polysaccharides are depolymerized by cleavage of the glycosidic bonds to produce AOS [6]. This
seems correlated to the molecular weight and the presence of new functional groups [7].

Vibrios are y-proteobacteria, gram-negative and pathogenic bacteria that exhibiting preferences for
warm tropical waters [8]. Vibrio harveyi, Vibrio vulnificus, Vibrio parahaemolyticus are the causative
agents of the most severe diseases of estuarine and marine aquaculture systems [9], potential
pathogens for humans [8]. and pathogenic in medicine as well as animal husbandry [10]. There were
some clinical signs in shrimp and fish culture, which are slow growth, skin necrosis. For humans, the
symptoms of gastroenteritis from undercooked or raw seafood consumption are shown [8]. We found
that Vibrios originally from Indonesian shrimp pond were resistant to beta-lactam type of 5 antibiotics
(Ampicillin, Co-Amoxiclav, Amoxicillin, Azithromycin, and Ciprofloxacin HCL). In [9], have also
reported the antimicrobial resistance of these fie Vibrio spp.

Lactic acid bacteria are characterized by gram-positive, facultative anaerobes non-spore-forming,
catalase-negative, and lacking cytochromes [11]. LAB produces exopolysaccharides (EPS) [12], and
due to their health-improving effects, they have been exploited as probiotics since the 1930s [13]. EPS
have been claimed to possess beneficial in health [12]. Besides controlling the host's well-being and
encourage the immune system, LAB was also keeping the inflammation control, potentially [14, 15].
According [16], stated that Lactobacillus pentosus could improve the growth rate, immune modulator,
bacterial diversity in the gut, and Vibrio pathogens of Liropenaeus vannamei (Crustacea).

AOS served as prebiotics for LAB inf}mans as well as an animal [17-19]. Various dietary
supplements of prebiotics and/or probiotics have been applied to boost the immune system by nutrient
absorption and health regulation in Litopenaeus vannamei gut [20, 21]. Prebiotics can serve the
nutrition for the LAB, and so, therefore, the immune system will arise [22]. The first step screening of
AOS and LAB can be applied in Artemia. According to [23], Artemia sp. is an important bio model to
investigate the interaction between the microbe’s host (gnotobiotics). Artemia is a perfect organism to
study probiotics activity and pathogenic bacteria [24]. Furthermore, Artemia is a nonselective filter
feeder, so, therefore can be used as bio encapsulation from enriched media to enhance that finally
improve its survival rate [25].

The application of probiotics (Bacillus spp.) and prebiotics (manmnan oligosaccharides) for
encapsulated Artemia, improved growth, larval survival, intestinal microbial communities of lobster

ae (Homarus gammarus) [26]. The updated information concerning the assessment of probiotics
Lactobacillus bulgaricus FNCC-0041 & Streptococcus thermophilus FNCC-0040 application in
combination with alginate polysaccharide (APS) and alginate oligosaccharide (AOS) to combat Vibrio
parahaemolyticus, V. vulnificus, and V. harveyi is still very limited and need to be done. In this
research, we pointed to ascertain the immunity screening of Artemia nauplii Instar II by determining
its” survival rate. APS and AOS in combination with LAB and without lab were compared, and the
best alginate concentration was defined.

2. Materials and methods

B)!. Alginate Polysaccharide (APS) extraction and Alginate Oligosaccharide (AOS) Production
Sargassum spp. was collected from Teluk Awur Coast, Jepara, Central Java. The fresh Sargassum was
then rinsed with tap water, dried up, and grounded into a powder. The extraction of alginate was done
by methods with Na,CO; maceration, KCI, and ethanol absolute precipitation. The AOS production
was prepared by similar technics in [7] using thermal heating.
22

2.2. Lactobacillus bulgaricus FNCC-004, Streptococcus thermophilus FNCC-0040, and Vibrio spp.

lates
FNCC-0041 and FNCC-0040 were obtained from the Center of Food Study, Laboratory of
Microbiology, Gadjah Mada University, Yogyakarta. FNCC-0041 and FNCC-0040 were refreshed
and recultured to this experiment in the Laboratory of Biology. Vibrio vulnificus, Vibrio
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parahaemolyticus, and Vibrio harveyi as pathogenic bacteria were bought from Brackishwater
Aquaculture Development Centre, Jepara, and refreshed at the similar Biology Laboratory,
Department of Marine Science, Diponegoro University, Semarang.

2.3. Preparation of Artemia nauplii and LAB Fermentation

Glasswares, medium, and materials were sterilized using an autoclave. All the plastic materials
sterilization was done by spraying with 70% alcohol and UV light exposure. Entirely trials were
conducted in Laminar Air Flow (LAF) [27]. Cysts of Artemia (Supreme Plus®, Golden West Artemia)
were purchased. One gram of Artemia cysts was then weighed out and then continue by
soaking into 1000 mL seawater for hatching. This condition was kept in strong aeration for
approximately one night [28]. On the following day. the newly Instar II hatched Artemia were
collected and ready to be treated.

Vibrio spp. was cultured from one ose of Vibrio spp. isolate in Nutrient Agar/NA (Merck, USA) to
Nutrient Broth/NB (Merck, USA). These bacteria were then scaled up cultured at 100 mL liquid media
for 18 hrs to get the concentration of 0.5 McFarland [29]. While one ose of FNCC-0041 and FNCC—
0040 from de Man, Rogosa and Shape Agar/MRS Agar was suspended in 100 mL Nutrient Broth/NB
(Merck, USA) media and continued to incubation for 24 hrs at 37°C [30].

The APS and AOS concentration were arranged at 0, 400, 600, and 800 ppm by adding 0006,
0012, and 0018 g Alginate and diluted in 20 mL FNCC-0041 and FNCC-0040 and 180 mL
seawater. This fermentation of LAB was done in 72 hrs, kept stirring at 150 rpm, in room temperature

[31-33].

2.4. Screening Immunity and Challenge Test of Artemia

These experiments were designed with a Factorial Design (two factors) and two sets of experiments.
One set of experiments was applied to two LAB with alginate polysaccharides (APS) and
oligosaccharides. Another experiment set was applied Non-LAB with alginate polysaccharides (APS)
and oligosaccharides (AOS). The experiment was designed by two factors. The first factor was Vibrio
spp. bacteria. Whad applied 8 levels of vibrio challenges, namely Non-Vibrio spp. (without Vibrio
spp.) as control, Vibrio vulnificus (Vv), Vibrio harveyi (Vh), Vibrio parahaemolyticus (Vp), the
combination of Vibrio vulnificus and Vibrio parahaemolyticus (Nv-Vh), Vibrio parahaemolyticus and
Vibrio vulnificus (Vp-VEEJVibrio harveyi and Vibrio parahaemolyticus (Vh-Vp) and the combination
of all three Vibrio spp: Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio harveyi (Vp-Vv-Vh).
The second factor was APS/AOS concentration, i.e. 0, 400, 600, and 800 ppm as described before.
Each treatment was operated in three replications.

As the LAB fermentation was completed, the 180 mL of seawater and 20 mL of LAB were
admixed and diluted with AOS at the different serial concentrations (400, 600, and 800 ppm). All the
hatched from one gram Artemia nauplii were put into this mixed solution for one hour [34]. On the
other side, we prepared some vials to run into trials. To apply one single species of Vibrio spp., we
measured 9 mL seawater and one mL single Vibrio species and poured them into each vial. For two
combinations of Vibrio spp (Vp-Vv; Vv-Vh, Vh-Vp) treatments, we measured 8 mL seawater and 2
mL of Vibrio spp. We were also mixed 3mL of Vibrio species combination (Vp-Vv-Vh) and 7 mL of
seawater as the seventh treatment. After mixing those fermentors with each AOS treatment, ten Instar
IT nauplii Artemia were put into the vial and challenged with Vibrie spp. for immunity screening. The
challenge test was administered until 100% mortality was achieved. The Artemia mortality was
recorded every 6 hrs [35].

11

Eﬁ. Statistical Analysis

Before this, all the data were checked for normality and homogeneity. To assess the differences and
interaction among treatments, data were analyzed using two-way ANOVA (T-test, 95% significant
level). The analysis was assisted by Ms. Excel 2007 and SPSS version 2016 software. The differences
between treatments were then continued analyzed using Dunnet T3.
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3. Results and Discussion

3.1. Artemia Survival Rate of Alginate Polysaccharide (APS) without LAB at different Hour Post
Infection (HPI)

The survival rate of Instar I encapsulated Artemia with different AP§gncentrations every six hours
HPI is presented in Figure 1. The survival rate at 24 HPI is depicted in Figure 2.
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Figure 1. The survival rate of Artemia encapsulated at different concentrations of APS 0 ppm (a),
400 ppm (b), 600 ppm (c), and 900 ppm (d) without LAB after Vibrio spp. challenged.
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Figure 2. The survival rate of Artemia encapsulated at different concentrations of APS without LAB
after Vibrio spp. challenged at 24 hrs post-infection.
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Figure 1 shows that without any LAB, all the Artemia nauplii encapsulated with APS at 0, 400, 600,
and 800 ppm were 100% died at different HPI (36, 36, 48, and 40 hrs). respectively. This indicates
that a higher concentration of APS gave the higher protection to Vibrios challenged, even though, at
800 ppm, the HPI was slightly lower. On the other hand, 800 pp concentration of APS enables to reach
the maximum protection in all challenged Vibrio treatments whether single, two combinations as well
as three Vibrios combinations. It was ensuring that this concentration gave enough power for
protecting the nauplii. This postulated that the activity of APS was in dose dependant manner [3].

3.2. Artemia Survival Rate of Alginate Oligosaccharide (AOS) without LAB at different Hour Post
Infection (HPI)

The survival rate of Instar II encapsulated Aglemia at different AOS concentrations every six hours
HPI is presented in Figure 3 and at 24 HPI is in Figure 4.

(© (d)
Figure 3. The survival rate of Artemia encapsulated at different concentrations of AOS 0 ppm (a),
400 ppm (b), 600 ppm (c), and 900 ppm (d) without LAB after Vibrio spp. challenged.

Figure 3 shows that without any LAB, all the Artemia nauplii encapsulated with APS at 0, 400, 600,
and 800 ppm were 100% died at different HPI (36, 60, 72, and 60 hrs), respectively. These results
show that AOS is more effective rather than APS. According to [4], marine polysaccharide degrading
enzymes, particularly remarkable as those catalyze the cleavage of glycosidic bonds in polysaccharide
macromolecules and generate oligosaccharides with low degrees of polymerization. Figure 4 is
interesting since it has shown that the AOS is capable of managing the challenge of three combination
Vibrios even at minimal concentration.
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Figure 4. The survival rate of Artemia encapsulated at different concentrations of AOS without LAB
after Vibrio spp. challenged at 24 hrs post-infection.

Figure 4 expressed that APS at minimum 400 ppm concentration with LAB encapsulation gave good
results in combating the single and doubled Vibrios combination. Even though at the Vibrios
combination, 600 ppm APS would be adequate, this is related to the dose-dependent manner [3].

3.3. Artemia Survival Rate of Alginate Polysaccharide (APS) and LAB at different Hour Post Infection
(HPI)

The survival rate of Instar Il encapsulated Artemia at different APS concentrations and LAB every six
hours HPI is presented in Figure 5 and at 24 HPI is in Figure 6.
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Figure 5. The survival rate of Artemia encapsulated at different concentrations of APS 0 ppm (a),
400 ppm (b), 600 ppm (c), and 900 ppm (d) with LAB after Vibrio spp. challenged.
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Figure 6. The survival rate of Artemia encapsulated at different concentrations of APS with LAB after
Vibrio spp. challenged at 24 hrs post-infection.

Figure 5 shows that all the Artemia nauplii encapsulated with LAB and APS at 0, 400, 600, and 800
ppm were 100% died at different HPI (36, 48, 54, and 54 hrs), respectively. This indicates that LAB
and its EPS [12] enhanced and prolonged the survival of Artemia compared to non LAB immersion.
LAB mainly inducetmetabolic, cell to cell signaling-related protein upregulation and cell adhesion.
These also provided bacterial adhesion and colonization in the midgut to increase the immune system
[16].

34. Artemia Survival Rate of Alginate Oligosaccharide (AOS) and LAB at different Hour Post
Infection (HPI)

The survival rate of Instar I encapsulated Artemia at different AOS concentrations and LAB every six
hours HPI is presented in Figure 7 and at 24 HPI is in Figure 8.

(© (d
Figure 7. The survival rate of Artemia encapsulated at different concentrations of AOS 0 ppb (a),

400 ppm (b), 600 ppm (c), and 900 ppm (d) with LAB after Vibrio spp. challenged.
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Figure 8. The survival rate of Artemia encapsulated at different concentrations of AOS with LAB
after Vibrio spp. challenged at 24 hrs post-infection.

Compare to other treatments, which are non LAB APS and AOS, with LAB APS and AOS., the bio
encapsulated Artemia nauplii with LAB and AOS in these treatments gave the best results (Figure 7
and 8). The survival rate of Artemia nauplii reached 70-80% at 600 ppm AOS concentration. At three
Vibrios combination challenges, the minimum concentration of AOS completed with LAB EPS
secretion was adequate to fight the pathogenic Vibrio.

Based on Figures 1, 3, 5, and 7, it is shown that with and without any LAB immersed but
encapsulated with APS or AOS, and all the Artemia were 100% died at longer HPI according to
higher APS and AOS concentration. This indicates that a higher concentration of APS gave the higher
protection to Vibrios challenged approving that alginate act as immunostimulants in agrees to our
previous research [2, 3] regarding shrimp (L. vannamei). AOS was also given stress protection in
Zebrafish (Danio rerio) [36]. Results in Figure 2.4,6.8 show that control (0 ppm APS and AOS) in all
treatments reached lower effect (p<0.05) when compared to treated Artemia (with and without LAB
immersion). This has proven that alginate, whether it is poly or oligosaccharide, enabled to gave more
immune booster by promoting cell proliferation, increasing immune parameters including Phenol
Oxidase and Super-oxide Dismutase as well as related-immune gene expression [2, 3, 37].

Generally, the results conveyed that the application of AOS is more effective in comparison to
APS. Our AOS has low molucular weight ie. 217.5 KDa [7]. Similar result in [38] has also noticed
that AOS possesses more attractive biological activity and this is due to the fact of its low
molecular weight (MW).

By comparing Figure 1,234 (non LAB) with Figure 5,6.7.8, (with LAB), it was seen that the
immersion of LAB resulted in higher survival of Artemia nauplii significantly (p<0.05). Lactobacillus
bulgaricus & Streptococcus thermophilus secreted exopolysaccharides [12] (Daba, 2021). L. pentosus,
a probiotic, managed to increase the immune response, disease resistance. Du gffifbacterial diversity.
and growth performance [16]. Furthermore according [23], L. pentosus can selectively adhere to
mucosal surfaces of Artemia nauplii and produce cell-bound biosurfactants, displacing the pathogenic
strains. Moreover, LAB act as probiotics, and alginate serve as prebiotics [17] which work
synergically to boost up the nauplii Artemia immune system.

4. Conclusion

he bio encapsulation at 400 ppb concentration of alginate oligosaccharide in combination with
Lactobacillus bulgaricus FNCC-0041 and Streptococcus thermophilus FNCC-0040 were synergically
enhanced the survival rate of Artemia’s nauplii. It has been approved that there is a synergically
affirmative, positive impact in alginate oligosaccharide and lactic acid bacteria secretion to develop
the Artemia immune system.
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